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PREFACE 

The monographs contained in this volume were prepared at the fifty-seventh 
meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA), 
which met at FAO Headquarters in Rome, Italy, 5-14 June 2001. These 
monographs summarize the safety data on selected food additives and 
contaminants reviewed by the Committee. 

The fifty-seventh report of JECFA will be published by the World Health 
Organization in the WHO Technical Report Series. Reports and other documents 
resulting from previous meetings of JECFA are listed in Annex 1. The participants 
in the meeting are listed in Annex 3 of the present publication; a summary of the 
conclusions of the Committee is given in Annex 4. Some of the substances listed 
in Annex 4 were evaluated at the meeting only for specifications. 

Specifications that were developed at the fifty-seventh meeting of JECFA have 
been issued separately by FAO as Food and Nutrition Paper No. 52, Add. 9. The 
toxicological monographs in the present publication should be read in conjunction 
with the specifications and the report. 

JECFA serves as a scientific advisory body to FAO, WHO, their Member States, 
and the Codex Alimentarius Commission, primarily through the Codex Committee 
on Food Additives and Contaminants and the Codex Committee on Residues of 
Veterinary Drugs in Foods, regarding the safety of food additives, residues of 
veterinary drugs, naturally occurring toxicants, and contaminants in food. Commit
tees accomplish this task by preparing reports of their meetings and publishing 
specifications or residue monographs and toxicological monographs, such as those 
contained in this volume, on substances that they have considered. 

The toxicological monographs contained in this volume are based upon working 
papers that were prepared by Temporary Advisers. A special acknowledgement is 
given at the beginning of each monograph to those who prepared these working 
papers. 

Many proprietary unpublished reports are referenced. These were voluntarily 
submitted to the Committee by various producers of the food additives under review 
and in many cases represent the only data on safety available on those substances. 
The Temporary Advisers based the working papers they developed on all of the 
data that were submitted, and all of these reports were available to the Committee 
when it made its evaluations. The monographs were edited by E. Heseltine, 
Lajarthe, 24290 St Leon-sur-Vezere, France. 

The preparation and editing of the monographs included in this volume were 
made possible through the technical and financial contributions of the Participating 
Organizations of the International Programme on Chemical Safety {IPCS), which 
supports the activities of JECFA. 
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vi 

The designations employed and the presentation of the material in this 
publication do not imply the expression of any opinion whatsoever on the part of 
the organizations participating in the IPCS concerning the legal status of any 
country, territory, city, or area or its authorities, or concerning the delimitation of its 
frontiers or boundaries. The mention of specific companies or of certain 
manufacturers' products does not imply that they are endorsed or recommended 
by those organizations in preference to others of a similar nature that are not 
mentioned. 

Any comments or new information on the biological or toxicological properties 
of the compounds evaluated in this publication should be addressed to: Joint WHO 
Secretary of the Joint FAOIWHO Expert Committee on Food Additives, International 
Programme on Chemical Safety, World Health Organization, Avenue Appia, 1211 
Geneva 27, Switzerland. 
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1. EXPLANATION 

Diacetyltartaric and fatty acid esters of glycerol (DATEM) was reviewed by the 
Committee at its tenth and seventeenth meetings (Annex 1, references 13 and 32). 
At its seventeenth meeting, the Committee allocated an ADI of 0-50 mg/kg bw on 
the basis of the results of biochemical and metabolic studies and feeding tests in 
animals. At the same meeting, the Committee also reviewed the substance tartaric, 
acetic and fatty acid esters of glycerol, mixed and allocated an ADI 'not limited', with 
the provision that the total intake of tartaric acid from food additives not exceed 
30 mg/kg bw per day. 

Specifications established by the Committee at its fifty-first meeting (Annex 1, 
reference 139) covered both the above-mentioned products under the name 
'diacetyltartaric and fatty acid esters of glycerol', as the Committee was aware that 
the two products could not be distinguished analytically. At that meeting (Annex 1, 
reference 137), the Committee recommended that the material defined in the 
specification be evaluated toxicologically. At its present meeting, the Committee 
considered the data that were available previously as well as newly submitted 
information. 

DATEM consists of mixed glycerol esters of mono- and diacetyltartaric acid and 
fatty acids of food fats. It can be manufactured either by the interaction of 
diacetyltartaric anhydride and mono- and diglycerides of fatty acids in the presence 

-3-
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of acetic acid, or by interaction of acetic anhydride and mono- and diglycerides of 
fatty acids in the presence of tartaric acid. Owing to inter- and intramolecular acyl 
group exchange, the two methods of production result in essentially the same 
components, the distribution of which depends on the relative proportions of the 
basic raw materials, on temperature, and on reaction time. The product may contain 
small amounts of free glycerol, free fatty acids, and free tartaric and acetic acids. 
The article of commerce may be further specified as to its acid value, total tartaric 
acid content, free acetic acid content, saponification value, iodine value, free fatty 
acid content, and the solidification point of the free fatty acids. 

The draft Codex General Standard for Food Additives (GSFA) includes use of 
DATEM as an emulsifier, sequestrant, and stabilizer in a wide range of foods up to 
a maximum level of 10 000 mg/kg. 

2. BIOLOGICAL DATA 

2. 1 Biochemical aspects: Absorption, distribution, and excretion 

Six male rats were fed an oily solution providing doses of [14C]acetyltartaric acid 
ester of mono- and diglycerides (labelled in the two carboxyl groups of tartaric acid) 
of 53~81 0 mg/kg bw. Within 24 h, only 26-31% of the radio label had been absorbed, 
while 12-20% was eliminated as 14C02 and 8-13% in the urine; 2% was found in 
the carcass (Lang & Schmidt, 1967). Analysis of the depot fat of dogs fed diets 
containing up to 20% DATEM for 22 month showed no traces of either free or a fat
soluble derivative of tartaric acid (Koppanyi & Dardin, 1950). The digestibility 
coefficient of DATEM was> 90%, which is about the same as that of lard (Koppanyi 
& Dardin, 1950). 

In an aqueous medium, diacetyltartaric ester of mono- and diglycerides was 
hydrolysed spontaneously to mono- and diglycerides and acetylated tartaric acid, 
the hydrolysis being somewhat accelerated by pancreatic lipase (Lang & Schmidt, 
1965). There is some evidence that diacetyltartaric acid is also hydrolysed in the 
body (Sourkes & Koppanyi, 1950). In an aqueous medium, mixed tartaric, acetic 
and fatty acid esters of glycerol is spontaneously hydrolysed into free tartaric acid 
and glycerol esters of acetic and fatty acids (Kieckebusch et al., 1967). 

2.2 Toxicological studies 

2.2. 1 Acute toxicity 

Studies of the acute toxicity of DATEM are summarized in Table 1. 

2.2.2 Short-term studies of toxicity 

Rats 

Groups of five male Han Wistar rats were fed semi-purified diets containing 
DATEM (E472e; acid value, 100 mg/g and saponification value, 500 mg/g, expressed 
as KOH) at 0, 3, or 10% (equivalent to 0, 1500, and 5000 mg/kg bw per day) for 



DIACETYL TARTARIC AND FATTY ACID ESTERS OF GLYCEROL 5 

Table 1. Acute toxicity of DATEM given orally to animals 

Species Sex LDso Reference 
(g/kg bw) 

Mouse NR 20 Kieckebusch et al. (1967) 

Rat NR > 30 Koppanyi & Dardin (1950) 

Rabbit NR > 30 Koppanyi & Dardin (1950) 

Dog NR > 27 Koppanyi & Dardin (1950) 

2 weeks in a test of palatability conducted in accordance with GLP standards (United 
Kingdom Regulations 1997 Sl1997 No. 654 and OECD ISBN 9264-12367-9-1982). 
Additional groups of five male rats received diets that were used to control for glycerol 
content (a diet containing 10% monoglycerides; Dimodam PM) and for effects of the 
test material on diet palatability (diets containing 3% DATEM by inclusion of 30% 
freeze-dried bread dough containing 10% DATEM; 3% neutralized DATEM by 
inclusion of 30% freeze-dried bread dough or 30% bread crumbs, each containing 
10% neutralized DATEM; 30% freeze-dried bread crumb control). The authors 
indicated that the freeze-drying process had removed all free acetic acid; the 
neutralization process and its effects on the test material were not described. All the 
diets were formulated to be iso-caloric and were provided ad libitum in powdered 
form. Food consumption, water intake, and body weights were monitored throughout 
the study. At study termination, blood was collected from the orbital sinus for 
haematological determinations. Statistical comparisons were performed only for 
selected groups, so that the relationships among all groups could not be ascertained. 

Rats fed the basal diet and the 30% bread crumb controls were comparable in 
terms of food consumption, water intake, body-weight gain and haematological 
parameters. Inclusion of 10% DATEM or monoglycerides resulted in a transient 
decrease in food consumption during the first 4 days. The food intakes of animals 
given 3% DATEM in the diet were comparable to those given the basal diet throughout 
the study. When 3% DATEM was included in bread dough, with or without 
neutralization, the food intakes were reduced for the first 8 days. The food intakes of 
the rats fed 3% neutralized DATEM in bread crumbs were lower than those of controls 
throughout the study. All groups receiving DATEM tended to have lower water intakes 
than controls, particularly during the first week. The lowest water intakes were 
obseNed for the group receiving 3% neutralized DATEM in bread crumbs. The water 
intake of the group fed the diet containing 10% monoglycerides tended to be higher 
than that of rats fed the basal diet. Consumption of DATEM was associated with 
lower final body weights and decreased gains, irrespective of dietary level and form 
of delivery. The lowest body-weight gains were obseNed in the groups fed 3% 
neutralized DATEM in bread dough or bread crumbs (significantly lower than with 
the basal diet; p < 0.05). Feeding 10% monoglycerides did not adversely affect 
body weight or body-weight gain during the study. There were no differences in 
haematological parameters that could be related to treatment. DATEM at 
concentrations of 3 and 10% of diet resulted in decreased food consumption, water 
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consumption and body-weight gain. The palatibility of DATEM-containing food was 
not improved by elimination of free acetic acid or by incorporation of DATEM in 
freeze-dried bread dough or bread crumbs (Reynolds & Britton, 1999). 

Dogs 

Thirteen dogs each received a daily intravenous injection of a 0.5% suspension 
of DATEM in isotonic glucose at a dose of 40-50 ml/kg bw for up to 30 infusions. A 
fall in haemoglobin concentration occurred in 11 dogs and a pleural effusion in six 
(Hartwig et al., 1962). Groups of two 3-year-old dogs were fed diets containing 0, 5, 
10, or 20% diacetyl tartaric esters of mono- and diglycerides for 25.5 months. No 
specific effects attributable to the test substance were seen (Koppanyi & Dardin, 
1950). 

2.2.3 Long-term studies of toxicity and carcinogenicity 

Rats 

Groups of eight rats were fed diets containing 0, 5, 1 0, or 20% diacetyltartaric 
esters of mono- and diglycerides, and another two groups were fed a diet consisting 
of 50% white bread (bread control group) or 50% bread baked with the addition of 
10% of the emulsifier in terms of flour weight (bread test group) for 2 years. No 
difference was found between the groups regarding body weight, external 
appearance, liver or kidney weight, or mortality rate. Autopsies and histopathological 
examination of the major organs showed no changes attributable to the test 
substance. In a second generation maintained on similar regimes for 22 months, no 
differences were found in body weight, mortality rate, or the results of gross and 
histopathological examinations. All litters were normal (Koppanyi & Dardin, 1950). 

Groups of 15 male and 15 female rats were fed a diet containing mixed tartaric, 
acetic and fatty acid esters of glycerol at 0.8% or normal diet for 24 months. No 
significant difference was found in body weight, food consumption, reproductive 
parameters, external appearance, or mortality rate. Histopathological examination 
of the main organs showed no differences attributable to the substance (Mosinger, 
1965). 

Groups of 20 male and 20 female rats were fed a diet containing 16% of the 
mixed ester product to provide a dose of 0, 100, or 400 mg/kg bw per day for 
28 months. No significant differences were found between the groups in body weight, 
food consumption, food efficiency, reproductive parameters, external appearance, 
or mortality rate. Histopathological examination of the main organs showed no 
differences attributable to the test substance (Kieckebusch et al., 1967). 

Groups of 50 specific pathogen-free Wistar rats of each sex were fed diets 
containing DATEM (E472e) at 0, 3, 6, or 10% (equal to 0, 1300, 2400, and 4100 mg/kg 
bw per day for males and 0, 1600, 3400, and 6100 mg/kg bw per day for females) 
and 10, 7, 4, or 0% monoglycerides (Dimodan PM) for 2 years. An additional group 
of 50 rats of each sex that received a basal diet containing neither DATEM nor 
monoglycerides served as a control for growth and survival. Satellite groups of 10 
and 20 rats of each sex were fed diets containing 10% monoglycerides or 1 0% 
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DATEM (equal to 4800 mg/kg bw per day for males and 6600 mg/kg bw per day for 
females), respectively, for 1 year. All diets were provided ad libitum in powdered 
form. The report included a signed quality assurance document but no statement 
concerning GLP. The animals were observed twice daily for signs of morbidity and 
toxicity. Food consumption and body weights were determined weekly. Ophthalmic 
examinations were made on 20 rats of each sex per group given 10% monoglycerides 
and 10% DATEM in the main study before and at weeks 58 and 112 of treatment. 
Blood samples were taken from the retro-orbital sinus of 20 and 10 rats of each sex 
in the main study after an overnight fast for haematology and clinical chemistry, 
respectively, before treatment and after 12 (haematology only), 25, 52, 80, and 
107 weeks of treatment. During the same weeks, a 24-h urine sample was collected 
from 1 0 rats of each sex per group, housed two in each metabolism cage, for 
measurement of clinical parameters (excluding calcium excretion). After the 
appropriate study period, all surviving animals were killed and subjected to necropsy. 
The weights of the brain, liver, spleen, kidney, adrenal, and ovary or testis were 
recorded for 10 animals of each sex in each of the main and satellite groups. Samples 
of 41 tissues, including kidney, spleen, and adrenals, were preserved for 
histopathological examination. 

The animals fed 10% DATEM had soft faeces between weeks 1 and 6 of 
treatment. No treatment-related deaths were found among animals in the satellite 
groups, and survival rates were comparable for all groups in the main study. Feeding 
1 0% DATEM resulted in transient body-weight decrements in males during the first 
year of the study when compared with the monoglyceride and basal diet controls, 
and caused consistent and significant (p < 0.01) body-weight decrements among 
females at the high dose, by more than 10% that of controls, from 57 weeks of 
treatment to the end of the study. The body weights of animals at the low and 
intermediate doses were similar to those of controls. No differences in body weights 
were observed between the control and DATEM-treated satellite groups. No 
consistent, statistically significant differences were found between DATEM-treated 
and control groups in weekly food consumption or feed efficiency. At 52 weeks, 
male rats had a dose-related decrease in the percentage of lymphocytes and an 
increase in that of neutrophils with regard to total leukocytes, the difference being 
statistically significant (p < 0.05) for males at all doses of DATEM from monoglyceride 
controls. This effect was seen in female rats at the high dose (p < 0.01) only at week 
25 of treatment. However, these changes were not dose-related or consistently 
statistically significant throughout the study. At the end of the study, no differences 
in leukocyte counts were seen in either sex. There was a trend for urinary pH to be 
lower in DATEM-treated rats of each sex, the differences being reported as statistically 
significant (p < 0.05) at some times. There were no toxicologically significant 
ophthalmic or clinical biochemical findings. 

After 1 year of treatment, males fed 10% DATEM had significantly higher absolute 
and relative adrenal weights (p < 0.01) and relative kidney (p < 0.05) and spleen 
(p < 0.05) weights in the absence of differences in body weight. A similar trend was 
observed in the adrenal and spleen weights of females fed 10% DATEM, but only 
the increase in relative spleen weight was significantly different from mono glyceride
fed controls. No differences in absolute or relative organ weights were seen after 
2 years of treatment. Although there were no macroscopic findings after 1 year, 
histopathological examination revealed a higher incidence and degree of 
mineralization in the papilla and pelvis of the kidneys of males fed 1 0% DATEM. 
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These males also had a higher incidence and severity of glomerulonephropathy 
than males fed monoglycerides. After 2 years of treatment at the high dose, 
macroscopic examination revealed tumours in the adrenal glands of two males, an 
increased incidence of yellow kidneys, enlarged lymph nodes, and prostate atrophy 
in males, and an increased incidence of renal cysts in females. The higher incidence 
and severity of mineralization in the kidney papilla and pelvis were still evident in 
males at 2 years. The severity and incidence of glomerulonephropathy in male rats 
were similar at the high dose and in control groups after 2 years. The severity of 
nephrocalcinosis was increased in females at the high dose at both 1 and 2 years of 
treatment; however, as this lesion affected nearly all control and DATEM-treated 
female rats, the incidence was not increased. Microabscesses were also observed 
more frequently in the kidneys of males at the high dose. The incidence of renal 
tubule adenomas and adenocarcinomas was comparable in controls and animals 
of either sex at the high dose. The kidneys of rats fed 3 or 6% DATEM were not 
examined histopathologically. Males fed 10% DATEM had a significantly (p < 0.01) 
higher incidence of adrenal medullary adenoma {phaeochromocytoma), while rats 
of each sex at the high dose had a significantly (p < 0.01) higher incidence of focal 
medullary hyperplasia. Examination of the males at the two lower doses revealed a 
dose-related trend in the incidence of these lesions: 4/50, 6/50, 11/50, and 15/50 
with medullary adenomas and 3/50, 10/50, 15/50, and 15/50 with medullary 
hyperplasia in rats at 0, 3, 6 and 10% DATEM, respectively. In female rats, the 
incidences of adrenal medullary adenoma were 1/50 and 4/50 and those of focal 
medullary hyperplasia were 0/50 and 9/50 (p < 0.01) at 0 and 10% DATEM, 
respectively. The adrenals of females at the two lower doses were not examined 
histopathologically. A significant, dose-related increase in the incidence of sinus 
histocytosis of the mesenteric lymph nodes (p < 0.05) was noted in all groups of 
males treated with DATEM: 6/50, 15/50, 19/50, and 26/50 at 0, 3, 6, and 10% DATEM, 
respectively. There were also significant (p < 0.05) increases in the incidences of 
haemangioma {3/50, 3/47, 2/48, and 10/49) and haemorrhage (6/50, 6/47, 11/48, 
and 16/49) in the mesenteric lymph nodes of males fed 1 0% DATEM as compared 
with those fed monoglycerides. Females fed 10% DATEM had higher incidences of 
endometrial hyperplasia (7/50 versus 0/50) and cystic endometrial hyperplasia (14/50 
vs 7/50) than females fed 10% monoglycerides, although only the incidence of 
endometrial hyperplasia was statistically significant (p < 0.05). The incidence of 
myocardial fibrosis was significantly (p < 0.05) higher in males fed 10% DATEM 
(13/50 versus 3/50). 

The pattern of renal and adrenal lesions observed in male rats after long-term 
exposure to DATEM was similar to that observed after ingestion of polyols and 
other poorly digested carbohydrates (Annex 1, reference 122).1n the case of polyols, 
the effects were attributed to enhanced calcium absorption and were associated 
with caecal enlargement and hypercalciuria. In the study described above, caecal 
weights were not recorded, nor was urinary calcium excretion measured. A separate 
6-month study showed that intake of DATEM at doses ~ 3000 mg/kg bw was 
associated with hypercalciuria. Metabolism of DATEM may result in the presence in 
the lower gastrointestinal tract of tartaric acid, the poor absorbance of which may 
affect calcium absorption, and acetic acid, which enhances calcium absorption (Lutz 
& Scharrer, 1991 ). Further studies would be necessary to determine whether the 
renal and adrenal lesions observed were related to calcium homeostasis. 
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Myocardial fibrosis was reported in 26% of males given the high dose of DATEM 
and in 6% of controls. This incidence appears high for Wistar rats. In the absence of 
complete histopathological data for animals at the two lower doses, the Committee 
was unable to decide whether the myocardial fibrosis was incidental to or the result 
of administration of DATEM. Similarily, the significance of the increased incidences 
of endometrial hyperplasia and endometrial cystic hyperplasia in females at the 
high dose could not be assessed. No data on these lesions were available for past 
controls. Although the incidence of sinus histocytosis in the mesenteric lymph nodes 
of DATEM-treated males was within the range of that reported for previous controls, 
the fact that these lesions coincided with increased incidences of haemangiomas 
and haemorrhage at the high dose was a concern to the Committee. No NOEL 
could be identified in this study (Meyer, 1994; Mitchell, 1999). 

2.2.4 Genotoxicity 

The results of studies of the genotoxicity of OATEM are summarized in Table 2. 

2.2.5 Reproductive toxicity 

(a) Multigeneration study 

In a two-generation study of reproductive toxicity, with one litter per generation, 
groups of 30 specific pathogen-free Wistar rats of each sex were fed a diet consisting 
of natural ingredients and containing 0, 3, 6, or 10% DATEM (equivalent to 0, 1500, 
3000, and 5000 mg/kg bw per day) and 10, 7, 4, or 0% monoglycerides (Oimodam 
PM), respectively. An additional group of 30 rats of each sex were fed basal diet. 
The study was conducted in accordance with GLP (OECD). The diets were fed ad 
libitum in powdered form, for 10 weeks before mating. The rats were mated in a 1:1 
ratio, and females were examined twice daily for the presence of a vaginal plug. If 
no mating was evident within 14 days, the female was placed with another male. 
One male and one female from each F1 litter were selected for the F2 generation 
and mated when they were at least 13 weeks of age. For both generations, body 
weights and food consumption were recorded weekly for males and females before 
mating and for dams during gestation. With regard to mating, parturition and weaning, 
the following were recorded: mating index, fertility index, gestation index, gestation 
period, average litter size, and pup survival to weaning. The F1 and F21itters were 

Table 2. Results of assays for genotoxicity with DATEM 

End-point Test object Concentration Results Reference 

In vitro 
Reverse mutation• S. typhimurium 50-5000 1-lg/plate Negative Jones (1996) 

TA98, TA100, 
TA1535, TA1537 

Chromosomal Human 39-310 j.lg/ml Negative Akhurst (1996) 
aberration• lymphocytes 

"In the presence and absence of hepatic metabolic activation preparation from Aroclor 1254-
induced male rats 
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standardized to four male and four female pups when possible on days 3 and 4 of 
lactation, respectively. Litter weights were recorded at standardization and at weekly 
intervals throughout lactation. All adult animals and pups selected out of the study 
at standardization were examined macroscopically for pathological changes. No 
histopathological examinations were performed, although reproductive organs were 
prepared. Blood samples were collected for haematological examination from 20 F1 

males, 26-27 weeks of age, given 0 or 10% DATEM. 
Fa animals of each sex at the high dose were reported to have soft faeces during 

the first 6 weeks of treatment, the condition being more pronounced in males. Fa 
males at the high dose gained less weight before mating, weighing significantly 
(p < 0.05) less than monoglyceride-fed controls from week 6 of treatment. These 
males tended to consume less food before mating, the decrease being statistically 
significant (p < 0.05) during the first 4 weeks of treatment. Fa females at the high 
dose also consumed significantly (p < 0.05) less food during the first 3 weeks of 
treatment, although their body weights and body-weight gains were not significantly 
affected. F1 males tended to have lower body weights than controls before mating, 
but their weight gains were not significantly affected and at no time were the 
differences in body weights statistically significant. There were no significant 
differences in the body weights or body-weight gains of F1 females before mating. 
F1 animals of each sex fed 10% DATEM tended to consume less food before mating, 
although the differences were seldom statistically significant. The weight gains and 
food consumption of Fa and F1 dams during gestation were unaffected by DATEM 
treatment. 

The mating, fertility, gestation, and lactation indexes were comparable in all groups 
of the F1 and F2 generations. The numbers of live and dead pups were not recorded 
at birth but on day 1 of parturition. One F2 litter in the 3% DATEM group was stillborn. 
On day 1 of parturition, the mean number of pups per litter was similar in treated 
and control groups of both the F1 or F2 generations. In the F1 generation, three, four, 
seven, three, and 12 pups in two, four, six, two, and eight litters and in the F2 

generation, none, one, 17, five, and one pups in none, one, 11, four, and one litters 
died between birth and standardization in the control, 0, 3, 6, and 10% DATEM 
groups, respectively. F1 litters at the two higher doses weighed less than controls 
throughout lactation, the differences reaching statistical significance (p < 0.05} on 
days 13 and 20. The litter weight gains between day 3 and 20 of lactation were 
significantly (p < 0.05} lower in the groups at 6 and 10% DATEM than for controls. 
Although the F2 litter weights were not significantly affected, the weight gain of F2 

litters at the high dose was significantly (p < 0.05} less than that of controls between 
days 4 and 21 of lactation. 

In the absence of significant changes in the body weights or body-weight gains 
of Fa or F 1 females before mating or during gestation, the NOEL for maternal toxicity 
was 10% DATEM (equivalent to 5000 mg/kg bw per day), the highest dose tested. 
As the high mortality rate of F1 pups at the high dose was not seen in the F2 generation 
and the high mortality rate of F2 pups at the low dose was not a dose-related effect, 
these observations were considered unrelated to treatment. The NOEL for 
reproductive toxicity was 3% DATEM (equivalent to 1500 mg/kg bw per day) on the 
basis of decreased litter weight gain at higher doses (Hansen, 1995a). 
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(b) Developmental toxicity 

In order to assess the potential developmental toxicity of DATEM, groups of 
23-25 pregnant specific pathogen-free Moi:Wistar rats were fed diets containing 
natural ingredients and 0, 3, 6, or 10% DATEM (equal to 2400, 4500, and 8100 mg/kg 
bw per day) and 10, 7, 4, or 0% monoglycerides (Dimodan PM), respectively, on 
days 6-16 of gestation. An additional group of 23 pregnant rats was fed the basic 
diet throughout the study. All the diets were provided in powdered form ad libitum. 
The study was conducted in accordance with GLP (OECD). The body weights and 
food consumption of dams were monitored throughout gestation. On day 21, the 
dams were killed by exsanguination under carbon dioxide anaesthesia and examined 
macroscopically, and the numbers of corpora lutea, live and dead fetuses, and 
resorptions were recorded. All fetuses were weighed, sexed, and examined for visible 
malformations. One-half the fetuses were examined for skeletal anomalies and one
half for soft-tissue anomalies. Maternal body weight, body-weight gain, and food 
consumption were comparable in all groups. DATEM had no effect on fetal survival 
or the incidence of fetal skeletal and soft-tissue anomalies. The NOEL for maternal 
and developmental toxicity was 10% DATEM, equal to 8100 mg/kg bw per day, the 
highest dose tested (Hansen, 1995b). 

2.2.6 Special study: Haematological effects 

Groups of 20 male specific pathogen-free Moi:Wistar rats were given powdered 
natural or semi-purified diets with or without added DATEM (E472e) ad libitum tor 
6 months in order to investigate the role of nutrients in the etiology of the 
haematological changes observed in the long-term study of toxicity and 
carcinogenicity. No statement of compliance with GLP was included in the report, 
but it did include a signed statement of quality assurance. The diets composed of 
natural ingredients, which were comparable to those used in the long-term study, 
were prepared with 10% monoglycerides (Dimodan PM) as the control, 10% DATEM, 
or 10% DATEM with supplemental protein, magnesium, and vitamins B6 and B12• 

The semi-purified diets were prepared with 0, 3, 6, or 10% DATEM (equivalent to 0, 
1500, 3000, and 5000 mg/kg bw per day) and 1 0, 7, 4, or 0% monoglycerides, 
respectively. The report did not state whether the natural and semi-purified diets 
were nutritionally comparable. The rats were housed two to a cage and observed 
daily for mortality, moribundity, and clinical signs; individual body weights were 
recorded weekly, and food consumption per cage was determined weekly. Blood 
samples for determination of haematological parameters were obtained from the 
retro-orbital sinus of all rats, and 18-h urine samples were collected from 1 0 rats per 
group before treatment and after 12 and 25 weeks of treatment. At the end of the 
study, all rats were subjected to gross necropsy, and the kidneys and adrenals were 
weighed. The kidneys of rats fed control natural diet or 10% OAT EM with no 
supplements were examined microscopically. 

The rats fed DATEM in any diet had soft faeces between weeks 1 and 8 of 
treatment. Animals receiving 10% DATEM in unsupplemented natural or semi-purified 
diet had significantly (p < 0.05) lower body weights than their respective controls 
from weeks 6 and 3 of treatment, respectively. Although rats fed 10% DATEM in 
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supplemented natural diet or 3 or 6% DATEM in a semi-purified diet tended to have 
lower body weights than controls, the reductions were not statistically significant. A 
statistically significant decrease in food intake was observed in rats receiving 1 0% 
DATEM in either supplemented or unsupplemented natural diet. No consistent trend 
was observed in the groups fed semi-purified diets with DATEM, although food 
spillage was a problem with these diets. During week 12, rats receiving 10% DATEM 
in either natural diet had a significantly (p < 0.05) decreased percentage of 
lymphocytes and an increased percentage of neutrophils in total leukocytes when 
compared with controls on natural diet, although the total leukocyte count was not 
affected. These changes were not seen during week 25 or at any time during the 
study in rats fed semi-purified diets. At weeks 12 and 25, total urinary calcium 
excretion and the urinary calcium:creatinine ratio of rats fed 10% DATEM in either 
natural or semi-purified diet were significantly (p < 0.05) higher than those of their 
respective controls. Urinary calcium excretion in these groups was as much as four 
times that of controls by 25 weeks, while no effect on creatinine excretion or urinary 
pH was observed. A similar trend was observed in rats fed 6% DATEM in semi
purified diet at 12 weeks, the differences reaching statistical significance (p < 0.001) 
at 25 weeks. 

Increases in relative kidney and adrenal weights of rats fed 10% DATEM in 
unsupplemented natural diet and increased relative kidney weights of rats fed 10% 
DATEM in supplemented natural diet were considered secondary to the lower body 
weights in these groups, as the absolute organ weights were comparable to control 
values. Tumours observed in the kidneys of one rat each in groups fed 10% DATEM 
in natural or semi-purified diet were classified histologically as tubule adenocarcinoma 
without apparent metastasis. The incidence and severity of nephropathy and 
mineralization of the kidney were similar in groups receiving 10% DATEM or 
monoglycerides in unsupplemented natural diet. There were no other macroscopic 
or histopathological findings that could be related to treatment. 

The Committee could not determine whether the reductions in body weight were 
secondary to decreased food consumption, because body weights were reduced 
with 1 0% DATEM in either natural or semi-purified diet, while only the groups fed 
natural diet had reduced food intakes. Supplementing the natural diet diet improved 
body weights at intakes comparable to those of rats fed unsupplemented natural 
diet, suggesting that high concentrations of DATEM may decrease the bioavailability 
of nutrients. The increased urinary calcium:creatinine ratio and calcium excretion 
observed in this study may reflect alterations in calcium homeostasis (Meyer, 1994). 

3. COMMENTS 

Biochemical studies suggest that DATEM is hydrolysed in the gastrointestinal 
tract to yield mono- and diglycerides and acetylated tartaric acid. As mono- and 
diglycerides are natural dietary constituents, they would be subjected to natural 
digestion and absorption processes. Diacetyltartaric acid is not a natural constituent 
of the diet, and there is evidence that it may be further hydrolysed to yield acetic and 
tartaric acids. When administered to rats, only about one third of a 14C label on 
tartaric acid in DATEM was absorbed; slightly more was excreted in expired air than 
in urine. 
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The studies reviewed previously indicated that DATEM has very little toxicity 
when given as a single oral dose. Three studies of the potential long-term toxicity of 
DATEM in small numbers of rats treated in the diet showed no adverse effects on 
the mortality rate, physical appearance, body weight, food consumption, reproduction, 
or the histological appearanve of the main organs at dietary concentrations up to 
20%. Dietary concentrations up to 20% were also consumed by dogs for more than 
2 years without adverse effects. 

The information reviewed for the first time at the present meeting were a 2-week 
study of palatability, a long-term study of toxicity and carcinogenicity, a two-generation 
study of reproductive toxicity, and a study of developmental toxicity, all conducted in 
rats, and two studies of genotoxicity for point mutation in bacteria and clastogenicity 
in isolated human lymphocytes. In addition, a 6-month study was conducted in male 
rats to elucidate some of the effects seen in the long-term study of toxicity and 
carcinogenicity. 

In the short- and long-term studies in rats, 10% DATEM in the diet caused a 
transient occurrence of soft stools, particularly in males. Food consumption was 
frequently depressed at this concentration, most consistently during the first weeks 
of treatment. The palatability of the diet was not improved by incorporating DATEM 
into bread crumbs or by volatilizing the fatty acids in the substance by freeze-drying 
the diet before administration. Body-weight gain tended to be reduced at 10% in the 
diet, but in short-term studies this effect was not observed consistently in animals of 
each sex. In the long-term study of toxicity and carcinogenicity, consumption of a 
diet containing 10% DATEM was associated with body-weight decrements; these 
were transient in male rats, but body weights more than 1 0% lower than that of 
controls persisted in females into the second year of the study. Supplementing the 
chow diet with additional protein, magnesium, and vitamins 86 and 8 12 reduced the 
weight decrement observed with 1 0% DATEM in the 6-month study. 

DATEM was associated with a decrease in the percentage of lymphocytes and 
an increase in the percentage of neutrophils in the total leukocyte count during the 
6-month study and the first year of the long-term study However, these effects were 
transient and dependent on the type of diet. 

In the 6-month study in male rats, dietary concentrations of 6% and 10% DATEM 
were associated with increased urinary calcium excretion. In the long-term study, 
differences in organ weights were observed after 1 year of treatment, but were no 
longer evident after 2 years. Males fed diets containing 1 O% DATEM showed an 
increase in both the incidence and the severity of mineralization in the kidney papilla 
and pelvis after 1 and 2 years of treatment. Administration at 1 0% in the diet for 
2 years resulted in an increased prevalence of micro-abscesses in the kidneys of 
males and an increased severity of nephrocalcinosis in females. 

After 2 years of treatment, a dose-related increase in the incidence of adrenal 
medullary adenomas was seen in males, affecting 4/50, 6/50, 11/50, and 15/50 
(statistically significant) animals at 0, 3, 6, and 10% in the diet, respectively, and 
1/50 and 4/50 females at 0 and 10% in the diet, respectively. Focal medullary 
hyperplasia was observed in 3/50, 10/48 (statistically significant), 15/50 (statistically 
significant), and 15/50 (statistically significant) males at 0, 3, 6, and 10%, respectively, 
and in 0/50 and 9/50 (statistically significant) females at 0 and 10%, respectively. 

Higher incidences of haemangioma and haemorrhage in the mesenteric lymph 
nodes were observed in males fed diets containing 1 0% diacetyltartaric and fatty 
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acid esters of glycerol, while the incidence of sinus histiocytosis of the mesenteric 
lymph nodes was statistically significantly increased in all treated males. 

Myocardial fibrosis was observed more frequently in males at the highest dose 
(13/50) than in the control group (3/50). Females at the highest dose had higher 
incidences of endometrial hyperplasia (7/50 vs 0/50) and cystic endometrial 
hyperplasia (14/50 vs 7/50) than controls at study termination. Histopathological 
examinations were carried out on the hearts of only some of the males at the two 
lower doses and on the uteri of only some of the females at these doses. 

In a two-generation study of reproductive toxicity, parental males of the F0 

generation ate less of the diet containing 1 0% DATEM and gained less weight during 
the pre-mating period. Although F0 females at this dietary concentration also ate 
less food during the first few weeks of the study, their body-weight gains were not 
affected. The body weights, body-weight gains, and food consumption of the F1 
adults were not affected. The survival of the F1 and F2 litters was not affected by 
treatment. The weight gains of the litters the F1 generation during lactation were 
significantly (p < 0.05) reduced at 6 and 10% DATEM in the diet and those of the 
litters of the F2 generation at 10% DATEM in the diet. The reproductive organs were 
not assessed histologically. The NOEL for reproductive toxicity was 3% DATEM in 
the diet, equivalent to 1500 mg/kg bw per day. 

4. EVALUATION 

High dietary concentrations of DATEM were associated with body-weight 
decrements in adult rats and their offspring, but it could not be ascertained from the 
available data whether these decrements were secondary to or independent of 
decreased food consumption. 

In the 2-year study in rats, the groups treated with DATEM were apparently 
compared with controls fed diets containing monoglyceride. An assessment of 
whether some of the adverse effects were treatment-related would require 
comparisons of the groups treated with DATEM with both untreated and 
monoglyceride-treated control groups and the control groups with one another. In 
the absence of additional data on the incidence of myocardial fibrosis and adrenal 
medullary hyperplasia in animals at the low and intermediate doses, no NOEL could 
be identified in the long-term study. The previous ADI of 0-50 mg/kg bw was made 
temporary at the same value until 2003, pending submission of this additional 
information. 
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1. EXPLANATION 

Quillaia extracts (synonyms, soapbark extracts, Quillay bark extracts, bois de 
Panama, Panama bark extracts, quillai extracts) are obtained by aqueous extraction 
of the milled inner bark or of the wood of pruned stems and branches of Quil/aja 
saponaria Molina (family Rosaceae). The term 'quillaia' refers to the dried inner 
bark of the tree, which is a large evergreen with shiny, leathery leaves and a thick 
bark, native to China and several South American countries, principally Bolivia, Chile, 
and Peru. 

Unpurified extracts contain over 60 triterpenoid saponins, consisting predomi
nantly of glycosides of quillaic acid. Polyphenols and tannins are major components. 
Some simple sugars and calcium oxalate are also present. The saponin concentration 
of freshly prepared, unpurified extracts is 190-200 g/kg of solids (about 20%). The 
extracts are treated with 'stabilizing agents' such as egg albumin and polyvinyl
pyrrolidone and then filtered through diatomaceous earth. The stabilizing agents 
remove substances that would probably precipitate during storage, such as protein
polyphenol complexes. After filtration, the liquid is concentrated, and the concentrate 
may be sold as such (solids constituting about 550 g/L) or be spray-dried and sold 
as a powder containing carriers such as lactose and maltodextrin. The unpurified 
extracts are used in food applications, primarily for their foaming properties. 

-17 -
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Semi-purified powdered extracts are produced by subjecting unpurified extracts 
to ultra-filtration or affinity chromatography to remove most non-saponin solids, such 
as polyphenols. These semi-purified extracts have higher saponin concentrations 
(750-800 g/kg of solids; about 80%) and better emulsifying properties than unpurified 
extracts. 

Highly purified extracts are produced for use as adjuvants in the production of 
animal and human vaccines and not for food use. These products generally contain 
more than 90% saponins. 

In previous evaluations, the Committee considered data that related to unpurified 
quillaia extracts. Ouillaia extract was reviewed toxicologically by the Committee at 
its twenty-sixth meeting (Annex 1, reference 59). The available toxicological data 
included adequate lifetime studies in mice and rats, from which a NOEL was identified. 
However, in the absence of data, no specifications were prepared, and, hence, no 
ADI could be allocated. At its twenty-ninth meeting (Annex 1, reference 70), the 
Committee prepared new tentative specifications and established an ADI of 
Q-5 mg/kg bw. The Codex Committee on Food Additives and Contaminants (CCFAC) 
(2000) at its thirty-second session requested the Expert Committee to re-evaluate 
all relevant information on the toxicity and, in particular, the intake of quillaia extracts. 
No new data were submitted to the Committee. Published reports on quillaia extracts 
or specific saponins that provided information relevant to a toxicological assessment 
of quillaia extracts were evaluated at the present meeting. 

Ouillaia extracts are mixtures of biologically active compounds, including 
saponins, tannins, polyphenols, and calcium oxalate. The saponins present in quillaia 
extract have a variety of biological activities: haemolytic, cytotoxic, immune-enhancing 
(adjuvant), mucosal irritation and inflammation, and anti-hypercholesterolaemic. The 
biological activities and the potency of individual saponins vary widely and depend 
in vivo primarily on the route of administration. 

2. BIOLOGICAL DATA 

2. 1 Biochemical aspects: Effects on enzymes and other biochemical 
parameters 

Saponins extracted with ethanol from soapbark trees and administered orally to 
rabbits with experimental atherosclerosis resulted in an increased ratio of plasma 
lecithin to cholesterol, normalized blood cholesterol levels, and decreased elevated 
blood pressure. Subcutaneous injection of the saponin extract did not affect the 
atherosclerotic symptoms (Efimova et al., 1966). 

Groups of 12 Swiss mice (strain and sex unstated) were injected into the footpad 
with aliquots of seven different 5% extracts of Q. saponica bark. Animals that lived 
longer than 24 h and controls were killed. The degree of oedema in the mice, 
haemolysis of rabbit erythrocytes, and the adjuvant strength of the various extracts 
in stimulating immunity to staphylococcal toxin were measured with the same quillaia 
extracts. No relationship was found between these parameters (Richou et al., 1965). 

The effect of a range of saponins, including crude quillaia saponin on gut 
permeability was assessed by monitoring the steady-state glucose transfer potential 
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in vitro in sections of jejunal mucosa from male Wistar rats. The individual saponins 
elicited widely different responses in the small gut and these were significantly 
affected by pH, concentration, chemical formula, and the presence of other materials 
in the solution. Quillaia extract caused a reduction in transmural potential difference 
comparable to that observed with the basic glycoalkaloids in potato and tomato and 
the complex bisdesmosides from Gypsophilia and alfalfa. These saponins were all 
more potent than the saponins from soya, which showed only weak activity. The 
reduction in transmural potential difference has been associated with increased 
uptake of both passively permeable sugars and large compounds and with a loss of 
the ability of the mucosa to accumulate actively transported organic species( Gee et 
al., 1989). 

When 'pure' saponin from 0. saponaria was administered subcutaneously to 
mice that had been immunized with bovine serum albumin or Crotalus durissus 
(South American rattlesnake) venom, a significantly higher antibody titre against 
the antigens was found in the sera of immunized mice than in animals receiving the 
antigens alone. Tumour necrosis factor activity was increased in mice immunized 
with bovine serum albumin and/or saponin, but interferon-y was produced only in 
mice immunized with both bovine serum albumin and saponin (Gebara et al., 1995). 

The effect of the Quillaia saponin fractions OH-A, QH-B, and QH-C and a crude 
Ouillaia saponin extract (Spikoside) on haemolytic activity, cytotoxicity, and 
macromolecular synthesis was studied in vitro. A concentration of 5 Jlg/ml of QH-B 
or OH-C caused haemolysis of chicken erythrocytes after 1 h of incubation at 37 °C. 
QH-A was haemolytic at an approximately 1 0-fold higher concentration, 50 Jlglml. 
The crude extract caused haemolysis at a concentration of 20 Jlg/ml. No haemolytic 
activity was observed at concentrations :5 1 00 Jlg/ml when these preparations were 
incorporated into an immunostimulating complex matrix. Cytotoxicity was assessed 
by measuring intracellular dehydrogenase activity by a colorimetric method. Seeded 
WEHI164 cells clone 139 were incubated with various concentrations of the extracts 
for 2 h before analysis. QH-B and QH-C inhibited enzyme activity at a concentration 
of approximately 10 Jlg/ml and the crude extract at a concentration of approximately 
20 J.J.g/ml. QH-A was tolerated at concentrations :5 100 Jlg/ml. When QH-A, QH-B, 
OH-C, and the crude extract were incorporated into the immunostimulating complex 
matrix, the cells tolerated approximately 1 0-fold higher concentrations. 
Macromolecular synthesis was assessed by measuring incorporation of [3H]Ieucine 
and [3H]uridine into protein and RNA, respectively, in WEH I 164 cultured cells. 
Treatment with QH-B or QH-C at concentrations :5 10 Jlg/ml for 30 min had no affect 
on protein or RNA synthesis (Ronnberg et al., 1995). 

2.2 Toxicplogica/ studies 
i 

Saponins v1ary widely in the kind and intensity of their biological activity. Some of 
the more important effects included haemolysis (strong in vitro, much weaker in 
vivo), local irritation, inflammation (intestine), anti-inflammatory and antimicrobial 
activity, cytotoxicity, and anti-hypercholesterolaemic in laboratory animals. Severe 
toxic effects reported after large oral doses were liver damage, respiratory failure, 
gastric pain, diarrhoea, haemolysis of erythrocytes, convulsions, and coma (Leung, 
1980). 
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2.2.1 Acute toxicity 

In mice, saponins extracted from the soap bark tree were less acutely toxic when 
administered orally (LD50 , 1600 mg/kg bw) than when administered subcutaneously 
(650 mg/kg bw), intraperitoneally (280 mg/kg bw), or intravenously (280 mg/kg bw) 
(Efimova et al., 1966). 

The acute toxicity of a 0. saponaria extract and of QS-7, QS-18, and QS-21 
saponins isolated from the extract was investigated in groups of five CD-1 mice (sex 
not stated), 8-10 weeks of age given an intradermal concentration of 125, 250, or 
500 11g of each saponin or the quillaia extract and monitored for 72 h. QS-18 was 
the most lethal of the substances tested, with 4/5, 5/5, and 5/5 deaths at the three 
doses, respectively. The authors stated that deaths occurred at a dose of QS-18 as 
low as 25 11g. QS-7 was not lethal at doses up to 500 11g, and QS-21 was lethal only 
at 500 11g, at which 1/5 mice died. The quillaia extract resulted in the deaths of 1/5, 
2/5, and 4/5 mice at the three doses, respectively (Kensil et al., 1991 ). 

The acute toxicity of subcutaneously administered QH-A, QH-8, QH-C, and crude 
Quil/aia saponin (Spikoside) was tested in groups of 1 0 female ICR mice at doses of 
5Q-400 11g. All mice suNived after the highest dose of QH-A and QH-C, with no 
visible signs of toxicity. All mice given 400 11g QH-8 died within 12 h, while seven 
mice SUNived injection with 200 11g. When the crude extract was administered, 
doses of 200 and 400 11g resulted in 6 and 10 deaths, respectively. All mice suNived 
the lower doses of QH-8 or the crude extract (Ronnberg et al., 1995). 

A purified, toxic Quillaia triterpenoid fraction with strong adjuvant activity, 
designated QH-8, was used to study whether modification of the carbohydrate moiety 
with sodium periodate would alter the toxicity without harming the adjuvant activity 
and the cholesterol-binding capacity. Groups of 10 ICR female mice received single 
increasing subcutaneous doses of modified QH-8 and were obseNed for 3 weeks. 
Unmodified QH-8 and QH-8 modified by treatment with 2.5-1 0 mmoi/L sodium 
periodate had similar LD50 values, ranging from 29 to 70 11g per mouse. Treatment 
of the fraction with 25 or 50 mmoi/L sodium periodate increased the LD50 of QH-8 to 
197 and 13211g, respectively. The difference in the toxicity of the periodate-modified 
QH-8 may have been due to alterations in the structure of the sugars galactose and 
xylose (Ronnberg et al., 1997). 

2.2.2 Short-term studies of toxicity 

Rats 

Groups of 15 male and 15 female weanling CFE rats were housed five per cage 
and fed diets containing 0 (control), 0.6, 2, or 4% quillaia extract for 13 weeks. 
Groups of five male and five female rats from the same lot of animals were fed diets 
containing 0 (control), 2.0%, or 4.0% quillaia extracts for 2 or 6 weeks. Body weights 
and food intake were measured at the beginning and weekly throughout the study. 
Urine was analysed during the final week of the study. At sacrifice, the absolute and 
relative organ weights were determined, and tissues and organs from the group 
given 4% were analysed histologically. Haematological and serum chemical 
parameters were tested in all groups. 
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No abnormalities of behaviour or condition were seen in the rats receiving quillaia 
extract. The body weights of those at the highest concentration (4%) were significantly 
lower than those of controls up to day 78 in males, but only for the first 2 weeks in 
females. Food and water consumption were reduced in animals of each sex at all 
dietary levels, but by the end of the study the weights of the treated rats did not differ 
significantly from those of the controls. Feeding quillaia saponin did not affect the 
results of haematological examinations, serum or urine analyses, renal concentrating 
ability, or urinary cell excretion. The relative liver weight was reduced in males given 
2 or 4% quillaia extract, and the relative stomach weight was increased in animals 
of each sex at the same concentrations. No histopathological effects attributable to 
treatment were found. The NOEL was 0.6% in the diet, equivalent to 400 mg/kg bw 
per day (Gaunt et al., 1974). 

In a 90-day study to assess the safety of a saponin extract from Thea sinensis 
L., quillaia saponin (approximately 8.5% sapogenin; not clear whether this product 
meets current specifications) was used for comparison. Although the Committee 
examined this study, it was considered irrelevant to the toxicological assessment of 
quillaia extracts as sufficient data were not available on the specifications of the test 
material and because the animals were given the compound by gavage (Kawaguchi 
et al., 1994). 

2.2.3 Long-term studies of toxicity 

Mice 

Groups of 48 male and 48 female TO strain mice were fed diets containing 0, 
0.1, 0.5, or 1.5% quillaia extract for 84 weeks. The mice were observed regularly for 
abnormal condition or behaviour, and some males were weighed at intervals. 
Haematological parameters were measured at weeks 24, 56, and 84. No compound
related effects were reported. At the highest dose, male mice showed decreased 
weight gain. Quillaia at these concentrations had no adverse effect on condition, 
behaviour, or death rate. A detailed autopsy and histopathological examination of 
tissues and organs at the end of the study showed no compound-related effects. No 
carcinogenic effects were seen. The slightly lower body-weight gain of mice at the 
highest dietary concentration and some changes in organ weights, albeit of doubtful 
significance, resulted in a NOEL of 0.5%, equivalent to 700 mg/kg bw per day (Phillips 
et al., 1979). 

Rats 

Groups of 48 male and 48 female Wistar-derived rats from a specific pathogen
free breeding colony were housed in groups of four and fed diets containing 0 
(control), 0.3, 1, or 3% quillaia extract for 108 weeks. Haematological examinations 
were made at weeks 15, 25, 52, and 108, and urine was analysed at weeks 13, 24, 
and 78. At the end of the study, a complete autopsy was carried out, including 
histological examination of tissues and organs. 

Male rats at the highest dietary concentration had lower body weights than 
controls throughout the experiment, the differences being statistically significant 
between 1 0 and 22 months. Females at the lowest dietary concentration had 
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significantly higher body weights than controls during the first 6 months of the study. 
The lower body weights and reduced incidence of glomerulonephrosis in male rats 
fed 3% quillaia were considered to be due to reduced food consumption. Preference 
tests run before the start of the 2-year study showed that rats avoided the diet 
containing quillaia extract. Haematological and urinary parameters were within the 
normal ranges. 

In general, the incidence of histopathological lesions was similar in treated and 
control animals, only those of fibrosis of the heart and dilatation of the glands of the 
gastric mucosa in females at the lowest dietary concentration being greater than 
those of controls. These effects were considered to be fortuitous, as there was no 
dose-response relationship and no similar occurrence in males. A variety of benign 
and malignant tumours was found. The incidences of haernangiomas and haemangio
sarcomas in the lymph nodes were similar in control and treated animals. The only 
tumour for which the incidence was statistically significantly different from that in 
controls was thyroid adenoma, which occurred more frequently in females fed 1% 
quillaia in the diet. This finding was not considered to be related to treatment, as the 
incidence did not increase with the dietary concentration of quillaia extract, and the 
total incidence in rats fed 1% quillaia extract was not statistically significantly different 
from the total control incidence (Drake et al., 1982). 

3. INTAKE 

Quillaia extracts may be used as a foaming agent in soft drinks, such as ginger 
beer, root beer, and cream soda, in cocktail mixes, and as an emulsifier in other 
foods, such as baked goods, candies, frozen dairy products, gelatine, and puddings. 
The major food use is in soft drinks. Ouillaia extracts ane currently proposed for use 
in the Codex draft General Standard for Food additives (GSFA) at 500 mg/kg in 
food group 14.1.4 'Water-based flavoured drinks', including 'sport' or 'electrolyte' 
drinks and particulated drinks. 

Data on intake of quillaia extracts were submitted to the Committee by Australia 
and New Zealand, the United Kingdom, and the USA. 

3.1 Screening for additives by the budget method 

The budget method was used to decide whether the intake of quillaia extracts 
should be assessed further. The calculations indicated that the theoretical maximum 
level of use of quillaia extracts is 1 00 mg/kg, assuming that it is used in only half the 
beverages in a food supply and that the ADI is 0-5 mg/kg bw. As this theoretical 
level is lower than the proposed level of 500 mg/kg in the draft GSFA, further 
assessment of intake is needed. The draft GSFA proposes use of quillaia extract in 
one food group only, 14.1.4 'Water-based flavoured drink's'. 

As quillaia extracts are proposed for use in a single food group, a reverse budget 
method was used to indicate the maximum amount of the food group that can be 
consumed before the ADI is exceeded. In this case, up to 600 g/day of water-based 
flavoured drinks could be consumed if quillaia extracts were used at a concentration 
of 500 mg/kg, assuming an ADI of 0-5 mg/kg bw and an average body weight of 
60 kg, while a child of 15 kg can drink only 150 g/day before exceeding the AD I. 
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If quillaia extracts were used at 100 mg/kg (the maximum manufacturers' use 
levels are 95 mg/kg in the United Kingdom and 100 mg/kg in the USA), up to 
3000 g/day of water-based flavoured drinks could be consumed before the ADI was 
exceeded, assuming an ADI of 0-5 mg/kg bw, an average body weight of 60 kg, and 
up to 750 g/day for a 15-kg child. 

3.2 Poundage data 

Poundage (disappearance) data were available from the USA, based on 
information reported to the National Academy of Sciences (1989): 38 600 pounds 
{17 500 kg) of quillaia extracts were reported to have been used in food applications 
in 1987. The intake of quillaia extracts per capita was calculated to be 0.0055 mg/kg 
bw per day {0.1% AD I), assuming a body weight of 60 kg and 60% response to the 
survey (raw poundage data divided by 0.6 to account for underreporting). The per 
capita intake at the 90th percentile was calculated by multiplying by a factor of 2, to 
give 0.011 mg/kg bw per day or 0.2% ADI (use of factor discussed in WHO, 1987). 

3.3 Individual dietary records 

Estimates of the intake of quillaia extracts based on individual dietary records 
from national surveys in Australia and New Zealand, the United Kingdom, and the 
USA were based on consumption of the whole water-based flavoured drinks category 
or those soft drinks likely to contain the additive. The estimates and the assumptions 
made in deriving the estimates are summarized in Table 1. 

If use of quillaia extracts is assumed to be at the GSFA level (500 mg/kg) in all 
water-based drinks, the intake would exceed the ADI for consumers in Australia at 
the mean level (5.5 mg/kg bw per day or 109% of the AD I) and at the high level 
{16 mg/kg bw per day or 316% of the ADI) and for consumers at the high level in 
New Zealand {9.8 mg/kg bw per day or 196% of the ADI), for child respondents in 
the study in the United Kingdom (8.8 mg/kg bw per day or 177% of the AD I), and for 
consumers at the high level among both child (28 mg/kg bw per day or 550% of the 
AD I) and adult consumers (5.3 mg/kg bw per day or 106% of the AD I) in the United 
Kingdom. 

Estimates of intake based only on soft drinks likely to contain quillaia extracts 
and the level of use stated in the draft GSFA were submitted by Australia and the 
USA. The mean intake of quillaia extracts by consumers in Australia was below the 
ADI (3 mg/kg bw per day, 59% of the AD I), but that of consumers of large amounts 
of soft drinks likely to contain the additive exceeded the ADI (7.2 mg/kg bw per day, 
145% of the AD I). The estimated intakes of quillaia extracts in the USA were 1.5 mg/ 
kg bw per day (30% of the AD I) for consumers at the mean level and 2.7 mg/kg bw 
per day {54% of the AD I) for those at the 90th percentile of consumption. 

Estimates of intake based only on consumption of water-based drinks and national 
levels of use were submitted by the United Kingdom, where the maximum level of 
use of quillaia extracts is 95 mg/kg, although 200 mg/kg is permitted in the European 
Union. The estimated mean intakes of quillaia extracts were 0.18 mg/kg bw per day, 
or 4% of the ADI, by adult respondents and 1.7 mg/kg bw per day, or 34% of the 
ADI, by child respondents. The estimated intake of quillaia extracts by adult 
consumers of large amounts was below the AD I, but that for children who were high 
consumers exceeded the ADI (5.2 mg/kg bw per day or 105% of the ADI). 



Table 1. Estimated intakes of quillaia extracts from individual dietary records N 

""' 
Country and Population group Soft drink Quillaia extract intake %ADI• Assumptions Survey Date of 
reference consumption (g/day) (mg/kg bw per day) survey 

Australia All respondents Mean, 240 Mean, 2.3 47 Extract in all water- National survey, 1995 
(Australia-New Consumers only Mean, 590 Mean, 5.5 110 based drinks; GSFA single 24-h 
Zealand Food Consumers only Median, 410 Median, 3.7 74 level, 500 mg/kg; recall, 13 858 
Authority, 2001 a) 95th percentile, 1600 95th percentile, 16 320 consumers, 41% of sample; ;:: 2 years; 

population mean body weight, 
67 kg; individual 

All respondents Mean, 9 Mean, 0.07 1.4 Extract in limited body weights used 
Consumers only Mean, 380 Mean, 3.0 59 number of soft in calculations 
Consumers only Median, 310 Median, 2.2 45 drinks only; GSFA 

95th percentile, 800 95th percentile, 7.2 140 level, 500 mg/kg"; 
consumers, 2% of 
population 

New Zealand All respondents Mean, 180 Mean, 1.1 23 Extract in all water- National survey, 1997 
(Australia-New Consumers only Mean, 510 Mean, 3.4 69 based drinks; GSFA 4636 sample; 
Zealand Food Consumers only Median, 370 Median, 2.5 49 level, 500 mg/kg; single 24-h recall; 
Authority, 2001 b) 95th percentile, 1600 95th percentile, 9.8 200 consumers 35% of ;:: 15 years; mean 

population body weight, 71 kg, 
individual body 
weights used 

0 s: 
United Kingdom Adult respondents Mean, 120 Mean, 1.0 19 GSFA, 500 mg/kg; National survey; 1986-87 .... .... 
(Food Standards Adult consumers 97th percentile, 640 97th percentile, 5.3 110 extract in all water- 7-day records; )::. 

Agency, 2001) based drinksc; con- adults 16-64 years; );; 

sumers 22% sample, 2197; ~ 
Adult respondents Mean, 120 Mean, 0.2 4 Maximum manufac- assumed body weight, :ti 
Adult consumers 97th percentile, 640 97th percentile, 0.1 20 turers' use level, 60 kg )::. 

(") 
95 mg/kg; extract in (ri 
all water-based drinks 



Table 1 (contd) 

Country and Population group Soft drink Quillaia extract intake %ADI" 
reference consumption (g/day) (mg/kg bw per day) 

United Kingdom Child respondents Mean, 260 Mean, 8.8 180 
(contd) Child consumers 97th percentile, 800 97th percentile, 28 550 

Child respondents Mean, 260 Mean, 1.7 34 
Child consumers 97th percentile, 800 97th percentile, 5.2 100 

USA (Food & Consumers only Mean, 180 Mean, 1.5 30 
Drug Administra- Consumers only 90th percentile, 330 90th percentile, 2. 7 54 
lion, 2001) 

All respondents Mean, 7 Mean, 0.01 0.2 
Consumers only Mean, 180 Mean, 0.3 6 
Consumers only 90th percentile, 330 90th percentile, 0.5 11 

a JECFAADI, Q--5 mg/kg bw 
b Soft drinks likely to contain the additive are, e.g. ginger beer, root beer and cream soda. 
' Calculated from data given in submission from the United Kingdom 

0 c:: 
r::: 

Assumptions Survey Date of ~ 
survey i; 

GSFA, 500 mg/kg; National survey; 1992 ~ 
~ extract in all water- 7-day records; )), 

based drinks'; con- children 1.5-4.5 (') 

sumers 87% years; sample, Cil 
Maximum manufac- 1675; assumed 
turers' use level, body weight, 14.5 kg 
95 mg/kg; extract in 
all water-based drinks 

Extract in brewed National survey; 1989-92 
soft drinks only; 3-day intake (one (combined 
GSFA level, 500 24-h record plus surveys) 
mg/kg; consumers self-reported daily 
3.8% of population intake, weighted 
Extract in limited data); sample, 
number of soft drinks 11 912; assumed 
only, maximum level body weight, 60 kg 
of use, 100 mg/kgb; 
consumers 3.8% of 
population 
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Estimates of intake based only on soft drinks likely to contain the additive and 
national levels of use were submitted by the USA, where the maximum manufacturers' 
level of use of quillaia extracts is 100 mg/kg. The estimated intakes were 0.3 mg/kg 
bw per day, or 6% of the AD I, for consumers at the mean level and 0.54 mg/kg bw 
per day, or 11% of the AD I, for consumners at the 90th percentile of consumption. 

3.4 Evaluation of intake estimates 

Screening by application of the budget method showed that further assessment 
of the intake of quillaia extracts was required. The reverse budget method indicated 
that up to 600 g of water-based flavoured soft drinks could be consumed by a 60-kg 
person, or 150 g by a 15-kg child, before the ADI of 5 mg/kg bw was exceeded, if 
quillaia extracts were used at a concentration of 500 mg/kg, as proposed in the draft 
GSFA. Intake estimates based on poundage data from the USA indicated low per 
capita intakes of quillaia extracts(< 1% AD I), although this type of estimate tends to 
result in underestimates of the intake by high consumers. 

Intake estimates based on individual records in national surveys tend to provide 
more accurate estimates of the actual intake of food additives. The issue of the poor 
absorption of quillaia extracts was not considered in this evaluation. Data on food 
consumption submitted to the Committee indicated that consumers of large volumes 
of soft drinks likely to contain the additive (95th percentile) in Australia and children 
aged 1.5-4 years in the United Kingdom who are drink large volumes of all soft 
drinks (97.5th percentile) may exceed these amounts, although these may be 
overestimates of long-term consumption because they are derived from short-term 
surveys. Estimated intakes at the 95th percentile of consumption in Australia and 
New Zealand, based on a single 24-h recall, tend to overestimate the habitual intake 
of quillaia extracts by these consumers, as evidenced by the much higher reported 
levels of consumption at that level in those countries. In the surveys in the United 
Kingdom and the USA, the amounts of food consumed were averaged over a number 
of days (3 and 7, respectively), which would tend to decrease the reported daily 
consumption of all foods but in particular foods consumed occasionally (Gibney, 
1999; Lambe et al., 2000). 

The use of food consumption data for all water-based drinks, as in the submissions 
from New Zealand and the United Kingdom, would result in overestimates of the 
actual intake of quillaia extracts, which are used in a limited number of drinks as a 
foaming agent. Nevertheless, the estimated intakes based on these data and national 
levels of use did not exceed the ADI for the population of the United Kingdom, as 
quillaia extracts are permitted for use at lower maximum levels (95 mg/kg). Young 
children are an exception, as their relatively heavy consumption of water-based 
drinks and low body weight resulted in an estimated intake of quillaia extract that 
exceeded the ADI for consumers at the high level. This estimate is still conservative 
in that it was assumed that all water-based drinks contained quillaia extracts at the 
maximum manufacturers' level of use. In addition, data from short-term nutritional 
surveys do not permit estimation of the frequency or duration of exceedence over 
the ADI. 

The most accurate estimates of intake were those from the USA, where 
information on consumption of soft drinks likely to contain the additive and national 
levels of use were available. The estimated intakes of quillaia extracts were well 
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below the ADI for consumers at both mean and high levels. Ouillaia extracts are not 
currently permitted for use in Australia or New Zealand; however, were the additive 
to be permitted at levels of use similar to those in the USA and used in only a limited 
number of soft drinks (such as ginger beer, root beer, and cream soda), the estimated 
intake would also be below the ADJ. 

4. COMMENTS 

Toxicological data 

Studies of acute toxicity showed that quillaia extracts are less toxic when 
administered orally than when administered systemically. Fractions isolated from 
Q. saponaria differed widely in acute toxicity as well as in adjuvant activity and 
cholesterol-binding capacity. QS-18, the major saponin of quillaia extracts, was more 
acutely toxic to mice than two other saponins that were isolated and was more toxic 
than the extract itself when administered intradermally. 

In a 90-day study, rats fed diets containing 4% quillaia extract (equivalent to 
2000 mglkg bw per day; specifications conformed to the Emulsifiers and Stabilisers 
in Food Regulations 1975 of the United Kingdom, but information on the actual 
composition of the material tested was not available) showed decreased body-weight 
gain, decreased relative liver weight, and increased stomach weight, with no 
treatment-related histological changes. The NOEL was a dietary concentration of 
0.6%, equivalent to 400 mglkg bw per day. 

In a more recent 90-day study, rats were given quillaia saponins in deionized 
water by gavage at a dose of 1200 mg/kg bw. Severe and lethal toxic effects were 
observed during the study. In the surviving animals, the weights of several organs 
were increased, and several haematological and clinical parameters were changed. 
Histopathological examination showed inflammatory changes in the forestomach, 
larynx, trachea, and lungs. 

Minor changes in body-weight gain and the relative weights of some organs 
were reported in lifetime studies in mice and rats given quillaia extract (with 
specifications conforming to the Emulsifiers and Stabilisers in Food Regulations 
1975 of the United Kingdom), at dietary concentrations up to 1.5% in rats and 3% in 
mice. No compound-related histopathological changes were reported. The NOELs 
for quillaia extract in the diet were 0.5% (700 mg/kg bw per day) for mice and 1% 
(500 mg/kg bw per day) for rats. 

The Committee noted that the differences in toxicity observed in the 90-day 
studies in rats treated orally, outlined above, may have been due to differences in 
the test material, i.e., the concentrations and types of saponins present, and/or in 
the method of administration, i.e., in the diet and by gavage in water. 

The existing specifications for quillaia extracts were revised in order to clarify 
further the differences between unpurified and semi-purified extracts. As additional 

· information on composition was determined to be necessary, the specifications were 
designated as tentative. Once the requested information has been received, the 
Committee will consider whether separate specifications for unpurified and semi
purified extracts are required. 
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Intake 

Quillaia extracts can be used as foaming agents in soft drinks and in cocktail 
mixes and as emulsifiers in foods such as baked goods, candies, frozen dairy 
products, gelatine, and puddings. Their major food use is in soft drinks such as 
ginger beer, root beer, and cream soda. 

A reverse budget method based on the temporary ADI of Q-5 mglkg bw and use 
of quillaia extracts in soft drinks at a level of 500 mg/kg indicated that a person 
weighing 60 kg could consume up to 600 g of drink per day before exceeding the 
AD I, while a child weighing 15 kg could consume only 150 g of drink per day before 
exceeding the ADI. Data on food consumption submitted to the Committee indicated 
that consumers of soft drinks likely to contain the additive at the 95th percentile in 
Australia and children aged 1.5-4 years in the United Kingdom who consume soft 
drinks at the 97 .5th percentile could exceed these amounts, although the data may 
overestimate long-term consumption because they are derived from short-term 
surveys. 

Estimates of intake based on consumption of soft drinks likely to contain this 
food additive and the levels of use of quillaia extract in the draft GSFAwere submitted 
by Australia and the USA. Estimates of the mean intakes of quillaia extracts by 
respondents in the United Kingdom were available which were based on consumption 
of all water-based flavoured drinks and are therefore more conservative. For Australia, 
the mean intakes were 3 mg/kg bw per day (60% of the ADl) for consumers on the 
basis of the draft GSFA level (500 mg/kg) and 7.2 mg/kg bw per day (145% of the 
AD I) for high consumers. For the USA, the estimated mean intakes of quillaia extracts 
were 1.5 mglkg bw per day (30% of the ADI) for consumers on the basis of the draft 
GSFA level and 2.7 mg/kg bw per day (54% of the ADl) for consumers at the 90th 
percentile. 

Estimates of intake based only on consumption of soft drinks likely to contain 
the food additive and national levels of use were submitted by the USA. The maximum 
level of use of quillaia extracts by manufacturers in the USA is 100 mglkg. The 
estimated mean intake of quillaia extracts by consumers was 0. 3 mg/kg bw per day 
(6% of the AD I), and that for consumers at the 90th percentile was 0.54 mg/kg bw 
per day (11% of the ADl). Data from the United Kingdom based on a use level by 
manufacturers of 95 mg/kg indicated that children who consumed soft drinks at the 
97 .5th percentile level had an intake of quillaia extracts of 5.2 mg/kg bw per day 
(1 05% of the AD I), but this value may be an overestimate of intake as it is based on 
consumption of all water-based flavoured drinks. 

Use at the maximum level of 95- 100 mg/day reported by the manufacturers, as 
in the United Kingdom and the USA, appeared to be adequate for the technological 
function of quillaia extracts as foaming agents in soft drinks and did not appear to 
result in intakes that exceed the AD I. Young children are a possible exception, but 
as the results of a short-term nutritional survey were used the frequency or duration 
of their potential exceedence of the ADI was unknown. 

The Committee recommended that the Codex Committee on Food Additives 
and Contaminants review the use of quillaia extracts at 500 mg/kg proposed in the 
draft GSFA in the category 14.1.4 'Water based flavoured drinks' (Annex 1, Annex 4 
of reference 137). 
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5. EVALUATION 

The Committee made the previously established ADI of 0-5 mg/kg bw for 
unpurified extract temporary and extended it until 2003, pending clarification of the 
specifications for quillaia extracts. The Committee emphasized that the temporary 
ADI is not applicable to the semi-purified or any other product derived from Q. 
saponaria or from other species of Quillaia. 

The Committee will reconsider the subject when the specifications for quillaia 
extracts have been clarified; further studies of toxicity with specified quillaia products 
that reflect the nature of the product consumed by humans may be required. 
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1. EXPLANATION 

The Committee did not undertake a general re-evaluation of (3-carotene for use 
as a colouring agent but focused its assessment on the production and analytical 
characteristics of (3-carotene from Blakeslea trispora. 

(3-Carotene is obtained from B. trispora by co-fermentation of the two sexual 
types of the fungus in specific proportions. Both types are stable in cultures maintained 
under conditions consistent with good manufacturing practice. These source 
organisms are neither pathogenic nor toxinogenic. The compound is isolated from 
the fungal biomass by solvent extraction and crystallized. The main articles of 
commerce are suspensions in food-grade vegetable or plant oil and water-dispersible 
powders. These formulations are made for ease of use and in order to improve 
stability, as carotenes easily oxidize. 

As in synthetic (3-carotene, the colouring principle of (3-carotene from B. trispora 
consists predominantly of all-trans (3-carotene. The content of total colouring matter 
is not less than 96% (expressed as (3-carotene). (3-Carotene from B. trispora may 
also contain other carotenoids, of which y-carotene accounts for the major part, at 
concentrations up to 3%. These molecules occur naturally in carotenoid-containing 
vegetables. 

2. BIOLOGICAL DATA 

2.1 Acute toxicity 

Rats 

Two male and two female Wistar rats (age not stated) were given a single oral 
dose of 2000 mg/kg of (3-carotene biomass dissolved in propylene glycol (method of 
administration not stated) and were observed and weighed daily for 8 days. There 
was minimal weight foss and no deaths, and gross macroscopy showed no adverse 
effects (Kfuifhooft, 2000). The Committee noted that only means and standard 
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deviations were provided, which, in view of the small size of the study, appeared 
inappropriate. 

Two male and two female Wistar rats (age not stated) were given a single dermal 
application of ~-carotene biomass at a concentration of 10 ml/kg bw (2000 mg/kg 
bw). The material was placed under a dressing which was removed after 24 h. The 
animals were weighed and inspected grossly, and yellow and orange staining were 
recorded. There were no other findings (Kiuifhooft, 2000). 

Rabbits 

One New Zealand white male rabbit received 5 g of ~-carotene biomass on the 
shaved skin of the abdomen on a dressing which was held in place by an elastic 
bandage. The dressing was removed after 4 h, and the remaining material was 
removed with wet tissue. The area was reshaved 3 h before recording observations. 
Well-defined erythema was observed after 1 h and slight erythema after 24 h. The 
skin was recorded as normal (with yellow-orange staining) after 48 and 72 h 
(Kiuifhooft, 2000). 

Approximately 1 ml (47 mg) of biomass ~-carotene was instilled into the 
conjunctival sac of one eye of a New Zealand white rabbit, and the lids were held 
together for approximately 1 s. The other eye was used as the untreated control. 
The only finding was slight reddening after 1 h (Kiuifhooft, 2000). 

2.2 Short-term studies of toxicity 

Rats 

Groups of five male and five female Wistar rats (age not stated) were fed 
powdered diet containing ~-carotene derived from B. trispora at 0.2, 1, or 5% for 
28 days. A further group was fed the powdered diet only, another group was fed a 
different sample of ~-carotene from B. trispora, and a further group was fed ~-carotene 
from a commercial supplier (source not specified). The animals were weighed, and 
their dietary intake and haematological parameters were measured. The biochemical 
measurements included the activities of alkaline phosphatase, alanine and aspartate 
aminotransferases, and y-glutamyl transpeptidase, total protein, albumin, the 
albumin:globulin ratio, urea, creatinine, bilirubin, cholesterol, triglycerides, phospho
lipids, calcium, sodium, potassium, chloride, and inorganic phosphate. The animals 
were killed on day 28, and the adrenals, brain, heart, liver, spleen, testes, and all 
gross lesions were examined histologically. No significant adverse findings were 
recorded (Kiuifhooft, 2000). 

Guinea-pigs 

The procedure described by Buehler and Griffith was used to determine contact 
sensitivity in seven guinea-pigs (age not stated). ~-Carotene biomass was dissolved 
in propylene glycol and applied at a concentration of 50% for 6 h once a week for 
3 weeks. Three control guinea-pigs were treated similarly with propylene glycol. 
Two weeks later, the animals were challenged with 50% ~-carotene biomass or with 
propylene glycol. The reactions were assessed 24 and 48 h after removal of the 
bandages. No indication of sensitization was observed (Kiuifhooft, 2000). 
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2.3 Genotoxiciy 

~-Carotene derived from B. trispora was tested for mutagenic activity in 
Salmonella typhimurium TA1535, TA1537, TA98, and TA100, with and without an 
exogenous metabolic activation system from rat liver, in two independent studies 
with five concentrations of the test substance. Negative controls were tested with 
dimethyl sulfoxide and positive controls with sodium azide, 9-aminoacridine, 
benzo[a]pyrene, 2-nitrofluorene, and 2-aminoanthracene. No mutagenic activity was 
observed (Kiuifhooft, 2000). 

~-Carotene derived from B. trispora was tested for its ability to induce 
chromosomal aberrations in cultured Chinese hamster ovary cells in two independent 
assays with and without exogenous metabolic activation. The material was dissolved 
in dimethyl sulfoxide and tested in serial dilutions from 25 to 0.1 mg/ml. A vehicle 
control and a positive control with cyclophosphamide were included. No clastogenic 
effects were recorded (Kiuifhooft, 2000). 

3. COMMENTS 

The Committee concluded that, on the basis of the source organisms, the 
production process, and its composition characteristics, ~-carotene from B. trispora 
does not raise specific concerns and from a toxicological point of view should be 
considered equivalent to chemically synthesized ~-carotene, for which an ADI of 
0-5 mg/kg bw was established by the Committee at its eighteenth meeting (Annex 
1, reference 35). This opinion was supported by the negative results in two tests for 
genotoxicity (mutagenesis and chromosomal aberration) considered at the present 
meeting. 

4. EVALUATION 

The Committee established a group ADI of 0-5 mg/kg bw for synthetic ~-carotene 
and ~-carotene derived from B. trispora. This ADI applies to use of ~-carotene as a 
colouring agent and not to its use as a food supplement. 

5. REFERENCE 

Kluifthoof, J.D. (2001) Unpublished data submitted to WHO by DSM Food Specialties. 
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1. EXPLANATION 

Hydrogenated poly-1-decene was first evaluated as a glazing and releasing agent 
by the Committee at its forty-ninth meeting (Annex 1, reference 131). A 28-day 
range-finding study and a 90-day study in rats that were available at that time were 
considered inadequate to support use of this product as a food additive. Data were 
requested to demonstrate that the oily coats observed on rats fed hydrogenated 
poly-1-decene in the 90-day study were not the result of systemic absorption of the 
material. In addition, the Committee suggested that the results of a study 
demonstrating lack of absorption in humans be provided. In the absence of such 
data, the results of long-term studies of toxicity and reproductive toxicity and 
information on the metabolism, distribution, and excretion of hydrogenated poly-1-
decene would be required. 

At its fifty-third meeting, the Committee reviewed a study of the distribution and 
excretion of (3H]hydrogenated poly-1-decene (Annex 1, reference 143). This study 
established that the oiliness of the fur of rats observed within 1-6 h of their receiving 
a bolus dose was associated with radiolabelled material originating from the anal 
region, which was spread by grooming. However, while the study indicated that 
very little hydrogenated poly-1-decene was absorbed after oral administration, it did 
not allow clear definition of the fate or disposition of any absorbed compound. The 
Committee was therefore unable to establish an ADI and wished to see an adequate 
study of the absorption and deposition of hydrogenated poly-1-decene in order to 
determine whether further studies were required. 

At its present meeting, the Committee re-evaluated the results of the study of 
absorption, distribution, and excretion. Although no new study was submitted, 
arguments were drawn to the Committee's attention that underlined the validity of 
the previous study. In addition, a study of the effect of hydrogenated poly-1-decene 
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on the absorption, distribution, and excretion of linoleic acid and glycerol trioleate 
had been submitted for consideration. 

Hydrogenated poly-1-decene is obtained by catalytic hydrogenation of mixtures 
of trimers, tetramers, pentamers, and hexamers of 1-decenes, produced by 
oligomerization of 1-decene in the presence of a catalyst. The product is purified by 
filtration through activated clay. Hydrogenated poly-1-decene consists of a mixture 
of branched isomeric hydrocarbons predominantly with carbon numbers higher than 
30. Minor amounts of molecules with lower carbon numbers may be present. 

At its present meeting, the Committee revised the existing specifications in order 
to take into account the decrease from 3% to 1.5% in the concentration of molecules 
with carbon numbers below 30 in products on the market for food additive use. 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2.1.1 Absorption, distribution, and excretion 

[3H]Hydrogenated poly-1-decene (purity not stated; oligomer distribution: 18% 
trimer, 56% tetramer, 29% pentamer, 5% hexamer) was administered at a single 
oral dose of 30, 21 0, or 1500 mg to groups of 33 male Fischer 344 rats weighing 
200-250 g, and radiolabel was determined in plasma, tissues (fat, kidney, liver, 
lymph node, spleen, and gut wall and contents), urine, faeces, carcass, skin, and 
fur for 168 h after dosing. In three additional studies, radiolabel was determined in 
plasma for 168 h after dosing in three rats that received 30 mg of hydrogenated 
poly-1-decene intravenously and in three rats that received an oral dose of 
210 mg/day of unlabelled compound for 14 days followed by a single oral dose of 
labelled compound; and biliary excretion of hydrogenated poly-1-decene was 
determined for 168 h in three rats that received a single oral dose of 210 mg. 

The pattern of excretion of radiolabel was similar whether the compound was 
administered as a single dose or for 15 days. After 168 h, less than 1% of the 
administered dose had been excreted in urine, whereas 92-102% was excreted in 
the faeces, and the total recovered was 93-102%. Biliary excretion accounted for 
only 0.01% of the 21 0-mg dose at 48 h, while 0.16% was present in the urine, 70% 
in faeces, and 25% in the gut contents. After oral administration of hydrogenated 
poly-1-decene, the radiolabel in plasma increased during the first 4-8 h in all treated 
groups. In the groups given 30 or 210 mg, the maximum concentration was achieved 
after 8 and 4 h, respectively, while in the group given 1500 mg the plasma 
concentration of radiolabel continued to rise slightly over the next 24-72 h. The half
times were 81 hat 210 mg and 93 hat 1500 mg. Most of the plasma radiolabel was 
associated with H20 after 8 h at 30 mg, 4 h at 21 0 mg, and 2 h at 1500 mg. The 
authors reported that the half-time of plasma radiolabel, 3.5 days, was similar to 
that in the body water. The plasma concentrations of radiolabel in rats given 30 mg 
hydrogenated poly-1-decene intravenously were similar to or lower than those 
measured in rats receiving the same dose orally, but no further comment was made 
on this result. 

A large proportion of the administered radiolabel was associated with the gut 
and its contents during the first 4-24 h after dosing. The liver and lymph nodes had 
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higher concentrations of radio label than plasma at the time of maximal concentration 
for each dose; at lower doses, the amount of radiolabel in liver remained high at 
24 h, while that in the lymph nodes stared to decline. At the high dose, the amount 
of radiolabel in the liver remained high at 72 h, but the trend in accumulation of 
radiolabel in the lymph nodes at this dose could not be ascertained as it was 
measured only at 72 h. The concentrations of radiolabel in fat, spleen, and kidneys 
were similar to that in plasma. Animals at 21 0 or 1500 mg had transient oiliness of 
the fur. In those at 210 mg, the oiliness was generally restricted to the base of the 
tail, became apparent about 6 h after dosing and had disappeared within 24 h. All 
rats at the higher dose showed oily fur 1 h after dosing; at 4 h, the oiliness was 
clearly apparent and oil patches were observed over the entire body. The oiliness 
decreased during 48-72 h after dosing and had disappeared by 96 h. The radiolabel 
was distributed over the fur, but the largest amounts were found in the lower parts of 
the body, especially in animals at the high dose in which radiolabel was clearly 
distributed on the lower abdomen > mid-abdomen > thorax > head. The proportion 
of radiolabel found on the fur was much higher in animals at the high dose, with a 
maximum of 11% of the administered dose found at 4 h. At the intermediate dose, 
the largest amount appearing on the fur was 1.1% of that administered, which was 
found 8 h after dosing. It is likely that the continued small increase in plasma radio label 
in rats at the high dose seen after 8 h was due to reingestion of radiolabel during 
grooming. The presence of a larger proportion of the administered radiolabel on the 
fur of rats at the high dose indicates limited absorption of the test material and is 
consistent with the observation that the increase in plasma radiolabel with dose 
was not proportional to the dose itself; thus, the ratio of dose was 1:7:50, while the 
area under the curve of concentration-time at 168 h for total plasma radiolabel was 
1:2.3:7.6 (Au nacres, 1999). 

2. 1.3 Effects on enzymes and other biochemical parameters 

The effects of dietary administration of hydrogenated poly-1-decene on the 
absorption and excretion of [14C]Iinoleic acid and [14C]glycerol trioleate were 
investigated in a study compliant with GLP standards (European Commission, OECD, 
United Kingdom). Groups of six Fischer CDF/CriBR (344) rats of each sex were fed 
a powdered control diet or the control diet containing 50 000 ppm (5.0%) 
hydrogenated poly-1-decene, equivalent to 4900 and 4800 mg/kg bw per day for 
males and females, respectively, for 18 days. On day 15, groups of three rats of 
each sex per group were given 1 mg/kg [1 4C]Iinoleic acid (radiochemical purity, 99.4%) 
or 0.5 mg/kg [14C]glycerol trioleate (radiochemical purity, 99.8%) by gavage. Urine, 
faeces, expired air, and cage washes were collected over the following 3 days. At 
sacrifice on day 18, blood, plasma, and tissues (liver, abdominal fat, skin, and residual 
carcass) were collected and processed, and aliquots were analysed for radioactivity. 

The body weights of treated animals were unaffected. The food consumption in 
groups fed hydrogenated poly-1-decene tended to be higher, although the differences 
were statistically significant only for groups receiving [14C]Iinoleic acid. No comment 
was made about the condition of the animals' coats. 

The total recovery of radiolabel during 72 h after dosing with [14C]Iinoleic acid 
ranged from 45 to 69%. The largest fraction of the recovered radiolabel was retained 
in the body. While urinary excretion of radiolabel was less than 1% in all groups, 
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faecal excretion tended to be higher in males and females fed hydrogenated poly-1-
decene than in the controls: means of 7.3 (2.1, 8.5, 11 )% and 2.0 (1.4, 1.5, 3.0)% in 
treated versus 3.3 (1.2, 3.5, 5.3)% and 1.5 (0.58, 1.2, 2.8)% in control males and 
females, respectively. Similarly, the recovery of radiolabel from [14C]Iinoleic acid 
was higher in expired air (C02 and volatile organics) from rats fed hydrogenated 
poly-1-decene (27%) than from controls (21 %). However, none of the differences 
was statistically significant. The tissue concentrations of radiolabel 72 h after 
administration of [14C]Iinoleic acid were similar in liver, skin, carcass, blood, and 
plasma of male and female rats fed diets with and without added hydrogenated 
poly-1-decene. In fat, higher concentrations were detected in male and female rats 
fed hydrogenated poly-1-decene (2400 and 2300 ng/g expressed as equivalents, 
respectively) than in controls (1700 and 1500 ng/g); however, there were large 
individual variations, and the differences were not statistically significant. 

The total recoveries of radiolabel during the 72 h after dosing with [14C]glycerol 
trioleate ranged from 82 to 86%. Recovery in expired air accounted for the largest 
fraction of radiolabel (35-50%). While the recoveries in expired air were higher for 
males fed hydrogenated poly-1-decene than for the controls (45% and 35%, respec
tively), the same was not true for the females (45% and 50%). Urinary excretion 
accounted for 1-2% of the administered dose, and the percentage was unaffected 
by administration of hydrogenated poly-1-decene. Faecal excretion of radiolabel 
tended to be higher in treated males and females than in controls: means of 11 (5.4, 
9.4, 19)% and 7.0 (2.9, 8.2, 9.9)% versus 6.8 (1.8, 3.4, 15)% and 1.9 (1.1 1.9, 2.7)% 
in males and females, respectively. None of the differences in the percentages of 
the dose expired or excreted was statistically significant. Among females, there 
were no differences in tissue concentrations of radiolabel 72 h after administration 
of [14C]glycerol trioleate that could be attributed to treatment with hydrogenated 
poly-1-decene; however, male rats fed the control diet had higher concentrations of 
radiolabel in fat and residual carcass (statistically significant at p < 0.01) than those 
fed hydrogenated poly-1-decene: 1700 versus 1100 ng/g for fat and 220 versus 
130 ng/g for residual carcass in control and treated males, respectively (expressed 
as equivalents). 

The low recovery of radiolabel, particularly with administration of [14C]Iinoleic 
acid, prompted an additional study in which one female on the control diet was 
given 0.5 mg/kg of [14C]Iinoleic acid by gavage. Unlike in the main study, in which 
solutions of trapped expired C02 were analysed about 1 week after collection, expired 
air samples from this female were analysed 'soon' after collection. The recovery of 
radiolabel in the expired air accounted for 60% of the administered dose. The 
investigator concluded that the production of high concentrations of 14C02 over a 
short time in the main study may have impeded accurate analytical determination. 
Such an underestimate of 14C02 would account for the low recoveries observed in 
the study with [14C]Iinoleic acid. The author concluded that dietary hydrogenated 
poly-1-decene had no adverse effect on the uptake of [14C]Iinoleic acid or [14C]glycerol 
trioleate by rats of either sex. There was some evidence that hydrogenated poly-1-
decene may have decreased retention of the radiolabel in the carcass of males 
receiving [14C]glycerol trioleate (Kemp, 2001 ). The Committee noted that there was 
a trend towards increased faecal excretion of both [14C]Iinoleic and [14C]glycerol 
trioleate in hydrogenated poly-1-decene-treated rats, which may indicate a decrease 
in absorption, but the large individual variations and small group size prevented 
definitive conclusions being drawn. 
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2.2 Toxicological studies: Short-term study of toxicity 

Rats 

43 

Diets containing hydrogenated poly-1-decene, at a concentration of 0, 1000, 
7000, or 50 000 mg/kg (0, 0.1, 0.7, and 5.0%), equal to 0, 78, 550, or 4200 mg/kg 
bw per day for males and 0, 86, 610, and 4600 mg/kg bw per day for females, were 
fed to groups of 10 Fischer 344 rats of each sex for 13 weeks. Additional groups of 
five rats of each sex received the control and high-dose diets for 13 weeks, after 
which they were put on control diets for a 4-week recovery period. Five animals of 
each sex were housed per cage, observed twice daily for clinical signs of toxicity, 
and palpated weekly; body weights were recorded weekly, and mean weekly food 
consumption was measure in each cage. Ophthalmoscopic examinations were made 
before treatment of all animals and at week 12 for the controls and animals at the 
high dose. At week 12 of treatment, blood samples were collected from 10 animals 
of each sex per group and assessed for clinical chemical parameters; however, 
serum vitamin E and other lipid-soluble nutrients were not measured. Bone-marrow 
samples were collected from the femur at sacrifice. Urine samples were collected 
from 1 0 animals of each sex per group for analysis after 11 weeks of treatment. 
Gross autopsy at sacrifice included an extensive inventory of the weights of the 
kidney, liver, heart, spleen, and mesenteric lymph nodes from all animals. 
Histopathological examination was made of 20 tissues and organs. Samples of 
liver, kidneys, duodenum, jejunum, ileum, caecum, rectum, heart, spleen, Peyer 
patches, and mandibular and mesenteric lymph nodes were stained with oil red '0' 
and examined for accumulation of oil [sic]. 

No unscheduled deaths occurred during the study. Animals of each sex at the 
high dose appeared ungroomed during the second week of treatment, and the coats 
of all of these animals were oily from week 3 to the end of the study. Several animals 
at the intermediate dose also had oily coats. Hair loss was seen in all treated groups, 
although the effect was not related to dose; females at the high dose were most 
severely affected. During the first week of the recovery period, rats at the high dose, 
and particularly females, had oily coats, and the females still had hair loss and 
appeared ungroomed. Animals of each sex at the high dose and occasionally females 
at the intermediate dose had soft faeces from the second week of treatment. The 
body weights of treated animals were comparable to those of controls. The food 
consumption of rats at the high dose was slightly increased during treatment. The 
food conversion efficiency was slightly reduced in these groups throughout treatment 
and increased only slightly during the recovery period. The increased consumption 
was probably due to the reduced nutritional content of the high-dose diet. Male rats 
at all doses showed significantly increased haemogloblin and erythrocyte count, but 
only the increase in haemaglobin concentration was dose-related. The lymphocyte 
counts were reduced in all treated females, but significantly so only at the low and 
intermediate doses, with no dose-related trend. The platelet counts of males and 
females at the high dose were also significantly increased. After the recovery period, 
no such changes were seen. The myeloid:erythroid ratio and the cellularity and 
composition of the bone marrow were comparable in all groups. None of the 
haematological changes was considered to be toxicologically significant, as they 
were slight and fell within the reference ranges. Clinical chemical and urinary 
parameters showed no effect of treatment. After 13 weeks, both the absolute weight 
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of the liver and that relative to body weight were significantly lower in males at the 
high dose than in controls, but the difference had disappeared after the recovery 
period. A non-significant decrease in the weight of mesenteric lymph nodes was 
seen in males at the intermediate and high doses and in females at the high dose, 
and the effect persisted in females at the end of the recovery period. The weights of 
the mandibular lymph nodes were not assessed. The only histopathological findings 
were made in females at the high dose, which had a low incidence of necrosis of 
individual hepatocytes in the liver (3/1 0 vs 0/1 0} and a significant decrease in fat 
retention by hepatocytes in the right caudal lobe of the liver (2/1 0 vs 8/1 0}. No 
accumulation of test material was reported in lymphoid, gastrointestinal, hepatic or 
splenic tissues. The NOEL was 7000 mg/kg, equal to 550 mg/kg bw per day, on the 
basis of effects on the condition of coats, the reversible effects on liver weight in 
males and histopathological observations in the livers of females at the high dose 
(Cooper, 1995). 

3. INTAKE 

Hydrogenated poly-1-decene can be used as a release agent in the preparation 
of bread in commercial baking operations at 30G-500 mg/kg and in glazed fruit at 
2000 mg/kg. Use of the budget method to assess whether incorporation of an additive 
should be restricted to specific food groups indicated that the theoretical maximum 
concentration of hydrogenated poly-1-decene would be 240 mg/kg, assuming its 
use in half the solid food supply and an ADI of 0-6 mg/kg bw. As the theoretical 
maximum level is lower than the known use of this compound in bread and in glazed 
fruit, further assessment is required. 

The main contribution to intake of hydrogenated poly-1-decene is probably from 
bread, as glazed fruit are not consumed in large quantities. If the additive were used 
in bread alone at 500 mg/kg, a maximum of 720 g bread could be consumed per 
day by a 60-kg individual before the ADI was exceeded. However, it is considered 
unlikely that a person would consume this amount of commercially prepared leavened 
bread containing hydrogenated poly-1-decene at the maximum level of use. 

Reference to the WHO GEMS/Food regional diets indicated that mean per capita 
consumption of white and wholemeal bread is 18 g/day in the African diet and 
320 g/day in the Middle Eastern diet (Table 1 ). In many regions, but particularly in 
the Middle East where bread consumption is high, unleavened bread is often eaten. 
As unleavened and home-baked bread do not contain hydrogenated poly-1-decene, 
the intake of the additive would be much lower than that predicted when assuming 
that all bread consumed contained the additive at maximum levels of use. 

Table 1. Bread consumption (mean, glperson per day) in GEMS/Foods regional 
diets 

Food 

White bread 
Wholemeal bread 

All bread 

Diet 

Middle Eastern Far Eastern African Latin American European 

220 
110 

320 

76 
38 

110 

19 37 
9.4 75 

18 110 

120 
59 

180 
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4. COMMENTS 

In its re-evaluation, the Committee accepted that equivalent information can be 
obtained with 3H and 14C, provided that the label is located in a metabolically stable 
position, as is the case for [3H)hydrogenated poly-1-decene. It also accepted that, 
for technical reasons, use of 14C-Iabelled hydrogenated poly-1-decene might be 
less appropriate, since the synthetic 14C-Iabelled compound might be different from 
the substance used in the studies of toxicity. 

The results of the study of absorption, distribution, and excretion indicated that 
< 1% of the dose of [3H)hydrogenated poly-1-decene was absorbed from the 
gastrointestinal tract. The absorbed radiolabel was present largely as 3H20, probably 
arising from tritium exchange between the labelled substance and body water. The 
Committee concluded that absorption of hydrogenated poly-1-decene was negligible. 
This conclusion was corroborated by the results of the 90-day study in rats, which 
provided no evidence of its accumulation in tissues, and the revised specification of 
the substance requires that it contain a maximum of 1.5% of compounds with fewer 
than 30 carbon atoms. 

Consequently, the available studies were considered adequate to assess the 
toxicity and safety of hydrogenated poly-1-decene. 

An additional study in rats submitted for consideration by the Committee 
suggested that hydrogenated poly-1-decene may decrease the bioavailability of 
linoleic acid, an essential fatty acid. However, for intake of hydrogenated poly-1-
decene at the level of the ADI, i.e., a maximum of 360 mg/person per day, the 
Committee concluded that a nutritionally relevant decrease in bioavailability would 
not occur. 

Hydrogenated poly-1-decene can be used as a release agent in bread prepared 
in commercial baking operations at 300-500 mg/kg and in glazed fruit at 2000 mg/ 
kg. Bread is expected to be the major contributor to total intake of this compound. If 
use only in bread is assumed, a reverse budget calculation would indicate that a 
maximum of 720 g of bread containing hydrogenated poly-1-decene at 500 mg/kg 
could be consumed by a 60-kg person before the ADI of 0-6 mg/kg bw would be 
exceeded. However, it was considered highly unlikely that a person would consume 
this amount of bread containing hydrogenated poly-1-decene at the maximum level 
of use each day. 

5. EVALUATION 

An ADI of 0-6 mg/kg bw was established on the basis of the NOEL of 550 mg/kg 
bw per day in the 90-day study in rats for effects on coat condition, liver weight, and 
histological appearance, and a safety factor of 100. 
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1. EXPLANATION 

Natamycin (pima ricin) is a polyene macrolide antibiotic produced by submerged 
aerobic fermentation of Streptomyces nata len sis and related species. Fermentation 
is conducted for several days, and the antibiotic is isolated either by broth extraction 
or by extraction of the mycelium. It is used as a food additive to control the growth of 
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yeasts and moulds on the surface of cheese and other non-sterile products, such as 
meat and sausages. 

Natamycin was evaluated by the Committee at its twelfth and twentieth meetings 
(Annex 1, references 17 and 41). At its twentieth meeting, the Committee established 
an ADI of G-0.3 mg/kg bw. Natamycin was evaluated at the present meeting at the 
request of the Codex Committee on Food Additives and Contaminants. 

The Committee considered information on the current uses of natamycin, 
biological data not previously evaluated, and data on its intake. 

The activity of natamycin against yeasts and moulds, but not bacteria, makes it 
convenient for use in foods that undergo a ripening period after processing. Its low 
solubility in water and most organic solvents makes it suitable for the surface 
treatment of foods. Natamycin is used topically in veterinary medicine to treat mycotic 
infections, such as ringworm in cattle and horses. Previously, it was used topically 
against fungal infections of the skin and mucous membranes in humans. Its medical 
use is now confined to topical treatment of corneal fungal infections and the prevention 
of such infections in users of contact lens. 

2. BIOLOGICAL DATA 

2. 1 Biochemical aspects: Absorption, distribution, and excretion 

Rats 

The distribution of natamycin was studied by autoradiographic and bioautographic 
techniques. In the autoradiographic study, five female Wistar rats (TNO, specific 
pathogen-free) were each given a single dose of 50 mg/kg bw of [14C]natamycin 
(50 mg in 5 ml of 1% amylum) orally. In the bioautographic study, four female rats 
were each given a single dose of 50 mg/kg bw (70 mg in 7 ml of 1% amylum) orally. 
No information on the purity of the compound was provided. Before treatment, the 
animals were fasted for 24 h but were given a 5% glucose drinking-water solution. 
One animal in each group was killed by immersion in a solid C02 and acetone 
mixture under mild ether anaesthesia 1, 2 (autoradiographic study only), 4, 8, and 
24 h after treatment. Whole-body sections of the animals were cut in a cryostat at-
20 oc. In the autoradiographic study, sections were freeze-dried (48 h) and exposed 
on photographic plates at -20 oc for 93 days (a few for 150 days). In the 
bioautographic study, the antibiotic activity of the sections was evaluated by exposure 
on Whitten agar plates inoculated with Saccharomyces cerevisiae strain ATCC 9763 
for 5, 1 0, 15, or 20 min (20, 40, 60, and 120 min for sections from the animals killed 
24 h after treatment). After exposure, the agar plates were incubated at 30 oc for 
20 h and photographed. 

In the autoradiographic study, radiolabel was confined to the gastrointestinal 
tract after 93 days' exposure (1 h, oesophagus, stomach, small intestine; 2 h, 
oesophagus, stomach, small intestine, caecum; 4 h, stomach, small intestine, 
caecum, colon; 8 h, stomach, intestine; 24 h, caecum, colon). After 150 days' 
exposure, radiolabel was visible only faintly after magnification of the pictures, in 
the liver, kidneys, and fatty tissue, in addition to the gastrointestinal tract. In the 
bioautographic study, the antibiotic activity of natamycin was restricted to the 
gastrointestinal tract (1 h, stomach, small intestine; 4 h, stomach, small intestine, 
caecum; 8 h, stomach, small intestine, caecum) and lasted less than 24 h. No 
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antibiotic activity was observed in the colon. The results of the autoradiographic 
study indicate that natamycin is minimally absorbed into the bloodstream and 
excreted almost entirely in the faeces. The lack of antibiotic activity and the presence 
of radiolabel in the caecum and colon 24 h after dosing are consistent with the 
breakdown of natamycin into microbiologically inactive compounds by bacterial flora 
in the caecum and colon (Biankwater & Hespe, 1979). 

A series of experiments was conducted to study the excretion and resorption of 
[14C]natamycin and its degradation products in normal and cholestatic Wistar rats 
(induced by tying the bile ducts with a ligature). In the first series, the excretion 
pattern of radiolabelled compound was investigated in groups of three young male 
Wistar rats given [14C]natamycin at a dose of 0.1, 1, or 1 0 mg/kg by quantifying the 
amount of radiolabel in the urine and faeces at 24-h intervals for 72 hand in expired 
breath hourly for up to 7 h. Another group received a single dose of 10 mg/kg bw 
intraperitoneally. A similar experiment was performed in which 10 mg/kg bw of the 
degradation products of [1 4C]natamycin, obtained by acid hydrolysis to simulate 
that in the stomach, were administered orally or intraperitoneally to three Wistar 
rats, and their urine, faeces, and expired breath were analysed as described above. 

Separate experiments were conducted to determine the elimination of [14C]
natamycin in the bile by giving 1 0 mg/kg bw to two rats orally and to four rats by 
intraperitoneal injection. Bile was obtained via a cannula in the bile duct at 1-h intervals 
for 7 h and analysed for radiolabel. In a similar experiment, the elimination of 
[14C]natamycin via the bile was determined after oral administration of 10 mg/kg bw, 
in which 0.1 ml of bile obtained from rats not treated with natamycin was placed in 
the duodenum of treated animals. Bile was collected hourly for 7 hand analysed for 
radiolabel. 

A series of analyses was also carried out to quantify the radiolabel in the stomach, 
small intestine, caecum, and large intestine of groups of two animals 1, 2, 4, 8, and 
24 h after administration of 10 mg/kg bw [14C]natamycin. Sections of the stomach, 
small intestine, caecum, and large intestine were extracted in methanol, and the 
extracts were analysed for radiolabel by thin-layer chromatography. One rat was 
given the non-radioactive form of the test material and killed after 4 h. The 
concentration of natamycin was analysed in each section of the gastrointestinal 
tract by high-performance liquid chromatography. The results were compared with 
those obtained with the radioactive form. In each experiment, all animals were fasted 
for 20 h before treatment. Water was available during fasting. 

When 10 mg/kg bw [14C]natamycin were administered orally to normal or 
cholestatic rats, most of the radiolabel {93--1 03%) was found in the faeces. Cholestatic 
rats had about 5% more radiolabel in their urine than normal rats at this dose. The 
results were similar in rats treated with 0.1 or 1 mg/kg bw. When natamaycin was 
delivered by intraperitoneal injection at a dose of 1 0 mg/kg bw, about 16% of the 
radiolabel was found in urine and about 76% in faeces by 72 h, indicating significant 
elimination in the bile. Most of the elimination {63%) occurred within 24 h after 
administration of natamycin. Intraperitoneal administration of acid-hydrolysed 
[
14C]natamycin resulted in approximately twice as much radiolabel in the urine {61 %) 

as in faeces {30%), showing that hydrolysis transforms natamycin into breakdown 
products which are more hydrophilic than intact natamycin and thus have less affinity 
for bile. In contrast, after oral administration of acid-hydrolysed [14C]natamycin, most 
of the radiolabel was recovered in faeces (94% as compared with 6.7% in urine); 
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thus, hydrolysis did not appear to result in significant systemic absorption. Little 
radiolabel associated with either intact or acid-hydrolysed natamycin was eliminated 
as 14C02 in expired breath(< 1 %) after either oral or intraperitoneal administration. 

In experiments to determine the amount of radiolabel in bile after an oral or 
intraperitoneal dose of 10 mg/kg bw [14C]natamycin, 40% of the total radio label was 
recovered over 7 h from the bile of rats treated intraperitoneally and only 1% from 
the bile in rats treated orally. When 'blank' bile was administered duodenally each 
hour for 7 h to animals treated orally, the amount of radio label recovered in the bile 
was similar to that recovered in animals not given bile. 

In the stomach and small intestine, natamycin was mostly untransformed, as 
indicated by thin-layer chromatography. Most degradation took place in the large 
intestine. The degradation products were more hydrophobic than natamycin and 
were found from about 4 h after treatment. Most of the dose of 10 mg/kg was degraded 
about 8 h after treatment, suggesting that elimination is relatively rapid. Biotrans
formation was attributed to the bacterial flora in the caecum and small intestine. 

Overall, no more than 5-7% of the total radioactive dose was absorbed after 
oral administration of [14C]natamycin, and approximately 90% of the administered 
compound passed through the gastrointestinal tract without resorption and was 
eliminated in the faeces (Meier & Hespe, 1979). 

Dogs 

The resorption and excretion of natamycin were studied by autoradiography in 
dogs given the compound in plastic coating on cheese at 0.75-0.88 mg/kg, in gelatin 
capsules at 1.00-1.03 mg/kg, or in a 1% starch suspension at 0.95-1.0 mg/kg. In 
another experiment, [14C]natamycin was administered intravenously in 5 ml propylene 
glycol at a concentration of 1 mg/ml. In the experiments with cheese, a radioactive 
plastic coating with a natamycin content of approximately 2% was applied to one 
side of 20-g blocks of cheese. A single batch of natamycin was labelled with 14C by 
incorporating labelled sodium acetate as the substrate in the usual fermentation 
process. The quantity of applied radioactive natamycin was determined by weighing 
the blocks of cheese before and after application of the radioactive plastic coating. 
Tests were carried out with blocks that had been stored at 4 oc for various periods. 
Four female beagle dogs, weighing 10-12.5 kg, were used in these experiments. 
Three of the four dogs were used in multiple tests, but at least 2 weeks were allowed 
to elapse between experiments to ensure complete elimination of radiolabelled 
material from the previous experiment. Before dosing, the animals were fasted for 
about 16 h but were given drinking-water. Th animals were housed individually in 
metabolism cages after dosing, and faeces and urine were collected daily for 
2-5 days. The samples were processed appropriately, and radiolabel was measured 
with a liquid scintillation counter. The plastic coating was analysed by thin-layer 
chromatography to quantify natamycin and reaction products formed during storage. 

After oral administration, most of the radiolabel was eliminated in the faeces 
within 24 h, with less than 4% of the total dose in urine. This pattern of excretion was 
consistent with all three forms of orally administered natamycin. Storage of the cheese 
at 4 ac for various lengths of time (1-57 days) had no effect on the pattern of radiolabel 
observed. Thin-layer chromatographic analysis confirmed the presence of 
[
14C]natamycin in the cheese coating after up to 56 days at 4 ac. Approximately 

equal amounts of radiolabel were measured in faeces and urine after intravenous 
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administration of natamycin in propylene glycol, suggesting that resorption occurred 
via biliary elimination. The amount of radiolabel recovered was< 100% after adminis
tration in an oral capsule or a suspension and was> 100% after administration as a 
cheese coating. This difference was probably due to uncertainties in the experimental 
procedure. It is not clear from this study if excretion of natamycin in the faeces after 
oral administration was due to the lack of absorption from the gastrointestinal tract 
or to resorption of systemic natamycin via bile (Hespe & Meier, 1980). 

Humans 

Little information was available on the absorption, distribution, excretion, or 
metabolism of natamycin in humans. No natamycin (< 1 !!g/ml) could be detected in 
the blood after ingestion of 500 mg by human subjects (Anonymous, 1968). This 
finding corroborates the statement that natamycin is not absorbed from the gut in 
animals or humans (Raab, 1972). 

2.2 Toxicological studies 

2.2.1 Acute toxicity 

The available data on the acute toxicity of natamycin are summarized in Table 1. 
They suggest that male rats are more sensitive to the acute toxicity of orally 
administered natamycin than females (Levinskas et al., 1966). However, in a study 
by van Eken and Wubs (1976) to determine the LD50 values for natamycin and three 
of its potential metabolites after intraperitoneal administration to mice, females were 
more susceptible to the lethal effects (Table 1 ). The LD50 values of the metabolites 
of natamycin in this study were higher than that for natamycin, indicating that they 
are less acutely toxic than the parent compound. LDso values of 3200, 3700, and 
> 4000 mg/kg were reported for aponatamycin (n = 2), mycosamine hydrochloride 
(n = 2), and dinatamycinolidediole (range-finding study), respectively, which are 
potential metabolites of natamycin. 

Table 1. Acute toxicity of natamycin 

Species Sex Route LDso Reference 
(g/kg bw) 

Mouse NR Oral 1500 Anonymous ( 1965) 
2500 

Rat Male Oral 2700 Levinskas et al. (1966) 
Female 4700 

Guinea-pig Female Oral 450 Struyk et al. (1958) 

Rabbit Male Oral 1400 Levinskas et al. (1966) 

Dog NR Oral 1000 Anonymous ( 1965) 

Mouse Male Intraperitoneal 1600 van Eeken & Wubs 
Female 420 (1976) 

NR, not reported 
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In rabbits, doses of natamycin :2: 500 mg/kg bw caused diarrhoea, and the animals 
that died had haemorrhagic gastric mucosa. Complexing of natamycin with one
third its weight of a modified polysaccharide increased its toxicity sixfold, and when 
it was fed to rats natamycin was detected in their blood (Raab, 1972). 

2.2.2 Short-term studies of toxicity 

Rats 

Oral administration of natamycin at doses of 50-70 mg/kg bw per day for 5-10 
weeks had no effect on the growth, blood, or tissues of rats. A daily oral dose of 
150 mg/kg bw for 9 weeks caused some growth inhibition, and a daily dose of 
500 mg/kg bw caused 30% of the rats to die within 2 weeks (Struyk, 1958). 

Groups of 20 male and 20 female rats were fed diets containing natamycin at a 
concentration of 0, 125, 500, 2000, or 8000 mg/kg for 94-96 days. None of the five 
deaths observed could be attributed to treatment. Growth was retarded and food 
intake was diminished at the two highest concentrations. The results of haemato
logical examinations and organ weights were within normal limits, and no gross or 
microscopic lesions were found that could be attributed to natamycin (Levinskas et 
al., 1966). 

Dogs 

Groups of three male and three female beagle dogs received diets containing 
natamycin at a concentration of 0, 125, 250, or 500 mg/kg for 2 years. All but one 
dog that receiving 250 mg/kg survived for 2 years; the death was unrelated to 
exposure to natamycin. No effect was seen on food intake, but males receiving the 
highest concentration did not grow as rapidly as controls initially, and after 15 months, 
when the dietary intake was reduced, some animals were unable to maintain a 
satisfactory body weight. The results of haematological and clinical chemical studies 
revealed no abnormalities. No effects of significance were found on organ weights, 
and gross and microscopic examination showed no pathological changes (Levinskas 
et al., 1966). 

Groups of two male and two female beagle dogs were given diets containing 
natamycin at a target concentration of 0, 375, or 750 mg/kg (equivalent to 0, 12, and 
25 mg/kg bw per day) for 3 months. The natamycin was obtained in micronized form 
and was 90.5% pure. The animals were monitored for clinical changes, body weight, 
food consumption, haematological, clinical chemical, and urinary alterations, 
electrocardiography (wave intervals and heart rate at weeks 0, 4, 8, and 12), 
ophthalmology, and pupillary reactions. After being killed by an intravenous overdose 
of pentobarbital, all animals were necropsied, and the weights of the thymus, heart, 
liver, kidneys, adrenals, spleen, and testes were measured and gross lesions noted. 
The tissues preserved in buffered formaldehyde saline and examined microscopically 
were brain, thyroid, thymus, lung, heart, liver, kidneys, adrenals, spleen, pancreas, 
lymph nodes, urinary bladder, ovaries, testes, stomach, ileum, colon, jejunum, 
caecum, and oesophagus. The statistical evaluations included analysis of variance 
and the Student t test. A signed statement indicated that the study had been 
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conducted in compliance with regulations for Good Laboratory Practice as specified 
in the Code of Federal Regulations (Title 21, part 58) of the USA and the OECD. A 
signed and dated quality assurance statement indicated that the findings had been 
audited throughout the study. 

No dose- or treatment-related effects were seen in males or females with respect 
to mortality rate, food consumption, body weight, haematological, clinical chemical, 
or urinary end-points, electrocardiography, ophthalmology, absolute and relative 
organ weights, gross pathology, and histopathology. The only effect attributed to 
treatment was diarrhoea, which occurred most frequently in animals at the high 
dose but was also observed in controls and animals at the low dose. The diarrhoea 
was attributed to local irritation of the gastrointestinal tract. Because of the frequent 
occurrence of diarrhoea at 750 mg/kg, the authors noted that it would be difficult to 
expose animals to higher doses. No NOEL could be identified (van Eeken et al., 
1984). 

2.2.3 Long-term study of toxicity and carcinogenicity 

Rats 

Groups of 35-40 male and female rats received diets containing natamycin at a 
concentration of 0, 125, 250, 500, or 1 000 mg/kg for 2 years. The animals remained 
in good health, and their survival was unaffected by treatment. Inhibition of growth 
rate and diminished food intake were seen only for animals of each sex receiving 
the highest concentration. The results of haematological investigations and 
determination of organ weights and gross and microscopic lesions showed no 
differences between treated and control groups. The numbers and types of tumours 
found in natamycin-treated rats were not significantly different from those in untreated 
animals (Levinskas et al., 1966). 

2.2.4 Genotoxicity 

In vitro 

Studies were conducted to evaluate the mutagenic potential of natamycin, its 
products of degradation (i.e. aponatamycin, natamycinolidediol, and mycosamine 
hydrochloride), and Delvocid (a 50% suspension of natamycin in water) in Bacillus 
subtilis, Salmonella typhimurium, and Escherichia coli. B. subtilis was exposed in a 
standard recassay (spot diffusion method) according to Kada (citation not provided). 
E. coli strains WP2uvrA- and WP2 and S. typhimurium strains TA 1535, TA 1538, 
TA98, and TA 100 were evaluated in the spot test for reverse mutation. All the tests 
were carried out by plating a 50-~-tl spot containing the appropriate dilution of 
natamycin on a petri dish with the appropriate microbial strain. The spot tests were 
carried out within 3 h of exposure and after storage for 1, 3, 7, or 14 days and 1, 2, 
or 4 months (It was not clear whether all tests were conducted at all intervals). The 
plate incorporation assay was used to evaluate the mutagenicity of Delvocid at 
concentrations up to 1% alone (without addition of an exogenous metabolic activation 
system from rodent liver) and in combination with up to 0.2 moi/L nitrite in E. coli 
WP2uvrA- and WP2 trp- and S. typhimurium TA98 and TA 1 00, with or without addition 
of exogenous metabolic activation. Nitrite was tested with Delvocid, as other studies 
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have shown that nitrite in combination with some food preservatives forms reaction 
products that interact with DNA. The design of these tests is shown in Table 2. In 
each spot test, negative controls were included with solvent or buffer alone and 
positive controls with a known mutagen (N-methyi-N'-nitro-N-nitrosoguanidine) or 
mixtures of sorbic acid and nitrite at pH 3.5 or 4.5. For the plate incorporation assays, 
benzidine was used as the positive control. No statistical analyses were reported. 
The author reported that no positive responses were observed in the spot tests in 
any of the three test systems. Results for individual plates and summary data were 
not reported for the spot tests. The authors concluded from the plate incorporation 
assays that Delvocid did not induce reverse mutation when tested alone or with 
nitrite in any of the strains of S. typhimurium or E. coli tested. The author commented 
on the slight positive response with nitrite at about 0.2 moi/L and concluded that 

Table 2. Experimental design of study reported by Khoudokormoff (1977) 

Material Concentrations Bacterial system Metabolic Nitrite 
activation concentration 

Spot tesf' 
Natamycinb 

Aponatamycin 

tested(%) 

0.1-1° 

0.5 

Pimaricinolidediol 0.5 

Mycosamine 
hydrochloride 

Delvocidb.t 
hydrochloride 

0.5 

2 

Plate incorporation assay on top agar 

S. typhimurium, E. coli, No• ~ 400 mg/kg 
B. subtilitP 

S. typhimurium, E. coli, No• ~ 400 mg/kg 
B. subtilitP 

S. typhimurium, E. coli, No• ~ 400 mg/kg 
B. subtiliff 

S. typhimurium, E. coli, No• ~ 400 mg/kg 
B. subtiliff 

S. typhimurium, E. coli, No• ~ 400 mg/kg 
B. subtiliff 

Delvocid 0.04-1 E. coli, S. typhimurium9 No None 

0.04-1 E. coli, S. typhimuriumg No 0.01-0.2 moi!L 

0.4 E. coli, S. typhimurium9 Yes 0.01-0.5 moi/L 

0.04-1 E. coli, S. typhimuriumg Yes 0.5 moi!L 

• Carried out within 3 h of exposure and after storage for 1, 3, 7, or 14 days and 1, 2, or 4 
months 

b Tested at pH 2.5--6.5 
c Only range provided 
dE. coli strains WP2 trp- and WP2uvrK and S. typhimurium strains TA1535, TA1538, TA98, 

and TA100 
• Reported that a metabolic activation system was added 'if desired'; no further details were 

provided 
1 Also tested in the presence of a cheese coating (WL30) at pH 4.3 
9 E. coli strains WP2 and WP2uvrA- and S. typhimurium strains TA98 and TA100 
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Delvocid did not enhance the mutagenic effect (Khoudokormoff, 1977; Khoudokormoff 
& Gist-Brocades, 1978). 

The Committee noted that the reporting of the results of these studies, described 
as preliminary, had limitations which prevented verification of the author's conclusions. 
For example, the bacterial strains used were not assayed for the appropriate 
phenotypic markers or plasm ids, the criteria for a positive response were not reported, 
summary and individual data were not reported for the spot test, and no statistical 
analyses were performed. Sufficient information was not provided to indicate that 
the studies were adequately sensitive to detect positive responses in all strains 
tested. Furthermore, the assays were conducted in a single trial with one plate per 
dose. The usefulness of these studies is therefore limited. 

Natamycin at a concentration of 1% and its known degradation products 
(aponatamycin, dinatamycinolidediol, and mycosamine) at 0.5% and at pH and nitrite 
conditions similar to those in preserved food products such as cheese and sausages, 
were reported to have no mutagenic activity in B. subtilis under the conditions tested. 
No actual data were presented to verify this statement (Khoudokormoff, 1978). 

In vivo 

Groups of 10 male rats taken from the second litters of the F1 generation in a 
three-generation study of reproductive toxicity (see below) were fed on control diet 
until sexually mature, when they received natamycin at 0, 5, 15, 50, or 100 mg/kg 
bw daily for 7 days by gastric intubation. Each rat was mated each week for 8 
consecutive weeks with two virgin untreated females. Each female was killed and 
examined 13 days after mating. No differences were found between control and test 
animals in respect of the numbers of implantation sites or live or dead fetuses or the 
mutagenic index (Cox et al., 1973). 

Five males and five females were selected at random from the five litters produced 
in the same three-generation study. The animals were given colchicine 3-4 h before 
being killed, and a bone-marrow preparation was made for examination for aberrant 
chromatin material. The number of abnormalities in the metaphase chromosomal 
preparations of test groups did not differ significantly from that in sham-treated 
controls (Cox et al., 1973). 

2.2.5 Reproductive toxicity 

(a) Multigeneration studies 

Rats 

Groups of 1 0 female and five male rats receiving diets containing natamycin at 
a concentration of 0 or 1000 mg/kg were mated after 181 and 223 days. Other 
groups were mated after 48, 174, and 250 days on the diets; four control and four 
test female young from the second mating were fed on the same diet as their parents 
and mated when 107 days of age. The pups of natamycin-treated animals had 
lower mean body weights at weaning than control pups, but examination of the 
results of the 54 matings showed that their fertility, gestation, lactation, and viability 
indices were similar to or better than those of the controls. There was a low incidence 
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of abnormalities among pups in this study, but none could be attributed to treatment 
(Levinskas et al., 1963; Levinskas, 1966). 

Groups of 1 0 male and 20 female rats were given a diet containing natamycin 
providing a dose of 0 (two groups), 5, 15, 50, or 100 mg/kg bw per day for 11 weeks. 
These formed the F0 generation of a three-generation study of reproductive toxicity, 
two litters being produced in each generation. Animals at 100 mg/kg had an increased 
number of fetuses born dead, a decrease in the number born alive, and a decrease 
in the number surviving at 21 days. The weight of pups was depressed in the second 
litters of the Fo and F, generations and both litters of the F2 generation. However, 
the fertility, gestation, viability, and lactation indices were within normal limits for 
both litters of all three generations. The doses of 5, 15, and 50 mg/kg had no 
detectable effect on growth or reproduction (Cox et al., 1973). 

(b) Developmental toxicity 

Rats 

Groups of 20 female rats from the second litters of the F1 generation of the 
three-generation study of reproductive toxicity were reared to maturity on control 
diet and mated with untreated males. The females were given the same dose of 
natamycin as their parents (0, 5, 15, 50, or 100 mg/kg bw per day) by gastric intubation 
during the 6-15 days of gestation and were killed and examined on day 20. No 
differences were found between control and test animals in respect of the numbers 
of pregnancies, live litters, implantation sites, resorption sites, live and dead fetuses, 
or skeletal and soft tissue abnormalities (Cox et al., 1973). 

Rabbits 

Groups of 10-12 female rabbits were given natamycin at a dose of 0, 5, 15, or 
50 mg/kg bw per day by gavage on days 6-18 of gestation. They were examined on 
day 29, and the numbers of corpora lutea, implantation sites, resorption sites, and 
live and dead fetuses were recorded. No adverse effects on nidation or maternal or 
fetal survival were found. The number of abnormalities seen in the soft or skeletal 
tissues did not differ from that occurring spontaneously in controls (Bailey & 
Morgareidge, 1974). 

An aqueous suspension of Delvocid (50% natamycin) was administered to groups 
of 2Q-26 mated female Dutch belted rabbits by gavage at a dose of 5, 15, or 50 mg/kg 
bw per day on days 6-18 of gestation. Two control groups were used: a vehicle 
control that received an equal volume of sterile saline daily by gavage on days 6-18 
of gestation and a positive control group given 2.5 mg/kg bw of 6-aminonicotinamide 
by gavage on day 9 of gestation. The does were observed daily for signs of toxicity, 
and body weights were recorded on days 0, 6, 9, 12, 15, 18, and 29 of gestation. On 
day 29, all surviving does were killed, and the numbers of corpora lutea, implantation 
sites, resorption sites, and live and dead fetuses, sex of fetuses, and fetal body 
weights were evaluated at autopsy. The survival rate of the fetuses was determined, 
and they were examined for external, soft-tissue, and skeletal anomalies. According 
to the protocol, the study was conducted in compliance with proposed Good 
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Laboratory Practice regulations (21 CFA 3). but there is no indication as to whether 
quality assurance or quality control procedures were in place. 

Treated does showed no clinical signs of toxicity. One at the low dose, two at the 
intermediate dose, and five at the high dose died or were killed when moribund. 
Accordingly, the maternal mortality rates were 0% (0/20), 5% (1/20), 9% (2/22), and 
19% (5/26) in the four groups, respectively. The cause of these deaths was not 
indicated in the report. One doe at the intermediate dose delivered young prematurely 
(the day before scheduled removal). There were no clear treatment-related signs of 
toxicity. The following parameters were comparable in treated groups and the vehicle 
control group: mean maternal body weight, pregnancy rate, number of implantation 
sites, number of resorption sites. numbers of live and dead fetuses, male to female 
ratio of fetuses, per cent viability, and incidence of soft-tissue anomalies. Maternal 
body-weight gain was not calculated. In addition, although the number of corpora 
lutea in each doe and the occurrence of external anomalies were determined, these 
data were not summarized or analysed statistically. The average body weight of live 
fetuses in the group at the intermediate dose was significantly lower than that of the 
vehicle control group. The groups at the two higher doses showed a significant 
increase relative to the vehicle control group in the incidence of extra sternebrae. 
The authors noted that the effect on fetal body weight was not dose-related, and 
they considered the extra sternebrae to be a developmental variation and not an 
indication of frank teratogenicity (Knickerbocker & A e. 1978. 1979). 

The results of this study were difficult to interpret owing to maternal mortality, 
problems associated with gavage of rabbits, and because the digestive system of 
rabbits is sensitive to antibiotics. However, there was evidence that the extra 
sternebrae observed in fetuses of does at the intermediate (15 mg/kg bw per day) 
and high (50 mg/kg bw per day) doses of natamycin were variations rather than 
malformations (Manson & Kang, 1994). Consequently, this study was not considered 
suitable tor deriving an AD I. 

2.2.6 Special studies 

(a) Allergic effects 

No allergic sensi tization occurred among 111 patients being treated with 
natamycln for a variety of conditions {Gruyper, 1961, 1964). No history of allergic 
react ions was found in 73 workers engaged for an average of 5 years in the 
manufacture of natamycin, and no allergic reactions were found in the 71 who were 
tested with cutaneous or intradermal challenge doses (Mallen, 1967). Repeated 
patch tests on 102 patients with various forms of eczema failed to demonstrate any 
sensitizing potential of natamycin (Mallen, 1968). 

(b) Degradation products 

{i) Acute toxicity 

Similar breakdown products of natamycin occur in simulated gastric juice, 0.5% 
citric acid, and urine. and it appears likely that breakdown products in stored apples 
resemble those produced in gastric juice. The breakdown products are tetraenes 
related to natamycin, principally aglycone dimerized and/or decarboxylated; whether 
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these are absorbed remains to be tested (Brik, 1975). Approximately 50% natamycin 
is broken down within 1 h in simulated gastric juice, and the losses from the stomachs 
of fasted and non-fasted rats were 33-43% and o-31% respectively (Morgenstern 
& Muskens, 1975). 

The results of studies of the acute toxicity of the decomposition products of 
natamycin kept under various conditions after intraperitoneal administration to mice 
are presented in Table 3. 

(ii) Short-term studies of toxicity 

Rats 

Groups of 15 male and 15 female rats were given diets containing 5% water, 5% 
of 0.5% citric acid, 500 mg/kg natamycin, or 5% of a solution of acid-degraded 
natamycin (suspended in 0.5% citric acid until only 14% of the activity remained) for 
98 days. No animals died, and their weight gain was unaffected by treatment; no 
adverse effects were seen in haematological tests or on the absolute weights of the 
liver and kidneys. Minor differences in relative organ weights were considered to be 
coincidental and not due to treatment. Microscopic examination of a wide range of 
organs showed no lesions due to treatment (Hutchison et al., 1966). 

Slices of cheese were treated with 0.05% and 5% suspensions of natamycin 
and left to dry at room temperature. The antimicrobial activity of the two cheeses 
declined to less than 20% and 6o-80% during the 3-week storage period before 
they were incorporated into rat diet, and the final dietary concentrations of natamycin 
plus degraded natamycin were 3.6 and 360 mg/kg. Groups of 15 and 30 male and 
female rats received diets containing fresh cheese dressed with 0, 0.05, or 5.0% 
natamycin or cheese dressed with 0, 0.05, or 5% suspensions and stored for 3 weeks. 
The test lasted 7 weeks. No effects that could be attributed to natamycin degradation 
products were found on behaviour, appearance, morbidity, mortality, food 
consumption, body-weight gain, haematological indices, liver function, organ weights, 
or macro- or microscopic appearance of the animals (Wieriks, 1966). 

Table 3. Acute toxicity of natamycin decomposition products 

Treatment of suspension 

pH 2.2 with citric acid 
pH 6.3 in the dark 
pH 6.3 in the light 
pH 8.5 (NaOH) 
pH 8.5 (NaOH} 
pH 10.4 with 'soda' 
pH 6.3 with 0.1% HP2 
pH 5.0 in ultra-violet light 

From Ottens (1965) 

Decomposition(%} 

74 
13 
80 

0 
5 

100 
9 
0 

LD50 in mice 
(mg/kg bw} 

200 
200-400 
400--600 
150-250 
450 
> 800 
200-400 
170 
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Groups of 10 male and 10 female rats were fed for 3 months on diets containing 
the peel of apples which had been untreated, freshly treated with natamycin, or 
treated with natamycin and stored for 2-8 weeks to allow degradation to take place. 
In a similar experiment, sausage skins untreated, freshly treated, or stored with 
natamycin were fed to rats. The doses of natamycin and its degradation products 
cannot be calculated, but the apple-skin diet provided rats with approximately 0, 50, 
and 1250 times the probable human intake, and the sausage-skin diet provided 
approximately 0, 1000, and 25 000 times the human intake. Some minor abnormalities 
were found, but none related to growth rate, mortality rate, haematological indices, 
serum enzymes, liver function, organ weights, or gross or microscopic appearance 
could be attributed to the intake of natamycin breakdown products (Wieriks, 1971 ). 

2-2.7 Microbiological effects 

Limited information on the microbiological effects of natamycin, including fungal 
resistance, was included in the previous monograph (Annex 1, reference 42). In 
that monograph, it was stated that natamycin is active against a wide range of mycotic 
organisms such as dermatophytes and other fungi, yeasts, and yeast-like organisms 
(including strains pathogenic to humans, animals, and plants and saprophytic 
varieties). Standard tests have shown that it has no activity on bacteria or on 
actinomycetes. There is no evidence that mycotoxin-forming species are unusually 
resistant to natamycin (Raab, 1972). No yeast or yeast-like organisms have been 
reported to have primary resistance to natamycin, although some dermatophytes 
are resistant. It is more difficult to induce resistance to natamycin in yeasts than in 
bacteria (Khoudokmoff & Petru, 1974), and the resistance that could be obtained 
appeared to be due to selection of naturally more resistant strains and not to 
adaptation. The resistant cultures had reduced pathogenicity (Athar & Winner, 1971 ). 
No evidence of resistance has been recorded in clinical use of natamycin. In studies 
of its cross-resistance with other antimicrobials, amphotericin B but not natamycin 
showed cross-resistance with nystatin, filipin, endomycin, and candidin (Stout & 
Pagano, 1956; Littman et al., 1958; Bodenhoff, 1968; Walter & Heilmeyer, 1969). 
Nystatin- and amphotericin-B resistant organisms were susceptible to natamycin 
(Sorensen et. al., 1959), and a wide selection of nystatin-resistant yeasts were 
normally susceptible to natamycin (Hejzlar & Vymola, 1970). Cross-resistance 
between natamycin and nystatin and amphotericin appeared to occur in vitro (Athar 
& Winner, 1971 ). 

More information on fungal resistance has become available since the previous 
review, and that pertinent for assessing potential resistance, including a discussion 
of the mechanism of action of polyene antibiotics and fungi in the human 
gastrointestinal tract, is summarized below. 

(a} Mechanism of action 

The polyenes constitute a large group of antibiotics with various molecular 
structures, which interact with fungal membranes in an especially interesting way 
(Franklin & Snow, 1998). The approximately 200 polyenes are all produced by 
Streptomyces spp. The antifungal activities of natamycin and other polyenes are 
dependent on their binding to cell membrane sterols, primarily ergosterol, the principal 
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sterol in fungal membranes, thereby making them leaky (Hamilton-Miller, 197 4; 
Norman et al., 1976; McGinnis & Rinaldi, 1985; Carlile & Watkinson, 1994). As 
polyene macrolide antibiotics like amphotericin B, nystatin, and natamycin have a 
much greater affinity for ergosterol than for cholesterol, the mammalian membrane 
sterol, they are selectively antifungal. The polyenes form complexes with sterols 
and apparently disrupt membrane function by this mechanism. The oomycete fungi 
and bacteria are insensitive to these antibiotics because their membranes lack sterols. 
At low concentrations, selective changes in membrane permeability may occur. 
Leakage of potassium ions is the first detectable event, and, at high concentrations, 
leakage of amino acids and other metabolites occurs. 

The polyenes have a large lactone ring with a rigid lipophilic chain containing 
three to seven conjugated double bonds and a flexible hydrophilic portion bearing 
several hydroxyl groups. The length of the chromophore gives the characteristic 
ultra-violet spectrum for each compound and contributes to the instability of some 
polyenes to heat, light, and pH. Most polyenes have a sugar unit, typically the amino 
sugar mycosamine, which is linked by the glycosidic bond to the a carbon atom of 
the chromophore. Amphotericin B contains seven conjugated double bonds, and 
natamycin contains four, so these antimicrobial agents are known as heptaenes 
and tetraenes, respectively. Nystatin is classified as either a pseudoheptaene or a 
tetraene (McGinnis & Rinaldi, 1985). 

The typical polyene structure has both a hydrophobic and hydrophilic face. The 
polyenes insert themselves into the cell membrane by associating with sterols (the 
hydrophobic face) and are thought to cause rearrangement of the sterols, so that a 
group of four to eight polyene molecules forms a ring with the hydrophilic faces in 
the centre. Thus, they form a polar pore through which small ions like K+ and H+ can 
pass freely, disrupting the cell's ionic control (Griffin 1994; Deacon 1997). Polyenes 
can also directly affect enzymatic sequences involved in the synthesis of membrane 
constituents at the level of the early cyclic precursors in the ergosterol biosynthetic 
pathway (Mukhtar, et al., 1994). The accumulation of these precursors results from 
a decrease in the trans-methylation reaction that requires S-adenosylmethione as 
the donor of the methyl group and zymosterol as the substrate for methylation. 
Bacteria are not susceptible to natamycin as their membranes are devoid of sterols. 
Accordingly, the reported minimum inhibitory concentrations (MICs) of natamycin 
against bacteria are high, those for Staphylococcus au reus, Streptococcus faecal is, 
Streptococcus haemolyticus, Bacillus cereus, Bacillus subtilis, Escherichia coli, 
Salmonella typhimurium, Proteus mirabilis, and Pseudomonas aeruginosa all being 
> 250 mg/kg. 

(b) Fungi in the human gastrointestinal tract 

The microflora in the human gastrointestinal tract form an extremely complex, 
yet relatively stable ecological community, populated with over 1011 bacterial cells 
per gram of content and containing more than 400 bacterial species (Cerniglia & 
Kotarski, 1999). There are fewer bacteria than fungi. Up to 1 05 colony forming units 
of yeasts have been reported in stool samples from healthy subjects (Bernhardt, 
1998). 

The yeasts found are Candida albicans (the commonest), C. glabrata (Torulopsis 
glabrata), C. tropicalis, C. gui/lermondii, C. krusei, C. inconspicua, C. parapsilosis, 
C. lusitaniae, and C. kefyr (C. pseudotropicalis). Rhodotorula spp., Trichosporon, 
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Saccharomyces cerevisiae, Geotrichum candidum, Aspergillus spp., Cryptococcus 
spp., and Mucorspp. are rarely found in the intestine (Bernhardt, 1998). The metabolic 
activity of Candida spp. in the gastrointestinal tract is very low owing to the anaerobic 
conditions and limited nutrients. Yeasts of the normal flora can invade the tissues of 
patients whose immune defences have been suppressed by disease or in persons 
with an altered intestinal microflora. The therapeutic use of antimicrobials can 
suppress the normal bacterial flora, and this is responsible in part for the increase in 
the number of yeast infections, particularly gastrointestinal candidosis (Biaschke
Hellmessen et al., 1996; Kreisel, 1999). The polyenes are not absorbed from the 
gastrointestinal tract, but are sometimes given by mouth to combat fungal growth in 
the gut, which most commonly results from the use of broad-spectrum antibacterials 
that deplete the normal bacterial flora of the gut and allow yeasts and fungi to multiply 
and cause opportunistic infection (Scheurlen, 1996). 

The use of natamycin as an antifungal agent in food may result in trace quantities 
of antimicrobial residues that interact with endogenous microflora. No data were 
available on the effect of natamycin on the human intestinal microflora. As bacteria 
are not affected by polyenes, it can be concluded that natamycin residues would 
have no potentially harmful effects. Furthermore, as yeasts are found in small 
quantities in the human gastrointestinal tract, the risk of trace exposure of fungi to 
natamycin would be minimal. 

(c) Fungal resistance to natamycin 

Natural resistance against polyenes such as natamycin does not occur among 
fungi, because of the mode of action of these chemical agents (Khoudokormoff, 
1984). Moreover, in contrast with the main polyenes used clinically, such as 
amphotericin 8 and nystatin, the fungistatic and fungicidal minimal concentrations 
of natamycin differ only negligibly (Table 4), further reducing the opportunity for 
establishment of resistance (Sorensen et al., 1959). Induction of polyene- and 
especially natamycin-resistant mutants is difficult (Athar & Winner, 1971 ). Such 
mutants invariably show reduced metabolic and growth rates in vitro, and in the 
absence of polyenes readily revert to normal metabolism, growth, and sensitivity to 
natamycin. One way of obtaining such resistant isolates is by successive sub-culturing 
in vitro in the presence of gradually increasing concentrations of a polyene. Typically, 
such isolates are resistant up to the highest concentration to which they are exposed, 
and the conditions are not likely to result from technical application of natamycin as 
a food preservative. 

The antifungal action of polyene antibiotics is based on their linkage with sterols 
in the cytoplasmic membrane of the fungal cell wall, which distends the wall. The 
sensitivity of fungal cells to the drug depends on the characteristics of the sterol 
(Littman et al., 1958; Molzahn & Woods, 1972; Subden et al., 1977). Candida strains 
resistant to nystatin contain more ergosterol than sensitive ones (Athar & Winner, 
1971; Safe et al., 1977). Sensitivity to polyene antibiotics is a consistent feature of 
wild-type fungal strains. Prolonged therapy with an antibiotic results in increased 
resistance to it. Induced resistance to polyene antibiotics has been observed in 
Candida, Torulopsis, and Cryptococcus strains (Macura, 1991 ). 

Although there is a potential risk of development of resistance among microbial 
flora as a consequence of prolonged, repeated application of natamycin, the studies 
reported indicate that the level of resistance would be low. 
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Table 4. Minimal inhibitory concentrations (MICs) of amphotericin B and 
natamycin when tested in vitro against 28 fungal isolates 

Organism Amphotericin B Natamycin 

Mean (~g/ml) Range (~/ml) Mean (~g/ml) Range (~g/ml) 

Group 1 (1 0 isolates) 
Candida albicans 0.36 0.2-0.6 3.3 1.6-4.7 
Candida parapsilosis 2.4 0.8-3.1 5.2 4.7-6.2 
Candida krusei 1.6 1.6 1.6 1.6 
Rhodotorula spp. 6.2 6.2 2.3 2.3 

Group 2 (1 0 isolates) 
Fusarium so/ani 20 3.1-50 4.2 3.1-6.2 

Group 3 (8 isolates) 
Aspergillus tumigatus 3.1 3.1 3.1 3.1 
Aspergillus niger 4.3 2.3-6.2 2.3 1.6-3.1 
Penicillium spp. 4.7 4.7 2.3 2.3 
Penicillium lilacinus 4.7 4.7 9.4 9.4 
Rhizopus spp. NO 2.3-> 50 9.4 6.2-12 
Scopulariopsis brevicau/is >50 >50 3.1 3.1 

From Stern (1978) 

Attempts to induce resistance to natamycin in C. albicans by serial passage on 
Sabouraud maltose agar showed that resistance developed gradually. After 
25 passages, the MIC was increased from 2.5-12 to 12-50 J..lg/ml. Comparison of 
the polyene antibiotics natamycin and fungicidin indicated that strains that are 
resistant to fungicidin are sensitive to natamycin (Hejzlar & Vymola, 1970; Table 5). 

Natamycin has been given orally for the treatment of intestinal candidosis at a 
daily dose of up to 400 mg. It was highly active against yeast-like fungi (MIC, 1.5J..lg/ml) 
but less effective against dermatophytes (MIC, 3.Q-100 11g/ml). Strains resistant to 
natamycin are rare, but the effectiveness of this drug in the treatment of vaginal 
candidosis has decreased (Lovgren & Salmela, 1978). The MIC values were between 
2.9 and 31 J..lg/ml for strains isolated from untreated women but 9.8-64 J..lg/ml for 
strains from women who had been treated previously. 

Delvocid, a 50% natamycin preparation, has been used for more than 20 years 
for preserving cheese and sausages (Jay, 1996). Surveys in cheese warehouses 
and in dry sausage factories where Delvocid had been used for up to 9 years showed 
no change in the composition or the sensitivity of the contaminating fungal flora (de 
Boer & Stolk-Horsthuis, 1977; de Boer, 1979; Hoekstra & Van der Horst, 1998). 

de Boer and Stolk-Horsthuis (1974) isolated yeasts and moulds from various 
cheese warehouses in which natamycin was used. All of the isolated fungi but one 
were inhibited at low concentrations of natamycin (0.5-8J..lg/ml). In a similar study in 
1976, in which eight warehouses where natamycin had been used and two in which 
it had never been used were surveyed, 26 strains were isolated and tested for 
sensitivity to natamycin; no insensitive yeasts or moulds were found. 

Laboratory experiments intended to induce tolerance to natamycin in strains 
isolated from cheese warehouses indicated that after 25-30 transfers to media 
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Table 5. Correlation between minimal inhibitory 
concentrations (MICs) of natamycin and fungicidin 
in some strains of Candida spp. 

Strain MIC (1-!g/ml) 

Natamycin Fungicidin 

Candida albicans 1 10 5.0 
albicans 2 6.2 > 100 
albicans 135 5.0 12 
albicans 32N 3.1 3.1 

Candida crusei 182 10 6.2 
crusei 196 10 3.1 
crusei87N 10 12 

Candida tropicalis 11 6.2 10 
tropicalis 94 5.0 12 
tropicalis 3.1 > 100 

Candida albicans 36N 2.5 > 100 
albicans 69N 5.0 > 100 
albicans 1 01 N 6.2 1.6 
albicans 137N > 100 6.2 
albicans 138N 12 12 
albicans 141 N 6.2 > 100 
albicans 12 3.1 
albicans 165N 12 2.1 

From Hejzlar & Vymola (1970) 

65 

containing increasing concentrations of natamycin none of the strains had become 
less sensitive to natamycin {Table 6). 

The sensitivity to natamycin of yeasts and moulds isolated in dry sausage factories 
where natamycin had been used for several years was compared with that of isolates 
from factories where natamycin had never been applied. No significant differences 
were found {de Boer et al., 1979). 

In experiments with the plant pathogens Cladosporium cucumerinum and 
Fusarium oxysporum, the frequency of emergence of resistance was 1 in 107• 

Eighteen resistant strains were selected for further study, and the natamycin-resistant 
strains were divided into those with lower and higher levels of resistance. Greater 
resistance appeared to be associated with decreased fitness in vitro (radial growth 
and sporulation on agar media) and in vivo (pathogenicity). The authors suggested 
a link between increased resistance and decreased fitness (Dekker & Gielink, 1979). 

Reduced sensitivity to polyenes can be induced in vitro, but this may be of no 
practical significance. The resistance of several subcultures in the presence of 
increasing concentrations of a polyene antimycotic was associated with slower growth 
and diminished virulence, so that any resistant cells that appear during polyene 
antimycotic treatment may succumb to the body defence mechanisms. 

2.3 Observations in humans 

Nausea, vomiting, and diarrhoea have been observed occasionally after an oral 
dose of 300-400 mg of natamycin daily; no changes in peripheral blood cells were 
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Table 6. Induction of tolerance to natamycin of moulds isolated from cheese 
warehouses 

Strain No. of MIC of natamycin (Jlg/ml) 
transfers 

Initial After a given 
no. of transfers 

Penicillium viridicatum Westling 30 8 10 
Penicillium viridicatum Westling 30 8 10 
Penicillium chrysogenum Westling 31 2 2 
Aspergillus versicolor (Vuill.) Tiraboschi 25 4 1 
Penicillium viridicatum Westling 30 8 12 
Cladosporium cfadosporioides (Fres.) de Vr. 30 2 2 
Aspergillus versicolor (Vuill.) Tiraboschi 25 4 2 
Penicillium verrucosum Dierekx var. eye/opium 31 2 2 

(Westling) 
Aspergillus versicolor (Vuill.) Tiraboschi 25 2 1 
Penicillium viridicatum Westling 29 6 10 
Penicillium verrucosum Dierckx var. eye/opium 31 2 2 

(Westling) 
Penicillium verrucosum Dierckx var. eye/opium 31 2 2 

(Westling) 
Cladosporium cfadosporioides (Fres.) de Vr. 27 2 6 
Penicillium citreo-viride Biourge 28 4 4 
Penicillium verrucosum Dierckx var. eye/opium 25 4 2 

(Westling) 
Penicillium brevi-compactum Dierckx 30 4 2 
Beauveria alba (Limber) Saccas 23 8 4 
Penicillium roseo-purpureum Dierckx 29 8 10 
Scopu/ariopsis asperufa 25 8 4 
Penicillium cf. fividum Westling 25 4 2 
Aspergillus versicolor (Vuill.) Tiraboschi 25 4 2 
Acremomium scferotigenum 23 8 8 
Penicillium viridicatum Westling 30 8 10 
Penicillium viridicatum Westling 29 8 12 
Penicillium nigricans (Bain.) Thorn 30 4 2 
Aspergillus versicolor (Vuill.) Tiraboschi 25 2 2 

From De Boer & Stolk-Horsthuis (1977) 

observed (Anonymous, 1966). A group of 10 patients with systemic mycoses received 
oral doses of 5Q-1000 mg/day for 13-180 days. Nausea, vomiting, and diarrhoea 
occurred in those receiving 600-1000 mg/day (Newcomer et al., 1960). 

3. INTAKE 

Natamycin is proposed in the Codex draft General Standard for Food Additives 
(GSFA) for use in food groups 1.6 'Cheese' at 40 mg/kg, in 8.2.1.2 'Cured and dried 
non-heat treated processed meats, poultry and game products' at 6 mg/kg, and in 
8.3.1.2 'Cured and dried non-heat comminuted meat, poultry and game products' at 
20 mg/kg. 
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Data on intake of natamycin were submitted by Australia, Germany, New Zealand, 
and by the manufacturer, whose submission included limited data on intake in the 
United Kingdom and the USA. 

3.1 Screening of additives by the budget method 

The budget method can be used to assess whether the use of natamycin should 
be restricted to specific food groups. The calculations indicated that the theoretical 
maximum level of use of natamycin is 24 mg/kg, assuming it is used in only half the 
solid food supply and that the ADI is 0-0.3 mglkg bw. This theoretical level is lower 
than the proposed level of use in cheese in the draft GSFA but higher than that 
proposed for meats, indicating that use of natamycin should be restricted. 

As natamycin is proposed for use in two single food groups, the reverse budget 
method can indicate the maximum amount of each food group that can be consumed 
before the ADI is exceeded, assuming use in only one food group. If use is assumed 
to be only in cheese, up to 450 g could be consumed per day at a concentration of 
40 mg/kg, assuming an ADI of o-o.3 mg/kg bw and an average body weight of 
60 kg. For cured meats, up to 900 g could be consumed per day. 

Consumption of these amounts of either food group on a daily basis is unlikely. 
The maximum amounts reported tor cheese consumers were 99 g/day for the 
Australian population and 108 glday for the New Zealand population at the 95th 
percentile of consumption, 62 g/day for the adult population of the United Kingdom 
at the 97.5th percentile of consumption, and 45 g/day for the population of the USA 
at the 90th percentile of consumption. Dietary records do not distinguish whether 
the cheese consumed had been cut, shredded, or grated but report all cheese 
consumed, either directly or indirectly in mixed foods. 

The maximum amounts reported for consumption of comminuted meat were 
170 g/day for the Australian population and 210 g/day for the New Zealand population, 
both at the 95th percentile of consumption. 

3.2 Individual dietary records 

The intake of natamycin estimated from individual dietary records was available 
for five countries (Table 7). The estimates were all well below the AD I, when either 
draft GSFA or national use levels were assumed. 

The estimates based on proposed GSFA levels of use from Australia and New 
Zealand were for cheese and meat sources. The mean intake for Australian 
consumers was estimated to be 0.026 mg/kg bw per day, or 9% of the AD I; that for 
New Zealand consumers was 0.022 mg/kg bw per day, or 7% of the ADJ. Cheese 
contributed 72% of the total natamycin intake in Australia and 67% of that in New 
Zealand. 

Estimates of the intake of natamycin in the United Kingdom and the USA were 
based on the proposed GSFA use in cheese. The mean estimated intakes were 
slightly rower than those reported for Australia and New Zealand: 0.01 4 mg/kg bw 
per day, or 5% of the ADI, for consumers in the United Kingdom and 0.015 mg/kg 
bw per day, or 5% of the AD I, for consumers in the USA. The intakes of consumers 
at high percentiles based on draft GSFA levels of use of natamycin ranged from 
0.03 to 0.08 mg/kg bw per day (11-27% of the ADI}. 



en 
<» 

Table 7. Intake of natamycin estimated from individual dietary records 

Country and Population group Natamycin intake %AD I• Assumptions Survey Date of 
reference (mglkg bw per day) survey 

Australia (Australia-New All respondents Mean, 0.017 5.6 GSFA permissions National survey, single 24-h 1995 
Zealand Food Authority, Consumers only Mean, 0.026 8.5 recall: sample.13 858; age. 
2001a) Consumers only Median, 0.016 5.5 ~ 2 years; mean weight, 67 

Consumers only 95th percentile, 0.081 27 kg; calculations based on 
individual body weights 

All respondents Mean, 0.005 1.5 Australia New Zealand Food 
Consumers only Mean, 0.009 3.0 Standards Code permissions: 
Consumers only Median, 0.006 2.0 cheese, 15 mg/kg; salami, 
Consumers only 95th percentile, 0.028 9.2 1.2 mg/kg 

New Zealand (Australia- All respondents Mean, 0.013 4.4 GSFA permissions National survey; sample, 1997 
New Zealand Food Consumers only Mean, 0.022 7.3 4636; single 24-h recall; 
Authority, 2001 b) Consumers only Median, 0.015 5.1 age,<!: 15 years; mean 

Consumers only 95th percentile, 0.068 22 weight, 71 kg; calculations 
based on individual body 

All respondents Mean, 0.003 1.1 Australia New Zealand Food weights 
Consumers only Mean, 0.008 2.5 Standards Code permissions 
Consumers only Median, 0.005 1.7 for cheese and salami ~ 
Consumers only 95th percentile, 0.021 7.1 ~ 

31: 
United Kingdom (OSM Adult consumers Mean, 0 .014 4.6 Consumers represent 75% of National survey; 7-day 1986-87 ~ 
Food Specialities, 2001) 90th percentile, 0.027 9.0 the population; cheese only; record; adults 16-64 years; ~ 

97.5th percentile, 0.041 14 GSFA level, 40 mg/kg• sample, 2197; assumed "] 
weight, 60 kg ~ 

~ 
Q 
~ 



Table 7 (contd) 

Country 

USA (DSM Food 
Specialities, 2001) 

Germany (DSM Food 
Specialities, 2001) 

Population group Natamycin intake 
(mg/kg bw per day) 

Consumers ooly Mean, 0.015 
Consumers only 90th percentile, 0.032 

Consumers ooly Mean, 0.007 
Consumers only 90th percentile, 0.016 

Consumers only, Mean, 0.015 
4- 10 years 90th percentile, 0.032 

97.5th percentile, 0.051 

Consumers Mean, 0.01 
> 10 years 90th percentile, 0.021 

97.5th percentile, 0.031 

% ADI" Assumptions Survey Date of 
survey 

5.0 
11 

2.3 
5.3 

5.0 
11 
17 

3.3 
7.0 

10 

Consumers represent 46% of Department of Agricu·lture 
the population; cheese only. Continuing Survey of Food 
GSFA level, 40 mgfkg" Intakes; 2-day intake (one 

24-h record plus one self
reported 1-day intake•: 

Use level, 20 mg/kg weighted data; assunned 
weight, 60 kg 

1994 

Use level: cheese, 20 mg/kg; 
meats, 6 mg!kg (8.2.1.2) to 
20 mg/kg (8.3. 1.2) 

National Food Intake Survey; 1985-89 
sample, 15 838 (135!3 4-1 0 except 
years; 14 4 79 > 1 0 y(~ars) April 

1986-
April 
198~ 

• Intakes estimated from data given in submission from DSM Food Specialities (2001 ), assuming draft GSFA permissions 
b After Chernobyl accident 
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National estimates of natamycin intake, submitted by Australia, Germany, New 
Zealand, and the USA, were all well below the ADI (Table 7), the mean intakes of 
consumers being 0.008-0.015 mg/kg bw per day (2.5-5% of the AD I), as the national 
permitted levels of use were much lower than those proposed in the draft GSFA, 
and use of natamycin was further restricted: 15 mg/kg in cheese and 1 .2 mg/kg in 
salami in Australia and New Zealand; 20 mg/kg in cheese, 6 mg/kg in meats (8.2.1.2), 
and 20 mg/kg in meats (8.3.1.2) in Germany; and 20 mg/kg in cheese in the USA. 

3.3 Evaluation of intake estimates 

The submissions indicated that the intake of natamycin was well below the ADI 
and that the ADI was not likely to be exceeded even by consumers at high percentiles. 
The higher estimates for consumers at high percentiles in Australia and New Zealand 
(27% and 23% of the ADI, respectively) were due to use of single 24-h recall data, 
which tend to result in overestimates of the habitual intake of consumers at high 
percentiles. In the surveys of food consumption in the United Kingdom and the 
USA, the amounts were averaged over a number of days (3 and 7, respectively), 
which would tend to decrease the reported daily consumption of all foods and of 
occasionally consumed foods, such as salami type meats, in particular (Gibney, 
1999; Lambe et al., 2000). 

4. COMMENTS 

Toxicological data 

The Committee considered eight studies that had not been evaluated previously; 
these studies had been conducted more than 20 years earlier. A study of single 
intraperitoneal administration was considered to be irrelevant to the safety 
assessment of an ingested substance. The results of two studies of genotoxicity in 
three bacterial systems (Bacillus subtilis, Salmonella typhimurium, and Escherichia 
coli) were negative. 

Two studies in rats and one in dogs given radiolabelled material for investigation 
of the distribution and elimination of the compound supported the previous conclusion 
that natamycin is excreted primarily in the faeces, with minimal absorption. The only 
adverse effect reported in a short-term study of toxicity in dogs was diarrhoea, which 
occurred most frequently in animals at the high dose (equivalent to 25 mg/kg bw per 
day); however, the usefulness of this study was limited as only two dogs were tested. 
In a study of developmental toxicity, an aqueous suspension of 50% natamycin was 
given to groups of 20-26 mated rabbits at a dose of 0, 5, 15, or 50 mg/kg bw per day 
by gavage on days 6-18 of gestation. The maternal mortality rate was 0%, 5%, 9%, 
and 19% at the four doses, respectively. No clinical signs of toxicity were observed 
in the does, and the cause of death was unknown. Mean maternal body weight, 
pregnancy rate, number of implantation sites, number of resorption sites, numbers 
of live and dead fetuses, per cent viability, and incidence of soft-tissue anomalies 
were comparable in treated groups and a control group given the vehicle only. The 
fetal body weight at the intermediate dose was lower than that of the vehicle control 
group. The incidence of extra sternebrae was increased at the two higher doses in 
comparison with the vehicle control group, but not in a dose-related manner. However, 
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in view of the known and unusual sensitivity of the gastrointestinal tract of rabbits to 
poorly absorbed substances and to compounds with antimicrobial activity, this study 
was not considered suitable for deriving the AD I. 

Microbiological data 

The antifungal activities of natamycin and other polyenes depend on their binding 
to cell membrane sterols, primarily ergosterol, the principal sterol in fungal 
membranes. Oomycete fungi and bacteria are insensitive to these antibiotics because 
their membranes lack ergosterol. 

Use of natamycin as an antifungal agent in food may result in exposure of the 
endogenous microflora to trace quantities of antimicrobial residues. The human 
intestinal microflora are a complex mixture of more than 400 bacterial species, 
composed primarily of bacterial cells at a concentration of 1 Q1L 1 012 colony forming 
units per gram. Fungi are much less abundant in the human gastrointestinal tract 
than bacteria, up to 1 05 colony forming units per gram of yeast being reported in 
stool samples from healthy subjects. As bacteria are not affected by polyenes, 
natamycin residues should not harm them, and as yeasts are found in low quantities 
the consequences of exposure to traces of natamycin would be minimal. 

Several studies in experimental animals indicated a lack of antibiotic activity in 
the colon, suggesting that natamycin was degraded into microbiologically inactive 
compounds by bacterial flora. However, no data are available on the degradation of 
natamycin by human intestinal microflora. In one study, natamycin was present in 
faecal specimens of volunteers who ingested 500 mg of the compound, indicating 
that the compound is incompletely absorbed or degraded. 

As emergence of antibiotic resistance is a concern, the Committee evaluated 
the possible development of resistance among microflora as a consequence of 
ingestion of natamycin. A 50% natamycin preparation has been used for over 20 
years to preserve cheese and sausages. Surveys in cheese warehouses and in 
dry-sausage factories where the preparation has been used showed no change in 
the composition or the sensitivity of the contaminating fungal flora. All but one of the 
species of yeasts and moulds isolated in cheese warehouses where natamycin was 
used were inhibited at the same low concentrations (0.5-8 J.,tg/ml). In another study, 
26 fungi were isolated in eight warehouses where natamycin was used and two 
warehouses where it never had been used and tested for sensitivity to the compound; 
no insensitive yeasts or moulds were found. The results of laboratory experiments 
intended to induce resistance to natamycin in strains isolated from cheese 
warehouses indicated that, after 25-30 transfers to media with increasing 
concentrations of natamycin, none of the strains had become less sensitive. When 
the sensitivity of yeasts and moulds isolated from dry-sausage factories where 
natamycin had been used for several years was compared with that of isolates from 
factories where natamycin had never been applied, no significant differences were 
demonstrated. 

Induction of polyene-resistant and especially natamycin-resistant mutants in vitro 
is difficult. Such mutants invariably show reduced metabolic and growth rates and, 
in the absence of polyenes, readily revert to normal metabolism, growth, and 
sensitivity to natamycin. One means of obtaining resistant isolates is successive 
sub-culturing in vitro in the presence of gradually increasing concentrations of the 
polyene. Typically, such isolates are resistant only up to the highest concentration 
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to which they have been exposed. After 25 passages, the microbiological inhibitory 
concentration of Candida albicans was minimally increased from 2.5-12 to 12-
50 J.lglml. 

Assessment of intake 

Application of the budget method indicated that further assessment of the intake 
of natamycin was required. The draft GSFA proposes restricted use of natamycin in 
cheese (category 1.6) and dried, non-heat-treated meat groups (categories 8.2.1.2 
and 8.3.1.2} only, so that the intake would not be expected to exceed the AD I. 

Submissions from Australia, Germany, New Zealand, the United Kingdom, and 
the USA indicated that the intakes at the mean and high levels of consumption were 
well below the ADI, although the estimates for the United Kingdom and the USA 
covered cheese consumption only. The estimated mean intakes for consumers 
ranged from 0.01 to 0.03 mg/kg bw per day (representing 3 and 9% of the ADI in 
Germany and the United Kingdom, respectively}, and those for high consumers 
were 0.03-0.08 mg/kg bw per day (representing 9 and 27% of the ADI in Australia 
and the United Kingdom, respectively}, if it is assumed that natamycin was used at 
40 mg/kg in all cheese products and 20 mg/kg in all cured meat products, as proposed 
in the draft GSFA. The estimated intakes of natamycin were lower when national 
use levels were assumed. 

5. EVALUATION 

Although use of natamycin as an antifungal agent in food may result in exposure 
of the endogenous flora to trace quantities of antimicrobial residues, bacteria in the 
human gastrointestinal tract are not affected by polyenes, and the Committee 
concluded that disruption of the colonization barrier is not a concern. Fungi are 
found in much smaller amounts than bacteria in the human gastrointestinal tract, 
and the negative results in studies of acquired resistance indicate that selection of 
natamycin-resistant fungi is not an issue. 

The Committee noted the finding of extra sternebrae in the study of developmental 
toxicity in rabbits, in which a dose-related increase in the mortality rate was reported. 
It considered that administration of an antimicrobial agent to rabbits by gavage was 
inappropriate. In addition, extra sternebrae have been described as a skeletal 
variation rather than a frank indication of teratogenicity. Thus, the Committee did 
not consider this result to be evidence that natamycin is teratogenic. 

The Committee confirmed the previously established ADI of 0-0.3 mg/kg bw for 
natamycin, which was based on observations of gastrointestinal effects in humans. 
The Committee noted that the estimated intake of natamycin based on maximum 
levels of use in cheese and processed meats proposed in the draft GSFA does not 
exceed this AD I. 
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1. EXPLANATION 

o-Tagatose is a ketohexose, an epimer of 0 -fructose inverted at C-4, with a 
sweet taste. It is obtained from D-galactose by isomerization under alkal ine conditions 
in the presence of calcium. 

o-Tagatose was evaluated by the Committee at its fifty-fifth meeting (Annex 1, 
reference 149), when it concluded that the available data indicated that 0 -tagatose 
is not genotoxic, embryotoxic, or teratogenic. It also concluded that the increased 
liver weights and hepatocellular hypertrophy seen in Sprague-Dawley rats occurred 
concurrently with increased glycogen deposition; however. the increased glycogen 
storage was reversed after removal of D-tagatose from the feed more rapidly than 
regression of the liver hypertrophy. Although the gastrointestinal symptoms seen in 
adult humans who had the expected daily intake of D-tagatose were minor, the 
Committee was concerned about the increased serum uric acid concentrations seen 
in a number of studies in humans after either single or repeated doses of o-tagatose. 
Similar increases are seen with other sugars, such as fructose, but o-tagatose 
appears to be a more potent inducer of this effect. The Committee noted that this 
effect of 0-tagatose had not been studied in persons prone to higher serum uric 
acid concentrations. The Committee concluded that an ADI could not be allocated 
foro-tagatose because of concern about its potential to induce glycogen deposition 
and hypertrophy in the liver and to increase the concentrations of uric acid in serum. 
Two studies of up to 7 days in Wistar and Sprague-Dawley rats given repeated 
doses, which might help to resolve the relevance of the liver glycogen deposition 
and hypertrophy, were submitted, but the reports were received only in draft form 
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and were not suitable for consideration at the time of the fifty-fifth meeting of the 
Committee. The Committee therefore asked for the final reports and for further data 
to clarify the extent, mechanism, and toxicological consequences of the increased 
uric acid concentrations observed in human subjects in some studies. At the present 
meeting, the results of four studies in experimental animals (including the two reports 
of which only drafts were available previously), the result of a study in volunteers 
(on the relevance of the glycogen deposition and liver hypertrophy), and some 
publications on the increased uric acid concentrations in serum after intake of 
0-tagatose, other sugars, and other food components were reviewed. 

2. BIOLOGICAL DATA 

2.1 Mechanism of glycogen accumulation 

The increase in normal liver mass seen in fasted rats fed 10 or 20% 0-tagatose 
has been hypothesized to be triggered by increased postprandial storage of liver 
glycogen. In order to support this hypothesis, a series of studies was carried out on 
the effects of separate and simultaneous administration of D-tagatose and glycogen 
precursors on liver weight and glycogen level in Wistar and Sprague-Dawley rats. 

The animals were kept under a light-dark regime of 12 h each, the light period 
lasting from 9:00 h to 21 :00 hand the dark period from 21 :00 h to 9:00 h. The sugars 
were given by gavage in two portions during the light period, 5 and 8 h after the dark 
period, which is the normal feeding period for rats. Four groups of 20 male Wistar 
rats received one of the following regimens for 7 days: 
(i) polycose (glucose polymer) only in a restricted glucose-free diet (18 g of diet 

per day; 6.0 g of polycose per day) at the start of the dark period, and carrier 
(2 g/day of peptone, a protein hydrolysate from meat, in water) by gavage at 
the end of the light period; 

(ii) o-tagatose in a restricted glucose-free diet (18 g of diet per day; mean 
o -tagatose intake, 5.8 glkg bw per day) at the start of the dark period, and 
polycose by gavage (6.0 g/day) at the end of the light period; 

(iii) D-tagatose and polycose in a restricted glucose-free diet (18 g of diet per day; 
mean o-tagatose intake, 7.2 glkg bw per day; polycose intake, 6.0 g/day) at 
the start of the dark period, and carrier (2 gfday peptone in water) by gavage at 
the end of the light period; 

(iv) D-tagatose and polycose in two equal portions of glucose-free diet (each of 9 g 
of diet per day; mean 0-tagatose intake, 6.0 g/kg bw per day; polycose intake, 
6.0 g/day) at the start and at the end of the dark period, and carrier (2 gfday of 
peptone in water) by gavage at the end of the light period. 

After 7 days, 10 rats from each group were killed at the end of the dark period and 
10 atthe end of the light period. Treatment (by diet or gavage) continued until sacrifice. 
Weight loss occurred in all groups, probably due to restricted feeding and low energy 
intake. Simultaneous administration of D-tagatose and glucose was assumed to 
result in glycogen deposition and to increase the normal liver mass, as indicated by 
the significantly lower glycogen deposition and weight of the liver in rats on regimen 
(ii) that were killed at the end of the light period (after polycose by gavage) than in 
rats on regimen (iii) that were killed at the end of the dark period. In rats on regimen 
(iii) that were killed at the end of the light period, no glycogen was found, but the 
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liver weight was significantly higher than that of controls on regimen (i) killed at the 
same time, probably reflecting early liver growth in response to increased glycogen 
deposition induced by D-tagatose. Rats on regimen (iv) that were killed at the end of 
the dark period showed slightly increased liver weights and glycogen concentrations 
similar to that of controls on regimen (i), indicating that separation of feeding into 
two parts resulted in more even feed intake, with no peak of glycogen and no triggering 
of glycogen deposition and liver growth by D-tagatose (Lina & de Bie, 2000a). 

In a study of similar design, three groups of 18 adult male Sprague-Dawley rats 
received one of the following regimens for 5 days: 
(i) polycose only in a restricted glucose-free diet (16 g of diet per day; polycose, 

6 g/day) at the start of the dark period, and carrier (2 g/day peptone in water) 
by gavage at the end of the light period; 

(ii) D-tagatose in a restricted glucose-free diet (16 g of diet per day; mean tagatose 
intake, 7. 7 glkg bw per day) at the start of the dark period, and po lycose (6 g/day) 
plus carrier (2 g/day peptone in water) by gavage at the end of the light period; 

(iii) D-tagatose and polycose in a restricted glucose-free diet (16 g of diet per day; 
mean D-tagatose intake, 8.8 g/kg bw per day; polycose intake, 6 g/day) at the 
start of the dark period, and carrier (2 g/day peptone in water) by gavage at the 
end of the light period. 

After 5 days on the diets, six rats from each group were killed at 06:00 h during the 
dark period, at 12:00 h before gavage, and at 18:00 h after the last gavage. 

Weight loss was seen in all groups, due to the restricted feeding. Rats on regimen 
(iii) that were killed at 06:00 h had a higher glycogen concentration and liver weight 
than controls on regimen (i). In rats killed at 12:00 and 18:00, when no food was 
available, the glycogen concentrations of those on regimens (i) and (iii) were 
decreased, but the glycogen concentrations and liver weights remained slightly higher 
in rats on (iii) than in controls on (i). Rats on regimen (ii) that were killed at 06:00 and 
12:00 h had a lower glycogen concentration and liver weight than rats on regimen 
(iii) or on regimen (i). Rats on regimen (ii) killed at 18:00 h had liver weights 
comparable to those of controls on (i), but their glycogen concentration was higher 
than that of rats on (iii) or (i), probably because the glucose-free diet was administered 
during the dark period and polycose was given during the light period. 

Three additional groups of 12 rats were intended for various hepatic examinations 
after 4 weeks on the above diets. However, during week 2 of treatment, the condition 
of the rats declined and gavage became increasingly difficult. The study was therefore 
aborted on day 10 (Lina & de Bie, 2000b). 

In a study of similar design, the gavage dose was given in two or three (group ii) 
portions during the light period; 5, 6, and 8 h after the dark period. Four groups of 12 
adult male Sprague-Dawley rats received one of the following regimens for 26 days: 
(i) polycose only in a restricted glucose-free diet (18 g/day, 19 g/day from day 8; 

polycose, 6.0 g/day) at the start of the dark period and tapwater by gavage at 
the end of the light period; 

(ii) D-tagatose in a restricted glucose-free diet (12 g/day, 13 g/day from day 8; 
D-tagatose, 2.6 g/day) at the start of the dark period, and polycose (6 g/day, 
6.4 g/day from day 8) plus carrier (2 g/day peptone in water) by gavage at the 
end of the light period; 
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(iii) D-tagatose and polycose in a restricted glucose-free diet ( 18 g/day, 19 g/day 
from day 8; D-tagatose, 2.6 g/day; polycose, 6 g/day) at the start of the dark 
period and tap water by gavage at the end of the light period; 

(iv) D-tagatose and polycose in a restricted glucose-free diet (four times 4.5 g/day; 
from day 8, four times 4.8 g/day; 18 g/day, 19 g/day from day 8; D-tagatose, 
2.6 g/day; polycose, 6 g/day) during the dark period. In order not to interfere 
with the feeding schedule, the rats in this group did not receive placebo by 
gavage. 

On day 26, all groups were fed regimen (i) ad libitum from the start of the dark 
period (19:00 h). On day 27, all rats were deprived of food in the afternoon (from 
17:00 h) until necropsy in fasted condition on the morning of day 28. The daily 
portions of diets were restricted to ensure that each rat received the same amount 
of nutrients either via the diet or by gavage. As the daily portions of diets were 
generally completely consumed, the overall daily intake of D-tagatose was similar in 
groups (i), (ii), and (iii) and amounted to about 7 g/kg bw per day. Food consumption, 
body weights, absolute and relative liver weights, the concentrations of total lipid, 
glycogen, glucose, and protein, total moisture, and amount of DNA per liver were 
determined. The livers were not examined histologically. 

The glycogen concentrations in the liver were low in all groups, as would be 
expected in rats killed after fasting. The total moisture content, total lipid concentration, 
and DNA and total protein per liver were significantly higher in rats on regimen (iii) 
than in those on (i). The liver weights were increased in all groups receiving D-tagatose 
in the diet during the dark period. No significant differences were observed in DNA 
concentration among rats on regimens (i), (ii), and (iv). Total moisture content and 
lipid and protein concentrations were similar in all groups receiving D-tagatose. The 
authors concluded that the results of these studies neither supported nor invalidated 
the hypothesis that the increase in normal liver mass is triggered by increased 
postprandial storage of liver glycogen resulting from simultaneous feeding of 
D-tagatose and glucose equivalents (Lina & de Bie, 2000c). 

The consequences of prolonged dietary administration of D-tagatose and/or 
fructose were examined in a 6-month study that involved five groups of 60 male 
Wistar rats. The control group received a diet containing 20% barley, while the treated 
groups received diets containing 5% or 10% D-tagatose, 20% fructose, or 10% 
D-tagatose plus 10% fructose. The additions of the sugars were at the expense of 
barley (5-20%). Ten rats from each group were killed after 3, 7, 14, and 28 days and 
3 and 6 months of treatment. The time-weighted average intakes over 6 months 
were 2.4 and 4.8 g/kg bw per day of D-tagatose in the groups receiving 5% and 10% 
D-tagatose, 9.4 g/kg bw per day of fructose in that receiving 20% fructose, and 
4.9 g/kg bw per day each of D-tagatose and fructose in the group receiving 10% 
D-tagatose plus 1 0% fructose. The animals were fasted overnight before necropsy. 
The general condition and behaviour of the animals were not affected by the 
treatments. One rat given 1 0% D-tagatose died, but the death was considered 
unrelated to treatment. The mean body weight was slightly decreased for rats fed 
10% D-tagatose alone or in combination with fructose, and the food intake in these 
groups was slightly decreased during the first week of the study. There were no 
consistent, relevant changes in clinical chemical parameters and no significant 
changes in the absolute or relative weight of the liver at any time. Gross examination 
of all rats killed at the various times and microscopic examination of the liver of rats 
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killed after 6 months did not reveal any treatment-related changes. Unfortunately, 
the livers of rats killed at other times were not examined microscopically. No consistent 
differences in the labelling index (per cent of BrdU-positive cells) or in the nuclear 
density (number of nuclei/area of tissue) were found in hepatocytes of rats receiving 
D-tagatose and the controls. Rats fed 20% fructose had a slightly increased labelling 
index up to 28 days, but the differences from controls were statistically significant at 
day 7 only. Feeding of D-tagatose did not cause any consistent changes in the lipid, 
protein, DNA, glycogen, or glucose content of the liver. In rats fed diets containing 
20% fructose or 10% D-tagatose plus 1 0% fructose, the protein content per gram of 
liver or per total liver were occasionally increased. The carcass weight and the 
moisture, fat, protein, and ash contents of rats receiving 5% or 10% D-tagatose, 
20% fructose, or 10% D-tagatose plus 10% fructose were similar to those of the 
controls. It was concluded that administration of D-tagatose at 1 0% in the diet, equal 
to 4.8 g/kg bw per day, did not cause any adverse effects. No hypertrophy or other 
hepatic changes were seen at the end of the study (Lina & de Bie, 2000d). 

2.2 Observations in humans 

2.2. 1 Glycogen disposition and liver function 

A study was conducted to test the hypotheses that partial substitution of dietary 
sucrose by D-tagatose for 28 days increases the volume of the human liver and the 
concentration of liver glycogen. Twelve healthy male volunteers were included in a 
double-blind cross-over study involving ingestion of D-tagatose (three times 15 g/day) 
or placebo (sucrose, three times 15 g/day) for 28 days. Body weight, blood pressure, 
and heart rate were measured, and urine analysis (dipstick method) was performed; 
glucose and insulin concentrations were determined in serum, and glucagon and 
uric acid concentrations were determined in plasma. Blood samples collected before 
breakfast on days 1 and 29 were analysed for routine haematological and other 
clinical chemical parameters. Triglycerides and cholesterol (high- and low-density 
and total) were analysed in serum, and glucose, creatinine, urea, and bilirubin 
concentrations and the activities of alanine and aspartate aminotransferases and 
alkaline phosphatase and y-glutamyl transpeptidase in plasma. Liver volume and 
glycogen concentrations were determined by magnetic resonance imaging and 
spectroscopy, accompanied by routine medical examinations. Magnetic resonance 
imaging before and after treatment revealed no effects of treatment on liver volume 
or glycogen concentration. A steady increase in liver volume, independent of intake 
of D-tagatose or placebo was observed during the study, in parallel with a slight 
increase in body weight. Treatment with D-tagatose was not associated with clinically 
relevant changes in the medical, clinical chemical, or haematological parameters 
examined, including liver enzymes and uric acid. The plasma uric acid concentration 
was 340-360 ~mol/1 in the group given D-tagatose and 340-350 ~mol/1 in that given 
placebo (Boesch et al., 2001 ). 

2.2.2 Hyperuricaemia with D-tagatose and other sugars 

D-Fructose increases uric acid production by accelerating the degradation of 
purine nucleotides, probably by hepatocellular depletion of inorganic phosphate (Pi) 
resulting from accumulation of ketohexose-1-phosphate. The hyperuricaemic effect 
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of D-tagatose, a stereoisomer of D-fructose, may be more prolonged than that of 
D-fructose as the subsequent degradation of D-tagatose-1-phosphate is slower than 
that of D-fructose-1-phosphate. The effect of oral intake of 30 g of D-tagatose 
dissolved in drinking-water on plasma uric acid concentration and other metabolic 
parameters was compared with that of 30 g of D-fructose in drinking-water or drinking
water alone in eight male volunteers in a double-blind cross-over study. 

Both the peak concentration and the area under the curve of concentration-time 
at 4 h of serum uric acid were significantly higher after intake of D-tagatose than 
with either D-fructose or plain drinking-water. The decline in serum Pi concentration 
was greater 50 min after intake of D-tagatose than after that of D-fructose. The 
thermogenic and lactacidaemic responses to D-tagatose were smaller than with 
D-fructose. D-Tagatose attenuated the glycaemic and insulinaemic responses to a 
meal consumed 255 min after its administration. Both D-fructose and D-tagatose 
increased the plasma concentrations of cholecystokinin and glucagon-like peptide-
1. The metabolic effects of D-tagatose were seen despite its putatively poor 
absorption. A peak serum uric acid concentration of 410 J..Lmol/1 was seen 50 min 
after intake of D-tagatose; a lower peak of 370 J..Lmol/1 was seen 250 min after intake 
of fructose, when the serum uric acid concentration of men who received D-tagatose 
was still390 J..Lmol/1. The normal serum concentrations of uric acid are 36G-365 J..Lmol/1 
(Buemann et al., 2000a). 

D-Tagatose is phosphorylated to D-tagatose-1-phosphate by fructokinase in the 
liver. Because the phosphate degrades slowly, it may accumulate, and ingested 
D-tagatose may therefore cause longer reductions in Pi and ATP levels in the liver 
than D-fructose. As seen in patients with hereditary fructose intolerance, D-tagatose 
may increase purine nucleotide degradation and thereby increase uric acid 
production. The effect of administration of 30 g of D-tagatose or D-fructose in drinking
water on ketohexose-1-phosphate, ATP, and Pi levels in the liver was studied by 
31 P-magnetic resonance spectroscopy in groups of five young male volunteers. Blood 
and urine were collected to detect any increased uric acid production. 

A peak of 5.2 mg/1 D-tagatose-1-phosphate, equivalent to about 1 mmol/1, was 
found in the spectra of all subjects within 30 min after administration of D-tagatose. 
Concomitantly, the concentration of ATP was reduced by about 12% (p < 0.05). 
Both parameters had returned to baseline values after 150 min. The serum uric acid 
concentration was increased by 17% 50 min after administration of D-tagatose 
(p < 0.05) and had not returned to baseline when the experiment was terminated 
230 min after the load. The 12% decrease in renal fractional extraction of uric acid 
could not explain the acute hyperuricaemic effect of D-tagatose. No changes in 31 P
magnetic resonance spectra or serum uric acid concentration were found after 
administration of D-fructose. These results suggest that moderate intake of D-tagatose 
can affect liver metabolism by phosphate trapping, despite incomplete absorption 
of the sugar. The baseline serum uric acid concentrations of D-tagatose, D-fructose, 
and water were 36G-375 J..Lmol/1. Apeak serum concentration of uric acid of 430 J..Lmol/1 
was reached 50 min after intake of D-tagatose, and a peak of 390 J..Lmol/1 was reached 
180 min after intake of D-fructose. The area under the concentration-time curve for 
serum uric acid at 250 min was 9.0 mmol.min/1 after D-tagatose intake and 
3.6 mmol.min/1 after D-fructose intake. The serum uric acid concentration was similar 
in all groups 35 min after consumption of a meal at 245 min, with a value of 400 J..Lmol/1 
(Buemann et al., 2000b). 
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Three studies are described below to provide a basis for comparison of changes 
in serum uric acid concentrations induced by other dietary components and or 
physiological states. 

Serum and urinary uric acid concentrations were measured before and after 
ingestion of 80 g each of casein, lactalbumin, and soya bean isolate in 10 healthy 
subjects. The serum concentration had decreased significantly 3 h after ingestion of 
lactalbumin and casein but had increased after consumption of soya bean isolate. 
Clearance of urate was significantly increased after ingestion of each of the three 
proteins. Multivariate analysis of urate clearance with lactalbumin and casein loads 
showed an independent correlation between serum alanine and urea concentration. 
These results indicate that milk protein acutely decreases the serum uric acid 
concentration. Analysis of the effect of lactalbumin and casein on urinary uric acid 
elimination suggested that the uricosuric effect of proteins is a multifactorial 
phenomenon. The serum uric acid concentrations of casein, lactalbumin, and soya 
protein were 300, 300, and 280 Jlmol/1 at baseline and 270, 270, and 310 1-lmol/1, 
respectively, at 180 min (Garrel et al., 1991 ). 

Ten hyperinsulinaemic and 11 men with normal blood insulin consumed a diet in 
which 20% of the calories were from either fructose or high-amylose cornstarch (at 
current consumption levels in the USA), for 5 weeks, each in a cross-over design to 
determine the effects of the two diets on various blood metabolites considered to be 
risk factors associated with heart disease. In the hyperinsulinaemic men, ingestion 
of fructose as compared with cornstarch significantly increased the concentrations 
of several blood lipid and uric acid. In the men with normal blood insulin, the 
concentrations of certain blood lipids and uric acid were significantly greater after 
consumption of fructose than after cornstarch. The results indicate that, in a diet 
high in saturated fatty acids and cholesterol, fructose increases the levels of risk 
factors associated with heart disease, especially in hyperinsulinaemic men. The 
baseline concentration of serum uric acid was 345 Jlmol/1 in the group given fructose 
and 315 Jlmol/1 in that given high-amylose cornstarch; in both cases, the peak 
concentrations were reached 120 min after dosing and were 360 Jlmol/1 for fructose 
and 3251-lmol/1 for cornstarch. With both treatments, the serum uric acid concentration 
had returned to normal within 3 h (Reiser et al., 1989). 

Twelve healthy male nonsmokers drank red wine, phenol-stripped red wine, 
dealcoholized red wine, or water, each at a separate visit (cross-over experiment), 
in random order and 1 week apart. The beverages were consumed over 30 min, 
and blood was sampled just before and 1, 2, and 4 h after consumption for 
measurement of serum uric acid and selected additional parameters. 

The uric acid concentrations in serum increased significantly (p < 0.001) after 
ingestion of red wine, phenol-stripped red wine, and dealcoholized red wine. The 
serum values for uric acid were 340-360 Jlmol/1 at baseline, whereas they were 
400 Jlmol/1 for the group given red wine or phenol-stripped red wine and 390 Jlmol/1 
for that given dealcoholized red wine 1 h after ingestion, and 390, 390, and 380 Jlmol/1, 
respectively, after 2 h, and 370, 370, and 350 Jlmol/1, respectively, after 4 h. There 
were no effects on ex vivo serum or low-density lipoprotein oxidation after ingestion 
of any of the beverages (Caccetta et al., 2000.). 
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The upper limit of the reference interval of serum uric acid concentrations for 
healthy Danish males is 450 J.!mol/1 (Buemann et al., 2000a). Handbooks of clinical 
chemistry reveal similar ranges for normal values: 240-500 J.!mol/1 for men and 
16Q-430 J.!mol/1 for for women (Henry, 1979); 21 Q-440 J.!mol/1 for men, 15G-330 J.!mol/1 
for women, and 120-330 J.!mol/1 for children (Tietz, 1982). Watts (1979) indicated 
that children had lower serum uric acid concentrations than adults until puberty, and 
women had slightly lower serum uric acid concentration than men until menopause. 

3. COMMENTS 

Review of the results of the studies considered by the Committee at its fifty-fifth 
meeting and comparisons with the data reviewed at the present meeting revealed a 
difference between Wistar and Sprague-Dawley rats. Sprague-Dawley rats given 
5% D-tagatose for 28 days showed increased hepatic glycogen only when they 
were not fasted the night before sacrifice, but this effect was not associated with 
any changes in the liver when examined by electron microscopy. In a 90-day study 
in which Sprague-Dawley rats were killed under fasted conditions, 5% D-tagatose 
had no adverse effect on the liver. In a 6-month study in Wistar rats in which the 
animals were killed under fasted conditions after 3, 7, 14, and 28 days and 3 and 5 
months, D-tagatose at concentrations up to 10% had no adverse effects. Wistar rats 
are therefore less susceptible to the hepatic effects of D-tagatose than Sprague
Dawley rats. As D-tagatose stimulated glycogen deposition to a similar degree in 
the two rat strains in short-term studies, the difference is likely to occur at a later , 
stage, namely glycogen-induced or other stimulation of liver growth. 

The authors suggested that the increase in normal liver mass seen in fasted rats 
fed diets containing 10 or 20% D-tagatose is triggered by increased postprandial 
storage of liver glycogen, resulting from simultaneous feeding of D-tagatose and 
glucose equivalents. In order to test this hypothesis, the effects of separate and 
simultaneous administration of D-tagatose and glycogen precursors on liver weight 
and glycogen level were investigated in Wistar and Sprague-Dawley rats. The results 
neither supported nor invalidated the hypothesis. 

As several studies have been performed in healthy volunteers and in patients 
with diabetes, the number of persons varying from 4 to 73, the Committee based its 
toxicological evaluation on the human data. The length of these studies varied from 
several days to several weeks and one study of 12 months' duration, which included 
only a limited number of patients with type 2 diabetes. The toxicological aspects 
investigated included gastrointestinal effects, increased serum uric acid 
concentrations, and hepatic effects. Mild gastrointestinal symptoms were reported 
in only one study, in three of 10 patients with type 2 diabetes receiving 1 0 g of 
D-tagatose for several days, whereas in other studies diarrhoea was observed only 
in patients receiving 25 g three times daily for 8 weeks. In healthy individuals, 
administration of 30 g induced diarrhoea in some individuals only, whereas other 
studies showed no laxative effect of single doses of D-tagatose as high as 75 g. 

The serum or plasma concentration of uric acid was increased transiently in 
some studies in human subjects, but the increased uric acid concentration was 
above the normal range for a number of days in only one study of persons receiving 
75 g daily. The other studies showed either no increase or a transient increase in 
serum uric acid concentrations within the normal range. 
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In a 28-day study in which 15 g of D-tagatose or 15 g of sucrose were given 
three times daily, magnetic resonance imaging was used to determine liver volume, 
and glycogen concentrations and several clinical chemical parameters were 
measured. The results did not reveal any relevant effect on the liver. In addition, no 
diarrhoea and no increase in serum uric acid concentration were observed. Therefore, 
the NOEL was 45 g/person per day, equivalent to 0. 75 g/kg bw (for a person weighing 
60 kg). 

D-Tagatose is proposed for use as a bulk sweetener in low-energy foods, such 
as edible ices (at a concentration of 3 g/kg), chewing-gum and confectionery (at 
15 g/kg), breakfast cereals (at 15 g/kg), and soft drinks (at 1 g/kg). At its fifty-fifth 
meeting, the Committee considered that the predicted intakes of D-tagatose based 
on the manufacturers' proposed levels of use and individual dietary records from 
several countries were conservative estimates because use had been assumed in 
the entire food category rather than only in the low-energy food component. The 
mean consumer intakes of D-tagatose predicted for Australia, the Member States of 
the European Union, and the USA ranged from 3 to 9 g/day (63-190% of the ADI), 
and the predicted intakes for consumers at high percentiles were up to 18 g/day 
(375% of the ADI). On the basis of the information on possible uses, the ADI for 
D-tagatose may be exceeded. 

4. EVALUATION 

The Committee considered the 28-day study in which humans received a daily 
dose of 45 g of D-tagatose or sucrose in three divided doses as most representative 
of human dietary intake and therefore most relevant for assessing the acceptable 
intake of D-tagatose and other sugars accurately. While effects were observed after 
a single dose of 75 g, no effects were observed with three daily doses of 15 g of 
D-tagatose, equivalent to 0.75 g/kg bw per day. The Committee established an ADI 
of 0-80 mg/kg bw on the basis of this NOEL and a safety factor of 1 0. 

~ REFERENCES 

Boesch, C., lth, M., Jung, B., Bruegger, K., Erban, S., Diamantis, I. & Bar, A. (2001) Effect of 
oral D-tagatose on liver volume and hepatic glycogen accumulation in healthy male 
volunteers. Submitted for publication to Regulatory Toxicology and Pharmacology. 

Buemann, B., Gesma, H., Astrup, A. & Quistorff, B. (2000a) Effects of oral D-tagatose, A 
stereoisomere of D-fructose, on liver metabolism as examined by 31 P-magnetic resonance 
spectroscopy. Metabolism, 49, 1335-1339. 

Buemann, B., Toubro, S., Holst, J.J., Rehfeld, J.F., Bibby, B.M. &Astrup,A. (2000b) D-Tagatose, 
a stereoisomere of D-fructose, increases blood uric acid concentration. Metabolism, 49, 
969-97. 

Caccetta, R.A., Croft, K.D., Beilin, L.J. & Puddey, I. B. (2000) Ingestion of red wine significantly 
increases plasma phenolic acid concentrations but does not acutely affect ex vivo lipoprotein 
oxidizability. Am. J. C/in. Nutr., 71, 67-74. 

Garrel, D.R., Verdy, M., PetitCierc, C., Martin, C., Brule, D. & Hamel, P. (1991) Milk- and soy
protein ingestion: Acute effect on serum uric acid concentration. Am. J. Clin. Nutr., 199, 
665-669. 

Henry, J.B., ed. (1979) Todd Sanford Division Clinical Diagnosis and Management by Laboratory 
Methods, 16th Ed., Philadelphia: W.B. Saunders Co., p. 745. 



88 D-TAGATOSE 

Lina, B.A. A. & de Bie, A.T.H.J. (2000a) Investigation into the consequences of administering 
D-tagatose spaced from, and simultaneously with, the ingestion of precursors of glycogen 
in Wistar rats (7-day study). Unpublished report V99.1094 dated April 2000 from TNO 
Nutrition and Food Research Institute, Bilthoven, at the request of MD Foods Denmark. 
Submitted to WHO by Bioresearch Management and Consulting Ltd, Basel, Switzerland. 

Lina, B.A. A. & de Bie, A.T.H.J. (2000b) Investigation into the consequences of administering 
D-tagatose spaced from, and simultaneously with, the ingestion of precursors of glycogen 
in male Sprague- Dawley rats. Unpublished report V2529 dated October 2000 from TNO 
Nutrition and Food Research Institute, Bilthoven, at the request of MD Foods Denmark. 
Submitted to WHO by Bioresearch Management and Consulting Ltd, Basel, Switzerland. 

Lina, B.A.R. & de Bie, A.T.H.J. (2000c) Investigation into the consequences of administering 
D-tagatose spaced from, and simultaneously with, the ingestion of precursors of glycogen 
in male Sprague Dawley rats (28-day study). Unpublished report V2678 dated November 
2000 from TNO Nutrition and Food Research Institute, Bilthoven, at the request of MD 
Foods Denmark. Submitted to WHO by Bioresearch Management and Consulting Ltd, 
Basel, Switzerland. 

Lina, B.A.R. & de Bie, A.T.H.J. (2000d) Investigation into the consequences of feeding 
D-tagatose and fructose on liver parameters in Wistar rats (6-month study). Unpublished 
report V99.1123 dated October 2000 from TNO Nutrition and Food Research Institute, 
Bilthoven, at the request of MD Foods Denmark. Submitted to WHO by Bioresearch 
Management and Consulting Ltd, Basel, Switzerland. 

Reiser, S., Powell, A.S., Scholfield, D.J. Panda, P., Ellwood, K.C. & Canary, J.J. (1989) Blood 
lipids, lipoproteins, apoproteins, and uric acid in men fed diets containing fructose or high
amylose cornstarch. Am. J. Clin. Nutr., 49, 832-839. 

Tietz, N.W., ed. (1982) Fundamentals of Clinical Chemistry, 2nd Ed., Philadelphia: W.B. 
Saunders Co., p. 1225. 

Watts, R.W.E. (1979) Purines and nucleotides. In: Brown, S.S., Mitchell, F.L. & Young, D.S., 
eds, Chemical Diagnosis of Disease, Amsterdam: Elsevier-North Holland Biomedical Press, 
p. 1090. 



THICKENING AGENT 





CARRAGEENAN AND PROCESSED EUCHEUMA SEAWEED (addendum) 

First draft prepared by 

Dr D.J. Benford 

Food Standards Agency, London, United Kingdom 

Explanation ................................................................................ 91 
Biological data .... .. . ........ .... . .. . .... ......... .... . . . .. . .. . .. . . .. . . . ... . . .. . . .. . .... . . 92 

Effects on gastrointestinal tract in short-term and 
long-term studies .. .. .. .... ......... .... .. ..... .. ......... ... ... .. .. .. ...... 92 

Studies of tumour promotion in rat colon ... .. ...... ... .. ... . .. ...... . 93 
Studies of cell proliferation .. .. .. .. ... .. .. ... .. ..... .. ............ ..... .... .. . 96 
Effects on intestinal microflora .. ... .. .... .. ........... .... ...... ... .. .. .. .. 97 
Inhibition of intercellular communication.............................. 98 

Comments .... ........................................... ................................. 98 
Evaluation ................................................................................ 100 
References . . .. . ..... .. .... . ... . ....... .... .... . .... . . .... . . .... . . .... ..... . ... . ... ... .. . .. 100 

1. EXPLANATION 

Carrageenan, a substance with hydrocolloid properties owing to the presence 
of sulfated polyglycans with average relative molecular masses well above 1 00 kDa, 
is derived from a number of seaweeds of the class Rhodophyceae. It has no nutritional 
value and is used in food preparation for its gelling, thickening, and emulsifying 
properties. Three main types of carrageenan are used commercially, which are known 
in the food industry as iota (t), kappa (K), and lambda (A.) carrageenans. These 
names do not reflect definitive chemical structures but only general differences in 
the composition and degree of sulfation at specific locations in the polymer. Processed 
Eucheuma seaweed is derived from either E. cottonii (K-carrageenan) or E. spinosum 
(A.-carrageenan), also Rhodophyceae. 

Carrageenan is obtained by extraction of the seaweed into water or aqueous 
dilute alkali and may be recovered by alcohol precipitation, by drum drying, or by 
precipitation in aqueous potassium chloride and subsequent freezing. In contrast, 
the preparation of processed Eucheuma seaweed consists of soaking the cleaned 
seaweed in alkali for a short time at elevated temperatures. The treated material is 
then thoroughly washed with water to remove residual salts and further washed 
with alcohol, dried and milled to a powder. For both carrageenan and processed 
Eucheuma seaweed, the alcohols that may be used during purification are restricted 
to methanol, ethanol and isopropanol. Articles of commerce may include sugars for 
standardization purposes, salts to obtain specific gelling or thickening characteristics, 
or emulsifiers carried over from drum drying processes. 

Carrageenan was reviewed by the Committee at its thirteenth, seventeenth, 
twenty-eighth, and fifty-first meetings (Annex 1, references 19, 32, 66 and 137). At 

-91 -
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its twenty-eighth meeting, the Committee established an ADI 'not specified, on the 
basis of the results of a number of toxicological studies on carrageenans obtained 
from various seaweed sources. 

Processed Eucheuma seaweed was considered by the Committee at its thirtieth, 
thirty-ninth, forty-first, forty-fourth, and fifty-first meetings (Annex 1, references 73, 
101, 107, 116 and 137). At its forty-fourth meeting, the Committee concluded that, 
because of the chemical relationship between processed Eucheuma seaweed and 
traditionally refined carrageenan, the toxicological data on carrageenan were relevant 
to the safety assessment of the carrageenan polysaccharide constituents of 
processed Eucheuma seaweed, but could not replace adequate toxicological studies 
on processed Eucheuma seaweed itself. Following submission of the results of a 
90-day study on toxicity with processed Eucheuma seaweed, the Committee 
concluded at its fifty-first meeting that the toxicities of this material and carrageenan 
were sufficiently similar for the previous ADI 'not specified, for carrageenan to be 
extended to a group ADI including processed Eucheuma seaweed. At its fifty-first 
meeting, the Committee also considered all studies on carrageenan that had been 
published since its twenty-eighth meeting and noted the identity of the seaweed 
source and type of carrageenan used in earlier studies. It expressed concern about 
the potential promotion of colon carcinogenesis by carrageenans and processed 
Eucheuma seaweed and therefore made the group ADI 'not specified'1 temporary; 
it also requested clarification of the significance of the promotion of colon cancer 
observed in studies in rats. At its present meeting, the Committee reviewed the 
available evidence for the promoting and related effects of these compounds in the 
rat colon. 

2. BIOLOGICAL DATA 

2.1 Effects on gastrointestinal tract in short-term and long-term studies 

Groups of 30 male and 30 female MRC rats and Syrian golden hamsters were 
fed diets containing 0.5, 2.5, or 5% carrageenan (Gelcarin HMR derived from 
Chondrus crispus, largely composed of K components) ad libitum from 7 weeks of 
age until they died or were killed when moribund. The average intake of carrageenan 
was 360, 2000, and 4000 mg/kg bw per day for the rats and 370, 2200, and 
3700 mg/kg bw per day for the hamsters at the three concentrations, respectively. 
Animals occasionally had soft stools, particularly near the start of the experiment. 
There was no statistically significant increase in tumour incidence in either species. 
Histological examination of all sections of the gastrointestinal tract revealed a low 

1 ADI 'not specified' is used to refer to a food substance of very low toxicity, which, on the basis 
of the available data (chemical, biochemical, toxicological, and other) and the total dietary 
intake of the substance arising from its use at the levels necessary to achieve the desired 
effect and from its acceptable background levels in food, does not, in the opinion of the 
Committee, represent a hazard to health. For that reason, and for reasons stated in individual 
evaluations, the establishment of an AD! expressed in numerical form is not deemed 
necessary. An additive meeting this criterion must be used within the bounds of good 
manufacturing practice, i.e., it should be technologically efficacious and should be used at 
the lowest level necessary to achieve this effect, it should not conceal food of inferior quality 
or adulterated food, and it should not create a nutritional imbalance. 
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incidence of lesions in the stomach and caecum in animals at all concentrations and 
in controls. These were considered to be consistent with the age, species, and 
strain of animals used and could not be attributed to the action of carrageenan 
(Rustia et al., 1980). 

Groups of 15 male and 15 female Sprague-Dawley rats were given diets 
containing extracts of three forms of undegraded carrageenan (K from C. crispus; A. 
from Gigartina acicularis; and t from Eucheuma spinosum) at a concentration of 1 
or 5% for 40 weeks. 'Aiphacel' (specification not given) was included at 5% in the 
diet of control rats. The body weights of treated and control rats were comparable. 
The incidence of occult faecal blood was lower in animals receiving carrageenan 
than in the controls. Soft and fluid stools were reported for a few animals receiving 
carrageenan but not for controls. Samples of gastrointestinal tract were taken for 
histological examination, but the results were not reported (Coulston et al., 1975). 

Nineteen male and 21 female rhesus monkeys were given carrageenan (Gelcarin 
HMR from C. crispus) at a dose of 0, 50, 200, or 500 mg/kg bw per day by gavage 
on 6 days/week for 5 years, and the substance was then then incorporated into the 
diet for a further 2.5 years. Stool consistency was decreased and the incidence of 
faecal occult blood was increased in dose-related trends over the entire 7.5 years. 
At necropsy, one male at 50 mg/kg bw per day and one monkey of each sex at 
500 mg/kg bw per day were reported to have multiple mucosal haemorrhages and 
reddening of the mucosa of the caecum, colon and ano-rectal junction. However, 
these areas appeared normal on microscopic observation, and no treatment-related 
changes were found (Abraham et al., 1983). 

Processed K carrageenan from E. cottonii and t carrageenan from E. spinosum 
were incorporated into the diet of groups of 20 male and 20 female Sprague-Dawley 
rats at a concentration of 0.5, 1.5, or 5% for at least 90 days. Control groups of 
30 males and 30 females received the basal diet for the same period. The study 
was conducted to GLP and in accordance with OECD guideline No. 408. It was 
considered in detail by the Committee at its fifty-first meeting (Annex 1, reference 
138). The weight of the full caecum was significantly increased in rats fed processed 
Eucheuma seaweed from either source.After a 28-day recovery period, the caecum 
weights were not significantly different from those of controls. Microscopic 
examination revealed no abnormal changes in the caecum or colon (Robbins, 1997). 

2.2 Studies of tumour promotion in rat colon 

Groups of 15-30 weanling female Fischer 344 rats were fed semi-purified diets 
containing 20% fat and 0 or 15% undegraded carrageenan (Viscarin 402, origin not 
stated). The control diet contained additional corn starch and dextrose in place of 
the carrageenan. At 7 weeks of age, all animals except for controls were given 
azoxymethane subcutaneously at a dose of 8 mg/kg bw once weekly for 1 0 weeks 
or N-methyi-N-nitrosourea (MNU) intrarectally at a dose of 2 mg per rat twice a 
week for 3 weeks. Animals given MNU were autopsied 30 weeks after the first 
injection, and those gtiven azoxymethane and controls were autopsied after 
40 weeks. Animals receiving carrageenan gained less weight than controls, with a 
mean terminal body weight approximately 85% that of controls. Food consumption 
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measured during the third week of the experiment was reported to be approximately 
equal: 8.6 and 9.9 g/rat per day on control and carrageenan diets, respectively. No 
tumours were induced in the colon or other organs of control rats, but one rat given 
carrageenan diet without carcinogen had a colon adenoma. Administration of 
azoxymethane or MNU to animals on the control diet resulted in incidences of 
colorectal tumours of 57 and 69%, respectively. In carcinogen-treated animals on 
the carrageenan-containing diet, the tumour incidence was increased to 100% and 
the multiplicity of tumours per animal was also increased. All untreated animals on 
the carrageenan diet showed chronic inflammatory changes in the large intestine, 
composed of oedematous thickening and aggregation of macrophages in the lamina 
propria and submucosa. The effects were considered not to be associated with the 
lower body-weight gain, as caloric restriction is usually associated with decreased 
tumour incidence. The authors noted that the experimental diets contained 0.3% 
supplemental methionine (Watanabe et al., 1978). 

Groups of 15-20 male Fischer 344 rats, 7 weeks of age, were fed a semi-purified 
diet containing 6% fat and 0 or 6% undegraded carrageenan (CS-47, K type, species 
not specified) for 24 weeks. The control diet contained additional cornstarch in place 
of the carrageenan. Groups of animals on the control and carrageenan-containing 
diets also received weekly subcutaneous injections of dimethylhydrazine at a dose 
of 20 mg/kg bw for 16 weeks. Body-weight gain and food intake were comparable 
with and without carrageenan, but faecal weight was increased by treatment. No 
colon tumours were observed in the absence of dimethylhydrazine, but administration 
of this carcinogen to rats on control diet resulted in a 40% incidence of colon tumours, 
which was increased to 75% in rats on the carrageenan-containing diet. The 
multiplicity, size, and distribution of the tumours in the proximal as compared with 
the distal colon were also increased in the rats receiving carrageenan. There was 
no visible ulceration in tumour-free colonic mucosa of the carrageenan-fed rats. 
The authors reported that the lower faecal S-glucuronidase activity in carrageenan
fed rats may have been due to alterations in the bacterial flora (Arakawa et al., 
1986). 

Groups of 18 male Fischer 344/DuCrj rats were injected subcutaneously with 
dimethylhydrazine at 20 mg/kg bw once a week for 4 weeks to initiate colorectal 
carcinogenesis. One week after the final injection, the animals were given diets 
containing A. carrageenan at a concentration of 0, 1.2, 2.5, or 5.0% for 32 weeks. 
Concomitant control groups received carrageenan in the diet without dimethyl
hydrazine, and 0.2% dietary cholic acid was used as a positive control, with and 
without dimethylhydrazine treatment. There were no clinical signs of treatment. The 
body-weight gain was decreased in rats receiving 5% carrageenan without 
dimethylhydrazine but not in the group receiving combined treatment. Food 
consumption was similar in all treated groups, but carrageenan-treated animals 
tended to drink more water than controls. The spleen weight was decreased by 
5-1 0% in both groups of rats receiving 5% carrageenan when compared with the 
control groups. Table 1 shows the incidences of nodules and tumours in the colons 
of dimethylhydrazine-treated rats, with no statistically significant differences between 
groups. The distribution of the nodules in rats treated with 5% carrageenan differed 
from that in other groups, more of the nodules occurring in regions close to the 
caecum. There were no statistically significant differences in the incidences of 
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Table 1. Effect of dietary carrageenan on the incidence of nodules and tumours in 
colon of rats initiated with dimethylhydrazine 

Finding Diet 

Basal 1.25% 2.5% 5.0% 0.2% 
carrageenan carrageenan carrageenan cholic acid 

Macroscopic nodules 5 (5) 3 (5) 5 (5) 7 (9) 7 (8) 
Adenomas 3 (3) 2 (2) 1 (1) 6 (7) 2 (2) 
Adenocarcinoma 3 (3) 1 (1) 4 (4) 1 (1) 6 (6} 
Mucinous adenocarcinoma 0 0 2 (2) 2 (2) 2 (3) 
Adenoma or carcinoma 6 (6) 3 (3) 6 (7) 8 (10) 9 (11) 

Numbers in parentheses are numbers of nodules or tumours. Differences between groups 
were not statistically significant. 

inflammatory lesions. A similar low incidence of aberrant crypt foci was found in the 
colons of rats that received basal diet or 5% carrageenan without dimethylhydrazine, 
and the number of aberrant crypts per focus was also similar in these groups. The 
authors concluded that carrageenan at a dietary concentration of 5% did not promote 
colo rectal carcinogenesis in rats (Hagiwara et al., 2001 ). 

Female Fischer 344 rats aged 35 weeks were injected intraperitoneally with 
azoxymethane at 20 mg/kg bw to initiate colon cancer. Seven days later, they received 
pure water (controls) or undegraded carrageenan (type I, mainly K) at either 0.25% 
(liquid) or 2.5% (solid gel) in place of drinking-water for 1 00 days. The dose of 
carrageenan was cited as 0, 0.2, or 4 g/kg bw per day. Rats receiving 2.5% 
carrageenan gained less weight, the terminal body weight being 93% of that of 
controls; food consumption was not reported. The number of animals with aberrant 
foci was not reported, but a statistically significant decrease in the number of aberrant 
crypt foci per colon was found in rats receiving carrageenan at either dose. At the 
higher dose, there was a significant increase in the number of crypts per aberrant 
crypt focus, indicating that the size of the foci was increased (Corpet et al., 1997). 

In a subsequent study from the same laboratory, the role of the intestinal microflora 
in promotion of aberrant crypt foci in the colon was studied in conventional and 
germ-free female Fischer344 rats. The germ-free rats were inoculated with faecal 
samples from three healthy children who had previously been given a carrageenan
containing dessert three times a week for 3 weeks to adapt their gut flora. Groups of 
30 conventional or human flora-associated rats were injected intraperitoneally with 
azoxymethane at 20 mg/kg bw to initiate colon cancer and, after 7 days, were given 
undegraded carrageenan for 100 days, as described by Corpet et al. (1997). As the 
rats receiving 2.5% carrageenan tended to lose weight, they were given the liquid 
0.25% carrageenan on 2 days/week. The intakes of carrageenan were reported to 
be 0, 0.22, and 2.8 g/kg bw per day for conventional rats and 0, 0.51, and 2.5 g/kg 
bw per day for human flora-associated rats. Both groups of rats receiving 2.5% 
carrageenan gained less weight, with terminal body weights approximately 93% 
those of controls. The data for the conventional rats were identical to those reported 
by Corpet et al. (1997). Administration of carrageenan to human flora-associated 
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rats had no effect on the incidence or size of aberrant crypt foci. The authors 
suggested that the gut flora of rats, but not of humans, is associated with the 
enhancement of colon tumours by carrageenan (Tache et al., 2000). 

2.3 Studies of cell proliferation 

Groups of six weanling male Sprague-Dawley rats were fed a diet containing 0 
or 7.4% carrageenan (type and origin not specified) for 28 days. One hour before 
sacrifice they were injected intraperitoneally with [3H]thymidine. A 1-cm segment of 
colon was taken about 2 em from the anus and processed for autoradiographic 
examination. For each rat, the number of cells and the number of labelled cells were 
determined in 25 crypts. In addition, the concentrations and amounts of bile acids 
were determined in faecal material collected on days 27 and 28. There were no 
significant differences in the number of cells per crypt or in the proportion of labelled 
cells. Subcutaneous administration of dimethylhydrazine dihydrochloride at 
200 mg/kg bw 1 week before the start of dietary carrageenan also had no effect. 
The carrageenan diet resulted in a decreased concentration of faecal bile acids but 
not in the total bile acid secreted. The percentage of bile acids present as cholic 
acid was significantly decreased, indicating that bile acid degradation had been 
increased (Giauert & Bennink, 1983). 

Groups of six male Fischer 344 rats, 7 weeks of age, were fed a semi-purified 
diet containing 6% fat and 0 or 6% undegraded carrageenan (CS-47, K type, species 
not specified) for 3 weeks. The control diet contained additional corn starch in place 
of the carrageenan. Groups of animals on control and carrageenan-containing diets 
also received weekly subcutaneous injections of dimethylhydrazine at a dose of 
20 mg/kg bw for 3 weeks, but it is not clear whether this treatment was concurrent 
or consecutive. The distribution of the molecular mass of faecal carrageenan was 
similar to that in the diet, indicating that carrageenan was not broken down in the 
gut. The concentration and total amount of faecal lithocholic acid were increased in 
carrageenan-fed rats. The concentration of the total measured bile acids (cholic 
acid, deoxycholic acid, chenodeoxycholic acid, lithocholic acid, and hyodeoxycholic 
acid-like substance) was decreased in the carrageenan-fed rats, whereas the amount 
of total bile acids was similar or slightly higher than in controls. The authors suggested 
that the promoting effect of carrageenan on colon tumorigenesis is mediated by 
increased excretion of lithocholic acid, which has been associated with tumour 
promotion and cell proliferation in the colon (Arakawa et al., 1988). 

Groups of eight male Fischer 344 rats were fed diets containing various dietary 
fibres for 4 weeks and then the activity of thymidine kinase, expressed relative to 
protein content, was measured in homogenized mucosal scrapings from the distal 
12 em of the colon. The animals were fasted before autopsy, but no information was 
provided on the time at which the autopsies were performed. Undegraded 
carrageenan (mainly A.-carrageenan from Gigartina species) at 5% in the diet resulted 
in a significant increase in thymidine kinase activity, whereas 5% guar gum or 10% 
wheat bran had no effect. Three of the carrageenan-treated animals had slight 
congestion and erythema of the distal 4-5 em of the colon at autopsy, but the 
thymidine kinase activity of these animals did not differ from that of the other 
carrageenan-treated animals. The increase in thymidine kinase activity was 
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considered to be indicative of a substantial increase in colonic mucosal cell 
proliferation (Calvert & Reicks, 1988). 

In a subsequent study from the same laboratory, groups of seven male Fischer 
344 rats were fed a semi-purified diet containing carrageenan (mainly A.-carrageenan 
from Gigartina species) at 0, 0.65, 1.3, or 2.6% for 4 weeks. After an overnight fast, 
the animals were autopsied and the activity of thymidine kinase, expressed relative 
to protein content, was measured in homogenized mucosal scrapings from the distal 
12 em of the colon. There were no statistically significant differences in body weight 
or energy intake. Faecal weight was increased with carrageenan intake and was 
significantly different from that of controls at all concentrations. The total protein 
content and thymidine kinase activity of the mucosal homogenates showed a dose
related increase, but the thymidine kinase activity was significantly different from 
that of controls only at the highest concentration of carrageenan. Histological 
examination revealed no evidence of infiltration by inflammatory cells in any treated 
group. The results were considered to indicate that carrageenan at 0.65% in the 
diet, representing approximately 25 times the maximal human intake, had no 
biologically significant effect (Calvert & Satchithanandam, 1992). 

Groups of four male Fischer 344 rats were fed a diet containing 0 or 5% t
carrageenan for up to 91 days. A 3-cm segment of distal colon was processed for 
staining for proliferating cell nuclear antigen (PCNA). Thymidine kinase activity, 
expressed relative to protein content, was measured in homogenized mucosal 
scrapings from the distal colon. The carrageenan diet resulted in increased thymidine 
kinase activity within 9 days, which reached a plateau at four- to fivefold that in rats 
on the basal diet after 14 days. In groups of animals returned to basal diet for 28 days, 
the thymidine kinase activity returned to the basal level. No increase in thymidine 
kinase activity was seen in animals receiving diets containing 0.2 or 1.5% 
carrageenan for 28 days. Staining for PCNA revealed a significant increase in positive 
cells in the upper third of the crypts of rats receiving 5% carrageenan for 91 days, 
but not for 28 days, or for 64 days followed by a 28-day recovery period on basal 
diet. No PCNA-positive cells were observed at the luminal surface. The authors 
contrasted the results with those obtained with polygeenan, which resulted in PCNA
positive cells at the luminal surface throughout the mucosa and failure to return to 
the normal distribution of staining after the 28-day recovery period. They considered 
that the pattern of PCNA staining seen with carrageenan was indicative of an adaptive 
response and would not contribute to an increased risk for colonic neoplasia (Wilcox 
et al., 1992). 

2.3 Effects on intestinal microflora 

Administration oft-carrageenan (source not specified) to groups of six to eight 
male Sprague-Dawley rats, MF1 mice, or DSN hamsters at 5% in the diet for 30 days 
was associated with a two- to threefold enlargement of the caecum in all three 
species. The concentration of bacteria in the caecal contents was decreased in 
rats, mice, and hamsters, and the total number of bacteria per caecum was decreased 
in rats and mice but not in hamsters. The activities of microbial biotransformation 
enzymes were subject to marked changes, which were species-dependent. The 
total caecal activities of azoreductase and nitroreductase were inhibited to a greater 
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extent in rats than in mice or hamsters. In rats, significant caecal enlargement and 
decreased bacterial content occurred after administration of carrageenan at 0.5 
and 2% in the diet, but there was no clear dose-response relationship. Immunological 
analysis of bile samples indicated that, while the total immunoglobulin A concentration 
was unaffected, the concentration of antibody with binding specificity for caecal 
bacteria was significantly enhanced in the carrageenan-exposed rats (Mallett et al., 
1984, 1985). 

2.4 Inhibition of intercellular communication 

The ability of carrageenan (type and source not described) to inhibit gap-junctional 
intercellular communication was studied in a rat liver epithelial cell line (WB-F344). 
Concentration-related inhibition of intercellular communication was seen over the 
range of 0.000001-0.01% in the culture medium. Inhibition was maximal within 15 min 
and was restored almost to the control level after 1 h. There was no concurrent 
positive control, but the authors stated that this pattern of response was similar to 
that seen with phorbol ester. However, unlike phorbol ester, carrageenan did not 
induce hyperphosphorylation of connexin protein Cx43, suggesting that the 
mechanism of inhibition of intercellular communication was different (Suzuki et al., 
2000). 

3. COMMENTS 

Two studies showed that carrageenan administered before, during, and after 
administration of known carcinogens (dimethylhydrazine, azoxymethane, N-methyi
N-nitrosourea) enhanced the tumorigenicity of these carcinogens. One of the studies 
involvj=ld administration of carrageenan at 15% in the diet, resulting in decreased 
body-l)yeight gain. In the second study, involving administration of carrageenan at 
6% in 1he diet, the body-weight gain was comparable to that of control animals. 
Enhan~.ed carcinogenicity under these circumstances may result from promotion 
but may also result from altered toxicokinetics or biotransformation of the carcinogen. 
In addition, there were indications that the bacterial flora were altered as a result of 
the administration of carrageenan. In a study conducted to a classical initiation
promotion protocol, in which rats were initiated by treatment with dimethylhydrazine 
and promoted by administration of carrageenan at dietary concentrations up to 5%, 
the carrageenan treatment did not result in a statistically significant increase in the 
incidence of colon tumours in the rats that had been initiated. 

Two further studies involved use of a conventional initiation-promotion protocol, 
but with formation of aberrant crypt foci as the end-point instead of tumour formation. 
These studies involved initiation by azoxymethane followed by administration of 
carrageenan in the drinking-water. The higher dose of 2.5% carrageenan was a 
solid gel, which may have altered the food and water consumption patterns of the 
animals. The first study demonstrated that dietary administration of carrageenan 
subsequent to the carcinogen resulted in a decreased number of aberrant crypt 
foci, with a significant increase in their size. A subsequent study in rats with human 
microflora demonstrated no effect of carrageenan on either the number or size of 
aberrant crypt foci. As the relationship between aberrant crypt foci and tumorigenesis 
is still unclear, it is difficult to interpret the biological significance of these results. 
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Increased cell proliferation has frequently been postulated as a mechanism of 
non-genotoxic carcinogenicity or promotion. The preferred methods of assessing 
cell proliferation are based on histological techniques, which allow identification of 
the nature and location of proliferating cells. There is no consistent pattern of colon 
damage in rats treated with carrageenan for prolonged periods. Some studies have 
shown caecal enlargement, but most have not shown histological damage. In one 
study in which rats underwent autoradiographic examination, no significant 
differences in the number of cells per crypt or in the proportion of labelled cells were 
seen in rats fed a diet containing 7.4% carrageenan for 28 days and compared with 
controls. 

Methods for measuring cell proliferation that are based on measurement of cell 
cycle-dependent enzyme activities, such as thymidine kinase activity, are cruder 
methods for measuring overall cell proliferation in an entire tissue specimen. A 
significant increase in thymidine kinase activity, expressed relative to protein content, 
was found in homogenized mucosal scrapings from the colon of rats fed diets 
containing carrageenan at 2.6 or 5% for 4 weeks; no significant effects were observed 
with 0, 0.65, or 1.3% carrageenan in the diet for 4 weeks. Histological examination 
revealed no evidence of infiltration by inflammatory cells in any of the treated groups. 
In another study, the increased thymidine kinase activity observed in rats fed 5% 
carrageenan in the diet returned to the basal level within 28 days when the animals 
were returned to control diet. No increase in thymidine kinase activity was seen in 
animals receiving diets containing 0.2 or 1.5% carrageenan for 28 days. Staining 
for PCNA revealed a significant increase in PCNA-positive cells in the upper third of 
the crypts of rats receiving 5% carrageenan for 91 days, but not after 28 or 64 days, 
followed by a 28-day recovery period on basal diet. No PCNA-positive cells were 
observed at the luminal surface. The pattern of PCNA-staining seen with carrageenan 
was considered indicative of an adaptive response that would not contribute to an 
increased risk for colonic neoplasia. 

In one study, carrageenan inhibited gap-junctional intercellular communication 
in vitro. However, the mechanism of action was different from that of a known 
promoter, phorbol ester, and the relevance of this observation is uncertain for a 
substance that is not absorbed in vivo. 

Carrageenan and processed Eucheuma seaweed are used as thickeners, gelling 
agents, stabilizers, or emulsifiers in a wide range of foods at concentrations up to 
1500 mg/kg. Data on intake available at the fifty-first meeting showed that the per
capita intakes in 1995 derived from poundage data for Europe and the USA ranged 
from 28 to 51 mg/day. These estimates corresponded well to those reported for 
1993 by the Seaweed Industry Association of the Phillipines on the basis of sales of 
44 mg/person per day for the populations of Canada and the USA and 33 mg/person 
per day for European populations. 

The estimates derived from poundage data were also consistent with those 
derived for the population of the USA in model diets, with reported mean intakes of 
carrageenan of 20 mg/day for consumers and 40 mg/day for consumers at the 90th 
percentile (derived by multiplying the mean by a factor of 2). The intakes were derived 
from data on the food consumption of individuals aged 2 years and over available in 
1976 from nutrition surveys in the USA combined with the results of a 2-week study 
by the Marketing Research Corporation of America on the frequency of food 
consumption. 
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4. EVALUATION 

In the recent study with a classical initiation-promotion protocol, carrageenan at 
up to 5% in the diet did not promote colon carcinogenesis in rats initiated by 
dimethylhydrazine. The Committee noted, however, that the dietary concentrations 
of carrageenan used in the two studies that showed that carrageenan enhanced 
colon carcinogenesis in rats were higher and that carrageenan was administered 
before, during, and after the carcinogens. Enhanced carcinogenicity under these 
circumstances may result from promotion but may also result from altered 
toxicokinetics or biotransformation of the carcinogen. Therefore, the mechanism of 
the enhancement of colon carcinogenesis in these studies remained unresolved. 
Continuous feeding of high doses of carrageenan produced a generalized proliferative 
response, measured as increased thymidine kinase activity, in the mucosal tissue 
of the colon of male rats. This effect might play a role in the observed enhancement 
of the tumorigenicity of known colon carcinogens by high dietary concentrations of 
carrageenan. However, a proliferative effect of carrageenan on the mucosa of the 
colon was seen only with a dietary concentration of carrageenan at 2.6% or higher. 
Thus, no effect was seen with 1 .5% carrageenan in the diet, corresponding to 750 
mg/kg of body weight per day. This level greatly exceeded the estimated human 
intake of carrageenan or processed Eucheuma seaweed of 30-50 mg/person per 
day from their use as food additives. Bearing in mind that the enhancement of colon 
carcinogenesis in rats was seen at much higher doses and that 5% carrageenan in 
the diet did not act as a tumour promotor in rat colon in a classical initiation-promotion 
study, the Committee considered that the intakes of carrageenan and processed 
Eucheuma seaweed from their use as food additives were of no concern. It therefore 
allocated a group ADI 'not specified' 1 to the sum of carrageenan and processed 
Eucheuma seaweed. 
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1. EXPLANATION 

Acetylated oxidized starch is a chemically modified root or grain starch. It is 
produced by oxidation of a slurry of starch granules in alkaline hypochlorite at low 
temperature (21-38 °C). The alkaline medium is neutralized with sodium bisulfite, 
and the resulting organic salts are removed by washing with water. The oxidized 
starch is then esterified with acetic anhydride under mildly alkaline conditions. The 
product is neutralized with hydrochloric acid, washed, and dried. 

Acetylated oxidized starch is proposed for use as a binding agent in soft 
confectionery, in which the product is to be mixed with water, sugars, and flavours in 
a batch process until a clear solution with a dry-solid content of 70% is obtained. 
The important characteristics of the end-product for confectionery use are gel strength 
and clarity. Acid hydrolysis produces relatively unclear starch products, whereas 
oxidized starch products result in overly soft confectionery products. Acetylation of 
oxidized starch enhances the important properties, resulting in a gummy, clear jelly. 
This starch product is to be used in confectionery at a concentration of about 30%. 
It can be used as a substitute for gelatin or gum arabic and would replace a large 
amount of sugar. 

Acetylated oxidized starch has a stable configuration in food under normal 
conditions. It is hydrolysed slowly in the presence of strong acids, yielding glucose, 
gluconic acid, and acetic acid. No degradation products are expected or known to 
result from storage or use of this substance in the preparation of foods at neutral 
pH. The substance is not known to sequester minerals, nor does it interact with 
proteins or vitamins. It has no known effect on other nutrients. 

Acetylated oxidized starch has not been evaluated previously by the Committee. 
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2. BIOLOGICAL DATA 

Toxicological studies: Short-term studies of toxicity 

Rats 

A 14-day range-finding study was performed with acetylated oxidized starch in 
rats according to GLP (a statement of quality assurance was included). Groups of 
five male Wistar rats received a diet containing 10, 30, or 50% acetylated oxidized 
starch (equivalent to 0, 5000, 15 000, or 25 000 mg/kg bw per day) at the expense 
of native wheat starch, for 14 days. One group received basal diet, and another 
received 50% unextruded acetylated oxidized starch (equivalent to 2500 mg/kg bw 
per day). The mean body weight of the animals at the start of treatment was 190 g. 

No deaths or clinical signs were observed. Behaviour, appearance, body weight, 
food intake, and food efficiency were not significantly different from those of controls. 
Rats given 50% acetylated oxidized starch had soft faeces from day 2 onwards. 
The absolute and relative caecal weights were increased in animals given 30 and 
50% acetylated oxidized starch and 50% unextruded acetylated oxidized starch. At 
the end of the study, macroscopic examination showed dilated caeca in animals at 
30 and 50% acetylated oxidized starch. The caeca of animals given 50% acetylated 
oxidized starch were flabby. The NOEL was 1 0% acetylated oxidized starch in the 
diet, equivalent to 5000 mg/kg bw per day, on the basis of increased caecal weights 
and dilatation of the caeca (Til & Kuiper, 1993). 

A 90-day diet study was performed with acetylated oxidized starch in rats 
according to GLP and OECD Guideline 408. A statement of quality assurance was 
included. Groups of 10 male and 10 female Wistar rats received diets containing 0, 
5, 10, or 30% acetylated oxidized starch for 90 days, equal to 0, 3000, 5900, and 
18 000 mg/kg bw per day for males and 0, 3400, 6600, and 20 000 mg/kg bw per 
day for females. At the start of treatment. the mean body weights were 155 g for 
male rats and 116-117 g for females. Condition and behaviour were monitored 
twice daily on working days and once daily at weekends and holidays, and all clinical 
signs were noted. Ophthalmoscopy was carried out on all rats before the study and 
on all rats at 0 or 30% at the end of the study. Body weight, food intake, and food 
efficiency were recorded weekly. Haematological examinations were performed on 
all rats at day 85, urinary analysis on day 87, and clinical chemistry at autopsy. At 
termination, all rats were examined macroscopically, and about 30 tissues from all 
rats at 0 or 30% were examined microscopically. In addition, the kidneys, liver, lungs, 
and gross lesions from all animals at 5 and 1 0% and the urinary bladders of all male 
animals at 5 and 1 0% were examined microscopically. 

No deaths were seen. The behaviour, appearance, ophthalmoscopic parameters. 
The body weights of males at 5% and 30% were slightly lower than those of controls, 
but no effect was seen in males at 10%, and the body weights of females were 
comparable in all groups. The food intake of males at 30% was generally higher 
than that of controls. Food efficiency was equivalent. Haematological examination 
showed no significant changes. A slightly increased mean corpuscular haemoglobin 
concentration in males at 10% was not found in those at 30% and was therefore 
considered biologically irrelevant. Clinical chemistry and urinary analysis revealed 
no significant changes. 
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The absolute and relative weights of empty and filled caeca were statistically 
significantly increased at 30% acetylated oxidized starch. The mean relative weights 
of the adrenals and kidneys of males at the lowest concentration were significantly 
increased, but no change was seen at the two higher concentrations or in organ 
weights in females. Therefore, the changes in the weights of the adrenals and kidneys 
in males at 5% were considered to be of no biological significance. One male rat at 
30% had a dilated caecum. 

Microscopy showed focal hyperplasia of the epithelium of the urinary bladder in 
four male rats at 30% (Table 1 ). This effect was not seen at lower concentrations, in 
controls, or in females at 30%. Hyperplasia of transitional epithelium in the kidney 
was seen in several animals (see Table 1 ). The total incidence in females at 30% 
was higher than those in other groups although not statistically significant. In addition, 
the incidence of mineralization was slightly higher in animals at 30% (see Table 1 ). 
Mineralization occurred especially in the pelvic area but also in the cortex and the 
medullary zone. A statistically significant increase in the frequency of small aggregates 
of reticulo-endothelial cells in the liver only in males at 5% acetylated oxidized starch 
was considered to be a fortuitous finding because no dose-response relationship 
was observed and it is a common finding in rats of the strain and age used. The 
NOEL was 10% in the diet, equal to 5900 mg/kg per day, on the basis of microscopic 
changes in the kidney and urinary bladder (Til & Kuiper, 1993). 

Table 1. Incidences of relevant microscopic lesions in rats given acety/ated oxidized 
starch in the diet 

Lesion Per cent in diet 

0 5 10 30 

M F M F M F M F 

Kidney 
Transitional-cell hyperplasia 

Very slight 1/10 1/10 1/10 0/10 1/10 1/10 2/10 5/10 
Slight 2/10 0/10 0/10 0/10 0/10 1/10 2/10 1/10 
Moderate 0/10 0/10 1/10 0/10 0/10 0/10 0/10 0/10 
Total incidence 3/10 1/10 2/10 0/10 2/10 2/10 4/10 6/10 

Mineralization 
Very slight 2/10 2/10 0/10 4/10 0/10 1/10 3/10 2/10 
Slight 0/10 0/10 1/10 2/10 0/10 2/10 0/10 5/10* 
Moderate 1/10 0/10 0/10 0/10 1/10 0/10 2/10 0/10 
Total incidence 3/10 2/10 1/10 6/10 1/10 3/10 5/10 7/10 

Urinary bladder: epithelial hyperplasia 
Very slight 0/10 0/10 0/10 0/10 2/10 0/10 
Slight 0/10 0/10 0/10 0/10 1/10 0/10 
Moderate 0/10 0/10 0/10 0/10 1/10 0/10 
Total incidence 0/10 0/10 0/10 0/10 4/10 0/10 

* P< 0.05 
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3. INTAKE 

Data on the intake of acetylated oxidized starch were provided to the Committee 
by AVEBE, Research and Development, Netherlands. The substance is used as a 
binding agent for sugar confectionery and particularly for clear soft jelly. The data 
submitted indicated that if acetylated oxidized starch were used at a concentration 
of 30% in jelly confectionery, the daily intake would be 60 g/day or 1 g/kg bw per 
day, assuming an intake of 200 g of jelly confectionery and an average body weight 
of 60 kg (AVEBE, 2000). 

The potential intake of acetylated oxidized starch from its use in jelly confectionery 
was also predicted on the basis of individual dietary records from the Australian 
population, assuming that consumption of confectionery would generally be higher 
in developed than in developing countries. The predicted mean intake for consumers 
of acetyl a ted oxidized starch was 11 g/day, with a median of 6 g/day and consumption 
at the 95th percentile of 40 g/day, assuming use of the substance at 300 g/kg in all 
jelly confectionery. The predicted consumption of acetylated oxidized starch by 13-
18-year-olds was higher (Table 2}, but consumption of jelly confectionery at the 
95th percentile in this age group did not exceed 200 g/day. These records were 
based on 24-h recall which tends to overestimate high consumption on a long-term 
basis (Gibney, 1999; Lambe et al., 2000). 

If acetylated oxidized starch is used only in jelly confectionery at a concentration 
of 300 g/kg (30%}, at a maximum consumption of 200 g/day of jelly confectionery, 
the maximum intake would be 60 g/day. 

4. COMMENTS 

In a 14-day range-finding study in rats, administration of a diet containing 
acetylated oxidized starch at a concentration of 30 or 50% increased the weights of 

Table 2. Predicted intake of acetyl a ted oxidized starch by the Australian population 

Intake (g/day) Entire population Children Adolescents 
;:o:2 years 2-12 years 13-18 years 

Gum (soft)-type sweets 
No. of consumers• 480 (3.4%) 190 (9.3%) 51 (5.5%) 
Mean, consumers only 37 31 59 
Median, consumers only 20 17 34 
95th percentile, consumers only 130 110 180 

Acetylated oxidized starch 
Mean, consumers only 11 9 54 
Median, consumers only 6 5 10 
95th percentile, consumers only 40 33 18 

From National Nutrition Survey undertaken in 1995 of 13 858 individual records from persons 
aged ;:o: 2 years, for a single 24-h recall. Average body weights: 67 kg for the entire population, 
28 kg for 2-12-year-olds, 62 kg for 13-18-year-olds 
a In parentheses, percentage of respective population 
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full and empty caeca, and dilated caeca were found at autopsy. At 50% in the diet, 
soft faeces were also seen. The NOEL was 1 0% in the diet. 

In a 90-day study in rats, increased full and empty caecal weights were seen at 
the highest dietary concentration of 30%. Macroscopic examination showed a dilated 
caecum in one male rat. Microscopy did not reveal changes in the caecal wall or 
other parts of the digestive tract. Increased caecal weights are a known response to 
high dietary concentrations of poorly digested carbohydrates in rats, due perhaps to 
an increased osmotic load of short-chain fatty acids produced by microbial 
degradation and the associated water retention. Focal hyperplasia of the epithelium 
in the urinary bladder was seen in 4/10 male rats at 30% in the diet but not in males 
at other concentrations, in controls, or in females. The change was probably 
treatment-related and a consequence of irritation of the urinary bladder by calculi. 
The NOEL was 1 0% in the diet, equivalent to 5900 mg/kg of body weight per day. 

If acetylated oxidized starch is used only in jelly confectionery at a concentration 
of 300 g/kg {30%) and if the maximum consumption by consumers is 200 g of jelly 
confectionery per day, the maximum intake of acetylated oxidized starch would be 
60 g/day. 

5. EVALUATION 

The effects seen in the 14-day and 90-day studies in rats have also been observed 
with high dietary concentrations of slowly digested carbohydrates and have commonly 
been seen in dietary studies with other modified starches. Because of the nature of 
acetylated oxidized starch and its similarity to other modified starches with similar 
non-systemic effects, the Committee established an ADI 'not specified, , based on 
the known uses of acetylated oxidized starch as an ingredient in confectionery 
products. 

1 ADI 'not specified' is used to refer to a food substance of very low toxicity, which, on the basis 
of the available data (chemical, biochemical, toxicological, and other) and the total dietary 
intake of the substance arising from its use at the levels necessary to achieve the desired 
effect and from its acceptable background levels in food, does not, in the opinion of the 
Committee, represent a hazard to health. For that reason, and for reasons stated in individual 
evaluations, the establishment of an ADI expressed in numerical form is not deemed 
necessary. An additive meeting this criterion must be used within the bounds of good 
manufacturing practice, i.e., it should be technologically efficacious and should be used at 
the lowest level necessary to achieve this effect, it should not conceal food of inferior quality 
or adulterated food, and it should not create a nutritional imbalance. 
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1. EXPLANATION 

a-Cyclodextrin (synonyms, cyclohexaamylose, cyclomaltohexaose, a-Schar
dinger dextrin) is a non-reducing cyclic saccharide comprised of six glucose units 
linked by a-1 ,4 bonds. It is produced by the action of cyclodextrin glucosyltransferase 
(CGTase, EC 2.4.1.19) on hydrolysed starch syrups at neutral pH (6.0-7.0) and 
moderate temperature (35-40 °C). The annular (or doughnut-shaped) structure of 
a-cyclodextrin provides a hydrophobic cavity that allows formation of inclusion 
complexes with a variety of non-polar organic molecules of appropriate size. The 
hydrophilic nature of the outer surface of the cyclic structure makes a-cyclodextrin 
water-soluble. 

The hydrophobic cavity and the hydrophilic outer surface of a-cyclodextrin form 
the basis for its use in the food industry. a-Cyclodextrin, like its homologues 13- and 
y-cyclodextrin, can function as a carrier and stabilizer for flavours, colours, and 
sweeteners; as an absorbent for suppression of undesirable flavours and odours in 
foods; as an absorbent for suppression of halitosis (in breath-freshening 
preparations); and as a water-solubilizer for fatty acids and vitamins. 

The principal method for the isolation and purification of a-cyclodextrin takes 
advantage of its complex-forming ability. At completion of the reaction, 1-decanol is 
added to the reaction mixture to form an insoluble 1:1 a-cyclodextrin:1-decanol 
inclusion complex. The complex is continuously mixed with water and separated 
from the reaction mixture by centrifugation. The recovered complex is re-suspended 
in water and dissolved by heating. Subsequent cooling leads to re-precipitation of 
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the complex. The precipitate is recovered by centrifugation, and 1-decanol is removed 
by steam distillation. Upon cooling, ex-cyclodextrin crystallizes from solution. The 
crystals are removed by filtration and dried, yielding a white crystalline powder with 
a water content under 11%. The purity on a dried basis is at least 98%. 

ex-Cyclodextrin had not been evaluated previously by the Committee, but 
structurally related compound ~-cyclodextrin was evaluated at the forty-first and 
forty-fourth meetings (Annex 1, references 107 and 116) and y-cyclodextrin was 
evaluated at the fifty-first and fifty-third meetings (Annex 1, references 137 and 
143). The Committee noted the close structural similarity between ex-cyclodextrin 
and ~-cyclodextrin (seven glucose units) and y-cyclodextrin (eight glucose units), 
which permitted comparisons between the metabolism and toxicity of these 
compounds. 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects: Absorption, distribution, metabolism, and 
excretion 

While ex-cyclodextrin is hydrolysed by ex-amylases of fungal and bacterial origin 
(Jodal et al., 1984; Saha & Zeikus, 1992}, human salivary and pancreatic amylases 
cannot hydrolyse ex-cyclodextrin to a significant extent (Marshall & Miwa, 1981; Kondo 
et al., 1990). 

In an early experiment, the metabolism of ex- and ~-cyclodextrin was examined 
in groups of Wistar rats given 14C-Iabelled cyclodextrins or starch. The respired 
14C02 was collected for 16-23 h, and radiolabel was measured in excreted urine 
and faeces and in the carcass at the end of the experiment. After administration of 
radiolabelled starch, 14C02 appeared rapidly in the breath and reached a maximum 
at 1 h. After administration of the radio labelled cyclodextrins, 14C02 appeared in the 
breath only after about 3.5 hand reached a maximum at about 8 h. The cumulative 
amount of 14C02 was similar with the three compounds. More radiolabel was 
recovered from the gut after administration of the cyclodextrins than starch. Thus, 
ex- and ~-cyclodextrin are not metabolized to any significant extent in the small 
intestine but are fermented by the intestinal microflora (Andersen et al., 1963). 

[
14C]ex-Cyclodextrin (radiochemical purity, 99%} was administered to groups of 

four male and four female conventional Wistar rats (Cri:WI(WU)BR) and germ-free 
(Wistar/Wag/Rij strain) rats to examine the absorption, distribution, metabolism, and 
excretion profiles. The time course of 14C02 production was measured after oral 
administration and the occurrence and kinetics of [1 4C]ex-cyclodextrin and its 
metabolites were examined in blood after oral and intravenous administration. The 
role of gut microflora in the metabolism of ex-cyclodextrin was also examined in 
these studies. 

In the first experiment, most (60%) of an oral dose of 200 mg/kg bw (25 )..lCilkg 
bw) was excreted as 14C02 in expired air by animals of each sex within 24 h. The 
highest rate of excretion was at 7 h after 200 mg/kg bw and at 8.5-11 h after 
100 mg/kg bw, but the cumulative 24-h excretion was identical at the two doses. 
The faeces and the contents of the gastrointestinal tract contained 18-19% of the 
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radiolabel at 48 h, while the urine contained 2.6-4.1%. The amount of radiolabel 
retained was 6.4-6.7% after 24 hand 2.4-3.5% after 48 hat both doses. The retained 
radiolabel was found predominantly in the liver. Profiling of the urine by high
perfomance liquid chromatography (HPLC) revealed a peak corresponding to a
cyclodextrin at 0-4 h; this decreased with time, and an early eluting peak was 
observed, which peaked at 8-24 h. 

In the second experiment, the kinetics of excretion and the time coursein blood 
over 24 h were examined after a single oral dose of 200 mg/kg bw (1 00 )lCi/kg bw) 
a-cyclodextrin. The blood concentration was low for the first 4 h (< 0.2% of the 
dose), and the maximum concentration was reached by 12 h. The blood concentration 
had decreased by 50% by 48 h. The half-time was approximately 36 h. HPLC analysis 
showed a small peak that co-eluted with a-cyclodextrin at 8 h and a second peak 
that co-eluted with glucose. At 12 h, only the peak co-eluting with glucose was 
found. 

In the third experiment, the kinetics of excretion and the time course in blood 
over 24 h were examined after a single intravenous dose of 50 mg/kg bw (1 00 )lCi/kg 
bw) [14C]a-cyclodextrin. The main route of excretion was the urine, with small amounts 
in the faeces (0.50% and 0.37% for males and females, respectively). Excretion of 
C02 was also significant, with inter-individual variation (1.6-9.9% in males and 
2.4-12% in females). The total amount of radiolabel retained in the carcass was 
4.0% in males and 7.4% in females, most being found in the liver, kidneys, and 
gastrointestinal tract. The time course of removal of radiolabel from the blood was 
rapid, with calculated half-times of 26 min for males and 21 min for females. HPLC 
profiling revealed that the predominant radioactive species was a-cyclodextrin. 

In the fourth experiment, the excretion kinetics over 24 h was examined in germ
free rats given a single oral dose of 200 mg/kg bw {50 )lCi/kg bw) [1 4C]a-cyclodextrin. 
During this period, 27% of the administered dose was excreted by males and 27% 
by females, almost exclusively (85-90%) via the gastrointestinal tract. Only 0. 7-1.8% 
was excreted in urine and 1.2-1.4% as exhaled 14C02. At 24 h, most of the retained 
radiolabel was in the gastrointestinal tract, mainly in the caecum. Little radiolabel 
was found in other organs. HPLC profiling revealed only a-cyclodextrin in urine and 
faeces. 

Overall, the studies indicate that a-cyclodextrin can be absorbed intact at a level 
of approximately 2% from the small intestine, but most absorption takes place after 
metabolism by the microflora in the caecum. Intact a-cyclodextrin that is absorbed 
is excreted rapidly in the urine. Absorption of the metabolites of a-cyclodextrin leads 
to slow removal, mainly via exhaled C02 or urine. The metabolites may be partially 
stored in the liver (Van Ommen & de Bie, 1995). 

2.2 Toxicological studies 

2.2. 1 Acute toxicity 

The results of studies of the acute toxicity of a-cyclodextrin in rats and mice 
treated intraperitonerally or intravenously are shown in Table 1. 

Administration of a single intravenous dose to Sprague-Dawley rats produced 
alterations in the vacuolar organelles of the proximal convoluted tubule, characterized 
by an increase in the number of apical vacuoles and the appearance of giant 
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Table 1. Acute toxicity of a-cyclodextrin in male and female 
rodents 

Species Route LDso Reference 
(mg/kg bw} 

Rat Intravenous 1000 Frank et al. (1976) 
Mouse Intravenous 750-1000 Riebeek (1990a) 
Rat Intravenous 500-750 Riebeek (1990b} 
Rat Intraperitoneal 750-1000 Prinsen (1991 a) 

lysosomes distorted by enclosed microcrystals. Other cell organelles, notably the 
mitochondia, were degenerated, with manifestation of giant vacuoles. The nephrosis 
caused by cyclodextrin is considered to be an exaggerated form of osmotic nephrosis, 
probably due to lack of degradation of cyclodextrin by lysosomal amylases, leading 
to renal failure (Frank et al., 1976). 

Administration of a single intravenous dose to Swiss-outbred mice (Cri:CD) 
produced signs of toxicity including sluggishness and piloerection within 1 h to a few 
days after treatment at all doses. Deaths occurred in all groups, and the survivors 
had a decreased growth rate; however, the surviving animals recovered and appeared 
healthy at the end of the observation period. Macroscopic examination of animals 
found dead and of survivors at the end of the observation period did not reveal 
gross treatment-related alterations (Riebeek, 1990a). 

Administration of a single intravenous dose to Wistar outbred rats (Cri:WI(WU)BR) 
produced severe signs of sluggishness and piloerection after 4 h in all animals at a 
dose of 1 000 mg/kg bw and in one male at 750 mg/kg bw. Moderate to severe signs 
of sluggishness, piloerection, or pallor were generally observed in males and in one 
female at 750 mg/kg bw by 24 h. Death occurred within a few days of treatment. The 
surviving animals recovered from an initially decreased growth rate and appeared 
healthy at the end of the observation period. Macroscopic examination revealed no 
gross treatment-related alterations (Riebeek, 199Gb). 

The toxicity of single intraperitoneal doses of 4000 mg/kg bw a-cyclodextrin, 
2000 or 4600 mg/kg bw y-cyclodextrin, and 4000 mg/kg bw glucose given as solutions 
in sterile saline was compared in groups of three male Wistar outbred rats 
(Cri:WI(WU)BR). All animals given a-cyclodextrin showed moderate signs of 
sluggishness within 1 h and died within a few hours after treatment. Animals given 
y-cyclodextrin or glucose showed no ill effects. All rats started to gain weight after 
3 days, and no deaths occurred. Macroscopic examination of the survivors at the 
end of the observation period of 14 days did not reveal gross treatment-related 
alterations (Riebeek, 1990c). 

Administration of a single intravenous dose to Wistar out bred rats (Hsd/Cpb:WU) 
caused the death of nearly 1 00% of animals at doses~ 1000 mg/kg bw, of one male 
and no females at 750 mg/kg bw dose group, and no deaths at 500 mg/kg bw. 
Sluggishness and piloerection were observed at the two higher doses. All surviving 
rats gained weight during the 14-day observation period. Macroscopic examination 
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at the end of the observation period of animals surviving after receiving 500-1000 
mg/kg bw revealed a pale renal cortex (Prinsen, 1991 a). 

a-Cyclodextrin was examined for its ability to induce ocular irritation in albino 
rabbits in two separate studies. In the first study, a dose of 0.062 g instilled directly 
into the conjunctival cul-de-sac of the right eye of three rabbits was irritating but not 
corrosive (Prinsen, 1990). In the second experiment, in which two groups of three 
rabbits were given a-cyclodextrin as a 14.5% or a 50% dilution in demineralized 
water, no or minimal irritation was found in the eyes, and there was no corrosion 
(Prinsen, 1991b). 

In chicken enucleated eyes ex vivo, a 14.5% or 50% solution of a-cyclodextrin 
was not irritating or corrosive (Prinsen, 1991 b). 

A sample of 0.5 g of a-cyclodextrin moistened with tap water was applied to the 
shaven backs and flanks of three albino rabbits for 4 h under a semi-occlusive 
dressing. There were no signs of skin irritation up to 72 h (Prinsen, 1991 c). 

Similarly, in guinea-pigs, a 10% or 30% solution of a-cyclodextrin induced no 
signs of sensitization in intradermally or topically induced animals (Prinsen, 1992). 

2.2.2 Short-term studies of toxicity 

Mice 

Groups of mature male mice were given a- or ~-cyclodextrin by gavage for 
15 days at a dose of 0 or 60 mg/kg bw per day. There was no treatment-related 
effect on growth rate or on relative liver weight (Miyazaki et al., 1979). 

Rats 

Groups of five Wistar rats of each sex were fed diets containing a-cyclodextrin 
at a concentration of 0, 1, 5, or 15%, equivalent to 0, 500, 2500, or 7500 mg/kg bw 
per day, for 4 weeks. For comparison, an additional group of five rats of each sex 
was fed a diet containing 5% ~-cyclodextrin, equivalent to 2500 mg/kg bw per day, 
for the same period. 

There were no deaths. Animals given 15% a-cyclodextrin had severe diarrhoea 
from day 6 until the end of the study, while animals given 5% had soft stools only 
occasionally. The animals fed 5% ~-cyclodextrin had slight to severe diarrhoea from 
the start of the study until day 7. Animals given 15% a-cyclodextrin group also showed 
emaciation, humpback behaviour, and soiled and rough fur during week 2; these 
signs had generally disappeared in weeks 3 or 4. The mean body weights were 
significantly decreased in males fed 15% a-cyclodextrin or 5% ~-cyclodextrin. Food 
intake and food conversion efficiency were decreased in animals fed 5 or 15% a
cyclodextrin, while the water intake of animals given 15% a-cyclodextrin increased 
from day 6. 

In females fed 15% a-cyclodextrin, the haemoglobin concentration, erythrocyte 
count, packed cell volume, and monocyte and leukocyte counts were all increased. 
In males fed 15% a-cyclodextrin or 5% ~-cyclodextrin, the erythrocyte count was 
slightly decreased, while the mean corpuscular volume and mean corpuscular 
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haemoglobin were slightly increased. Males and females at 15% a-cyclodextrin 
had increased alkaline phosphatase activity, increased concentrations of albumin 
and chloride, a decreased concentration of bilirubin, and decreased y-glutamyl 
transpeptidase activity and urea concentrations. Urinary density and urinary pH were 
decreased in females, while the urine volume was increased at the higher 
concentration. In animals fed ('1-cyclodextrin, the activity ofy-glutamyl transpeptidase 
was decreased in males and those of alanine and aspartate aminotransferases 
were increased in females. 

The absolute and relative weights of the liver were decreased in males and 
females fed 15% a-cyclodextrin. The weights of the filled and empty caeca were 
increased significantly in animals fed 15% a-cyclodextrin and to a lesser extent in 
those fed 5% a-cyclodextrin. The absolute weights, but not the relative weights, of 
the heart and kidneys were also decreased in males fed 15% a-cyclodextrin. Gross 
examination at autopsy revealed signs of emaciation and enlarged caeca in rats fed 
15% a-cyclodextrin. Microscopic examination revealed changes to the caecum 
consistent with enlargement, and changes in the liver related to depletion of glycogen 
in the periportal area. The NOEL was 2500 mg/kg bw per day (Lina & Bruyntjes, 
1987). 

Groups of 20 Wistar rats of each sex were fed diets containing a- ory-cyclodextrin 
at a concentration of 0, 1.5, 5, or 20%, equivalent to 0, 750, 2500, and 10 000 mg/kg 
bw per day, for 13 weeks. A control group of 20 animals per sex was fed a diet 
containing 20% lactose (equivalent to 10 000 mg/kg bw per day) for the same period. 
In order to examine the reversibility of any effects seen, groups of 10 animals of 
each sex were fed either control diet or a diet containing 20% a-cyclodextrin, 20% y
cyclodextrin, or 20% lactose for 13 weeks and were then fed control diet for 1 month. 
The animals were examined for clinical signs of toxicity, and food and water 
consumption were monitored throughout the study. Ophthalmic examinations were 
conducted before and at the end of treatment period on controls and animals at the 
high dose. Body weight and food and water consumption were monitored throughout 
the study. Clinical chemical, haematological, and urinary parameters were measured 
at the beginning and end of treatment and after the recovery period. At the end of 
the study, the animals were killed, organs were examined grossly, and tissues were 
prepared for histopathological examination. 

There were no treatment-related deaths during the study. Soft stools were 
observed in the early weeks in rats given 20% a-cyclodextrin, 5% or 20% y
cyclodextrin, or lactose. Ophthalmoscopic examination revealed no treatment-related 
effects. Slight growth retardation was obseNed in males at 20% a-cyclodextrin, y
cyclodextrin, or lactose, which was accompanied by decreased food efficiency in 
rats given 20% a-cyclodextrin or lactose and increased food intake in those given 
20% y-cyclodextrin. Water intake was increased in rats at the high dose of a
cyclodextrin or lactose but decreased in those given 20% y-cyclodextrin. 

Erythrocyte parameters changed sporadically, with no relation to treatment. The 
total leukocyte count was increased in males given 20% lactose or a-cyclodextrin, 
but the differential counts were unchanged. No other changes were obseNed. 
Decreased plasma y-glutamyltransferase activity and phospholipid, triglyceride, and 
total protein concentrations were found in rats given 20% a-cyclodextrin, and the 
phospholipid, triglyceride, and total protein concentrations were also decreased in 
males given lactose. The urinary calcium concentration was increased in rats given 
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20% a-cyclodextrin, y-cyclodextrin, or lactose. The faecal dry weight and excretion 
of faecal nitrogen were increased, and faecal pH was decreased in rats given 20% 
a-cyclodextrin or lactose. At the end of recovery period, no changes were found that 
could be attributed to treatment with a-cyclodextrin. The only treatment-related 
change in urinary parameters was an increase in the urinary calcium concentration 
in the groups treated with 20% a-cyclodextrin, y-cyclodextrin, or lactose, which may 
have been associated with the increased load of osmotically active substances in 
the large intestine. 

Significant increases were found in both the absolute and relative weights of the 
full and empty caeca in males and females at 5 or 20% a-cyclodextrin or 20% lactose 
when compared with the control group; smaller changes were seen in rats given 
20% y-cyclodextrin. Differences were still present at the end of the recovery period 
but were significantly reduced. The relative weights of the spleen and the liver were 
increased in males given 20% a-cyclodextrin and in females given 20% lactose. At 
the end of the recovery period, only changes in caecal weight were observed. The 
only gross pathological change observed was caecal enlargement in rats given 
20% a-cyclodextrin or 20% lactose. Microscopic examination revealed increased 
corticomedullary mineralization in the kidneys of some rats, but this effect was 
considered to be relatively common in rats and not related to treatment. There were 
no treatment-related histopathological changes. 

The effects in rats receiving 20% a-cyclodextrin in the diet thus appear to be 
related largely to the presence of high concentrations of osmotically active substances 
in the large intestine and to be of no toxicological significance. Similar and generally 
more pronounced effects were observed when the diet contained 20% lactose, while 
similar but less pronounced effects were observed when the diet contained 20% y
cyclodextrin. The NOEL for a-cyclodextrin was 20% in the diet, equivalent to 
10 000 mg/kg bw per day (Una, 1992). 

Dogs 

Groups of four beagle dogs of each sex were fed diets containing a-cyclodextrin 
at a concentration of 0, 5, 10, or 20%, equivalent to 0, 1250, 2500, or 5000 mg/kg 
bw per day, for 13 weeks. Body weights and food consumption were recorded weekly 
throughout the study. Ophthalmoscopic observations were made at the beginning 
and end of the study. Blood was collected before the start of the study and during 
weeks 6 and 12 for routine haematological and clinical chemical investigations. 
Urinary analyses were carried out during week 13. All animals were killed in week 
14, their organs were examined, and tissues were examined microscopically. 

There were no deaths during the study. Diarrhoea occurred in all treated groups, 
increasing in incidence and severity with increasing concentration of a-cyclodextrin. 
No other treatment-related toxic effects were observed. Ophthalmoscopy revealed 
no treatment-related effects. 

The weight gain was comparable in all groups except for females given 20% a
cyclodextrin, which gained slightly less weight than the control group, although the 
difference was not statistically significant. The food intake of animals fed 20% a
cyclodextrin was slightly higher than that of the control group. No treatment-related 
changes were seen in haematological parameters. The total plasma bilirubin 
concentration was increased, but the effect was not dose-related and considered to 
be unrelated to treatment. The urinary pH was lower in animals given 20% a-
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cyclodextrin than in controls, and the difference was statistically significant in females. 
The only changes in organ weights were in the absolute and relative weights of 

the caecum, either filled or empty, at 10 or 20% a-cyclodextrin. Gross examination 
at autopsy revealed no treatment-related changes apart from the caecal enlargement. 
Histopathological findings were unremarkable. 

The effects observed appeared to be related to the presence of an osmotically 
active substance in the large intestine. The NOEL was 20% a-cyclodextrin, equivalent 
to 5000 mg/kg bw per day (Til & van Nesselrooij, 1993). 

2.2.3 Genotoxicity 

a-Cyclodextrin was tested for its ability to induce reverse mutation in the histidine
requiring Salmonella typhimurium mutants TA1535, TA1537, TA1538, TA98, and 
TA 100, with or without a liver microsomal fraction, at concentrations of 0.25-20 mg 
per plate. Under the conditions of this assay, a-cyclodextrin was not mutagenic 
(Biijleven, 1991). 

a-Cyclodextrin was tested for its potential to induce micronuclei in bone marrow 
of Charles River CD-1 mice given a dose of 10 000 mg/kg bw. Under the conditions 
of this assay, a-cyclodextrin did not increase the incidence of micronuclei in bone
marrow cells (Immel, 1991 ). 

2.2.4 Developmental toxicity 

Mice 

In a study of embryotoxicity and teratogenicity, groups of presumed pregnant 
Swiss albino mice were fed diets containing a-cyclodextrin at a concentration of 0, 
(control), 5, 10, or 20%, equal to 0, 14, 23, and 49 mg/kg bw per day, on days 6-16 
of gestation. The mice were examined for clinical signs, body weight, and food and 
water consumption at regular intervals. They were killed on day 17 and examined 
for reproductive performance. Fetuses were examined for signs of toxicity, external 
malformations, and soft-tissue defects and were stained for detection of skeletal 
anomalies. 

The dams showed no signs of toxicity, but those at higher doses had increased 
relative food consumption and increased weight gain at the end of treatment. The 
absolute and relative weights of the liver and uterus were comparable to those of 
controls. The numbers of viable litters and corpora lutea and the mean number of 
implantation sites were similar in all groups. Fetal body weight, the average number 
of live fetuses, and the sex ratio per litter were similar in all groups. Examination of 
the fetuses revealed no treatment-related increase in gross, skeletal, or visceral 
abnormalities. Under the conditions of this assay, a-cyclodextrin at 20% in the diet 
of mice was not teratogenic (National Toxicology Program, 1994a). 

Rats 

In a study of embryotoxicity and teratogenicity, groups of 25 presumed pregnant 
Wistar WU albino rats were fed diets containing a-cyclodextrin (purity, > 98%) at a 
concentration of 0 (control), 1.5, 5, 10, or 20%, equivalent to 0, 750, 2500, 5000, 
and 10 000 mg/kg bw per day, on days Q-21 of gestation. A separate group received 
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a diet containing 20% lactose instead of pre-gelatinized potato starch. The rats 
were killed on day 21 and examined for reproductive performance. The fetuses 
were examined for signs of toxicity, external malformations, and soft-tissue defects 
and were stained for detection of skeletal anomalies. 

No deaths occurred during the study, and there were no signs of toxicity in the 
dams, even at the highest dose. Maternal body weight and body-weight gain during 
gestation were comparable in all groups. Food consumption was slightly but 
significantly increased in the groups at 10 and 20% a-cyclodextrin on days 16-21 of 
gestation. Necropsy of the dams showed no adverse effects that could be attributed 
to treatment. The numbers of viable litters and corpora lutea and the mean number 
of implantation sites were similar in all groups. Fetal length and body weight were 
also similar in all groups. Examination of the fetuses revealed no treatment-related 
increase in the incidence of gross, skeletal, or visceral abnormalities. Under the 
conditions of this assay, a-cyclodextrin at 20% in the diet was not teratogenic 
(Verhagen & Waalkens-Berendsen, 1991 ). 

In a study of embryotoxicity and teratogenicity, groups of 25 presumed pregnant 
Sprague-Dawley rats were fed diets containing a-cyclodextrin at a concentration of 
0 (control), 5, 10, or 20%, equal to 0, 4.2, 9.9, or 20 g/kg bw per day, on days 0-16 
of gestation. The rats were killed on day 20 and examined for reproductive 
performance. The fetuses were examined for signs of toxicity, external malformations, 
and soft-tissue defects and were stained for detection of skeletal anomalies. 

The relative food consumption was increased among dams at 10% and 20% 
during treatment but had returned to normal on days 18-20. The average maternal 
body weight and body-weight gain did not increase during or after treatment. The 
weights of the maternal liver and uterus were also not affected by treatment. The 
numbers of viable litters and corpora lutea and the mean number of implantation 
sites were similar in all groups. Fetal body weight, the average number of live fetuses, 
and the sex ratio per litter were similar in all groups. Examination of the fetuses 
revealed no treatment-related increase in the incidence of gross, skeletal, or visceral 
abnormalities. Under the conditions of this assay, a-cyclodextrin at 20% in the diet 
of rats was not teratogenic (National Toxicology Program, 1994b). 

Rabbits 

In a study of embryotoxicity and teratogenicity, groups of 16 presumed pregnant 
New Zealand white rabbits were fed diets containing a-cyclodextrin (purity,> 98%) 
at a concentration of 0, 5, 10, or 20%, equivalent to 0, 1500, 3000, and 6000 mg/kg 
bw per day, on days 0-29 of gestation. A separate group of 16 animals received a 
diet containing 20% lactose instead of wheat starch. The animals were examined 
throughout the study, and body weights and food consumption were recorded 
regularly. 

No deaths occurred during the study, and there were no treatment-related effects 
on maternal body weight. Food intake was significantly decreased among does at 
20% during the first week of gestation but not thereafter. Necropsy of the does 
showed no adverse effects that could be related to treatment. The numbers of viable 
litters and corpora lutea and the mean number of implantation sites were similar in 
all groups. Examination of the fetuses revealed no treatment-related increase in the 
incidence of gross, skeletal, or visceral abnormalities. Under the conditions of this 
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assay, a-cyclodextrin at concentrations up to 20% in the diet was not teratogenic 
(Waalkens-Berendsen & Smits-van Prooije, 1992). 

2.2.5 Special studies 

(a) Effects on the cell membrane 

The interactions between a-,~-. and y-cyclodextrin and membrane phospholipids, 
liposomes, and human erythrocytes were studied in vitro. a-Cyclodextrin and other 
cyclodextrins did not increase the permeability of dipalmityol-phosphatidylcholine 
liposomes, nor did they affect the active transport of 42K+ into erythrocytes at a 
concentration of 1 o-2 moi/L. ~-Cyclodextrin but not y-cyclodextrin or a-cyclodextrin 
increased the release of 42K+, 86Rb+, and 137Cs+ from erythrocytes by passive transport 
at a concentration of 1.7 x 1 o-2 moi/L (Szejtli et al., 1986). 

a-Cyclodextrin induced haemolysis of human erythrocytes in vitro in isotonic 
saline after 30 min, with a threshold concentration of 6 mmoi/L (approximately 
7.5 mg/L). A similar effect was seen with y-cyclodextrin at 16 mmoi/L and with ~
cyclodextrin at 3.5 mmoi/L. The haemolytic effect of the cyclodextrins was ascribed 
to cyclodextrin-mediated extraction of cholesterol and other lipids from the erythrocyte 
membrane (lrie et al., 1982). 

Other studies have shown that human erythrocytes tolerate a-cyclodextrin better 
than ~-cyclodextrin. Concentrations of 5-10 mmi/L a-cyclodextrin were required for 
the induction of haemolysis (Okada et al., 1988; Skiba, 1990; Leroy-Lechat et al., 
1994). 

~-cyclodextrin forms stable inclusion complexes with cholesterol, while a
cyclodextrin forms complexes with phospholipids (lrie et al., 1982; Ohtani et al., 
1989; Debouzy et al., 1998; Nishijo et al., 2000). 

In a study on the differential effects of cyclodextrins on human erythrocytes in 
vitro, a-, ~-. and y-cyclodextrin were incubated at increasing concentrations with 
erythrocytes for 30 min. The cyclodextrins induced a change in the shape, from 
discocyte to spherocyte, but with ~-cyclodextrin haemolysis occurred before the 
change was complete. ~-Cyclodextrin, at a concentration of 1 mmoi/L led to a 
significant release of cholesterol and protein from the erythrocytes, whereas a
cyclodextrin at this dose led to release of phospholipid and not of cholesterol or 
protein (Ohtani et al., 1989). 

The effects of the cyclodextrins on P388 murine leukaemia cells were examined 
by exposing the cells to increasing concentrations of cyclodextrins for 48 h in a 
medium containing 10% fetal calf serum. Initial cytotoxicity was elicited at 11 mmoi/L 
a-cyclodextrin, 2.5 mmoi/L ~-cyclodextrin, and 55 mmoi/L y-cyclodextrin (Leroy
Lechat et al., 1994). 

In a study of the effects of cyclodextrins on the luminescence of an Escherichia 
coli suspension, the concentrations of natural and chemically modified cyclodextrins 
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required to reduce the luminescence by 20% and 50% were determined as an 
indication of their cytotoxicity. y- and a-Cyclodextrin interfered minimally with the 
bacterial luminescence and consequently were essentially non-toxic (Bar & Ulitzur, 
1994). 

In a human cell suspension culture system that exhibits ciliogenesis, the ciliary 
beat frequency remained stable to y-cyclodextrin at 1 0% (w/v) and a-cyclodextrin at 
2% (w/v) after 30 min of exposure. At 5-10% (w/v), however, a-cyclodextrin caused 
mild to severe inhibition after 45 min. The effect was partially reversible (Agu et al., 
2000). 

{b) Effects on intestinal permeability 

In a study to examine whether cyclodextrins act as carriers for peptides, the 
digestion and absorption of two model peptides, glycosylated calcitonin and 
octreotide, was examined in vitro in a human colo rectal carcinoma cell line (Caco-2) 
and in rats in situ. Some evidence of enhancement of absorption was seen in vitro 
but not in situ with a-cyclodextrin at 1% (w/v). In contrast, ~-cyclodextrin enhanced 
absorption in both systems. To examine the effect of cyclodextrins on the integrity of 
tight junctions between cell monolayers, similar tests were performed with PEG-
4000. a-Cyclodextrin had a greater effect on permeation than ~-cyclodextrin. The 
results suggest that the absorption-enhancing effect of cyclodextrins depends on 
the compounds and the cyclodextrin tested (Haeberlin et al., 1996). 

In another study with the Caco-2 cell culture system, the effect of a-cyclodextrin 
was examined on the permeability of the membrane to mannitol. Enhancement was 
observed only at a concentration of 5%, and no effect was seen at 0.1 or 1% 
(McAllister & Taylor, 1999). 

In a further study with the Caco-2 cell culture system, the effect of cyclodextrins 
on absorption of PEG-4000 was examined. No effect was seen at concentrations 
up to 5% (w/v), in contrast to the previous study. It was concluded that a-cyclodextrin 
does not open tight junctions of Caco-2 monolayers (Hovgaard & Brondsted, 1995). 

In order to examine the effects of a- and ~-cyclodextrin on intestinal absorption, 
the absorption of sulfanilic acid, a non-absorbed drug, was studied in ligated loops 
of rat small intestine in situ. The experiments were performed in the presence or 
absence of N-acetyi-L-cysteine which removes the mucus that covers the intestinal 
mucosa. 

After perfusion with 10 mmol/1 of a- and ~-cyclodextrin, absorption of sulfanilic 
acid was not enhanced. However, when ~-cyclodextrin was given in combination 
with a N-acetyi-L-cysteine, there was a significant increase in the absorption of 
sulfanilic acid. a-Cyclodextrin in combination with N-acetyi-L-cysteine had no effect. 
Analysis of the perfusate after removal of the mucous layer indicated that a
cyclodextrin promoted the release of phospholipids, while ~-cyclodextrin promoted 
the release of cholesterol. The increased permeability was considered to occur via 
transcellular rather than paracellular pathways (Nakanishi et al., 1992). 
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(c) Impurities 

The gene coding for cyclodextrin-glycosyl transferase (CGTase) is derived from 
a strain of the Klebsiella oxytoca M5a1 (formally K. pneumoniae M5a1 ). K. oxytoca 
is a gram-negative rod, faculative anaerobe which belongs to the family 
Enterobacteriaceae and is found in the faecal microflora of 30-40% of persons. K. 
oxytoca M5a 1 is considered to be non-pathogenic; it has a history of safe use and a 
negligible capacity to persist in humans. After the gene coding for CGTase had 
been isolated from this strain and characterized, it was cloned in pHE3, isolated 
again, and inserted in the expression vector pJF118EH. PJF11 EH is derived from 
PBR322, a widely used vector which is considered to be safe. The cloned DNA 
fragment of K. oxytoca contained only the CGTase gene, as demonstrated by 
sequence analysis (Bender, 1977; Henneke et al., 1982; Furste et al., 1986). A 
strain derived from E. coli K12 was used as the host for the CGTase expression and 
secretion vector. E. coliK12 is considered to be a non-pathogenic strain and is used 
for production of enzymes for food use. For the production of CGTase, the 
recombinant E. coli strain was cultured in a standard medium. The pH of the culture 
broth was adjusted by the addition of food-grade ammonia or phosphoric acid. The 
E. coli was grown to a certain density, after which enzyme production was initiated 
by addition of isopropyl thiogalactoside and the supernatant filtered and concentrated 
to the crude CGTase preparation. 

A CGTase preparation derived from E. coliK12 but differing in the source organism 
of the gene coding for CGTase (Bacillus firmus/lintus) was considered previously by 
the Committee (Annex 1, reference 137). In a 3-month study in rats receiving the 
enzyme in the diet, there was no evidence of treatment-related effects. In a study of 
mutagenicity inS. typhimuriumstrains TA1535, TA1537, TA98, andTA100, CGTase 
had no mutagenic activity. 

3. INTAKE 

a-Cyclodextrin is used as a carrier for flavours, colours, and sweeteners in foods 
such as dry mixes, baked goods, and instant teas and coffee, as a stabilizer for 
flavours, colours, vitamins, and polyunsaturated fatty acids in dry mixes and dietary 
supplements(< 1% of the final product), as a flavour modifier in soya milk(< 1%), 
and as an absorbent (breath freshener) in confectionery {1 0-15% of the final product). 

No national assessments of the intake of a-cyclodextrin were submitted. An 
assessment for the USA formed part of the submission from the sponsor (Bar, 2001 ). 
Data for the national population were based in individual dietary records from a 
continuing survey of food consumption in 1994-98 and on the predicted use of a
cyclodextrin in a wide variety of foods at maximum levels (Table 2). The mean intake 
of a-cyclodextrin by consumers was 1.7 g/day or 32 mg/kg bw per day, while that at 
the 90th percentile of consumption was 3 g/day or 67 mg/kg bw per day. The intake 
of a-cyclodextrin by 13-19-year-olds was higher than that for the whole population 
(mean, 2 g/day; high percentile, 3.6 g/day), but on a body weight basis the intake 
was highest for children aged 2-6 years (mean, 87 mg/kg bw per day; high percentile, 
140 mg/kg bw per day) (Table 3). In most age groups, the main contribution to the 
predicted intake appeared to be from soya milk and sweets. 
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Table 2. Proposed maximum use ofa-cyclodextrin 

Use category 

Dry mixes for beverages 
Dry mixes for soups 
Dry mixes for dressings, gravies, 

sauces 
Dry mixes for desserts, puddings 
Instant hot drinks and whiteners 

Breakfast cereals 
Bread and baked goods 

Savoury snacks 

Spices and seasonings 
Soya milk 
Sweets 

From Bar (2001) 

Food category 

Fruit-flavoured beverages 
Dry soups, bouillon, instant soups 
Various sauces, including dry cheese 

sauce mix 
Dry pudding mix, gelatine powder 
Instant tea, coffee, powdered cream 

substitutes, whiteners 
Ready-to-eat cereals 
Breads, special breads, cakes, and 

pastries 
Snacks (grain- and potato-based), 

crackers 
Spices and seasonings 
Soya milk, soya-based imitation milk 
Hard sweets, compressed sweets, and 

breath mints 

123 

Maximum 
proposed use 
level (mg/kg) 

100 
100 
100 

100 
100 

200 
100 

100 

100 
100 

1500 

Table 3. Predicted intake of a-cyclodextrin by the population of the USA 

Age group No. of Intake 
(years) persons 

Mean 90th percentile of consumption 

g/day mg/kg bw per day g/day mg/kg bw per day 

2-6 6 007 1.6 87 2.6 140 
7-12 1 519 2.1 64 3.5 110 
13-19 1 212 2.0 32 3.6 58 
;:: 20 9 221 1.6 22 2.9 40 
Whole population 17 959 1.7 32 3.0 67 

Data based on individual dietary records from a continuing survey of food intakes for 1994-
98 representing 2-day average intakes, excluding records for pregnant and lactating women 

4. COMMENTS 

a-Cyclodextrin, like ~-cyclodextrin, is not digested in the gastrointestinal tract 
but is fermented by the intestinal microflora. In germ-free rats, a-cyclodextrin is 
almost completely excreted in the faeces, whereas y-cyclodextrin is readily digested 
to glucose by the luminal and/or epithelial enzymes of the gastrointestinal tract. a
Cyclodextrin is absorbed intact at low levels (approximately 2%) from the small 
intestine. Absorbed a-cyclodextrin is then excreted rapidly in the urine. The majority 
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of the absorption takes place after metabolism by the microflora in the caecum. 
Although no studies of metabolism in humans in vivo were available, o:-cyclodextrin 
and ~-cyclodextrin, unlike y-cyclodextrin, cannot be hydrolysed by human salivary 
and pancreatic amylases in vitro. 

The acute toxicity of o:-cyclodextrin when given by the intraperitoneal or 
intravenous route indicates that it can cause osmotic nephrosis, probably because 
it is not degraded by lysosomal amylases. At high doses, this leads to renal failure. 

The results of short-term (28- and 90-day) studies of toxicity indicated that o:
cyclodextrin has little effect when given orally to rats or dogs. After administration of 
a very high dietary concentration (20%), caecal enlargement and associated changes 
were seen in both species. This effect is likely to result from the presence of a high 
concentration of an osmotically active substance in the large intestine. No studies 
of intravenous administration were available to permit a comparison of the systemic 
toxicity of this compound with that of~- and y-cyclodextrin. 

Studies conducted in mice, rats, and rabbits with o:-cyclodextrin at concentrations 
in the diet of up to 20% did not indicate any teratogenic effects. Similarly, the results 
of assays for genotoxicity were negative. No long-term studies of toxicity, 
carcinogenicity, or reproductive toxicity have been conducted with o:-cyclodextrin, 
but the Committee concluded that, given the known fate of this compound in the 
gastrointestinal tract, such studies were not required for an evaluation. 

In vitro, o:-cyclodextrin, like ~-cyclodextrin, sequestered components of the 
membranes of erythrocytes, causing haemolysis. The threshold concentration for 
this effect was, however, higher than that observed with ~-cyclodextrin. 

While the potential interaction of o:-cyclodextrin with lipophilic vitamins that might 
impair their bioavailability has not been studied directly, such an effect was considered 
unlikely by analogy with the results of studies with ~-cyclodextrin. Complexes between 
fat-soluble vitamins and ~-cyclodextrin have been shown to have a greater 
bioavailability than uncomplexed forms. 

The enzyme cyclodextrin-glycosyl transferase, which is used in the production 
of o:-cyclodextrin, is derived from a non-genotoxic, non-toxinogenic source and is 
completely removed from o:-cyclodextrin during purification. 

The predicted mean intake of o:-cyclodextrin by consumers, based on individual 
dietary records for 1994-98 for the USA and proposed maximum levels of use in a 
variety of foods, would be 1. 7 g/day (32 mg/kg bw per day) for the whole population 
and 1.6 g/day (87 mg/kg bw per day) for children aged 2-6 years. The main 
contributors to the total intake of o:-cyclodextrin are likely to be soya milk and sweets. 
For consumers at the 90th percentile of intake, the predicted intake of o:-cyclodextrin 
would be 3 g/day (67 mg/kg bw per day) for the whole population and 2.6 g/day 
(140 mg/kg bw per day) for children aged 2-6 years. 

No studies of human tolerance to o:-cyclodextrin were submitted to the Committee, 
despite its potentially high dietary intake. Nevertheless, the Committee was reassured 
by the relatively low toxicity of this compound in animals and the fact that it was less 
toxic than ~-cyclodextrin, for which studies of human tolerance were available. 
Furthermore, the fact that it is fermented in the gastrointestinal tract in an analogous 
manner to ~-cyclodextrin supported the conclusion that, as in laboratory animals, it 
would be fermented to innocuous metabolites before its absorption by humans. 
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5. EVALUATION 

The Committee concluded that, on the basis of the available studies on a
cyclodextrin and studies on the related compounds j)-cyclodextrin and y-cyclodextrin, 
for which ADis had been allocated, there was sufficient information to allocate an 
ADI "not specified"1 . This ADI was based on the known current uses of a-cyclodextrin 
under good manufacturing practices as a carrier and stablizer for flavours, colours, 
and sweeteners; as a water-solubilizer for fatty acids and certain vitamins; as a 
flavour modifier in soya milk; and as an absorbent in confectionery. 
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INTRODUCTION 

Six groups of flavouring agents were evaluated by the Procedure for the 
Safety Evaluation of Flavouring Agents outlined in Figure 1 (Annex 1, references 
116,122, 131 and 137). 

The Committee noted that in applying the Procedure, the substance is first 
assigned to one of the structural classes identified at the forty-sixth meeting of the 
Committee (Annex 1, reference 122): 

• Class I. Substances that have simple chemical structures and efficient modes 
of metabolism that would suggest a low order of toxicity when given by the oral 
route 

• Class II. Substances that have structural features that are less innocuous than 
those of substances in Class I but are not suggestive of toxicity. Substances in 
this class may contain reactive functional groups. 

• Class Ill. Substances that have structural features that permit no strong initial 
presumption of safety or may even suggest significant toxicity. 

A key element of the Procedure involves determining whether a flavouring 
agent and the product(s) of its metabolism are innocuous and/or endogenous. For 
the purpose of the evaluations, the Committee used the following definitions, 
adapted from the report of its forty-sixth meeting: 

Innocuous metabolic products are defined as products that are known or 
readily predicted to be harmless to humans at the estimated intake of the flavouring 
agent. 

Endogenous substances are intermediary metabolites normally present in 
human tissues and fluids, whether free or conjugated; hormones and other 
substances with biochemical or physiological regulatory functions are not included. 
The estimated intake of a flavouring agent that is, or is metabolized to, an 
endogenous substance should not give rise to perturbations outside the physiologi
cal range. 

Intake 

Intakes were estimated from surveys carried out in Europe and the United 
States. Estimates of the intake of flavouring agents by populations typically involve 
the acquisition of data on the amounts used in food. In Europe, a survey was 
conducted in 1995 by the International Organization of the Flavor Industry, in which 
flavour manufacturers reported the total amount of each flavouring agent incorpo
rated into food sold in the European Union during the previous year. Manufacturers 
were requested to exclude use of flavouring agents in pharmaceutical, tobacco, and 
cosmetic prod4cts. In the United States, a series of surveys was conducted 
between 1970 and 1987 by the National Academy of Sciences National Research 
Council (under contract to the Food and Drug Administration) in which information 
was obtained from ingredient manufacturers and food processers on the amount of 
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Figure 1. Procedure for the safety evaluation of flavouring agents 
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each substance destined for addition to the food supply and on the usual and 
maximal levels at which each substance was added to a number of broad food 
categories. 

In using data from these surveys to estimate the intakes of flavouring agents, 
it was assumed that only 6a% of the total amount used is reported in Europe and 
8a% of the amount used is reported in the USA and that the total amount used in 
food is consumed by only 1 a% of the population. 

Intake 
(~J.g/person per day) 

= 
annual volume of production (kg) x 1 a9 (~J.g/kg) 

population of consumers x a.6 (or a.8) x 365 days 

The population of consumers was assumed to be 32 x 1 as in Europe and 26 x 1 as 
in the United States. 
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1. EVALUATION 

1.1 Introduction 

The Committee evaluated a group of 41 flavouring agents consisting of pyrazine 
and pyrazine derivatives (see Table 1 ). The evaluations were conducted according 
to the Procedure for the Safety Evaluation of Flavouring Agents (see Figure 1, p. 132). 
None of these agents has previously been evaluated by the Committee. 

Thirty-four of the 41 pyrazine derivatives in this group of flavouring agents are 
naturally occurring components of food. Members of this group have been detected 
in asparagus, potato, kohlrabi, and wheaten bread (Maarse et al., 1996). 
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Table 1. Summary of the results of safety evaluations of pyrazine derivatives8 w 

Ol 

Flavouring agent No. CAS no. and Step A:J' Comments on Conclusion based 
structure Does intake predicted metabolism on current intake 

exceed the 
threshold for 
human intake?b 

Structural class II 
109 -0&-0 

2-Methylpyrazine 761 N No See note 1. No safety concern 

~r Europe: 20 

N- USA: 7 

13925.00-3 
2-Ethylpyrazine 762 N No See note 1. No safety concern 

~r Europe: 3 
N USA: 6 

18138-03-9 

2-Propylpyrazine 763 N No See note 1. No safety concern GJ Europe: 0.1 
N USA: 0.1 

2-lsopropylpyrazine 764 29460-90.{) No See note 1. No safety concern 

~:r 
"tJ 

Europe: 0.1 :ii 
USA: 0.1 :I>. 

~ 
<: 
Ill 

2,3-Dimethylpyrazine 765 5910-89-4 No See note 1. No safety concern I:J 
N ~ [): Europe: 16 

USA: 4 § 
:::! 
~ 
(I) 



Table 1 (contd) 'll 

~ 
Flavouring agent No. CAS no. and Step A:J> Comments on Conclusion based 

):. 

~ 
structure Does intake predicted metabolism on current intake ~ exceed the t:J 

threshold for ~ human intake?b 
);;; 

123-32-0 :::! 

2,5-Dimethylpyrazine 766 N No See note 1. No safety concern ~ 

JIY tl) 

Europe: 22 
USA: 8 

2,6-Dimethylpyrazine 767 
108-50.9 

No See note 1. No safety concern 

)NJ Europe: 2 

N USA:2 

2-Ethyl-3-methylpyrazine 768 15707-23-0 No See note 1. No safety concern 
N Europe: 84 [J:' USA: 9 
N 

2-Ethyl-6-methylpyrazine 769 13925-03-6 No See note 1. No safety concern 

'l(j Europe: 0.4 
USA: 0.4 N 

2-Ethyl-5-methylpyrazine 770 13360-64.() No See note 1. No safety concern 
N Europe: 5 

)~) USA: 1 

... 
w ..... 



Table 1 (contd) ... 
w co 

Flavouring agent No. CAS no. and StepA:J> Comments on Conclusion based 
structure Does intake predicted metabolism on current intake 

exceed the 
threshold for 
human intake?b 

2,3-Diethylpyrazine 771 15707-24-1 No See note 1. No safety concern 

(;c Europe: 2 
USA: 1 

2-Methyl-5-isopropylpyrazine 772 13925-0 5-8 No See note 1. No safety concern 

j~ Europe: NO 
USA: 0.4 

2-lsobutyl-3-methylpyrazine 773 13925-06-9 No See note 1. No safety concern 
N Europe: 0.04 

~ J:Y USA: 0.01 
N 

2,3,5-Trimethylpyrazine 774 146 67-55-1 No See note 1. No safety concern 
N Europe: 120 J;X USA: 46 

"tJ 

:xi 
2-Ethyl-3,(5 or 6)-dimethyl- 775 No See note 1. No safety concern 

:r:. 
13360-65-1 !:::! 

pyrazine 

'l(J::" 
Europe: 44 <: 

Ill 
USA:9 tJ 

N !!: 
13925-07-0 § 

N :::! ;;r ~ 
(/) 



Table 1 (contd) "'tJ 

:ii 
Flavouring agent No. CAS no. and StepA:P Comments on Conclusion based 

:t> 
~ 

structure Does intake predicted metabolism on current intake <: 
exceed the 

111 
tJ 

threshold for ~ human intake?b § 
ie3-Ethyl-2,6-dimethylpyrazine 

13925-07-0 :::! 776 No See note 1. No safety concern 
~ 

~::c Europe: 2 (I) 

USA: 0.3 

2,3-Diethyl-5-methylpyrazine 777 18138-04-0 No See note 1. No safety concern 
N Europe: 0.2 

JX:: USA: 1 
N 

2,5-Diethyl-3-methylpyrazine 778 32736-91-7 No See note 1. No safety concern 

J):' Europe: 0.01 
USA: 0.01 

3,5-Diethyl-2-methylpyrazine 779 18138-05-1 No See note 1. No safety concern 

JNX._ Europe: 0.01 
USA: 0.01 

N 

2, 3,5,6-Tetramethylpyrazine 780 1124-11-4 No See note 1. No safety concern ):;c Europe: 8 
USA: 19 

23747-48-0 
5-Methyl-6, 7 -dihydro-5H-cyclo- 781 

~N:CJ 
No See note 1. No safety concern 

pentapyrazine Europe: 5 N UDSA: 4 .... 
w co 



Table 1 ( contd) ... ,., 
0 

Flavouring agent No. CAS no. and StepAJ' Comments on Conclusion based 
structure Does intake predicted metabolism on current intake 

exceed the 
threshold for 
human intake?b 

6, 7 -Dihydro-2,3-dimethyl-5 H- 782 
38917-63-4 

No See note 1. No safety concern 
cyclopentapyrazine )ND Europe: 0.01 

N USA: 0.01 

2-lsobutyl-3-methoxypyrazine 792 24683-00-9 No See note 2. No safety concern 

(J(Y Europe: 2 
USA: 1 

I 

Acetylpyrazine 784 
22047-25-2 

No See note 3. No safety concern 0 Nr Europe: 14 [ ' USA: 120 
l'f 

2-Acetyl-3-methylpyrazine 950 23787-80-6 No See note 3. No safety concern 
0 Europe: 0.1 N:(' ~ ' 

USA: 0.1 'l.J 

~ N' ):0 

32974-92-8 ~ 
2-Acetyl-3-ethylpyrazine 785 

0 
No See note 3. No safety concern ~ N:C Europe: 1 0 

~ : USA: 0.1 m N 
§ 
:::l 
~ 
(I) 



Table 1 (contd) "tl 

ii 
Flavouring agent No. CAS no. and StepA3> Comments on Conclusion based 

)::1. 

~ 
structure Does intake predicted metabolism on current intake ~ 

exceed the tJ 
threshold for m human intake?b 

~ 
2-Acetyl-3,(5 or 6)-dimethyl- 786 

54300-08-2 54300-09-3 
No See note 3. No safety concern :::! 

0 0 ~ pyrazine N~ L(::L' Europe: 1 (/) 

y~ USA: 1 
N 

Methoxypyrazine 787 3149-28-8 No See note 2. No safety concern 
N 0 Europe: 4 

~)' USA: 1 

(2,5 or 6)-Methoxy-3-methyl- 788 2847-30-5 2882-22-6 No See note 2. No safety concern 
pyrazine N 0 N Europe: NO 

G x- )).o- USA: 15 
N 

2882-21-5 
N 

0J~l_ 
I 

2-Ethyl-(3,5 or 6)-methoxy- 789 
25680-58-4 

No See note 2. No safety concern 
pyrazine (~o,~:ro, Europe: NO 

USA: 1 

,;--'(yo, 
.... N 
"'" .... 



Table 1 (contd) ... 
"" 1\) 

Flavouring agent No. CAS no. and StepA:J' Comments on Conclusion based 
structure Does intake predicted metabolism on current intake 

exceed the 
threshold for 
human intake?b 

2-Methoxy-(3,5 or 6)-isopropyl- 790 25773-404 56891-99-7 No See note 2. No safety concern 

~:x;: 
N 0 

pyrazine yfNJ ' Europe: NO 
USA:0.1 

68039-46-3 

~N 0 j ' 
N 

2-Methoxy-3-(1-methylpropyl)- 791 241 68-70-5 No See note 2. No safety concern 
pyrazine N 0 Europe: 1 

~~xc USA:0.1 

Structural class ttl 28217-92-7 
(Cyclohexylmethyl) pyrazine 783 

(}D 
No See note 1. No safety concern "IJ 
Europe: NO ~ 
USA: 0.01 :b 

t::! 
32737-14-7 67845-34-5 ~ 

2-Methyl-3,5 or 6-ethoxypyrazine 793 ~::ro~ oiY No See note 2. No safety concern 0 

Europe: NO ~ 
'153163-97.; 

USA: 0.01 § 
:::! 

0 NJ rii ~ ' (I) 
N" 



Table 1 (contd) "tt 

~ 
Flavouring agent No. CAS no. and StepA:i' Comments on Conclusion based 

:t>. 
!:::! 

structure Does intake predicted metabolism on current intake <: 
exceed the 

111 
0 

threshold for m human intake?b 
§ 

2-(Mercaptomethyl) pyrazine 794 59021-02-2 No See note 4. No safety concern 
::::! 
Mi 

~NJSH Europe: 0.01 t/) 

USA: 0.01 N 
2-Pyrazinylethane thiol 795 352 50-53-4 No See note 4. No safety concern 

jSH Europe: 0.2 

~ = 
USA: 1 

Pyrazinylmethyl methyl sulfide 796 21948-70-9 No See note 5. No safety concern [JS- Europe: NO 
USA: 0.01 

(3,5 or 6)-(Methylthio)-2-methyl- 797 2882-204 28 84-14-2 No See note 5. No safety concern 
pyrazine N 

s£)/ Europe: 7 
G~J:/ USA: 13 

I 

288 4-13-1 

I S NJ 1 -
N-

.... 
""" w 



Table 1 (contd) 

Flavouring agent No. 

5-Methylquinoxaline 798 

Pyrazine 951 

5,6,7,8-Tetrahydro- quinoxaline 952 

CAS no. and 
structure 

13708-12-8 

[;16 
290-37-9 

34413-35-9 

0) 
CAS, Chemical Abstracts Service; NO, no data on intake reported 

StepAY' Comments on 
Does intake predicted metabolism 
exceed the 
threshold for 
human intake?b 

No See note 1. 
Europe: 26 
USA: 1 

No See note 1. 
Europe: 0.2 
USA: 0.2 

No See note 1. 
Europe: 8 
USA: NO 

• Step 2: All of the flavouring agents in this group are expected to be metabolized to innocuous products. 

Conclusion based 
on current intake 

No safety concern 

No safety concern 

No safety concern 

b The thresholds for human intake for classes II and Ill are 540 mg/day and 90 mg/day, respectively. All intake values are expressed in mg/day. 
Notes: 
1. Detoxication by excretion in the urine unchanged, side-chain oxidation followed by conjugation and excretion, and ring hydroxylation followed by 

conjugation and excretion. 
2. Detoxication as given in note 1 plus 0-dealkylation lollowed by conjugation and excretion 
3. Detoxication as given in note 1 plus reduction to the corresponding alcohol and conjugation with glucuronic acid 
4. Detoxication as given in note 1 plus thiol oxidation, methylation, formation of mixed disulfides, and conjugation with glucuronic acid 
5. Detoxication as given in note 1 plus $-oxidization to sulfoxide and sulfone analogues 

... 
"" "" 
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1.2 Estimated daily intake 

The total annual production of the 41 pyrazine derivatives in this group is 
approximately 2700 kg in Europe (International Organization of the Flavor Industry, 
1995) and 2100 kg in the USA (Lucas et al., 1999). Approximately 64% of the total 
annual production in Europe is accounted for by use of three agents in the group: 
2,3,5-trimethylpyrazine (No. 774,840 kg), 2-ethyl-3-methylpyrazine (No. 768,590 kg), 
and 2-ethyl-3,(5 or 6)-dimethylpyrazine (No. 775, 310 kg). In the USA, approximately 
66% of the total annual volume is accounted for by use of these three agents: 2-
acetylpyrazine (No. 784, 920 kg), 2,3,5-trimethylpyrazine (No. 774, 350 kg), and 
2,3,5,6-tetramethylpyrazine (No. 780, 140 kg). The estimated intake of 
2,3,5-trimethylpyrazine (No. 774) in Europe and of 2-acetylpyrazine (No. 784) in the 
USA is about 120 J..Lg/person per day. The per capita intake of each agent is reported 
in Table 2. 

1.3 Metabolic considerations 

Pyrazine is a weak base (pKb = 13.4). The absorption of weak amine bases such 
as pyrazine derivatives is optimal at intestinal pH (5-7) (Schranker et al., 1957; 
Hogben et al., 1959). In humans and laboratory rodents, orally administered 
substituted pyrazines are rapidly absorbed from the gastrointestinal tract and excreted 
(Hawksworth & Scheline, 1975; Sjodin et al., 1989). 

Alkyl-, alicyclic-, and alkylaryl-substituted pyrazine derivatives 
The biotransformation of alkyl-, alicyclic-, and alkylaryl-substituted pyrazine 

derivatives (Nos 761-783 and 798) is expected to occur by oxidation of the alkyl 
side-chains. Methyl-substituted pyrazines are oxidized to yield the corresponding 
pyrazine-2-carboxylic acids, while 2-amino-3,8-dimethylimidazo[4,5-~quinoxaline 
(MeiQx), which is a methyl- and ring-substituted pyrazine derivative, is oxidized to 
yield the corresponding hydroxymethyl derivatives (Turesky et al., 1988; Knize et 
al., 1989; Sjodin et al., 1989; Wallin et al., 1989).An alternative pathway for pyrazines 
and the primary pathway for pyrazine (No. 951) itself involves hydroxylation of the 
pyrazine ring (Hawksworth & Scheline, 1975; Whitehouse et al., 1987; Yamamoto 
et al., 1987a,b). Products of oxidative metabolism can be excreted unchanged or 
conjugated with glycine, glucuronic acid, or sulfate before excretion (Caputo et al., 
1989; Parkinson, 1996). 

Pyrazine derivatives containing an oxygenated functional group in the side-chain 
In pyrazine derivatives containing ring activation (e.g., a methoxy substituent), 

significant ring hydroxylation may occur (Hawksworth & Scheline, 1975; Whitehouse 
et al., 1987; Yamamoto et al., 1987a,b). Pyrazines with a methoxy side-chain, such 
as 2-methoxypyrazine (No. 787), are more susceptible to nucleophilic attack, probably 
by molybdenum hydroxylases, and therefore primarily undergo ring hydroxylation. 
Additionally, the methoxy side-chain is 0-demethylated (Hawksworth & Scheline, 
1975; Blake & Beattie, 1989b). In rats, 3-acetylpyridine is mainly reduced to the 
secondary alcohol and excreted as the glucuronic acid conjugate (Schwartz et al., 
1978; Damani et al., 1980). Therefore, acylated pyrazines (Nos 784, 950, 785, and 
786) are expected to be metabolized mainly by reduction of the ketone functional 
group. 
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Table 2. Annual volumes of use of pyrazine derivatives used as flavouring 
agents in Europe and the USA 

Substance (No.) Most recent Intake• Annual volume in Consumption 
annual naturally occurring ratioc 
volume (kg) ~-tg/day ~-tg/kg bw foods (kg)b 

per day 

2-Methylpyrazine (761) 
Europe 139 20 0.3 114 000 820 
USA 50 7 0.1 230 

2-Ethylpyrazine (762) 
Europe 18 3 0.05 22 000 1 200 
USA 44 6 0.1 490 

2-Propylpyrazine (763) 
Europe 0.1 0.002 + NA 
USA 0.1 0.002 NA 

2-lsopropylpyrazine (764) 
Europe 0.1 0.002 + NA 
USA 0.1 0.002 NA 

2,3-Dimethylpyrazine (765) 
Europe 112 16 0.3 7 700 69 
USA 27 4 0.07 280 

2,5-Dimethylpyrazine (756) 
Europe 156 22 0.4 37000 240 
USA 59 8 0.1 630 

2,6-Dimethylpyrazine (767) 
Europe 11 2 0.03 48 000 4 300 
USA 18 2 0.03 2 600 

2-Ethyl-3-methylpyrazine (768) 
Europe 589 84 1 18 000 31 
USA 72 9 0.2 250 

2-Ethyl-6-methylpyrazine (769) 
Europe 3 0.4 0.007 + NA 
USA 3 0.4 0.007 NA 

2-Ethyl-5-methylpyrazine (770) 
Europe 33 5 0.08 4 800 140 
USA 6 1 0.02 800 

2,3-Diethylpyrazine (771) 
Europe 13 2 0.03 + NA 
USA 5 1 0.02 NA 

2-Methyl-5-isopropylpyrazine (772) 
Europe NR NA NA + NA 
USA 3 0.4 0.007 NA 
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Table 2 ( contd) 

Substance (No.) Most recent Intake• Annual volume in Consumption 
annual naturally occurring ratioc 
volume (kg) J.lg/day J.lg/kg bw foods (kg)b 

per day 

2-lsobutyl-3-methylpyrazine (773) 
Europe 0.3 0.04 0.0007 170 550 
USA 0.05 0.01 0.0002 3 300 

2,3,5-Trimethylpyrazine (774) 
Europe 843 120 2 23 000 27 
USA 347 46 0.8 65 

2-Ethyl-3, (5 or 6)-dimethylpyrazine (775) 
Europe 309 44 0.7 7 100 23 
USA 72 9 0.2 98 

2-Ethyl-3,5-dimethylpyrazine (776) 
Europe 10 2 0.03 9 700 970 
USA 2 0.3 0.005 4 800 

2,3-Diethyl-5-methylpyrazine (777) 
Europe 0.9 0.2 0.003 + NA 
USA 5 1 0.02 NA 

2,5-Diethyl-3-methylpyrazine (778) 
Europe 0.1 0.01 0.0002 + NA 
USA 0.1 0.01 0.0002 NA 

3,5-Diethyl-2-methylpyrazine (779) 
Europe 0.1 0.01 0.0002 + NA 
USA 0.1 0.01 0.0002 NA 

2,3,5,6-Tetramethylpyrazine (780) 
Europe 55 8 0.1 7 700 140 
USA 144 19 0.3 54 

5H-5-Methyl-6, 7 -dihydrocyclopentapyrazine (781) 
Europe 32 5 0.08 + NA 
USA 34 4 0.07 NA 

6,7-Dihydro-2,3-dimethyi-5H- cyclopentapyrazine (782) 
Europe 0.1 0.01 0.0002 + NA 
USA 0.1 0.01 0.0002 NA 

2-lsobutyl-3-methoxypyrazine (792) 
Europe 13 2 0.03 110 8 
USA 7 1 0.02 16 

2- Acetylpyrazine (784) 
Europe 96 14 0.2 1 900 20 
USA 923 120 2 2 
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Table 2 (contd) 

Substance (No.) Most recent 
annual 
volume (kg) 

Intake• Annual volume in Consumption 
naturally occurring ratio 0 

1-4g/day 1-4g/kg bw foods (kg)b 

2-Acetyl-3-methylpyrazine (950) 
Europe 0.5 0.1 
USA 0.5 0.1 

2-Acetyl-3-ethylpyrazine (785) 
Europe 6 1 
USA 1 0.1 

2-Acetyl-3,(5 or 6)-dimethylpyrazine (786) 
Europe 8 1 
USA 4 1 

Methoxypyrazine (787) 
Europe 25 
USA 5 

4 
1 

2-Methoxy-(3, 5 or 6)-methylpyrazine (788) 
Europe NR NA 
USA 113 15 

per day 

0.002 
0.002 

0.02 
0.002 

0.02 
0.02 

0.07 
0.02 

NA 
0.2 

2-Ethyl-(3, 5 or 6)-methylpyrazine (85%) and 
2-methyl-(3, 5 or 6)-methoxypyrazine (13%) (789) 

Europe NR NA NA 
USA 11 1 0.02 

2-Methoxy-(3,5 or 6)-isopropylpyrazine (790) 
Europe NR NA NA 
USA 0.5 0.1 0.002 

2-Methoxy-3-(1-methylpropyl)-pyrazine (791) 
Europe 7 1 0.02 
USA 0.1 0.002 

(Cyclohexylmethyl)pyrazine (783) 
Europe NR NA NA 
USA 0.1 0.01 0.0002 

2-Methyl-3,5 or 6-ethoxypyrazine (793) 
Europe NR NA NA 
USA 0.05 0.01 0.0002 

2-(Mercaptomethyl)pyrazine (794) 
Europe 0.1 0.01 0.0002 
USA 0.05 0.01 0.0002 

2-Pyrazinylethanethiol (795) 
Europe 1.1 0.2 0.003 
USA 6 1 0.02 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
2 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 
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Table 2 (contd) 

Substance (No.) Most recent 
annual 
volume (kg) 

Pyrazinylmethyl methyl sulfide (796) 
Europe NR 
USA 0.05 

149 

Intake• Annual volume in Consumption 
naturally occurring ratioc 

!J.g/day !J.g/kg bw foods (kg)b 
per day 

NA NA NA 
0.01 0.0002 NA 

(3,5 or 6)-(Methylthio)-2-methylpyrazine (797) 
Europe 52 
USA 99 

5-Methylquinoxaline (798) 
Europe 182 
USA 5 

Pyrazine (951) 
Europe 1.2 
USA 1.2 

5,6,7,8-Tetrahydroquinoxaline (952) 
Europe 
USA 

Total 
Europe 
USA 

NR 
64 

2 718 
2 135 

7 
13 

26 
1 

0.2 
0.2 

8 
NA 

0.1 NA 
0.2 NA 

0.4 140 1 
0.02 28 

0.003 43 000 36 000 
0.003 36 000 

0.1 NA 
NA NA 

NA, not applicable; NR, not reported;+, reported to occur naturally in foods (Maarse et al., 
1994), but quantitative data were not available; -, not reported to occur naturally in foods 

• Intake expressed as ~J.g/person per day calculated as follows: [(annual volume, kg) x (1 x 109 

~J.g/kg)/ (population x survey correction factor x 365 days)], where population (1 0%, 'eaters 
only')= 32 x 106 for Europe and 26 x 106 for the USA. The correction factor= 0.6 for Europe 
and 0.8 for the USA, representing the assumption that only 60% and 80% of the annual 
volume of the flavour, respectively, was reported in the poundage surveys (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999). Intake expressed as !J.g/kg bw 
per day calculated as follows: [(!J.g/person per day)/body weight], where body weight= 60 kg. 
Slight variations may occur from rounding. 

b Quantitative data from Stolberg & Grundschober (1987) 
c Calculated as follows: (annual consumption in food, kg)/(most recently reported volume as a 

flavouring agent, kg) 

Pyrazine derivatives containing a thiol or sulfide functional group in the side-chain 
Four pyrazine derivatives in this group contain either a thiol or a sulfide functional 

group in their side-chain. Metabolic options for the thiols 2-(mercaptomethyl)pyrazine 
(No. 794) and 2-pyrazinylethane thiol (No. 795) include oxidation to form sulfinic 
acid (RS02H) and sulfonic acid (RS03H); methylation to yield methyl sulfides which 
then form sulfoxides and sulfones; reaction with physiological thiols to form mixed 
disulfides and conjugation with glucuronic acid; or oxidation of the a-carbon, which 
results in desulfuration and formation of an aldehyde. Pyrazinylmethyl methyl sulfide 
(No. 796) and (3, 5, or 6)-(methylthio)-2-methylpyrazine (No. 797) are predicted to 
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be metabolized to sulfoxides and then to sulfones, which are major urinary metabolites 
of simple sulfides. The Committee at its fifty-third meeting considered the pathways 
of metabolism of sulfur centres in its evaluation of a group of 137 flavouring agents 
that included aliphatic and aromatic sulfides and thiols, with and without an additional 
oxygenated functional group (Annex 1, reference 143). 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

Step 1. All the 41 flavouring agents in this group are aromatic heterocyclic 
compounds in structural class II or Ill (Cramer et al., 1978). Thirty-two 
flavouring agents that contain one aromatic ring were assigned to structural 
class II on the basis of structural considerations and because they occur 
naturally (Nos 761-782, 784-792, and 2-acetyl-3-methylpyrazine, No. 
950). Six other flavouring agents with one aromatic ring were assigned to 
structural class Ill for the same reasons (Nos 783 and 793-797), as was 
5,6,7,8,-tetrahydroquinoxaline (No. 952). Pyrazine (No. 951) is the only 
agent in the group that bears no ring substituent, and it was therefore 
assigned to structural class Ill. 5-Methylquinoxaline (No. 798) was assigned 
to structural class Ill because it is a poly-heteroaromatic substance that 
does not contain sodium, potassium, or calcium sulfonate or sulfamate. 

Step 2. At current levels of intake, none of the 41 substances would be expected 
to saturate its metabolic pathway, and all of the substances are predicted 
to be metabolized to innocuous products. 

Step A3. The conditions of use do not result in intakes greater than the appropriate 
thresholds of concern, indicating that the pyrazine derivatives in this group 
pose no safety concern when used at their current levels as flavouring 
agents. The daily per capita intakes in Europe and the USA of all the 
substances in this group are below the human intake threshold for the 
respective structural class (i.e., 540 J..Lg for class II and 90 J..Lg for class Ill). 

The intake considerations and other information used to evaluate the pyrazine 
derivatives according to the Procedure are summarized in Table 1. 

1.5 Consideration of combined intakes 

In the unlikely event that all 32 pyrazine derivatives in structural class II were to 
be consumed concurrently on a daily basis, the estimated combined intake would 
not exceed the human intake threshold (540 J..Lg/person per day). The estimated 
combined intake of the nine flavouring agents in structural class Ill also would not 
exceed the human intake threshold (90 J..Lg/person per day). All flavouring agents in 
this group are expected to be efficiently metabolized and would not saturate the 
available metabolic pathways. On the basis of the evaluation of all the data, there 
would be no safety concerns associated with combined intake. 

1.6 Conclusions 

The Committee concluded that none of the flavouring agents in this group of 
pyrazine derivatives would present a safety concern at current estimated intake. 
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2. RELEVANT BACKGROUND INFORMATION 

2. 1 Explanation 

This section provides additional discussion of key data relevant to the safety 
evaluation of 41 pyrazine derivatives as summarized in Table 1. The group of 
substances was selected on condition that members possess a pyrazine or 
quinoxaline ring (see Table 1 ). Forty of the 41 pyrazine derivatives are ring-substituted 
with one or more alkyl, alicyclic, acetyl, alkoxy, and/or alkyl thiol/sulfide ring 
substituents. Pyrazine (No. 951) itself contains no substituents. Pyrazine derivatives 
participate in common pathways of metabolic detoxication, principally involving 
oxidation of side-chain functional groups and hydroxylation of the ring (see section 
2.3.1 ). The results of studies of acute, short-term, and long-term toxicity are consistent 
with the known biochemical fate of these substances in animals. 

On the basis of the available chemical, metabolic, and toxicological data. the 
group of pyrazine derivatives was organized into three structural categories; those 
containing a hydrocarbon (alkyl, alicyclic, or alkylaryl) substituent (Nos 761-783, 
798, and 952); those containing an oxygenated functional group in the side-chain 
(Nos 784-793 and 950); and those containing a thiol or sulfide functional group in 
the side-chain (Nos 794-797). 

Pyrazine-2-carboxylic acid derivatives and 5-hydroxypyrazine-2-carboxylic acid 
derivatives are major urinary metabolites formed by side-chain oxidation and ring 
hydroxylation of alkyl-substituted pyrazine derivatives discussed in this monograph. 
A structurally related pyrazine derivative, the antitubercular drug pyrazinamide 1 has 
been shown to hydrolyse to pyrazine-2-carboxylic acid in humans and laboratory 
animals (Weiner & linker, 1972). 5-Hydroxypyrazine-2-carboxylic acid has also been 
identified as a metabolite of pyrazinamide in animals. Therefore, data for this 
substance are considered relevant and were included in the monograph. 

2.2 Additional considerations on intake 

Pyrazines are important contributors to the flavour of various roasted, toasted, 
or similarly heated foods. They are common constituents of foods and are thought 
to arise primarily from heat-induced condensation between amino acids and sugars 
( a-dicarbonyl compounds), through the Strecker degradation (Fisher & Scott, 1997). 
Their concentrations in foods range from 0.001 to 40 mg/kg (Maarse et al., 1996). 
The aroma threshold (i.e., the lowest concentration at which a flavour of the detected 
compound is recognized) of pyrazine derivatives is extremely low, ranging from 1 x 
10-6 mglkg for 2-methoxy-3-hexylpyrazine to 1 .8 mg/kg for 2,5-dimethylpyrazine 
(No. 766) (Seifert et al. , 1970). 

The total annual volume of use of pyrazines and related substances as flavouring 
agents is 2700 kg in Europe (International Organization of the Flavor Industry, 1995) 
and 2100 kg in the USA (Lucas et al., 1999). Production volumes and intake levels 
of individual flavouring agents are reported in Table 2. The estimated daily per capita 
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intake ('eaters only') from use of any of the substances as a flavouring agent is 
> 3 j..lg/kg bw per day. 

Thirty-four of the substances in this group have been reported to occur naturally 
in foods (Maarse et al., 1996). Quantitative data on natural occurrence have been 
reported for 17 of the substances (see Table 2) and indicate that intake of these 
substances is predominantly from food (i.e., a consumption ratio> 1 ). On the basis 
of the current intake of 2,3,5-trimethylpyrazine (No. 774), the pyrazine-derived 
flavouring agent for which intake is highest in Europe, the consumption ratio is 65 
(Stofberg & Kirschman, 1985; Stofberg & Grundschober, 1987). On the basis of the 
intake of the pyrazine-derived flavouring agent for which intake is highest in the 
USA, i.e., acetylpyrazine (No. 784), the consumption ratio is 2 (Stofberg & Kirschman, 
1985; Stofberg & Grundschober, 1987). Consumption of the parent substance 
pyrazine (No. 951) from food is about 36 000 times greater than its intake from use 
as a flavouring agent (Stofberg & Kirschman, 1985; Stofberg & Grundschober, 1987). 

2.3 Biological data 

2.3. 1 Biochemical data 

(a) Absorption, distribution, and dlimination 

Pyrazine is a weaker base (pKb= 13.4) than pyridine (pKb= 8.8), pyrimidine (pKb 
= 12.7), or pyridazine (pKb= 11.7) (Damani & Crooks, 1982). Absorption of weak 
amine bases such as pyrazine derivatives is optimal at intestinal pH (5-7) (Schranker 
et al., 1957; Hogben et al., 1959). In humans and laboratory rodents, orally 
administered substituted pyrazines are rapidly absorbed from the gastrointestinal 
tract and excreted (Hawksworth & Scheline, 1975; Sjodin et al., 1989). Approximately 
90% of a dose (1 00 mg/kg bw) of 2-methylpyrazine (No. 761 ), 2,5-dimethylpyrazine 
(No. 766), 2,6-dimethylpyrazine (No. 767), or methoxypyrazine (No. 787) 
administered to male Wistar rats by stomach tube was excreted in the urine as polar 
metabolites within 24 h, and> 50% of a dose (1 00 mg!kg bw) of 2,3-dimethylpyrazine 
(No. 765) was recovered in the urine within 24 h (Hawksworth & Scheline 1975). 
The data available on larger, fused pyrazine derivatives also indicate that these 
materials are excreted rapidly and efficiently after oral administration to rats (Sjodin 
et al., 1989) and humans (Renberg et al., 1989). 

(b) Metabolism 

(i) Alkyl-, alicyclic-, and alkylaryl-substituted pyrazine derivatives 
(Nos 761-783, 798, and 952) 

The biotransformation of alkyl-, alicyclic-, and alkylaryl-substituted pyrazine 
derivatives is expected to occur by oxidation of the side-chains (see Figure 1 ). An 
alternative pathway for substituted pyrazines and the primary pathway for pyrazine 
(No. 951) itself involves hydroxylation of the pyrazine ring (Hawksworth & Scheline, 
1975; Whitehouse et al., 1987; Yamamoto et al., 1987a,b). N-Oxygenation of 
pyrazines by cytochrome P450 (CYP) isoenzymes has not been observed 
(Hawksworth & Scheline, 1975). Detoxication of alkyl-substituted pyrazines by side
chain oxidation and ring hydroxylation is comparable to the metabolic detoxication 
of alkyl-substituted pyridines in animals (Hawksworth & Scheline, 1975; Caputo et 
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Figure 1. Metabolism of alkyl· and alkoxy-substituted pyrazine derivatives• 
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al., 1988; Blake & Beattie, 1989a; Caputo et al. , 1989; Renberg et al., 1989; Oldham 
et al., 1990; Weidolf et al., 1992). 

Methyl-substituted pyrazines are oxidized to yield the corresponding pyrazine-
2-carboxylic acids. At least 89% of an oral dose of 100 mg/kg bw of 2-methylpyrazine 
(No. 761), 2,5-dimethylpyrazine (No. 766), or 2,6-dimethylpyrazine (No. 767) was 
metabolized in rats by side-chain oxidation to yield the corresponding pyrazine-2-
carboxylic acid derivative. The acids were excreted mainly unconjugated, although 
1 o-15% of the administered dose of 2-methylpyrazine and 2,5-dimethylpyrazine 
was excreted as the corresponding glycine conjugates (Hawksworth & Scheline, 
1975). Side-chain oxidation of methylpyrazine derivatives to yield the corresponding 
alcohols has been demonstrated with other pyrazine derivatives (Turesky et al., 
1988; Knize et al., 1989; SjOdin et al., 1989; Wallin et al., 1989). 

Alkyl ring substituents (> C1) are expected to undergo CYP-catalysed oxidation, 
mainly at the carbon directly adjacent to the pyrazine ring, to yield the corresponding 
secondary alcohol (Caputo et al., 1988, 1989; Parkinson, 1996), which may be further 
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oxidized to the corresponding ketone. Reduction of the ketone by cytoplasmic 
carbonyl reductase is favoured in vivo (Farrelly et al., 1987; Parkinson, 1996). 

Alicyclic-substituted pyrazines, such as 6, 7 -dihydro-2,3-dimethyi-5H-cyclopenta
pyrazine (No. 782), are expected to undergo side-chain oxidation similar to that 
described for alkyl-substituted pyrazines (> C1 ). In addition, hydroxylation at various 
positions on the alicyclic ring is likely on the basis of reports of similar hydroxylation 
reactions for alicyclic substances in a variety of test systems in vitro and in vivo 
(Governa et al., 1987; Kirk et al., 1987; Muktar et al., 1987; Rogiers et al., 1987). 
Products of oxidative metabolism may be excreted unchanged or conjugated with 
glycine, glucuronic acid, or sulfate before excretion (Caputo et al., 1989; Parkinson, 
1996). 

Alkyl-substituted pyrazines may undergo ring hydroxylation as an alternative 
pathway when other routes of detoxication are less favourable. For example, 2,5-
and 2,6-dimethylpyrazine (Nos 766 and 767) are oxidized in rats almost exclusively 
via their aliphatic side-chains to carboxylic acid derivatives. Conversely, 2,3-
dimethylpyrazine (No. 765) undergoes primarily ring hydroxylation, because side
chain oxidation is impaired (only 13% of the administered dose is oxidized) by the 
steric hindrance of the methyl groups (Hawksworth & Scheline, 1975). 

Ring hydroxylation is catalysed by the molybdenum hydroxylases xanthine 
oxidase and aldehyde oxidase, which are present in the cytosol of humans and 
other mammalian species, predominantly in the liver. These enzymes catalyse ring 
hydroxylation of a wide range of endogenous and exogenous N-heterocyclics bearing 
a substituent and/or a second fused ring. 

The molybdenum hydroxylases facilitate oxidation reactions involving nucleophilic 
attack by oxygen (i.e., OH-) derived from water. Oxidation occurs at the most 
electropositive atom, which, inN-heterocyclics, is generally the carbon adjacent to 
the ring nitrogen. The molybdenum hydroxylases become more important as the 
number of ring nitrogen atoms increases, as nitrogen activates the ring system 
towards nucleophilic attack. The oxidative action of the molybdenum hydroxylases 
is opposite to that of microsomal monooxygenases (such as GYP), which catalyse 
electrophilic attack by an oxygen atom derived from molecular oxygen (02) 

(Beedham, 1988). 
While substituted monocyclic pyrazines can be substrates for the molybdenum 

hydroxylases when other pathways are unfavourable (Hawksworth & Scheline, 1975), 
bicyclic heterocycles are their preferred substrates (Beedham, 1988). Quinoxaline 
(i.e., 2,3-benzopyrazine) incubated in vitro with rabbit liver aldehyde oxidase was 
ring hydroxylated to yield 2-hydroxyquinoxaline and 2,3-dihydroxyquinoxaline 
(Stubley et al., 1979). The structurally related bicyclic 5-methylquinoxaline (No. 798) 
is expected to undergo ring hydroxylation in addition to methyl group oxidation. 

(ii) Pyrazines derivatives containing an oxygenated functional group 
in the side-chain (Nos 784-793 and 950) 

Pyrazine or pyrazine derivatives with a ring-activating alkoxy side-chain, such 
as 2-methoxypyrazine, are more susceptible to nucleophilic attack by the 
molybdenum hydroxylases (Beedham, 1988) and therefore undergo primarily ring 
hydroxylation (see Figure 1 ). Additionally, the methoxy side-chain is o-de methylated. 
In rats, approximately 75% of an oral dose of 100 mg/kg bw 2-methoxypyrazine 
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underwent ring hydroxylation (Hawksworth & Scheline, 1975), while 20% was 
accounted for by Q-demethylation. Q-Demethylation of the methoxypyridine moiety 
has also been reported (Blake & Beattie, 1989b). 

Ring hydroxylation of the antitubercular agent pyrazinamide has been reported 
in vitro (Yamamoto et al., 1987b) and in vivo (Whitehouse et al., 1987; Yamamoto et 
al., 1987a) in both humans and rats. A dose of approximately 12.5 mg/kg bw given 
orally to one person was hydrolysed to pyrazine-2-carboxylic acid (35% of the dose) 
and ring hydroxylated to yield 5-hydroxypyrazine-2-carboxylic acid (25% of the dose) 
(Whitehouse et al., 1987). Hydroxylation of pyrazinamide and pyrazanoic acid in 
vitro to form 5-hydroxypyrazinamide and 5-hydroxypyrazine-2-carboxylic acid, 
respectively, occurred in the presence of xanthine oxidase-rich human liver cytosol 
(Yamamoto et al., 1987b). 

In rats, 3-acetylpyridine is reduced mainly to the secondary alcohol and excreted 
as the glucuronic acid conjugate (Damani et al., 1980; Schwartz et al., 1978). 
Therefore, the structurally related acylated pyrazines, such as 2-acetyl-3-methyl
pyrazine (No. 25), are expected to be metabolized by reduction of the ketone 
functional group. Alternatively, the terminal methyl group can be oxidized to yield 
the corresponding carboxylic acid. 

(iii) Pyrazines derivatives containing a thiol or sulfide functional group 
in the side-chain (Nos. 794-797) 

The presence of sulfur in the side-chain of pyrazines and alkylpyrazines provides 
a further metabolic option. The reactive lone pair of electrons on divalent sulfur in 
thiols and monosulfides permits rapid oxidation. Alkyl and aromatic sulfides, such 
as pyrazinylmethyl methyl sulfide (No. 796) and (3, 5, or 6)(methylthio)-2-
methylpyrazine (No. 797), are oxidized to sulfoxides and then to sulfones (Hoodi & 
Damani, 1984; Nickson & Mitchell, 1994; Nickson et al., 1995). The oxidation to 
sulfoxides is catalysed by at least three enzyme systems, CYP, microsomal 
prostaglandin synthetase, and the flavin-containing monooxygenases (Ziegler, 1980; 
Cashamn & Williams, 1990; Cashman et al., 1990; Rettie et al., 1990; Yoshihara & 
Tatsumi, 1990; Sadeque et al., 1992; Nickson & Mitchell, 1994; Cashman et al., 
1995a,b; Elfarra et al., 1995; Nnane & Dam ani, 1995; Sadeque et al., 1995). However, 
oxidation of simple aliphatic, alicyclic, and aromatic sulfides is catalysed primarily 
by flavin-containing monooxygenases and, to a lesser extent, by CYP (Hoodi & 
Damani, 1984). Subsequent oxidation of the sulfoxide to the sulfone is irreversible 
(Williams et al., 1966; Damani, 1987). Essentially, all low-molecular-mass aliphatic 
and aromatic sulfones are metabolically stable. Hence, sulfoxides and sulfones are 
excreted in the urine of animals exposed to sulfides. 

Thiols such as 2-(mercaptomethyl)pyrazine (No. 794) and 2-pyrazinylethane 
thiol (No. 795) are very reactive, and they become even more reactive in vivo mainly 
because most thiols exist in the ionized form at physiological pH. Metabolic options 
for thiols include oxidation to form unstable sulfenic acids (RSOH), which may be 
oxidized to sulfinic acid (RS02H) and sulfonic acid (RS03H); methylation to yield 
methyl sulfides, which then form sulfoxides and sulfones; reaction with physiological 
thiols to form mixed disulfides and conjugation with glucuronic acid; or oxidation of 
the a. carbon, which results in desulfuration and formation of an aldehyde (McBain 
& Menn, 1969; Dutton & llling, 1972; Maiorino et al., 1988; Richardson et al., 1991 ). 
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2.3.2 Toxicological studies 

(a) Acute toxicity 

LD50 values after oral administration to rats are available for 17 of the 41 pyrazines 
in this group (Table 3). The values range from 160 mg/kg bw for the thiol derivative 
2-pyrazinylethanethiol (No. 795) to> 4000 mg/kg bw for 2-isobutyl-3-methoxypyrazine 
(No. 792) (Roure Inc., 1974; Posternak et al., 1975). However, most of the values 
are within a fivefold range of approximately 500-2500 mg/kg bw (Wheldon eta/., 
1967; Oser, 1969a; Posternak et al., 1975; Moran et al., 1980; Burdock & Ford, 
1990). LD50 values after oral administration to mice are available for three of the 41 
pyrazines (Table 3) and are~ 1000 mg/kg bw (Roure Inc., 1974; Babish, 1978; 
Quest International, 1983a;b). In general, the dose-response curves had steep 
slopes. 

(b) Short-term studies of toxicity 

Ninety-day or 13-week studies of the toxicity of 17 of the 41 pyrazines when 
administered in the diet were available (Table 4). Two of the studies were with multiple 
doses (Wheldon et al., 1967; Osborne et al., 1981), while in the other 15 a single 
target intake was used that was 1 00 times the estimated possible average daily 
intake from use of the substance as a flavouring agent. The possible average daily 
intake was determined by multiplying the usual level of use of the substance in each 
of 33 food categories (e.g., baked goods and meat products) by the average amount 
of that food category consumed daily, and then summing the intake over all 33 food 
categories (Department of Agriculture, 1965). The calculation is based on the 
assumption that all foods in a food category always contain the substance of interest 
and that the food category is consumed daily (Oser & Hall, 1977). For the vast 
majority of flavouring agents with low reported annual volumes of use (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999), the possible average 
daily intake is an exaggeration of the average daily intake. Therefore, the 
concentrations used in all the studies greatly exceeded the actual intake of pyrazine 
derivatives from their use as flavouring agents. 

Short-term studies were available for a structurally diverse group of substituted 
pyrazine derivatives. Of the 17 flavouring agents for which studies are available, 11 
are alkyl-, alkylaryl-, or alicyclic-substituted pyrazines (Wheldon et al., 1967; Oser, 
1969b,c,d,e; Posternak et al., 1969; Oser, 1970; Posternak et al., 1975; Babish & 
Re, 1978); three are methoxy- or acetyl-substituted pyrazines (Posternak et al., 
1969, 1975; Osborne et al., 1981 ); and three are thiol- or sulfide-substituted 
alkylpyrazines (Posternak et al., 1975). 

Overall, few changes were reported. The studies of Oser (1969b,c,d,e) and 
Posternak et al. (1969, 1975) indicated that feeding various alkyl-substituted 
pyrazines at concentrations greater than 12-55 mg/kg bw per day may impair food 
use and decrease body-weight gain, particularly in females. The effects on growth 
could not be clearly attributed to lack of palatability, as no pattern of decreased food 
consumption was seen in these studies. In one study in which palatability was 
problematic, significantly reduced body-weight gains in male rats indicated a NOEL 
of 50 mg/kg bw per day for 5H-5-methyl-6,7-didydrocyclopentapyrazine (No. 781) 
(Wheldon et al. 1967). Increases in the relative weights of the kidney or liver or both 
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Table 3. Acute toxicity of pyrazine derivatives used as flavouring agents when 
given by gavage 

No. Agent Species Sex LDso Reference 
(mg/kg bw) 

761 2-Methylpyrazine Rat NR 1800 Moran et al. (1980); 
Oser (1969a) 

765 2,3-Dimethylpyrazine Rat NR 610 Moran et al. (1980); 
Oser (1969a) 

766 2,5-Dimethylpyrazine Rat NR 1000 Moran et al. (1980); 
Oser (1969a) 

767 2,6-Dimethylpyrazine Rat NR 880 Moran et al. (1980); 
Oser (1969a) 

768 2-Ethyl-3-methylpyrazine Rat NR 600 Moran et al. (1980); 
Oser (1969a) 

770 2-Ethyl-5-methylpyrazine Rat NR 900 Moran et al. (1980); 
Oser (1969a) 

774 2,3,5-Trimethylpyrazine Rat NR 810 Moran et al. (1980); 
Oser (1969a) 

775 2-Ethyl-3, (5 or 6)-dimethylpyrazine Rat NR 460 Moran et al. (1980); 
Oser (1969a) 

776 2-Ethyl-3,5-dimethylpyrazine Rat M,F 500 Pasternak et al. 
(1975) 

780 2,3,5,6-Tetramethylpyrazine Rat NR 1900 Moran et al. (1980); 
Oser (1969a) 

781 51+5-Methyl-6, 7 -dihydrocyclo- Rat NR 820 Wheldon et al. 
pentapyrazine (1967) 

792 2-lsobutyl-3-methoxypyrazine Mouse NR 2000 Quest International 
(1983a) 

792 2-lsobutyl-3-methoxypyrazine Mouse NR > 1000 Roure Inc. (1974) 
792 2-lsobutyl-3-methoxypyrazine Rat NR > 4000 Roure Inc. (1974) 
784 2-Acetylpyrazine Rat M,F > 3000 Pasternak et al. 

(1975) 
791 2-Methoxy-3-(1-methylpropyl)- Mouse NR 2000 Quest International 

pyrazine (1983b) 
783 (Cyclohexylmethyl)pyrazine Mouse M,F 2700 Babish (1978a) 
794 2-(Mercaptomethyl)pyrazine Rat M,F 2100 Burdock &Ford 

(1990) 
795 2-Pyrazinylethanethiol Rat NR 160 Pasternak et al. 

(1975) 
796 Pyrazinylmethyl methyl sulfide Rat M,F 2200 Pasternak et al. 

(1975) 
797 (3,5 or 6)-(Methylthio)-2-methyl- Rat NR 2000 Pasternak et al. 

pyrazine (1975) 

were reported with 5H-5-methyl-6,7-didydrocyclopentapyrazine (No. 781 ), methoxy-
pyrazine (No. 787), (cyclohexylmethyl)pyrazine (No. 783), and 2-pyrazinylethanethiol 
(No. 795) (Wheldon et al., 1967; Posternak et al., 1975; Babish & Re, 1978; Osborne 
et al., 1981 ). The effects were slight to moderate and not associated with any evidence 
of histopathological changes. Overall, the changes in body and organ weights that 
were reported were considered not to be adverse. 



Table 4. Short-term studies of toxicity with pyrazine derivatives used as flavouring agents8 .... 
U1 
CIO 

No. Flavouring agent Species, sex No. of test groupsb I Length NOELd Reference 
no. per groupe (days) (mg/kg bw 

per day) 

768 2-Ethyl-3-methylpyrazine Rat, M, F 1/20-32 90 5.3 (M) Pasternak et al. (1969) 
5.2 (F) 

770 2-Ethyl-5-methylpyrazine Rat, M, F 1/30 90 17(M) Oser ( 1969b) 
18 (F)• 

771 2,3-Diethylpyrazine Rat, M, F 1/20-32 90 1.8 Pasternak et al. (1969) 

774 2,3,5-T rimethylpyrazine Rat, M, F 1/30 90 17(M) Oser (1969c) 
18 (F)• 

775 2-Ethyl-3, (5 or 6)-dimethylpyrazine Rat, M, F 1/30 90 17(M) Oser (1969d) 
18 (F)" 

776 2-Ethyl-3,5-dimethylpyrazine Rat, M, F 1/32 84 13 (M)" Pasternak et al. (1975) 
12 (F)" 

780 2,3,5,6-Tetramethylpyrazine Rat, M, F 1/30 90 50(M) Oser (1969e) 
55 (F)" 

781 51+5-Methyl-6, 7 -dihyd rocyclopentapyrazine Rat, M 3/10 90 50"·1 Wheldon et al. (1967) 

784 2-Acetylpyrazine Rat, M, F 1/32 91 8.2 Pasternak et al. (1975) "1:1 

:xi 
787 Methoxypyrazine Rat, NR 3/10-16 91 141 Osborne et al. (1981) :t. 

~ :c: 
788 2-Methoxy-(3, 5, or 6)-methylpyrazine Rat, M, F 1/20-32 90 45(M) Pasternak et al. (1969) 111 

53 (F) 0 

783 (Cyclohexylmethyl)pyrazine Rat, M, F 1/30 90 0.44 (M)1 Babish & Re (1978) ~ 
§ 0.47 (F) ::! 
iii 
(/) 



Table 4 (contd) 

No. Flavouring agent Species, sex No. of test groupsb I 
no. per group• 

795 2-Pyrazinylethanethiol Rat, M, F 1/32 

796 Pyrazinylmethyl methyl sulfide Rat, M, F 1/32 

797 {3,5 or 6}-{Methylthio}-2-methylpyrazine Rat, M. F 1/32 

798 5-Methytquinoxaline Rat, M, F 1/20--32 

#41 5,6, 7,8-Tetrahydroquinoxaline Rat, M, F 1/30 

M, male; F, female; NR, not reported 

Length 
(days) 

91 

91 

91 

90 

90 

NOELd 
(mg/kg bw 
per day} 

16 (M}1 

16 (f) 

1.7 (M} 
1.6 (F) 

4" 

17 

19 M} 
19 F 

Reference 

Posternak ot al. (1975} 

Pasternak et al. {1 975) 

Pasternak et al. (1975} 

Pasternak et al. {1969) 

Oser (1970} 

• Includes all studies with repeated doses lasting less than 1 year. A long-term study of toxicity was conducted on a structurally related agent, 
pyrazinamide. This agent is hydrolysed In vivo to pyrazine-2-carboxylic acid, a metabolite of alkyl-substituted pyrazines. Neither pyrazinamide nor 
its metabolite belong to this group of flavouring agents, but the study was considered relevant to evaluating the safety of the group (see section 
2.3.2}. 

D Does not include control groups 
< Both male and female animals 
d Most studies performed with a single dose that produced no effects, and so the actual NOEL may be higher. 
• Decreases in body-weight gain, food use efficiency, or both observed but not accompanied by lesions 
1 Increases in weight of kidney, liver or both observed but not accompanied by lesions 

... 
01 
ID 
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(i) Alkyl-substituted pyrazines 

2-Ethyl-5-methylpyrazine (No. 770), 2,3,5-trimethylpyrazine (No. 774), 2-ethyl-
3,(5 or 6)-dimethylpyrazine (No. 775), and 2,3,5,6-tetramethylpyrazine (No. 780): 
These di-, tri-, and tetra-alkyl-substituted pyrazines were tested in 90-day studies in 
rats treated in the diet by a similar protocol. A control and a test group, each consisting 
of 15 male and 15 female albino weanling rats (Food and Drug Research Laboratories 
strain), were maintained individually in housing with controlled temperature and 
humidity and access to water and food ad libitum. The concentration of the test 
material in the diet was adjusted every 2 weeks to maintain a constant dietary intake 
of approximately 15 mg/kg bw per day of 2-ethyl-5-methylpyrazine (No. 770), 2,3,5-
trimethylpyrazine (No. 774), and 2-ethyl-3,(5 or 6)-dimethylpyrazine (No. 775) and 
44 mg/kg bw per day of 2,3,5,6-tetramethylpyrazine (No. 780). Clinical observations 
were recorded daily, and food consumption and body weights were determined 
weekly. During weeks 6 and 12 of the study, haematological, clinical chemical, and 
urinary parameters were measured on 10 animals of each sex. After 90 days, all 
animals were killed and subjected to detailed necropsy. Tissues and organs from 
each animal were preserved, and histopathological examinations were performed 
on major organs and tissues. 

In female rats, daily dietary intake of 18 mg/kg bw of 2-ethyl-5-methylpyrazine 
(No. 770), 2,3,5-trimethylpyrazine (No. 774), or 2-ethyl-3(5 or 6)-dimethylpyrazine 
(No. 775) resulted in slight to moderate decreases in body-weight gain (7-1 0%, not 
statistically significant) and statistically significant decreases in food use efficiency. 
Similar effects were observed in females fed 55 mg/kg bw per day of 2,3,5,6-
tetramethylpyrazine (No. 780). No pathological lesions were found. No effects on 
body-weight gain or food use efficiency were reported in males fed these flavouring 
agents at similar doses of 17 mg/kg bw per day of 2-ethyl-5-methylpyrazine (No. 
770), 2,3,5-trimethylpyrazine (No. 77 4 ), and 2-ethyl-3,(5 or 6)-dimethylpyrazine (No. 
775) and 50 mg/kg bw per day of 2,3,5,6-tetramethylpyrazine (No. 780). No other 
differences were found between test and control groups in either sex (Oser, 
1969b,c,d,e). 

2-Ethyl-3-methylpyrazine (No. 768), 2,3-diethylpyrazine (No. 771), and 3-ethyl-
2, 6-dimethylpyrazine (No. 776): These three alkyl-substituted pyrazines were studied 
by a similar protocol in rats. A control and a test group, each consisting of 16 male 
and female Charles River CD or Wistar CF rats, were housed in pairs of the same 
sex and given access to water and food ad libitum. The concentration of the test 
material in the diet was adjusted during the study to maintain constant daily dietary 
intakes of 5.3 mg/kg bw for males and 5.2 mg/kg bw of 2-ethyl-3-methylpyrazine 
(No. 768) (Pasternak et al., 1969), 1.8 mg/kg bw of 2,3-diethylpyrazine (No. 771) 
(Pasternak et al., 1969), and 13 mg/kg bw for males and 12 mg/kg bw for females of 
3-ethyl-2,6-dimethylpyrazine (No. 776) (Pasternak et al., 1975). Clinical observations 
were recorded daily, and food consumption and body weights were determined 
weekly. During weeks 7 and 13 of the study, haematological and clinical chemical 
(blood urea) parameters were measured. After 90 days, all animals were killed and 
subjected to a detailed necropsy, and the liver and kidneys were weighed. A wide 
range of tissues and organs from each animal were preserved, and histopathological 
examinations were performed on major organs and tissues. 
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No differences in growth, food intake, haematological or clinical chemical 
parameters, or organ weight or histological appearance were observed between 
groups of control animals and those treated with 2-ethyl-3-methylpyrazine (No. 768) 
or 2,3-diethylpyrazine (No. 771 ). Males and females maintained on diets providing 
approximately 12 mg/kg bw per day of 3-ethyl-2,6-dimethylpyrazine (No. 776) had 
statistically significantly decreased growth rates and efficiency of food use, but no 
differences in haematological or clinical chemical parameters, organ weights, 
histological appearance were found from the control group. The reductions in body 
weight in test animals were not accompanied by evidence of toxicity, and the authors 
concluded that the reduced body-weight gain was not of toxicological significance. 

(ii) Alkylaryl-substituted pyrazines 

5-Methy/quinoxa/ine (No. 798): 5-Methylquinoxaline (No. 798), the only substance 
in this group with a benzene ring fused to pyrazine, was studied by a similar protocol 
to that described above. The concentration in the diet was adjusted during the 90-
day study to maintain a constant dietary intake of about 17 mg/kg bw per day. 
Measurements of growth rate, food intake, haematological and clinical chemical 
parameters, organ weights, and gross and histological examinations indicated no 
differences between test and control animals (Pasternak et al., 1969). 

(iii) Alicyclic-substituted pyrazines 

(Cyclohexylmethyl)pyrazine (No. 783), 5,6, 7,8-tetrahydroquinoxa/ine (No. 952), 
and 5-methyl-6,7-dihydro-5H-cyclopentapyrazine (No. 781}: (Cyclohexylmethyl)
pyrazine and 5,6,7,8,-tetrahydroquinoxaline were studied by a protocol similar to 
that described above (Oser, 1969a,b,c,d), except that in the study with (cyclohexyl
methyl)pyrazine, Sprague-Dawley Blu albino weanling rats were used and the weights 
of additional organs (i.e., spleen and adrenal glands) were measured. (Cyclohexyl
methyl)pyrazine (No. 783) was added to the diet at a concentration calculated to 
provide an average daily intake of 0.44 mg/kg bw for males and 0.47 mg/kg bw for 
females. A transient but statistically significant increase in blood urea nitrogen was 
found in females during week 6 of the study, but the concentration was within the 
range for other control animals at the laboratory. In comparison with control groups, 
statistically significant increases in the relative weights (to body weight) of the kidney 
and liver, of 11% and 13%, respectively, were observed in treated males but not in 
treated females. No treatment-related microscopic effects were seen in these organs 
or in any of the other tissues examined. The author concluded that the compound 
was not overtly toxic at the dietary concentration used (Babish, 1978). 

5,6,7,8,-Tetrahydroquinoxaline (No. 952) was added to the diet of rats at a 
concentration calculated to result in an average daily intake of 19 mg/kg bw for 
males and females. Measurements of growth rate and food intake, haematological 
and clinical chemical parameters, liver and kidney weights, and gross and 
histopathological appearance revealed no significant difference between test and 
control animals (Oser, 1970). 

Groups of 10 male Charles River CD rats were housed five to a cage and given 
diets containing 5-methyl-6, 7-dihydro-5H-cyclopentapyrazine (No. 781) at a 
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concentration of at 100, 1000, or 8200 mg/kg, equivalent to 5, 50, and 410 mg/kg 
bw per day, for 13 weeks. The animals had access to water and food ad libitum. 
Appearance, behaviour, appetite, gross signs of toxic effects, and deaths were 
monitored daily and were similar among test and control animals. Weekly measure
ment of body weights and food consumption revealed a transient reduction in the 
food consumption of animals at the high dose during the first 3 weeks, which was 
attributed to poor palatability of the diet. The body-weight gain of animals at the high 
dose was lower than that of control animals, but the efficiency of food use was 
generally unaffected at any dose. Haematological examinations performed on 10 
control rats and five rats from each test group immediately before termination at 
week 13 revealed normal values. At necropsy, the weights of the liver, kidneys, 
heart, lungs, testes, spleen, and thyroid and adrenal glands were recorded. Tissues 
from these organs and from the stomach, duodenum, ileum, caecum, and colon 
were subsequently preserved in formalin for histopathological examination. The 
absolute and relative weights of the kidney were increased in animals at the two 
higher doses, but these changes were not accompanied by any lesions, and no 
treatment-related lesions were found in other tissues. The NOEL was 50 mg/kg bw 
per day on the basis of significantly reduced body-weight gain at 41 0 mg/kg bw per 
day (Wheldon et al., 1967). 

(iv) Pyrazine derivatives with an oxygenated functional group in the 
side-chain 

Acetylpyrazine (No. 784): Groups of 16 male and 16 female Wistar rats were 
maintained on diets containing acetylpyrazine (No. 784), calculated to provide an 
average daily intake of 8.2 mg/kg bw. Control animals were given a basic diet. The 
study protocol was the same as that described above (Pasternak et al., 1975). 
Measurements of growth rate, food intake, haematological and clinical chemical 
parameters, organ weights, and gross and histopathological appearance showed 
no differences between test and control animals (Pasternak et al., 1975). 

Methoxypyrazine (No. 787): Groups of the CD strain of Sprague-Dawley albino 
male and female rats were maintained individually in housing with controlled 
temperature and humidity and access to water and food ad libitum. The animals 
were given diets containing methoxypyrazine (No. 787) at a concentration calculated 
to provide an average daily intake of 0 (24 of each sex), 20 (16 of each sex), 63 (12 
of each sex), or 200 mg/kg bw (1 0 of each sex) for 13 weeks. The concentration of 
the test material in the diet was adjusted weekly to keep it constant. 

Clinical observations made twice daily showed no obvious systemic toxicity in 
treated animals. Weekly measurements of food consumption, body weights, and 
efficiency of food use revealed statistically significant decreases in mean body weights 
and reduced body-weight gains for animals at 200 mg/kg bw per day and for females 
at 63 mg/kg bw per day, but only during week 13 of the study. These groups also ate 
significantly less food than the controls. No difference in the efficiency of food use 
was found between treated and control groups. Haematological, clinical chemical, 
and urinary analyses performed during weeks 6 and 12 of the study revealed normal 
values. All animals were killed after 13 weeks and subjected to detailed necropsy, 
and the liver, heart, testes, ovaries, and kidneys were weighed. The thyroid and 
adrenal lobes were weighed after fixation. All tissues and organs from each animal 
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were preserved, and haematoxylin-and-eosin-stained sections of the major organs 
and tissues from all animals at the high dose and 50% of randomly selected control 
animals were examined histologically. Minor increases in absolute and relative liver 
weights were found in animals at the high dose, but no lesions were found in the 
liver. Although the authors proposed a NOEL of 20 mg/kg bw per day on the basis of 
reduced body-weight gain (Osborne et al., 1981 ), the report indicated that the actual 
concentrations of methoxypyrazine in the feed were approximately 65% of that 
targeted. The NOEL was therefore 65% of 20 mg/kg bw per day, or 13 mg/kg bw per 
day. 

{2, 5 or 6)-Methoxy-3-methylpyrazine (No. 788): In the 90-day study protocol of 
Pasternak et al. (1969), (2, 5 or 6)-methoxy-3-methylpyrazine (No. 788) was added 
to the diet of rats to provide an average daily intake of 45 mg/kg bw for males and 53 
mg/kg bw for females. No differences were reported between test and control animals. 

(v) Pyrazine derivatives containing a thiol or sulfide functional 
group in the side-chain 

2-Pyrazinylethanethiol (No. 795), pyrazinylmethyl methyl sulfide (No. 796), and 
(3,5 or 6)-(methylthio)-2-methylpyrazine (No. 797): In the 90-day dietary study in 
Charles River CD or Wistar CF rats of Pasternak et al. (1975), 2-pyrazinylethanethiol 
(No. 795), pyrazinylmethyl methyl sulfide (No. 796), and (3, 5 or 6)-(methylthio)-2-
methylpyrazine (No. 797) were incorporated into the diets of rats at concentrations 
calculated to provide an average daily intake of 16, 1.6, and 4.0 mg/kg bw, 
respectively. 

Slight (less than 1 0%), statistically significant reductions in body-weight gain 
accompanied by a slight decrease in efficiency of food use were found in males fed 
{3, 5 or 6)-(methylthio)-2-methylpyrazine (No. 797). In the absence of any other 
evidence of toxicity, the authors concluded that the changes were of no biological 
significance. Male rats treated with 2-pyrazinylethanethiol (No. 795) showed slight 
(< 1 0%) increases in the absolute and relative weights of the kidney, but these 
minimal changes were not accompanied by any lesions and were therefore 
considered to be of no toxicological significance. No differences were observed 
between test and control animals maintained on diets containing pyrazinylmethyl 
methyl sulfide (No. 796). 

(c) Long-term studies of toxicity and carcinogenicity with pyrazinamide, a 
structurally-related pyrazine 

Pyrazinamide (pyrazine-2-carboxamide) differs from nicotinamide by the 
replacement of the pyridine ring with a pyrazine ring. It is used in the treatment of 
tubercular infections when other drugs are ineffective and has been associated with 
liver damage.lt is used in combination with other drugs at daily doses :>:3 g (National 
Cancer Institute, 1977). 

Mice 

In a study of carcinogenicity, groups of 35 male and 35 female 42-day old B6C3F1 

mice were given diets containing pyrazinamide at a concentration of 5000 or 
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1 0 000 mg/kg on 5 days per week for weeks. These dietary concentrations were 
calculated (Food & Drug Administration, 1993} to provide average intakes of 750 
and 1500 mg/kg bw per day, respectively. Matched controls consisted of groups of 
15 untreated mice per sex. The animals were observed twice a day for signs of 
toxicity throughout treatment and for an additional 26 or 27 weeks after treatment. 
Body weights were measured once every 2 weeks for the first 20 months and once 
per month thereafter. After day 1 00, all moribund animals were killed and necropsied. 
Gross and microscopic examinations were performed on all major tissues, major 
organs, and gross lesions of animals that died or were killed. 

The mean body weights of treated animals were higher than those of controls 
from week 25 to the end of the study for males, equal to or higher than those of 
controls for females at the high dose, and lower than those of controls for females at 
the low dose. The authors noted that fluctuations in the growth curve can be 
associated with mortality rather than treatment of pyrazinamide. Male mice did not 
show a statistically significant, dose-related trend in mortality (controls, 9/15 (60%}; 
low dose, 33/35 (94%); high dose, 29/35 (83%)}, whereas female mice showed a 
statistically significant increase in survival with increasing dose (controls, 9/15 (60%); 
low dose, 24/35 (69%); high dose, 31/35 (89%}}. The authors reported that eight 
females at the low dose escaped during weeks 10-39. 

Non-neoplastic lesions were observed in both treated and control animals, but 
most were associated with ageing. Interstitial and suppurative myocarditis were 
associated with increased numbers of deaths of treated animals. Suppurative 
bronchopneumonia and tracheitis were also associated increased mortality in both 
treated and control animals. 

Some neoplastic lesions were observed in treated and control male mice, but 
there was no statistically significant, dose-related trend. The increased incidence of 
lymphoma in female mice (controls, 0/13 (0%); low dose, 2/25 (8%); high dose, 6/29 
(21 %)) was statistically significant in the Cochran-Armitage test, but not in the Fisher 
exact test. The former test is for dose-related trends, while the latter is a direct 
comparison of treated with matched control groups. The authors noted that the 
increased incidence of lymphoma might have been associated with the decreased 
survival rate of female controls. On the basis of the small group size and poor survival 
of the female control group, the association between lymphoma and administration 
of pyrazinamide in female mice was deemed equivocal. No other statistically 
significant dose-related incidence of neoplasms was observed in female mice. The 
authors concluded that pyrazinamide was not carcinogenic in male B6C3F1 mice 
under the conditions of the study but that the carcinogenicity of the substance in 
female B6C3F1 mice could not be fully evaluated (National Cancer Institute, 1977}. 

Rats 

In a study of carcinogenicity, groups of 35 male and 35 female 42-day-old Fischer 
344 rats were given diets containing pyrazinamide at a concentration of 5000 or 
1 0 000 mg/kg on 5 days per week for 78 weeks. These concentrations were 
calculated (Food & Drug Administration, 1993} to provide intakes of 500 and 
1 000 mg/kg bw per day, respectively. The test protocol was the same as that used 
in the study in mice described above. 

The mean body weights of treated males were slightly lower than those of controls, 
whereas those of females were similar. The overall survival rate was high, and there 
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was no statistically significant, dose-related trend in mortality (males: controls, 11/15 
(73%); low dose, 29/35 (83%); high dose, 30/36 (83%); females: controls, 13/15 

, (87%); low dose, 21/35 (60%); high dose, 29/34 (85%)). Non-neoplastic lesions 
typically associated with ageing were observed in both treated and control animals. 
Some neoplastic lesions were observed in treated and control male rats, but with no 
statistically significant, dose-related trend. A statistically significant (Cochran-Armitage 
test, p = 0.037) decrease in the incidence of leukaemia was found in treated groups 
when compared with that in controls. Increased incidences of pituitary chromophobe 
adenomas and carcinomas were observed in females at the low dose (43% and 
3%, respectively) and high dose (29% and 0%, respectively) as compared with 
controls (14% and 0%, respectively), but the combined incidences were not dose
related and not statistically significant. The authors concluded that, under the 
conditions of the study, pyrazinamide was not carcinogenic (National Cancer Institute, 
1977). 

(d) Genotoxicity 

Eight substances representative of this group have been tested for genotoxicity. 
The results are summarized in Table 5 and described below. 

In vitro 

2-Methylpyrazine (No. 761), 2-ethylpyrazine (No. 762), 2,3-dimethylpyrazine (No. 
765), 2,5-dimethylpyrazine (No. 766), 2,6-dimethylpyrazine (No. 767), 2,3,5-
trimethylpyrazine (No. 774), pyrazine (No. 951): These substances have been tested 
for their ability to cause reverse mutation, with uniformly negative results up to 
concentrations of 1000 ~g/plate in various strains of Salmonella typhimurium with 
and without an exogenous metabolic activation system from rodent liver (Stich et 
al., 1980: Aeschbacher et al., 1989; Lee et al., 1994). In one of these studies, 2-
methylpyrazine, 2-ethylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethylpyrazine, and 
pyrazine were also tested for their ability to cause mitotic crossover-gene conversion 
in Saccharomyces cerevisiae and chromosomal aberrations in Chinese hamster 
ovary cells (Stich et al., 1980). Surviving cells in cultures of stationary phase S. 
cerevisiae strain 05 showed an increase in the percentage of aberrant colonies at 
test concentrations of 3300-135 000 ~g/ml; however, no increase in the number of 
mitotic recombinants was observed among the aberrant colonies. 

Pyrazine and the other alkyl-substituted pyrazine derivatives that were tested 
induced significant percentages of chromosomal aberrations (breaks and exchanges) 
in metaphase plates in Chinese hamster ovary cells with and without metabolic 
activation at test concentrations of 2500-40 000 ~g/ml. However, these concentra
tions were two to four times lower than those that were cytotoxic, and no negative 
controls were used to allow a demonstration that a significant increase in the incidence 
of aberrations had actually occurred (Stich et al., 1980). 

(2, 5 or 6)-Methoxy-3-methylpyrazine (No. 788): A mixture of three isomers, (2, 
5 or 6)-methoxy-3-methylpyrazine, did not induce reverse mutation in S. typhimurium 
strain TA98, TA 100, TA 1535, TA 1537, or TA 1538 at concentrations::.; 3.6 mg/plate 
with and without metabolic activation (Wild et al., 1983). 



Table 5. Results of studies of the genotoxicity of pyrazine derivatives .... 
en 
en 

No. Flavouring agent End-point Test system Concentration Results Reference 

In vitro 
761 2-Methylpyrazine Reverse mutation S. typhimurium TA98, 0.94-94,000 mg/plate Negative8 Aeschbacheretal. 

TA100,TA102 (1989) 

761 2-Methylpyrazine Reverse mutation S. typhimurium TA98, Not reported Negativea Lee et al. (1994) 
TA100 

761 2-Methylpyrazine Reverse mutation S. typhimurium TA 98, 630Q-1 00 000 mg/plate Negative8 Stich et al. (1980) 
TA100, TA1537 

761 2-Methylpyrazine Mutation S. cerevisiae 05 850o-67 500 mg/ml Positiveb Stich et al. (1980) 

761 2-Methylpyrazine Chromosomal Chinese hamster 250D-40 000 mg/ml Positive8 Stich et al. (1980) 
aberration ovary cells 

762 2-Ethylpyrazine Reverse mutation S. typhimurium TA98, 0.97-97 200 mg/plate Negativea Aeschbacher et al. 
TA100, TA102 (1989) 

762 2-Ethylpyrazine Reverse mutation S. typhimurium TA98, 6300-100 000 mg/plate Negativea Stich et al. (1980) 
TA100, TA1537 

"tt 

762 2-Ethylpyrazine Mutation S. cerevisiae 05 850o-67 500 mg/ml Positiveb Stich et al. (1980) :i3 
:b. 
~ 

762 2-Ethylpyrazine Chromosomal Chinese hamster 250D-5000 mg/ml Positivea Stich et al. (1980) ~ 
aberration ovary cells 0 

765 2,3-0imethylpyrazine Reverse mutation S. typhimurium TA98, 0.97-97 200 mg/plate Negative8 Aeschbacher et al. ~ 
§: 

TA100, TA102 (1989) ::::! 

765 2,3-0imethylpyrazine Reverse mutation S. typhimurium TA98, Not reported Negativea Lee et al. (1994) 
;;:; 
(/) 

TA100 



Table 5 (contd) "tJ 

ii 
No. Flavouring agent End-point Test system Concentration Results Reference ~ 

<: 
In vitro (contd) 

111 
0 

776 2,5-0imethylpyrazine Reverse mutation S. typhimuriumTA98, 0.97-97 200 mg/plate Negative• Aeschbacher et al. m TA100, TA102 (1989) § 
766 2,5-0imethylpyrazine Reverse mutation S. typhimurium TA98, Not reported Negative• Lee et al. (1994) :::! 

"' TA100 m 
766 2,5-0imethylpyrazine Reverse mutation S. typhimuriumTA98, 12 500-200 000 mg/ Negative• Stich et al. (1980) 

TA100,TA1537 plate 

766 2,5-0imethylpyrazine Mutation S. cerevisiae 05 16 900-135 000 mg/ml Positiveb Stich et al. (1980) 

766 2,5-0imethylpyrazine Chromosomal Chinese hamster 2500-40 000 mg/ml Positive• Stich et al. (1980) 
aberration ovary cells 

767 2,6-0imethylpyrazine Reverse mutation S. typhimurium TA 100 86-10 800 mg/plate Negative• Lee et al. (1994) 
S. typhimurium TA 98 2160-10 800 mg/plate Positiveb 
S. typhimurium TA 98 86-10 800 mg/plate Negativec 

767 2,6-0imethylpyrazine Reverse mutation S. typhimuriumTA98, 0.54-54 000 mg/plate Negative• Aeschbacheretal. 
TA100,TA102 (1989) 

767 2,6-0imethylpyrazine Reverse mutation S. typhimuriumTA98, 6300-1 00 000 mg/plate Negative• Stich et al. (1980) 
TA100,TA1537 

767 2,6-0imethylpyrazine Mutation S. cerevisiae 05 3300-33 800 mg/ml Positiveb Stich et al. (1980) 

767 2,6-0imethylpyrazine Chromosomal Chinese hamster 5000-1 0 000 mg/ml Positive• Stich et al. (1980) 
aberration ovary cells ... 

en ..... 



Table 5 (contd) ... 
(7) 
CX> 

No. Flavouring agent End-point Test system Concentration Results Reference 

In vitro (contd) 
774 2,3,5-Trimethylpy- Reverse mutation S. typhimurium TA98, 0.98-97 735 mg/plate Negative• Aeschbacher et al. 

razine TA100,TA102 (1989) 

788 2-Methoxy (3, 5 or 6)- Reverse mutation S. typhimurium TA98, :o; 3600 mg/plate Negative• Wild et al. (1983) 
methylpyrazine TA 100, TA 1535, TA 1537, 

TA1538 

951 Pyrazine Reverse mutation S. typhimurium TA98, 0.64-64 000 mg/plate Negative• Aeschbacher et al. 
TA100,TA102 (1989) 

951 Pyrazine Reverse mutation S. typhimurium TA98, Not reported Negative• Lee et al. (1994) 
TA100 

951 Pyrazine Reverse mutation S. typhimurium TA98, 6300-1 00 000 mg/plate Negative• Stich et al. (1980) 
TA100,TA1537 

951 Pyrazine Mutation S. cerevisiae 05 7500-60 000 mg/ml Positiveb Stich et al. (1980) 

951 Pyrazine Chromosomal Chinese hamster 2500-25 000 mg/ml Positive• Stich et al. (1980) 
aberration ovary cells 

In vivo 
'tJ 

ii 788 2-Methoxy (3, 5 or 6)- Base mutation Drosophila 10 mmoi/L Negative Wild et al. (1983) :b. 
methylpyrazine melanogaster to! 

<: 
788 2-Methoxy (3, 5 or 6)- Micronucleus Mouse 

111 
87, 174, or 248 Negative Wild et al. (1983) t::J 

methylpyrazine formation mg/kg bw ~ 
a With and without metabolic activation §: 
b Without metabolic activation :::! 

c With metabolic activation ~ 
(I) 
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In vivo 

(2, 5 or 6)-Methoxy-3-methylpyrazine (No. 788): A test for Base mutation was 
performed in Drosophila with a concentration of 10 mmoi/L (140 J.tg/ml), with no 
mutagenic effect (Wild et al., 1983). 

Male and female NMRI mice were treated once orally with (2, 5, or 6)-methoxy-
3-methylpyrazine at a dose of 87, 174, or 248 mg/kg bw and killed, and bone-marrow 
smears were prepared 30 h after treatment. There was no increase in the frequency 
of micronuclei in polychromatic erythrocytes (Wild et al., 1983). 

Conclusion 

The relevance of the positive results for pyrazine and certain alkylpyrazines in 
assays with S. cerevisiae and Chinese hamster ovary cells in vitro reported by Stich 
et al. (1980) is unclear. The studies were performed at high, nearly toxic 
concentrations of the weakly basic pyrazines, which may have altered cellular 
homeostasis. The results of studies of genotoxicity by Zajac-Kaye & Ts'o (1984), 
Brusick (1986), Bradley et al. (1987), and Heck et al. (1989), for example, indicate 
that agents other than the pyrazines may have caused the observed results. The 
positive results in vitro reported by Stich et al. (1980) were not corroborated by the 
results of studies conducted in vivo by Wild et al. (1983) with (2, 5, or 6)-methoxy-3-
methylpyrazine (No. 788). 

(e) Reproductive toxicity 

2,5-Dimethylpyrazine (No. 766): In a study to assess the potential role of the 
adrenal glands in producing pheromones, Novotny et al. (1986) identified 2,5-
dimethylpyrazine in the urine of female mice and showed that it, alone or in 
combination with acetates, inhibited the onset of puberty. Subsequently, the effects 
of 2,5-dimethylpyrazine on reproductive and accessory reproductive organs in female 
rats were studied (Yamada et al., 1992). After subcutaneous administration to female 
Wistar rats aged 3-7 weeks of 100 mg/kg bw once or twice daily, the weight of the 
uterus was significantly decreased while that of the ovary and serum concentrations 
of estradiol were unaffected. After pretreatment with 2,5-dimethylpyrazine twice a 
day for 2 or 4 days, the increase in uterine weight observed normally in ovariectomized 
rats after injection of estradiol was inhibited, and uptake of [3H]estradiol by the uterus 
was significantly decreased. According to the authors, these results suggest that 
2,5-dimethylpyrazine directly inhibits the uterus of rats. 

Groups of 4-week-old male Wistar rats were given subcutaneous injections of 
2,5-dimethylpyrazine at a dose of 1 0, 30, 70, 1 00 or 300 mg/kg bw per day, and 6-
week-old animals were given 100 or 300 mg/kg bw per day for 2 weeks. No effects 
were found on plasma concentrations of testosterone or polyamines or on acid 
phosphatase activity in the prostate of juvenile rats at the two lower doses, but 
decreased plasma concentrations of testosterone and prostate concentrations of 
spermine were observed at doses :2: 100 mg/kg bw per day, and a decreased 
concentration of spermidine and decreased acid phosphatase activity in the prostate 
were reported at doses :2: 70 mg/kg bw per day. However, these effects were not 
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seen after treatment of juvenile rats for 3 or 7 days or in mature rats given 1 00 or 
300 mg/kg bw per day for 2 weeks. The findings suggest that a high dose of 2,5-
dimethylpyrazine inhibits the biosynthesis of polyamines and acid phosphatase in 
the prostate of juvenile rats by decreasing the concentration of circulating testosterone 
(Yamada et al., 1994). 

2,3-Dimethylpyrazine (No. 765), 2,5-dimethylpyrazine (No. 766), 2,6-dimethyl
pyrazine (No. 767): Male rats received the dimethylpyrazine isomers subcutaneously 
at a dose of 0, 10, 30, 70, or 1 00 mg/kg bw per day for 2 weeks. After administration 
of 2,5-dimethylpyrazine at 100 mg/kg bw per day, the weights of the prostate and 
seminal vesicles (also at 70 mg/kg bw per day), plasma testosterone concentration, 
acid phosphatase activity in the prostate, and the fructose content in the seminal 
vesicles were decreased. The weight of the testis and acid phosphatase activity in 
this organ and the numbers of spermatozoa in the epididymides were not affected 
by 2,5-dimethylpyrazine. At this dose, 2,6-dimethylpyrazine affected only the seminal 
vesicles, while 2,3-dimethylpyrazine had no effect on reproductive or accessory 
reproductive organs. The authors concluded that 2,5-dimethylpyrazine decreased 
prostate and seminal vesicle weights by inhibiting testosterone uptake and reducing 
plasma testosterone concentrations (Yamada et al., 1993). 

Tetramethylpyrazine (No. 780): Four groups of 10 virgin Cri:CD BR VAF Plus 
rats were given tetramethylpyrazine by gavage at a dose of 0, 25, 125, or 250 mg/kg 
bw per day 7 days before cohabitation and throughout cohabitation (maximum of 
7 days), gestation, parturition, and a 4-day post-parturition period. The maternal 
indices monitored included daily measurement of body weight and food consumption, 
duration of gestation, and fertility parameters (mating, fertility, and gestation indices, 
number of offspring per litter). The indices in offspring included daily observations 
for clinical signs, examination for gross external malformations, and measurement 
of body weight. The only effects reported were reduced body-weight gain in dams at 
the two higher doses, accompanied by a statistically significant reduction in food 
consumption in those at the highest dose. No effects were observed in dams at the 
lowest dose or in offspring at any dose. The authors concluded that tetramethyl
pyrazine had no reproductive or developmental effects (Vollmuth et al., 1997). 

(f) Special studies 

(i) Hepatic metabolism in rats 

Male Sprague-Dawley rats received daily intraperitoneal injections of pyrazine 
(No. 951) at 80 mg/kg bw; (3, 5, or 6)-methylthio-2-methylpyrazine (No. 797) at 35, 
70, 140, or 280 mg/kg bw; or 5,6,7,8-tetrahydroquinoxaline (No. 952) or 5-methyl-
6, 7 -dihydro-5H-cyclopentapyrazine (No. 781) at 134 mg/kg bw. None of the pyrazines 
induced palmitoyl coenzyme A oxidation (a marker of peroxisome proliferation), but 
all induced GYP-dependent enzyme activities. Pyrazine and 5-methyl-6,7-dihydro-
5H-cyclopentapyrazine appeared to induce mainly CYP 2E, while (3, 5, or 6)
methylthio-2-methylpyrazine and 5,6,7,8-tetrahydroquinoxaline appeared to induced 
isoenzymes in the CYP 28, CYP 3A, and CYP 2E subfamilies (Japenga et al., 1993). 

These findings corroborated those of a study in which pyrazines were screened 
for peroxisomal and/or microsomal enzyme activities and for hepatotoxicity in primary 
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rat hepatocyte cultures. 2-Pyrazinylethanethiol (No. 795) was cytotoxic to primary 
rat hepatocyte cultures at concentrations> 0.2 mmoi/L, while pyrazine and the other 
compounds tested were cytotoxic only at concentrations of 1-10 mmoi/L (Beamand 
et al., 1992). The study was reported only as an abstract, however. 

(il) Volatile metabolites in the urine of diabetic subjects 

In a study of the profiles of volatile metabolites in urine samples from normal 
individuals and persons with diabetes mellitus by gas chromatography and mass 
spectrometry, pyrazines were minor constituents in healthy persons but occurred at 
high concentrations in persons with diabetes mellitus being treated with insulin (Ziatkis 
et al., 1973). 

(iii) Antiplatelet effects in human platelets 

2,3,5,6-Tetramethylpyrazine (No. 780) inhibited platelet aggregation in platelet
rich plasma from blood obtained from healthy volunteers. An increased number of 
alkyl groups on the pyrazine ring or increased length of the unbranched alkyl side
chains enhanced the anti platelet activity of the tetramethylpyrazine analogues tested. 
The alkoxyl derivatives tested were less potent inhibitors than alkyl derivatives with 
the same number of carbons on pyrazine. The inhibition of platelet aggregation 
correlated with the lipophilicity of the test substance {Liu & Sylvester, 1994). 
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1. EVALUATION 

1. 1 Introduction 

The Committee evaluated a group of 38 flavouring agents that included a
methylbenzyl alcohol (No. 799), acetophenone (No. 806), and 36 structurally related 
aromatic secondary alcohols, ketones, and related esters (see Table 1) by the 
Procedure for the Safety Evaluation of Flavouring Agents (see Figure 1, p. 132). All 
members of this group are considered to be aromatic secondary alcohols, ketones, 
or related esters. The aromatic ring may contain additional alkyl substituents or a 
methoxy group, and the aliphatic side chain may be unsaturated or contain additional 
oxygenated functional groups. 
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Table 1. Summary of results of safety evaluations of aromatic secondary alcohols, ketones, and related esters used as flavouring ...... 
-..1 

agentS' 
Q) 

Flavouring agent No. CAS no. and structure Step A3/83b Step 84 Step 85 Comments Conclusions 
Does intake exceed Adequate margin Does intake exceed based on 
the threshold for of safety for sub- 1 .5 !!g/day? current 
human intake? stance or related intake )::. 

substance? :n 
0 

Structural class I ~ 
a-Methylbenzyl alcoholc 799 

98-85-1 
No NR NR See note 1. No safety :::! OH 0 

lf 
Europe: 32 concern (I) 

USA: 72 § 
(I) 

:::! 
<:! 

a-Methylbenzyl formate 800 7775-38-4 H No NR NR See note 2. No safety ill 
oAo I:J 

Europe: 0.04 concern (I) 

USA: 0.4 ITt 

gA 
0 
0 
~ g 
:n 
-< 
)::. 

93-92-5 ~ 
r-

a-Methylbenzyl acetate 801 No NR NR See note 2. No safety 0 

Europe: 200 concern ~ 0 0 
USA: 650 0 w r-

(I) 
)::. 

~ 
I:J 

~ 
C! 
~ 

m 



Table 1 (contd) :t>. 
::0 
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Flavouring agent No. CAS no. and structure StepA3/83b Step 84 Step 85 Comments Conclusions ~ 
Does intake exceed Adequate margin Does intake exceed based on :::::! 
the threshold for of safety for sub- 1.5 IJ.g/day? current 0 

(/) 
human intake? stance or related intake c: 

substance? OJ 
(/) 

:::::! 
a-Methylbenzyl propionate 802 120-45-6 

olo 
No NR NR See note 2. No safety ~ 
Europe: 1 concern nl 
USA: 27 0 

vr (/) 
Ill 
0 
0 :c: g 
::0 
-< 

a-Methylbenzyl butyrate 803 3460-44-4 No NR NR See note 2. No safety :t>. o Europe: 1 ..... concern 0 

~~USAoO.D1 0 
::r:: 

0 0 ..... 
(/) 

:t>. :c: 
0 

a-Methylbenzyl isobutyrate 804 7775-39-5 No NR NR See note 2. No safety ~ 
C! 

ox 
Europe: 29 concern :c: 
USA: 1 m 

Q{ 



Table 1 (contd) .... 
Q) 
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Flavouring agent No. CAS no. and structure Step A3/83b Step 84 Step 85 Comments Conclusions 
Does intake exceed Adequate margin Does intake exceed based on 
the threshold for of safety for sub- 1 .5 IJ.g/day? current 
human intake? stance or related intake 

substance? :t:o 
::0 

para, a-Dimethylbenzyl 805 536-50-5 OH No NR NR See note 1. No safety 0 
alcohol ff Europe: 0.2 concern -~ 

USA: 1 ::::! 
0 
en 
§ 
en 

Acetophenone 806 98-86-2 0 No NR NR See note 3. No safety ::::! 

~ 
Europe: 18 concern C:! 
USA: 170 ill 

l:l 

~ 
0 
0 

4-Methylacetophenone 807 122-00-9 0 No NR NR See note 3. No safety e5 

ff Europe: 26 concern :t:o 
::0 

USA: 37 "'< 
:t:o 
r-
0 
0 
::r: 

para-lsopropylaceto- 808 645-13-B 0 No NR NR See note 3. No safety 0 r-
phenone 

~ 
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USA: 0.4 :t:o 

e5 
~ 
~ 
~ en 



Table 1 (contd) ~ 
::0 
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Flavouring agent No. CAS no. and structure StepA3/83b Step 84 Step 85 Comments Conclusions ~ 
Does intake exceed Adequate margin Does intake exceed based on ::! 
the threshold for of safety for sub- 1.5 11g/day? current ("') 

C/) 
human intake? stance or related intake c:: 

substance? ttl 
C/) 

::! 
2,4-Dimethylacetophenone 809 89-74-7 0 No NR NR See note 3. No safety ;:! 

~ 
Europe: 0.3 concern nl 
USA: 0.01 0 

C/) 
h1 
("') 
0 

Acetanisole 810 

~0 
No NR NR See notes No safety g 
Europe: 150 3 and 4. concern ::0 

-< 
USA: 84 ~ r-

("') 
0 
:t 
0 

1-(para-Methoxyphenyl)- 813 122-84-9 No NR NR See note 5. No safety r-
C/) 

2-propanone 

0~ 
Europe: 0.2 concern ~ 

USA: 0.1 ~ 
~ 

I ~ 
C!!: 

a-Methylphenethyl butyrate 814 68922-11-2 No NR NR See note 6. No safety m 
©rio~ Europe: 0.1 concern 

USA: 0.1 
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Q) ..... 



Table 1 ( contd) ...... 
Q) 
II) 

Flavouring agent No. CAS no. and structure StepA3/B3b Step B4 Step B5 Comments Conclusions 
Does intake exceed Adequate margin Does intake exceed based on 
the threshold for of safety for sub- 1.5 11g/day? current 
human intake? stance or related intake 

substance? ):. 
::0 

4-Phenyl-2-butanol 815 2344-70-9 No NR NR See note 7. No safety 0 

©Cl Europe: 1 concern ~ 
USA: 0.3 ::l 

C') 
(/) 

fii 
4-Phenyl-2-butyl acetate 816 

~~No 
NR NR See note 7. No safety (/) 

::,--. Europe: NO concern ::l 
0 0 USA: 7 (:! 

iil 
l:l 
(/) 

4-(para-Tolyl)-2-butanone 817 

? 
No NR NR See notes No safety 111 

C') 
Europe: 0.01 8 and 9. concern 0 
USA: 0.4 :c: g 

::0 
"< 

4-(para-Methoxyphenyl)-2- 818 104-20·1 No NR NR See notes No safety ):. 
t"' 

butanone 

"o~ 
Europe: 5 8 and 9 concern C') 

USA: 840 ~ 
0 
t"' 
(/) 

4-Phenyl-3-buten-2-ol 819 17488-65·2 No NR NR See note 10. No safety 
):. 
:c: 

~OH 
Europe: 2 concern l:l 

USA: 0.1 ~ 
0 
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Table 1 (contd) :to. 
:0 
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Flavouring agent No. CAS no. and structure Step A3183'> Step 84 Step 85 Comments Conclusions f 
Does intake exceed Adequate margin Does intake exceed based on ::! 
the threshold for of safety lor sub- 1.5 f.ig/day? current 

(') 
(/) 

human intake? stance or related intake c: 
substance? Ill 

(/) 

4-Phenyt-3-buten-2-one 820 122- 57.{; 0 No NR NR See note 10. No safety ::1 c:: r Europe: 3 concern iTI 
USA: 7 0 

~ 
(') 

~ 
3-Methyl-4-phenyl-3- 821 No NR NR See note 10. No safety g 

butene·2·one 

~ 
Europe: 0.1 concern :0 

"< 
USA: 0.1 :to. ,.... 

(') 
0 
:X: 
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1-Phenyl+propanol 822 No NR NR See note 11. No safety 
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93·54· 9 (/) 
OH Europe: 0.3 concern :to. 
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~ USA: 0.1 0 
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Table 1 (contd) ..A 

~ 
Flavouring agent No. CAS no. and structure StepA3/83b Step 84 Step 85 Comments Conclusions 

Does intake exceed Adequate margin Does intake exceed based on 
the threshold for of safety for sub- 1.5 J.lQ!day? current 
human intake? stance or related intake 

substance? ,., 
:n 

Propiophenone 824 93-55.0 0 No NR NR See note 11 . No safety 0 

~ 
Europe: 0.01 concern ~ 
USA: 0.03 :::j 

(') 
(/) 

~ 
a·Propylphenethyl alcohol 825 705·73-7 No NR NR See note 6. No safety (/) 

;n Europe: 0.1 concern :::! 

USA: 1 ~ 
nt 
0 

m 
(') 
0 

1-{para-Methoxyphenyl)-1· 826 

~~ 
No NR NR See note 1 0. No safety ~ 

penten-3-one Europe: 0.5 concern ~ 
:n 

USA: 110 ~ ,., 
..... 
(') 

Ethyl benzoylacetate 834 No NR NR See note 12. No safety 
0 

94-<>2·0 a Europe: 0.01 concern ..... 
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Table 1 (contd) :t>. 
::0 
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Flavouring agent No. CAS no. and structure Step A3/B3b Step B4 Step B5 Comments Conclusions ~ 
Does intake exceed Adequate margin Does intake exceed based on :::! 
the threshold for of safety for sub- 1.5 j..tg/day? current (') 

(I) 
human intake? stance or related intake c:: 

substance? OJ 
(I) 

:::! 
Ethyl 2-acetyl-3-phenyl- 835 620-79-1 No NR NR See note 12. No safety <:! 

propionate Europe: NO concern til 
USA: 0.4 0 

(I) 
Ill 

0 (') 
0 

0~ ~ 
:t>. 
::0 
"< 

Structural class II 
13171.00·1 

:t>. 
4-Acetyl-6- tert-butyl-1,1- 812 No Yes Additional r-

>-f 
No (') 

dimethylindan Europe: 6 data required 0 
:t 

USA: 1 0 r-
(I) 

:t>. 

~ 
i;i 

n79-7B-4 ~ 
a-lsobutylphenethyl 827 

~ 
No NR NR See note 6. No safety ~ 

(I) 
alcohol Europe: 29 concern 
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_. 
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Table 1 ( contd) ..... 
CXI 
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Flavouring agent No. CAS no. and structure StepA3/83b Step 84 Step 85 Comments Conclusions 
Does intake exceed Adequate margin Does intake exceed based on 
the threshold for of safety for sub- 1.5 llg/day? current 
human intake? stance or related intake 

substance? 
)::. 
::0 

4-Methyl-1-phenyl-2- 828 5349-62-2 No NR NR See note 6. No safety 0 
pentanone 

~ 
Europe: 10 concern ~ 
USA: 0.3 :::::! 

C) 
(I) 

§ 
(I) 

1-( 4-Methoxyphenyl)-4- 829 1~1~9~ No NR NR See note 10. No safety :::::! 

methyl-1-penten-3-one Europe: 33 concern C! 
I o USA: 0.3 ill 

0 

0 
(I) 
Ill 
C) 

0 0 
I g 

3-8enzyl-4-heptanone 830 7492-37-7 No NR NR See note 13. No safety ::0 

~ 
Europe: NO concern "'< 
USA: 1 )::. 

r-
C) 
0 
:X: 
0 r-
(I) 
)::. 

<: 
1-Phenyl-1 ,2-propanedione 833 579-07-7 No NR NR See note 14. No safety 0 

0 Europe: 6 concern ~ 

gYy USA: 0.1 0 
~ 
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Table 1 (contd) :t> 
:xJ 
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Flavouring agent No. CAS no. and structure StepA3/B3b Step B4 Step BS Comments Conclusions ~ 
Does intake exceed Adequate margin Does intake exceed based on :::! 
the threshold for of safety for sub- 1.5 llg/day? current (') 

(/) 
human intake? stance or related intake fii substance? (/) 

:::! 
Structural class Ill c:! 
Methyl ~-naphthyl ketone 811 93-08-3 ° No Yes NR No safety iTI 

~ 
Europe: 7 concern 0 

(/) 
USA: 48 Ill 

(') 
0 

Benzophenone 831 No NR NR See note 15. No safety 
§ 

'~ 
:t> 

Europe: 27 concern :xJ 
"'< 

USA: 11 :t> r-
(') 
0 
::t 
0 

1 ,3-Diphenyl-2-propanone 832 102·04-5 No NR NR See note 15. No safety r-
(/) 

~ 
Europe: 0.1 concern :t> 
USA: 0.1 § 

~ 
Benzoin 836 119-53-9 No NR NR See note 16. No safety d 

* 
Europe: 7 concern m 
USA: 21 

I 

CAS, Chemical Abstracts Service; NO, no data; NR, not required for evaluation 
• Step 1: Twenty-eight of the flavouring agents in this group are in structural class I, six are in structural class II, and four are in structural class Ill. 

Step 2: All the flavouring agents in this group except for Nos 811 and 812 were predicted to be metabolized to innocuous products. 



Table 1 (contd) 

b The thresholds for human intake are 1800 !lg/day for class I, 540 !lg/day for class II, and 90 !lglday for class Ill. All values for intake expressed in 
!lglday. 
c An ADI of Q-().1 mg/kg bw was established at the forty-first meeting (Annex 1, reference 107), which was maintained at the present meeting. 

Notes 
1. Conjugated with glucuronic acid and excreted in the urine; oxidation of the methyl group to yield mandelic acid and hippuric acid may also occur. 
2. a-Methylbenzyl esters are hydrolysed to simple aliphatic carboxylic acids and a-methylbenzyl alcohol; the acids are completely oxidized, and the 

alcohol is conjugated with glucuronic acid and excreted. 
3. Reduced to a-methylbenzyl alcohol,conjugated with glucuronic acid, and excreted primarily in urine; the ketone may also undergo methyl group 

oxidation eventually yielding mandelic acid and hippuric acid, which are also excreted in urine. 
4. May also undergo 0-demethylation to yield the corresponding phenol, which is excreted as the sulfate or glucuronic acid conjugate. 
5. Reduced to the corresponding alcohol and excreted; 0-demethylation to yield the corresponding phenol may also occur. 
6. Hydrolysed to butyric acid and a-methylphenethyl alcohol; the acid is completely metabolized; the alcohol is conjugated with glucuronic acid and 

excreted. 
7. 4-Phenyl-2-butanol is conjugated with glucuronic acid and excreted; the acetate is predicted to be first hydrolysed to the alcohol and acetic acid. 
8. 4-(para-Tolyl)-2-butanone is reduced to the corresponding alcohol, which may be conjugated with glucuronic acid and excreted primarily in urine. 

The ketone may also undergo methyl group oxidation, eventually yielding a related carboxylic acid that is further oxidized to the phenylacetic acid 
derivative, which can be conjugated with glycine and excreted. 

9. The alcohol may also be oxidized to the corresponding ketone and conjugated with glutathione. 
10. 4-Phenyl-3-buten-2-one may be reduced to 4-phenyl-3-buten-2-ol, which is further metabolized and excreted primarily as glycine conjugates. The 

ketone may also be conjugated with glutathione. 
11. Propiophenone is reduced to the corresponding alcohol. The butyrate ester (No. 823) is predicted to be hydrolysed to the same alcohol (and bu

tyric acid). The alcohol is conjugated with glucuronic acid and excreted primarily in urine. 
12. The esters are hydrolysed to ethanol and keto-carboxylic acids. The acid may be further oxidized and excreted as hippuric acid. The alcohol is 

completely metabolized. 
13. Oxidation of side-chains is anticipated, primarily at thew or w-1 carbon atom. Carbonyl groups are reduced to alcohol, which can be conjugated 

with glucuronic acid. Oxidation of the side-chain can continue to benzoic or phenylacetic acid. 
14. Reduced to the corresponding dial, which is conjugated with glucuronic acid. 
15. Fifty per cent of a dose of 360 mg benzophenone administered to rabbits by gavage was excreted as the glucuronide of the corresponding sec

ondary alcohol within 48 h. 1 ,3-Diphenyl-2-propanone, which is less sterically hindered, is also anticipated to be reduced to the alcohol and ex
creted as the glucuronide. 

16. Excreted as the glucuronic acid conjugate. 

..... 
co 
co 
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The Committee previously evaluated three members of the group. a-Methylbenzyl 
alcohol (No. 799) was evaluated at the forty-first meeting (Annex 1, reference 107), 
when an ADI of Q-0.1 mg/kg bw was established. At its twenty-fourth meeting, the 
Committee reviewed data on a-isobutylphenethyl alcohol (No. 827) (Annex 1, 
reference 53), and at its twenty-third and twenty-fifth meetings it reviewed data on 
methyl f)-naphthyl ketone (No. 811) (Annex 1, references 50 and 56). No ADI was 
allocated for either of these two flavouring agents. 

Of the 38 aromatic substituted secondary alcohols, ketones, and related esters 
considered, 16 have been reported to occur naturally in foods (Maarse et at., 2000). 
For instance, a-methylbenzyl alcohol (No. 799) has been detected in cheese, fruit, 
and tea. The corresponding ketone acetophenone (No. 806) is a natural component 
of berries, seafood, beef, and nuts. 

1.2 Estimated daily intake 

The total annual production of the 38 aromatic secondary alcohols, ketones, 
and related esters in this group is approximately 4200 kg in Europe (International 
Organization of the Flavor Industry, 1995) and 17 000 kg in the USA (Lucas et at., 
1999). About 58% of the total annual production in Europe is accounted for by two 
agents in the group (a-methylbenzyl acetate, No. 801, and acetanisole, No. 810). 
The estimated daily intakes per person of a-methylbenzyl acetate and acetanisole 
in Europe are 200 )..lg and 150 )..lg, respectively. In the USA, approximately 80% of 
the total production arises from the use of four agents (a-methylbenzyl acetate (No. 
801 ), acetophenone (No. 806), 4-(para-methoxyphenyl)-2-butanone (No. 818), and 
ethyl benzoylacetate (No. 834)), with estimated daily intakes of 650, 170, 840, and 
140 )..lg, respectively. The estimated daily intake of each flavouring agent in the 
group is reported in Table 2. 

1.3 Metabolic considerations 

Generally, the flavouring agents in this group are rapidly absorbed from the gut. 
The aromatic secondary alcohols (and aromatic ketones after reduction to the 
corresponding secondary alcohols) are then either conjugated with glucuronic acid 
and excreted primarily in the urine or are further oxidized and excreted mainly as 
glycine conjugates. As aromatic esters are generally hydrolysed in vivo by the catalytic 
activity of carboxylesterases, which predominate in hepatocytes, it is anticipated 
that the 10 esters in the group of 38 flavouring agents will be hydrolysed to their 
parent aromatic or aliphatic alcohols and carboxylic acids. The eight aromatic 
secondary alcohols formed are excreted as their glucuronides or are further 
metabolized and excreted in the urine. The corresponding eight simple aliphatic 
carboxylic acids are all metabolized completely by well-known pathways. Two esters 
(Nos 834 and 835) are hydrolysed to ethanol and aromatic keto-carboxylic acids 
(3-oxo-3-phenyl-propanoic acid and 3-oxo-5-phenyl-pentanoic acid, respectively), 
which are anticipated to be further metabolized and excreted in the urine, like other 
aromatic ketones, described above. Simple aromatic ring substitution with methyl, 
isopropyl, or methoxy groups (Nos 805, 807-810, 813, 817, 818, 826, and 829) is 
predicted to have little influence on the principal metabolic pathways. It is more 
difficult to predict the metabolic fate of two of the flavouring agents (Nos 811 and 
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Table 2. Annual volumes of use of aromatic substituted secondary alcohols, 
ketones and related esters used as flavouring agents 

Substance (No.) Most recent Intake" Annual volume in Consumption 
annual naturally occurring ratioc 
volume (kg) ~g/day ~g/kg bw foods (kg)b 

per day 

a-Methylbenzyl alcohol (799) 
Europe 220 32 0.5 1.6 
USA 550 72 1 360 0.7 

a-Methylbenzyl formate (800) 
Europe 0.3 0.04 0.0007 
USA 3 0.4 0.007 NA 

a-Methylbenzyl acetate (801) 
Europe 1 400 200 3 
USA 5 000 650 11 + NA 

a-Methylbenzyl propionate (802) 
Europe 8 1 0.02 
USA 200 27 0.4 NA 

a-Methylbenzyl butyrate (803) 
Europe 9 1 0.02 
USA 0.1 0.01 0.0002 NA 

a-Methylbenzyl isobutyrate (804) 
Europe 200 29 0.5 
USA 7 1 0.02 NA 

para, a-Dimethylbenzyl alcohol (805) 
Europe 1 0.2 0.003 
USA 5 1 0.02 NA 

Acetophenone (806) 
Europe 120 18 0.3 
USA 1 300 170 3 + NA 

4-Methylacetophenone (807) 
Europe 180 26 0.4 0.08 
USA 280 37 0.6 15 0.05 

para-lsopropylacetophenone (808) 
Europe 0.1 0.01 0.0002 
USA 3 0.4 0.007 + NA 

2,4-Dimethylacetophenone (809) 
Europe 2 0.3 0.005 
USA 0.05 0.01 0.0002 + NA 

Acetanisole (81 0) 
Europe 1 100 150 3 
USA 640 84 1 + NA 
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Table 2 (contd) 

Substance (No.) Most recent Intake• Annual volume in Consumption 
annual naturally occurring ratio0 

volume (kg) ~-tg/day ~-tg/kg bw foods (kg)b 
per day 

1-(para-Methoxyphenyl)-2-propanone (813) 
Europe 1 0.2 0.003 
USA 1 0.1 0.002 + NA 

a-Methylphenethyl butyrate (814) 
Europe 1 0.1 0.002 
USA 0.1 0.002 NA 

4-Phenyl-2-butanol (815) 
Europe 10 1 0.02 
USA 2 0.3 0.005 + NA 

4-Phenyl-2-butyl acetate (816) 
Europe NR NA NA 
USA 50 7 0.1 NA 

4-(para-Tolyl)-2-butanone (817) 
Europe 0.1 0.01 0.0002 
USA 3 0.4 0.007 NA 

4-(para-Methoxyphenyl)-2-butanone (818) 
Europe 37 5 0.08 
USA 6 400 840 14 + NA 

4-Phenyl-3-buten-2-ol (819) 
Europe 16 2 0.03 
USA 1 0.1 0.002 NA 

4-Phenyl-3-buten-2-one (820) 
Europe 20 3 0.05 
USA 54 7 0.1 NA 

3-Methyl-4-phenyl-3-buten-2-one (821) 
Europe 1 0.1 0.002 
USA 1 0.1 0.002 NA 

1-Phenyl-1-propanol (822) 
Europe 2 0.3 0.005 
USA 1 0.1 0.002 + NA 

a-Ethylbenzyl butyrate (823) 
Europe NR NA NA 
USA 2 0.3 0.005 + NA 

Propiophenone (824) 
Europe 0.1 0.01 0.0002 
USA 0.2 0.03 0.0005 + NA 
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Table 2 (contd) 

Substance (No.) Most recent 
annual 
volume (kg) 

Intake• Annual volume in Consumption 
------ naturally occurring ratioc 
~g/day ~g/kg bw foods (kg)b 

per day 

a-Propylphenethyl alcohol (825) 
Europe 1 0.1 0.002 
USA 5 1 0.02 + 

1-(para-Methoxyphenyl)-1-penten-3-one (826) 
Europe 3 0.5 0.008 
USA 840 110 2 

Ethyl benzoylacetate (834) 
Europe 0.1 0.01 0.0002 
USA 1 000 140 2 

Ethyl 2-acetal-3-phenylpropionate (835) 
Europe NR NA NA 
USA 3 0.4 0.007 

4-Acetal-6-tert-butyl-1, 1-dimethylindan (812) 
Europe 40 6 0.1 
USA 11 1 0.02 

a-lsobutylphenethyl alcohol (827) 
Europe 200 29 0.5 
USA 20 3 0.05 

4-Methyl-1-phenyl-2-pentanone (828) 
Europe 70 10 0.2 
USA 2 0.3 0.005 

1-(4-Methoxyphenyl)-4-methyl-1-penten-3-one (829) 
Europe 230 33 0.6 
USA 2 0.3 0.005 

3-Benzyl-4-heptanone (830) 
Europe NR NA NA 
USA 5 1 0.02 

1-Phenyl-1 ,2-propanedione (833) 
Europe 40 6 0.1 
USA 1 0.1 0.002 + 

Methyll3-naphthyl ketone (811) 
Europe 52 7 0.1 
USA 360 48 0.8 + 

Benzophenone(831) 
Europe 190 27 0.4 
USA 86 11 0.2 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.005 
0.01 
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Table 2 (contd) 

Substance (No.) Most recent 
annual 
volume (kg) 

1 ,3-Diphenyl-2-propanone (832) 
Europe 1 
USA 

Benzoin (836) 
Europe 
USA 

Total 
Europe 
USA 

51 
160 

4 200 
17 000 

Intake• Annual volume in Consumption 
naturally occurring ratioc 

~-tg/day ~-tg/kg bw foods (kg)b 

0.1 
0.1 

7 
21 

per day 

0.002 
0.002 

0.1 
0.4 

NA 

NA 

NA, not applicable; NR, not reported;+, reported to occur naturally in foods (Maarse et al., 
1994), but quantitative data were not available; -, not reported to occur naturally in foods 

• Intake expressed as ~-tg/person per day calculated as follows: [(annual volume, kg) x (1 x 109 

~-tg/kg)/ (population x survey correction factor x 365 days)], where population (1 0%, 'eaters 
only') = 32 x 106 for Europe and 26 x 106 for the USA. The correction factor= 0.6 for Europe 
and 0.8 for the USA, representing the assumption that only 60% and 80% of the annual 
volume of the flavour, respectively, was reported in the poundage surveys (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999). Intake expressed as ~-tg/kg bw 
per day calculated as follows: [(~-tg/person per day)/body weight], where body weight= 60 kg. 
Slight variations may occur from rounding. 

b Quantitative data from Stolberg & Grundschober (1987) 
c Calculated as follows: (annual consumption in food, kg)/( most recently reported volume as a 

flavouring agent, kg) 

812) on the basis of the available data, and especially to what extent they are 
distributed in the tissues and eliminated. One of these substances (No. 812) might 
accumulate in human adipose tissue (Muller et al., 1996; Rimkus & Wolf, 1996). 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

Step 1. Of the 38 flavouring agents in this group, 34 are simple saturated or 
unsaturated methoxy- or alkyl-substituted benzene derivatives containing 
a secondary alcohol, corresponding ketone, and/or related ester functional 
group. In the Procedure, 28 of the 38 aromatic flavouring agents were 
classified in structural class I (Nos 799-810, 813-826, and 834-835) 
(Cramer et al., 1978). Six were assigned to structural class II, one (No. 
833) because it is a vicinal diketone and the other five (Nos 812 and 827-
830) because they contain a fused non-aromatic carbocyclic ring (No. 
812) or aliphatic substituent chains with more than five carbon atoms (Nos 
827-830). Four (Nos 811, 831, 832, and 836) of the 38 flavouring agents 
were assigned to structural class Ill because they contain more than one 
aromatic ring and cannot be hydrolysed to mononuclear residues. 



194 AROMATIC SUBSTITUTED SECONDARY ALCOHOLS AND KETONES 

Step 2. At current levels of estimated intake, 36 of the 38 flavouring agents in this 
group are predicted to be metabolized to innocuous products and would 
not be expected to saturate the available metabolic pathways. Evaluation 
of these substances therefore proceeds via the left-hand side of the 
decision tree in the Procedure. The remaining two flavouring agents in 
the group (Nos 811 and 812) cannot be predicted to be metabolized to 
innocuous products, and therefore their evaluation proceeds via the right
hand side of the decision tree. 

Step A3. The daily per capita intakes in Europe and the USA of all36 of the flavouring 
agents that are metabolized to innocuous products are below the human 
intake threshold for each class (1800 11g for class I, 540 11g for class II, 
and 90 11g for class Ill), indicating that they pose no safety concern when 
used at current levels as flavouring agents. 

Step 83. The daily per capita intakes of the two agents (Nos 811 and 812) in Europe 
and the USA are both below the human intake threshold for their class 
(540 11g for class II and 90 11g for class Ill). 

Step 84. The NOEL in a 90-day study in rats given methylf3-naphthyl ketone (No. 
811) orally was greater than 33 mg/kg bw per day. This provides a safety 
margin of greater than 1 00 000 and 1 0 000 in relation to the estimated 
intakes in Europe and the USA, respectively. Therefore, methylf3-naphthyl 
ketone does not pose a safety concern at current levels of intake. No data 
were available on the toxicity of the remaining agent (No. 812) or for 
relevant structurally related substances. Accordingly, the evaluation of this 
substance proceeded to step 85. 

Step 85. As the estimated level of intake in Europe of 4-acetyl-6-tert-butyl-1, 1-
dimethylindan (No. 812) of 6 11g/person per day exceeds the threshold 
level of 1.5 11g/person per day, further data are required for a safety 
evaluation. The Committee concluded that this flavouring agent cannot 
be classified as of 'no safety concern at current level of intake'. 

Table 1 summarizes the evaluations of a-methylbenzyl alcohol and acetophenone 
and 36 structurally related flavouring agents. 

1.5 Consideration of combined intakes 

In the unlikely event that all foods containing all the flavouring agents in structural 
classes I and II were to be consumed simultaneously on a daily basis, the estimated 
combined intake would exceed the human intake threshold for class II (540 11g). 
However, the agents are expected to be metabolized efficiently and would not saturate 
the available metabolic pathways. On the basis of an evaluation of all the data, 
there would be no safety concerns associated with combined intake. 

1.6 Conclusions 

The Committee concluded that 37 of this group of 38 aromatic secondary alcohols, 
ketones, and related esters would not pose a safety concern when they were used 
at currently estimated levels of intake as flavouring agents. 
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The Committee noted that the data on toxicity that were available were consistent 
with the results of the safety evaluation. Data on toxicity were required for two agents 
(Nos 811 and 812) in application of the Procedure. Relevant data were available for 
one of these substances (No. 811 ), which gave a large safety margin in relation to 
the estimated intake. 

The Committee required additional data to evaluate the safety of one agent, 4-
acetyl-6-tert-butyl-1, 1-dimethylindan (No. 812), which could not be predicted to be 
metabolized to innocuous products, for which satisfactory data on toxicity were not 
available, and of which the estimated daily intake, 6 ~g/person in Europe, exceeded 
the threshold of 1.5 ~g/person per day. 

2. RELEVANTBACKGROUNDINFORMATION 

2. 1 Explanation 

This monograph summarizes the key data relevant to the safety evaluation of 
38 aromatic substituted secondary alcohols, ketones, and related esters used as 
flavouring agents (Table 1 ). The structural feature common to all members of the 
group is a secondary alcohol, ketone, or ester functional group in the aliphatic side
chain bonded to a benzene ring. 

2.2 Additional considerations on intake 

Data on the natural occurrence and total annual production of these agents (see 
Table 2) are reported in sections 1.1 and 1.2, respectively. 

Quantitative data on natural occurrence were available for three substances in 
the group (VCF, 2000). The consumption of a.-methylbenzyl alcohol (No. 799) from 
foods is approximately equivalent to that from its intake as a flavouring agent. 
Consumption of 4-methylacetophenone (No. 807) and benzophenone (No. 831) as 
flavouring agents is greater than that from natural foods (Stofberg & Kirschman, 
1985; Stofberg & Grundschober, 1987) (Table 2). 

2.3 Biological data 

2.3. 1 Biochemical data 

(a) Absorption, distribution, and excretion 

Acetophenone (No. 806), a.-methylbenzyl alcohol (No. 799), and structurally 
related aromatic ketones and alcohols have been shown to be absorbed rapidly 
from the gut, metabolized efficiently by the liver, and excreted primarily in the urine 
and to a very small extent in the faeces. 

Early studies (Thierfelder & Daiber, 1923; Quick, 1928; Smith et al., 1954a,b) 
showed that acetophenone (No. 806) and a.-methylbenzyl alcohol (No. 799) are 
absorbed, metabolized, and excreted as polar metabolites within 24 h. Approximately 
half of a dose of 480 mg/kg bw of acetophenone or 460 mg/kg bw of a.-methyl benzyl 
alcohol administered to rabbits by gavage was present in the urine after 24 h (Smith 
et al., 1954b). Likewise, approximately half of a dose of 500 mg/kg bw of acetophe
none added to the food of dogs was accounted for within the first 24 h and in 
subsequent 12-h urine samples (Quick, 1928). 
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In a recent study (Sauer et al., 1997a), groups of three male Fischer 344/N rats 
were given a single oral dose of 200 mg/kg bw of [14C-ring](E)-4-phenyl-3-buten-2-
one (trans-methyl styryl ketone) (No. 820) by gavage. Urine, faeces, and blood 
were collected periodically up to 48 h after dosing, and tissues were collected at 
48 h. More than 70% of the radiolabel was excreted in urine within 6 h and > 97% 
within 48 h. After 48 h, only 4.8% of the radiolabel was found in the faeces, while 
< 0.2% was retained in the tissues. No parent ketone was detected in blood at any 
time during the experiment. Intravenous administration of 20 mg/kg bw of the labelled 
ketone resulted in a strikingly similar pattern of absorption and excretion. The blood 
concentrations were below the limit of detection after 60 min. Essentially 1 00% of 
the radiolabel was accounted for in the urine and faeces 48 h after dosing. The 
short disposition half-time (18 min), the relatively small volume of distribution 
(0.89 Ukg bw), and the high systemic clearance (70 ml/kg.min, approximately 
equivalent to hepatic clearance) suggested that the ketone undergoes essentially 
complete first-pass hepatic clearance (Sauer et al., 1997a). 

In a parallel study, groups of three female B6C3F1 mice were given a single oral 
dose of 200 mg/kg bw of [14C-ring](E)-4-phenyl-3-buten-2-one (No. 820) by gavage 
by the protocol described above. More than 84% of the radiolabel was excreted in 
the urine within 6 h and > 94% within 48 h. After 48 h, 1.2% of the radiolabel was 
found in the faeces and 0.3% in exhaled air. In contrast to rats, the mice had parent 
ketone in the blood, albeit accounting for only 2.6% of the total dose. After intravenous 
administration of a dose of 20 mg/kg bw, the concentration of ketone in blood was 
below the limit of detection by 30 min. The disposition half-time (8.9 min), the volume 
of distribution (3.3 Ukg bw), and the high rate of systemic clearance (540 ml/kg.min) 
indicated that the ketone was cleared more rapidly from the blood of mice than of 
rats. The larger apparent volume of distribution in mice suggests that one or more 
tissues accumulate the parent ketone to a greater extent in mice than in rats. The 
appearance of the parent ketone in the blood of mice could be due to the higher rate 
of intestinal absorption than in rats (Sauer et al., 1997b). 

Both studies suggest that orally administered (E)-4-phenyl-3-buten-2-one 
undergoes essentially complete first-pass hepatic clearance in both mice and rats. 
The absence of the ketone in blood after oral dosing and the observation that the 
systemic clearance of ketone is approximately equivalent to hepatic clearance support 
this conclusion (Sauer et al., 1997a,b). 

The pharmacokinetics of benzophenone (No. 831) in plasma was studied in 
male and female Fischer 344 rats and B6C3F1 mice given a single intravenous 
dose of 2.5 mg/kg bw for rats and 15 mg/kg bw for mice, or a single dose by oral 
gavage of 2.5, 5, or 10 mg/kg bw for rats and 15, 30, or 60 mg/kg bw for mice. 
Plasma benzophenone concentrations were also followed in mice and rats maintained 
on diets containing 312 or 1200 mg/kg benzophenone for 7-8 days. The oral 
bioavailability of benzophenone was found to be high (100%) in rats and low (50%) 
in mice. After administration by oral gavage, the mice cleared benzophenone more 
rapidly than rats, suggesting more extensive first-pass metabolism in mice (Dix et 
al., 1997a). When benzophenone was administered at the same concentration in 
the feed, mice received significantly more benzophenone than rats, but the plasma 
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concentrations of benzophenone were significantly higher in rats than in mice (Dix 
et al., 1997b). 

(b) Metabolism 

Generally, the aromatic secondary alcohols (and aromatic ketones after reduction 
to the corresponding secondary alcohols) are conjugated with glucuronic acid and 
excreted in the urine, or the alcohols and ketones are further oxidized and conjugated 
primarily with glycine to form hippuric and phenaceturic acids and excreted. The 
aromatic esters in the group are hydrolysed either to aromatic secondary alcohols 
and simple aliphatic carboxylic acids or to ethanol and keto-carboxylic acids. Several 
aromatic ketones and corresponding alcohols have been shown to be interconvertible 
in vivo. The available studies on the metabolism, including hydrolysis, of the flavouring 
agents in the group are summarized below. 

(i) Hydrolysis of esters 

In general, aromatic esters are expected to be hydrolysed in vivo by the catalytic 
activity of the carboxylesterases found throughout mammalian tissues, but 
predominantly in hepatocytes (Heymann, 1980). 

No data were available on the hydrolysis of the 1 0 aromatic esters in the group 
(Nos 800-804, 814, 816,823, 834, and 835). Hydrolysis of the five a-methylbenzyl 
esters (Nos 800-804) yields the a-methylbenzyl alcohol and simple aliphatic 
carboxylic acids. This conclusion is supported by data on the hydrolysis in vitro of 
structurally related benzyl esters (benzyl acetate, benzyl2-methylbutanoate, benzyl 
cinnamate, and benzyl phenylacetate), which indicate that significant ester hydrolysis 
is expected before absorption (Leegwater & van Straten, 1974). After absorption, 
rapid hydrolysis is expected in the blood and liver in vivo. Benzyl acetate was readily 
hydrolysed in pig liver homogenate (Heymann, 1980). The plasma half-times for the 
hydrolysis of a series of four alkyl benzoates (including methyl benzoate, ethyl 
benzoate and propyl benzoate) and two aralkyl benzoates (benzyl benzoate and 
phenethyl benzoate) in 80% human blood plasma in vitro were 15-210 min (Nielsen 
& Bundgaard, 1987). 

(ii) Metabolism of aromatic ketones, aromatic secondary alcohols, 
and parent compounds of related esters 

a-Methylbenzyl alcohol (No. 799} and acetophenone (No. 806}: As a
Methylbenzyl alcohol (No. 799) and acetophenone (No. 806) are interconvertible, 
similar excretion products may be formed. Reduction of acetophenone to a
methylbenzyl alcohol and oxidation of a-methylbenzyl alcohol to acetophenone has 
been reported in rat hepatocytes (Hopkins et al., 1972; Maylin et al., 1973). The 
reduction and oxidation steps have been shown to be stereoselective in vitro and in 
vivo (Culp & McMahon, 1968; Callaghan et al., 1973; Sullivan et al., 1976). The 
alcohol is conjugated mainly with glucuronic acid and excreted, while the ketone 
can also undergo w-oxidation and subsequent oxidative decarboxylation to yield 
benzoic acid, which is excreted mainly in the urine as hippuric acid. Little or no 
oxidation of the aromatic ring has been reported. 

The reduction and oxidation pathways have been observed in various animal 
species. Acetophenone administered to rabbits via a variety of routes or to dogs in 
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the diet was primarily reduced to a-methylbenzyl alcohol. In other studies, a
methylbenzyl alcohol was oxidized to acetophenone in rats and to a metabolite of 
acetophenone in rabbits (EI Masry et al., 1956; Kiese & Lenk, 1974). Incubation of 
acetophenone with carbonyl reductase from rabbit kidney resulted predominantly in 
the formation of S-(-)-a-methylbenzyl alcohol (Culp & McMahon, 1968). Conversely, 
incubation of(+)- or +(-)-a-methylbenzyl alcohol in rat liver cytosolic preparations 
containing NADP+ resulted in stereospecific oxidation of the (-)-isomer only, to yield 
acetophenone (Callaghan et al., 1973). 

In Chinchilla rabbits, about 28% of a single dose of 244 mg/kg bw of a
methylbenzyl alcohol administered via a stomach tube was excreted in the urine as 
hippuric acid within 24 h. Rabbits given acetophenone at a single dose of 240 mg/kg 
bw excreted 19% as hippuric acid (EI Masry et al., 1956). Also in rabbits, about 50% 
of a single oral dose of 450 mg/kg bw a-methylbenzyl alcohol was excreted as the 
glucuronic acid conjugate in urine within 24 h. Other urinary metabolites included 
hippuric acid (30%) and mandelic acid (1-2%). Under similar conditions, 
acetophenone underwent essentially the same metabolic fate. An oral dose of 
450 mg/kg bw acetophenone was excreted in 24-h urine as the glucuronic acid 
conjugate of a-methyl benzyl alcohol (47%) and as hippuric acid (17%) (Smith et al., 
1954a). 

The mode of administration and the species have little effect on the metabolic 
fate of the alcohol or ketone. The major urinary metabolites were still the glucuronic 
acid conjugate of a-methylbenzyl alcohol (35%) and hippuric acid (24%) when rabbits 
were given a single subcutaneous dose of acetophenone at 500-1400 mg/kg bw. 
Small amounts were excreted as mandelic acid or unchanged (Thierfelder & Daiber, 
1923). When dogs were given a single oral dose of 500 mg/kg bw, 35% was recovered 
in the urine as the glucuronic acid conjugate of a-methylbenzyl alcohol, while 20% 
was excreted as hippuric acid. Much of the remainder was excreted unchanged 
(Quick, 1928). 

Minor urinary metabolites in rabbits given large doses (total dose, 5.4 g) of 
acetophenone by intraperitoneal injection included w-hydroxyacetophenone, meta
hydroxyacetophenone, and para-hydroxyacetophenone. These metabolites 
accounted for approximately 1% of the dose (Kiese & Lenk, 1974). Studies of ethyl 
benzene, chiral and achiral forms of a-methylbenzyl alcohol (No. 799), acetophenone 
(No. 806), and w-hydroxyacetophenone suggested that chiral mandelic acid is formed 
from a-methylbenzyl alcohol via acetophenone, benzoic acid is also formed directly 
from acetophenone, and w-hydroxyacetophenone is an intermediary metabolite in 
the formation of chiral mandelic acid and benzoic acid from acetophenone or a
methylbenzyl alcohol (Sullivan et al., 1976). 

When rats were given a single intraperitoneal dose of racemic, labelled [3H
C1]a-methylbenzyl alcohol, the urinary mandelic acid was chiral ((-)form) but did 
not contain the 3H label, suggesting that the alcohol was oxidized (dehydrogenated) 
to acetophenone before formation of mandelic acid. Acetophenone thus appears to 
be the precursor of optically active mandelic acid, given that either stereoisomer or 
the racemic form of a-methylbenzyl alcohol forms only the (-) form of mandelic 
acid. Formation of benzoic acid from acetophenone was confirmed when groups of 
eight male rats exhaled 30% of a single dose of 100 mg/kg bw of [methyi-
14C]acetophenone as 14C02 within 30 h. The intermediate role of w-hydroxyaceto
phenone in the formation of benzoic acid and mandelic acid is indicated by the 
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observation that incubation of acetophenone with rat hepatocyte microsomes yields 
mainly co-hydroxyacetophenone (Sullivan et al., 1976). 

These observations indicate that, in animals, a-methylbenzyl alcohol and 
acetophenone are interconvertible. a-Methylbenzyl alcohol may be excreted in the 
urine predominantly as the glucuronic acid conjugate. Acetophenone undergoes co
oxidation to yield a-hydroxyacetophenone. Subsequent stereoselective reduction 
of the ketone function and oxidation of the terminal alcohol yields mandelic acid, 
while simple oxidation of the terminal alcohol yields the corresponding ketoacid, 
which may undergo oxidative decarboxylation to yield benzoic acid, which is excreted 
as hippuric acid (see Figure 1 ). 

(iii) Aromatic ketones; higher homologues 

An increase in chain length does not significantly alter the metabolic fate of 
these agents. The ketone and alcohol are interconvertible. In major metabolic 

Figure 1. Metabolism of acetophenone and a-methyl benzyl alcohol 
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pathways, the ketone is stereoselectively reduced to the corresponding alcohol, 
which is subsequently excreted as the glucuronic acid conjugate. If the alkyl chain is 
even-numbered, the ketone may undergo oxidation and cleavage to yield a 
phenylacetic acid derivative. If the alkyl chain is odd-numbered, oxidative cleavage 
yields mainly a benzoic acid derivative. The acids are excreted almost exclusively 
as glycine conjugates (i.e., phenaceturic acid and hippuric acid). 

(iv) 1-Pheny/-1-propano/ (No. 822) and propiophenone (No. 824) 

Metabolic interconversion of 1-phenyl-1-propanol (No. 822) and propiophenone 
(No. 824) has been observed in vitro. Metabolic reduction of propiophenone produced 
19% and 24% 1-phenyl-1-propanol in NADPH- and NADH-fortified male rat liver 
preparations, respectively. Male rabbit liver homogenate incubated with 
propiophenone and fortified with NADPH- and NADH-generating systems produced 
75% and 61% 1-phenyl-1-propanol, respectively. Other minor metabolic pathways 
detected included hydroxylation of the a-methylene group to produce 2-hydroxy
propiophenone and oxidation of 1-phenyl-1-propanol or propiophenone to yield 
acetophenone (4-8%). A larger amount of propiophenone (17-18%) was produced 
in both rat liver preparations (Coutts et al., 1981 ). In a follow-up experiment, 93-
97% of the 1-phenyl-1-propanol produced from propiophenone in rat and rabbit 
preparations occurred as the S (-)-isomer. The remainder occurred in the R (+) 
form. NADPH- and NADH-generating systems were equally efficient in the two 
species (Prelusky et al., 1982). 

(v) 4-Pheny/-3-buten-2-one (No. 820) 

The presence of a,p-unsaturation in trans-4-phenyl-3-buten-2-one does not 
significantly alter the metabolic fate of this ketone when compared with that of other 
aromatic ketones. The glycine conjugate of phenylacetic acid, phenaceturic acid 
(65%), was the major urinary metabolite collected 48 h after male Fischer 344 rats 
were given a single dose of 200 mg kg bw trans-4-phenyl-3-buten-2-one (No. 820) 
by oral gavage. Minor urinary metabolites included hippuric acid (9.9%) and 
glutathione conjugates of the parent ketone (5.6%) and alcohol (2.2%). Presumably, 
hippuric acid (benzoylglycine) is formed from hydration of the double bond, 
subsequent retro-aldol reaction to form benzaldehyde, and then oxidation to benzoic 
acid. The parent ketone was not detected in blood after dosing. The principal blood 
metabolite after intravenous administration of the same dose was the corresponding 
alcohol, 4-phenyl-3-butene-2-ol, which represented 4.4% of the total dose. Almost 
all the administered dose was recovered within 48 h (Sauer et al., 1997a). 

In a similar experiment in female B6C3F1 mice, the principal urinary metabolites 
included the glycine conjugates of phenylacetic acid (35%) and benzoic acid (19%), 
the glutathione conjugate of the ketone (6.7%), and unchanged ketone (8.6%). The 
principal blood metabolites after intravenous administration of the same dose were 
the corresponding alcohol and the hydrated ketone 4-hydroxy-4-phenyl-2-butanone, 
which represented 5.4% and 2.3% of the total dose, respectively. Only about 1.2% 
of the administered dose was present in the faeces. Approximately 96% was 
recovered within 48 h (Sauer et al., 1997b). 
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(vi) Benzophenone (No. 831) 

The majority (46-61%) of a single dose of benzophenone of 364 mg/kg bw 
administered to rabbits by stomach tube was excreted as the glucuronide conjugate 
of the corresponding alcohol, benzhydrol within 48 h (Robinson, 1958). Incubation 
of a solution of 8 mmoi/L benzophenone with rabbit liver homogenate and NADPH 
resulted in the formation of 20% benzhydrol within 1 h (Leibman, 1971 ). 

2.3.2 Toxicological studies 

(a) Acute toxicity 

The available LD50 values for mice treated orally ranged from 500 to 3100 mg/kg 
bw (Rohrbach & Robineau, 1958; Caprino et al., 1976; Moreno, 1982; Schafer & 
Bowles, 1985; Proctor & Gamble Co., 1992) (Table 3). 

LD50 values in rats treated orally have been reported for 17 of the 38 agents in 
this group. The values ranged from 400 to> 10 000 mg/kg bw, but most values were 
> 1000 mg/kg bw, indicating that aromatic substituted secondary alcohols, ketones, 
and related esters have little toxicity (Smyth & Carpenter, 1944, 1948; Brown et al., 
1955; Rohrbach & Robineau, 1958; Linet et al., 1962; Jenner et al., 1964; Trubek 
Labs, 1964; Smyth et al., 1969; Fogleman & Margolin, 1970; Calandra, 1971; Posner, 
1971; Levenstein & Wolven, 1972; Denine & Palanker, 1973; Levenstein, 1973; 
Moreno, 1973; Russell, 1973; Carpenter et al., 1974; Levenstein, 1976; Avon 
Products, Inc., 1977; Moreno, 1977; Reagan & Becci, 1984; Burdock & Ford, 1990). 

(b) Short-term studies of toxicity 

The results of short-term studies were available for 12 of the 38 aromatic 
substituted secondary alcohols, ketones, and related esters in this group (Brown et 
al., 1955; Trubek Labs, 1956, 1958; Oser et al., 1965; Hagan et al., 1967; Pasternak 
et al., 1969; Gaunt et al., 1974; National Toxicology Program, 1980; Ford et al., 
1983; National Toxicology Program, 1990; Burdock et al., 1991; Freeman et al., 
1994). These studies cover a range of structures, including the parent alcohol a
methylbenzyl alcohol (No. 799) and its corresponding ketone, acetophenone (No. 
806) and acetate ester (No. 801 ), one naphthyl ketone (methyl ~-naphthyl ketone 
(No. 811 )), three aromatic secondary alcohols or related esters (1-phenyl-1-propanol 
(No. 822), the butyric acid ester of 1-phenyl-2-propanol (No. 814), and a
isobutylphenethyl alcohol (No. 827)), two para-methoxyphenyl-substituted ketones 
(4-(para-methoxyphenyl)-2-butanone (No. 818) and 1-(para-methoxyphenyl)-1-
penten-3-one (No. 826)), two ketones containing two aromatic rings (benzophenone 
(No. 831) and benzoin (No. 836)), and one aromatic diketone (1-phenyl-1 ,2-
propandione (No. 833)). The results of these studies are summarized in Table 4 and 
described below. 

Mice 

a-Methylbenzyl alcohol (No. 799): Groups of four or five male and five female 
B6C3F, mice were given a-methylbenzyl alcohol at a dose of 0, 125, 250, 500, 
1 000, or 2000 mg/kg bw per day by gavage in corn oil on 5 days per week for 
16 days. All four males and all five females receiving the highest dose and three of 
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Table 3. Acute toxicity (LD50) of aromatic substituted secondary alcohols, 
ketones, and related esters 

Flavouring agent (No.) Species Sex Route LDso Reference 
(mg/kg bw) 

a-Methylbenzyl alcohol (799) Rat M Gavage 400 Smyth & 
Carpenter (1944) 

a-Methylbenzyl acetate (801) Rat NR Oral 5000 Posner {1971) 
a-Methylbenzyl propionate (802) Rat M, F Gavage 5.2 ml/kg Levenstein (1973) 

(- 5200 
mg/kg bw) 

para, a-Dimethylbenzyl Rat NR Oral 2.8 ml/kg Linet et al. (1962) 
alcohol {805) (- 2700 

mg/kg bw) 
Acetophenone (806) Rat M Gavage 3000 Smyth & 

Carpenter (1944) 
Acetophenone {806) Rat M, F Gavage 3200 Jenner et al. 

(1964) 
Acetophenone (806) Rat NR Oral 2.5 ml/kg Smyth et al. 

(- 2500 (1969) 
mg/kg bw) 

Acetophenone {806) Rat NR Oral 900 Smyth & 
Carpenter (1948) 

Acetophenone {806) Mouse NR Oral 1800 Proctor & Gamble 
{1992) 

4-Methylacetophenone {807) Rat M, F Gavage 1400 Calandra {1971) 
Acetanisole {81 O) Rat NR Oral 1720 Moreno {1973 
4-Acetal-6-tert-butyl-1, 1-di- Rat NR Oral > 5000 Denine & 
methylindan {812) Palanker (1973) 
4-Acetal-6-tert-butyl-1, 1-di- Rat F Gavage 3700 Avon Products 
methylindan (812) Inc. {1977) 
1-{para-Methoxyphenyl)-2- Rat NR Oral 3.3 ml/kg Levenstein {1976) 

propanone {813) (- 3700 
mg/kg bw) 

4-{para-Methoxyphenyl)-2- Rat NR Oral > 5000 Russell {1973) 
butanone {818) 

4-Phenyl-3-buten-2-one {820) Rat M, F Gavage 5 ml/kg Levenstein & 
(- 5000 Wolven {1972) 
mg/kg bw) 

4-Phenyl-3-buten-2-one {820) Rat M, F Gavage 5.2 ml/kg Trubek Labs 
(- 5300 (1964) 
mg/kg bw) 

3-Methyl-4-phenyl-3-buten-2- Rat M, F Gavage 5500 (M) Burdock & Ford 
one {821) 4100 (F) {1990) 

1-Phenyl-1-propanol {822) Rat NR Gavage 2800 Brown et al. 
{1955) 

1-Phenyl-1-propanol {822) Rat NR Gavage 2500 Rohrbach & 
Robineau {1958) 

1-Phenyl-1-propanol {822) Mouse NR Gavage 500 Rohrbach & 
Robineau (1958) 

Propiophenone {824) Rat NR Oral 4.5 ml/kg Carpenter et al. 
(- 4500 {1974) 
mg/kg bw) 
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Table 3 (contd) 

Flavouring agent (No.) Species Sex Route LDsa Reference 
(mg/kg bw) 

3-Benzyl-4-heptanone (830) Rat M, F Gavage 4400 Burdock & Ford 
(1990) 

3-Benzyl-4-heptanone (830) Rat M, F Gavage 4400 Reagan & Becci 
(1984) 

1-(para-Methoxyphenyl)-1- Rat NR Oral > 5000 Moreno (1977) 
penten-3-one (826) 

Benzophenone(831) Rat M Gavage > 10 000 Fogleman & 
Margolin (1970) 

Benzophenone(831) Mouse M Oral 2900 Caprino et al. 
(1976) 

Benzoin (836) Mouse NR Food 1000 Schafer & Bowles 
(1985) 

Methyl [}naphthyl ketone (811) Mouse NR Oral 3100 Moreno (1982) 

M, male; F, female; NR, not reported 

four males and four of five females receiving 1000 mg/kg bw per day died before the 
end of the study. Histopathological evaluation showed no treatment-related effects 
(National Toxicology Program, 1990). 

In a subsequent study, groups of 10 male and 10 female 86C3F1 mice were 
given a-methylbenzyl alcohol at a dose of 0, 47, 94, 190, 380, or 750 mg/kg bw per 
day by gavage in corn oil on 5 days per week for 13 weeks. No compound-related 
deaths occurred, and the final body weights were comparable to those of controls. 
Complete histological examinations performed on all male and female mice given 
the highest dose revealed no treatment-related effects (National Toxicology Program, 
1990). 

Benzophenone (No. 831): Benzophenone was administered in the diet to groups 
of male and female B6C3F1 mice (numbers not specified) at a concentration of 
0.12, 0.5, 1, or 2% for 13 weeks, corresponding to average daily intakes of 0, 190, 
750, 1500, and 3000 mg/kg bw. Significant decreases in terminal body weight were 
reported in male mice receiving 1500 mg/kg bw per day and female mice at the 
three higher doses. Increased serum concentrations of bile salts, increased absolute 
and relative liver weights, and an increased incidence of centrilobular hepatocellular 
hypertrophy indicated hepatic toxicity {doses not specified). Thymic necrosis and 
atrophy and splenic lymphoid depletion were common in treated mice. The authors 
concluded that these effects were probably the result of stress and inanition rather 
than the lymphotoxicity of the test agent and suggested that a time-dependent 
interaction of palatability and cumulative toxic effects could explain the results 
(Freeman et al., 1994). 

Benzoin (No. 836): Groups of five male and five female 86C3F1 mice were given 
diets containing benzoin at concentrations providing a dose of 0, 220, 460, 1 000, 
2200, or 4600 mg/kg bw per day for 14 days. At necropsy, enlarged lymph nodes 



Table 4. Results of short-terma studies of toxicity with aromatic substituted secondary alcohols, ketones, and related esters used N 
0 

as flavouring agents ""' 

No. Flavouring agent Species, sex No. of test groups• I Route Length NOEL (mg/kg Reference 
no. per groupb bw per day) 

a-Methylbenzyl alcohol (799) Mouse, M,F 5/10 Gavage 16 days 500 National Toxicology 
:b 

Mouse, M,F 5/20 Gavage 13 weeks 750c Program ( 1990) ::0 
Rat, M,F 5/10 Gavage 16 days 1000 0 

Rat, M,F 5/20 Gavage 13 weeks < 93 ~ 
:::l 
C) 

a-Methyl benzyl acetate (801) Rat, M,F 3/30 Gavage 13 weeks 15 Gaunt et al. (1974) (/) 

§ 
Acetophenone (806) Rat, M,F 3/10 Food 17 weeks 10000 Hagan et al. (1967) (/) 

:::l 

a-Methylphenethyl butyrate (814) Rat, M,F 1/20-32 Food 90 days 3.1< (M) Posternak et al. ( 1969) C! 
ill 3.5<(F) 0 
(/) 

4-(para-Methoxyphenyl)-2-butanone (818) Rat, M 3/6 Food 2 weeks 500 Trubek Labs (1956) Ill 
C) 

Rat, M,F 2/20 Food 90 days 110< 0 

~ 1-Phenyl-1-propanol (822) Rat, M,F 1/10 Food 4 months 4200 (M) Brown et al. (1955) ::0 
480< (F) "<: 

:b 
r-

a-lsobutylphenethyl alcohol (827) Rat, M,F 3/30 Oral 90 days 10 Ford et al. (1983) C) 
0 
:t: 

1-(para-Methoxyphenyl)-1-penten-3-one (826) Rat, M,F 1/30 Food 90 days 13< (M) Oser et al. (1965) 0 r-
15< (F) (/) 

:b 

1-Phenyl-1 ,2-propanedione (833) Rat, M,F 1/16 Food 90 days 18< (M) Posternak et al. (1969) ~ 
17< (F) ~ 

~ 
Benzophenone(831) Rat, M,F 3/2G-32 Food 28 days < 20 Burdock et al. (1991) 

m Rat, M,F 1/32 Food 90 days 1g<(M) 
2c(F) 



Table 4 (contd) 

No. Flavouring agent 

Benzophenone (831) 

Benzoin (836) 

Methyl !}naphthyl ketone (811 ) 

M, male; F, female; NR, not reported 
• Does not include control groups 
b Both male and female animals 

Species, sex No. of test groups3 I 
no. per groupb 

Mouse 4/NR 
Rat 4/NR 

Rat, M,F 5/10 
Mouse, M,F 5/10 
Rat, M,F 5/20 
Rat, M,F 5/20 

Mouse, M,F 5/20 

Aat,M,F 1/30 

Route Length NOEL(mglkg 
bw per day) 

Oral 13 weeks < 187 
Oral 13 weeks < 120 

Food 14 1000 
Food 14 2200 
Food 90 <50 
Food 90 12 (M) 

50 (f)C 
Food 90 1500° 

Food 90 33c (M) 

37C(F) 

< Study performed with a single or multiple doses that produced no adverse effects, and so the actual NOEL may be higher. 

Reference 

Freeman et al. (1994) 

National Toxicology 
Program (1980) 

Oser et al. (1965) 

N 
0 
U'l 
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and spleens were reported in males and enlarged lymph nodes in females at the 
highest dose (National Toxicology Program, 1980). 

In a subsequent study, groups of 10 male and 10 female B6C3F1 mice were 
given diets containing benzoin at a concentration of 0, 620, 1200, 2500, 5000, or 
10 000 mg/kg for 90 days, corresponding to average daily intakes of 0, 93, 190, 
380, 750, and 1500 mg/kg bw, respectively. All surviving animals were killed and 
necropsied. Microscopic examination of major organs and tissues and gross lesions 
revealed no evidence of any compound-related effect (National Toxicology Program, 
1980). 

Rats 

a.-Methylbenzyl alcohol (No. 799): Groups of five male and five female Fischer 
344 rats were given a.-methylbenzyl alcohol at a dose of 0, 120, 250, 500, 1000, or 
2000 mg/kg bw per day by gavage in corn oil on 5 days per week for 16 days. Two 
males and four at the highest dose died before the end of the study. Significantly 
reduced final body weights (males, 21 %; females, 15%) and haemorrhagic 
gastrointestinal tracts (males, 2/5; females, 1/5) were also observed in this group. 
Histopathological evaluation of two males and two females at 1000 mg/kg bw per 
day revealed no lesions related to administration of the test agent (National Toxicology 
Program, 1990). 

In a subsequent study, groups of 10 male and 10 female Fischer 344/N rats 
were given a.-methyl benzyl alcohol at a dose of 0, 93, 190, 380, 750, or 1500 mg/kg 
bw per day by gavage in corn oil on 5 days per week for 13 weeks. One male and 
three females receiving the highest dose died before the end of the study. Weekly 
measurement of body weights revealed a significant reduction in males ( 12%) and 
females (7%) at the highest dose. At necropsy, the relative weights of the livers of 
males at the three higher doses and of all treated females were greater than those 
of controls. Histopathological examination of all rats at 750 and 1500 mg/kg bw per 
day and of males at 375 mg/kg bw per day revealed minimally to mildly elevated 
concentrations of haemosiderin in spleen macrophages of 9/10 male and 6/10 female 
rats receiving 1500 mg/kg bw per day and all 1 0 male rats receiving 750 mg/kg bw 
per day (National Toxicology Program, 1990). 

a.-Methylbenzyl acetate (No. 801 ): Four groups of 15 male and 15 female rats 
were given a.-methylbenzyl acetate at a dose of 0, 15, 50, or 150 mg/kg bw by 
gavage daily for 13 weeks. Daily observations showed no changes in the appearance 
or behaviour of treated or control rats. Weekly measurements of body weight and of 
food and water consumption showed that males at the highest dose had a statistically 
significant increase in food and water intake. Analysis of the urine of this group 
showed an increased number of cells at week 6, but not at week 13. At necropsy, 
the absolute and relative weights of the kidney and liver of males at the highest 
dose were higher than those of controls, although no abnormalities were observed 
histopathologically. The weights of the kidney and liver of animals at 50 mg/kg bw 
per day were slightly but not statistically significantly increased (Gaunt et al., 1974). 
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Acetophenone (No. 806): Groups of five male and five female weanling Osborne
Mendel rats received a diet containing acetophenone at a concentration of 1000, 
2500, or 10 000 mg/kg for 17 weeks, corresponding to average daily intakes of 0, 
1 00, 250, and 1 000 mg/kg bw, respectively. Histopathological examination and 
measurements of the weights of the liver, kidneys, spleen, heart, and testis showed 
no dose-related effects (Hagan et al., 1967). 

a-Methylphenethyl butyrate (No. 814): Groups of 1Q-16 male and 10-16 female 
rats were fed diets containing a-methylphenethyl butyrate for 90 days at 
concentrations reported to result in daily intakes of 3.1 and 3.5 mg/kg bw per day, 
respectively. A significant change in leukocyte count at week 7 was considered by 
the authors to be of no toxicological significance; it was no longer present at the end 
of the study. Measurements of growth, clinical chemistry, organ weights, and tissues 
revealed no adverse effects (Pasternak et al., 1969). 

4-(para-Methoxyphenyl)-2-butanone (No. 818): Groups of six male albino rats 
were given diets containing 4-(para-methoxyphenyl)-2-butanone at a concentration 
of 0, 0.5, 1, or 2% for 2 weeks, corresponding to average daily intakes of 0, 500, 
1 000, and 2000 mg/kg bw, respectively. The body-weight gains of groups at the two 
higher doses were significantly lower than those of controls. The authors noted that 
the test compound had probably reduced the palatability of the diet. Gross 
examination at necropsy showed no abnormal results (Trubek Laboratories, 1956). 

In a follow-up study, groups of 10 male and 10 female rats (strain unspecified) 
were given diets containing 4-(para-methoxyphenyl)-2-butanone at concentrations 
resulting in an average daily intake of 56 or 110 mg/kg bw per day for 90 days. No 
statistically significant differences were found between control and test animals with 
regard to body weight, general appearance or behaviour, haematological or urinary 
parameters or histopathological appearance (Trubeck Laboratories, 1958). 

1-Phenyl-1-propanol (No. 822): Five male and five female rats were given diets 
containing 1-phenyl-1-propanol for 4 months at concentrations providing an average 
daily intake of 480 mg/kg bw for females and 420 mg/kg bw for males. Measurements 
of organ and body weights and histological studies revealed no adverse effects. No 
other details were given (Brown et al., 1955). 

a-lsobutylphenethyl alcohol (No. 827): Groups of 15 male and 15 female rats 
were given a-isobutylphenethyl alcohol in the diet for 90 days at concentrations 
providing an average daily intake of 0, 1 0, 40, or 160 mg/kg bw. The food intake of 
treated groups was generally lower than that of controls. A decrease in serum glucose 
concentration was observed in males at 40 mg/kg bw per day, but this effect was 
considered of questionable toxicological significance. The following statistically 
significant changes were found in animals at the highest dose: a reduction in weight 
gain (possibly due to reduced palatability) in both sexes, mild proteinuria in females, 
increased relative liver weight in males, increased relative caecal weights in both 
sexes, increased relative spleen weight in females, a reduction in serum glucose 
concentration in both sexes, and a reduced reticulocyte count in both sexes. 
Significantly increased relative spleen weights were also observed in males and 
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females receiving 40 mg/kg bw per day. No histopathological changes were found 
in the liver or spleen of any treated animal (Ford et al., 1983). 

1-(para-Methoxypheny/}-1-penten-3-one (No. 826}: No treatment-related gross 
or histological effects were observed after administration of 1-(para-methoxyphenyl)-
1-penten-3-one in the diet to groups of 15 male and 15 female FDRL rats at 
concentrations calculated to provide intakes of 13 and 15 mg/kg bw per day for 
males and females, respectively, for 90 days (Oser et al., 1965). 

1-Phenyl-1,2-propanedione (No. 833}: Groups of eight male and eight female 
rats were fed diets containing 1-phenyl-1, 2-propanedione for 90 days at concentra
tions reported to provide doses of 18 mg/kg bw per day for males and 17 mg/kg bw 
per day for females. Measurements of growth, haematological and clinical chemical 
end-points, organ weights, and histological appearance revealed no adverse 
toxicological effects (Pasternak et al., 1969). 

Benzophenone (No. 831): Groups of 10-16 male and 10-16 female Sprague
Dawley rats were given diets containing benzophenone at concentrations providing 
a dose of 0, 20, 100, or 500 mg/kg bw per day for 28 days. Weekly measurements 
of body weight and food consumption revealed a significant decrease in the final 
mean body weights of both sexes at the highest dose. Haematological, clinical 
chemical, and urinary determinations conducted in all test and control rats on day 
28 showed significantly decreased erythrocyte count, haemoglobin concentration, 
and erythrocyte volume fraction in males and females at the two higher doses. At 
necropsy, significantly increased absolute and relative weights of the liver were found 
in males and females at the two higher doses and significantly increased relative 
kidney weights in males at the two higher doses and in all treated females. Females 
at the lowest dose had significantly increased relative liver weights. Histopathological 
examinations of the liver and kidney of all test and control animals and 18 additional 
organs from five males and five females randomly selected from the control and 
high-dose groups revealed significant increases in the incidence of slight to moderate 
hepatocyte hypertrophy in males and females at the two higher doses. No other 
treatment-related abnormalities were observed (Burdock et al., 1991 ). 

In a related study, 16 male and 16 female Sprague-Dawley rats were given diets 
containing benzophenone at a concentration providing a dose of 20 mg/kg bw per 
day for 90 days. The actual intake was reported to be 19 mg/kg bw per day for 
males and 22 mg/kg bw per day for females. Haematological, clinical chemical, and 
urinary analyses conducted on day 90 revealed no apparent differences between 
test and control animals. Gross necropsy of all test and control animals and 
histopathological examination of 20 organs (including liver and kidney) from 12 males 
and 12 females randomly selected from the treated and control groups revealed no 
findings attributable to treatment (Burdock et al., 1991 ). 

In a further study, benzophenone was administered in the diet to groups of male 
and female Fischer 344 rats (numbers of animals not specified) at a concentration 
of 0.12, 0.5, 1, or 2% for 13 weeks, corresponding to average daily intakes of 120, 
500, 1000, and 2000 mg/kg bw. Excessive weight loss led to moribundity of all 
males at the highest dose after 6 weeks, and only six females at this dose remained 
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alive at day 78. The terminal body weights were significantly decreased in all dose 
groups, except for males at the lowest dose. An increased concentration of serum 
bile salts, increased absolute and relative liver weights, and an increased incidence 
of centrilobular hepatocellular hypertrophy provided evidence of hepatic toxicity 
(doses not specified). Cellular atrophy and hypercellularity of the bone marrow and 
papillary necrosis of the kidney were also reported (doses not specified). The authors 
suggested that the observed effects were the result of stress and inanition rather 
than the lymphotoxicity of the test agent and that a time-dependent interaction of 
palatability and cumulative toxic effects could explain the results (Freeman et al., 
1994). 

Benzoin (No. 836): Groups of five male and five female Fischer 344 rats were 
given diets containing benzoin at concentrations providing a dose of 0, 100, 320, 
1000, 3200, or 10 000 mg/kg bw per day for 14 days. Three females at the highest 
dose died before the end of the study. A dose-related decrease in weight gain was 
observed in treated males (statistical significance not specified). None of the treated 
females gained significant weight, and those at the highest dose lost weight. Necropsy 
revealed a solid, silvery-white substance in the stomachs of rats at the two higher 
doses (National Toxicology Program, 1980). 

In a subsequent study, groups of 10 male and 10 female Fischer 344 rats were 
given diets containing benzoin at a concentration of 0, 500, 1500, 5000, 15 000, or 
50 000 mg/kg for 90 days, corresponding to average daily intakes of 0, 50, 150, 
500, 1500, and 5000 mg/kg bw, respectively. The body-weight gain of males and 
females at the three higher doses were reduced by more than 10% with respect to 
that of controls (statistical significance not specified). At necropsy, greenish cortices 
were observed in the kidneys of four males and two females at 5000 mg/kg bw per 
day, one male at 500 mg/kg bw per day, and one female at 50 mg/kg bw per day. 
Discolouration was observed in the livers of one to four females at each dose. 
Interstitial nephritis was observed in all treated groups, and the severity was dose
related. Scattered vacuolated hepatocytes were observed in the livers of females at 
the two higher doses (National Toxicology Program, 1980). 

In a second 90-day study to determine a dose that would not cause interstitial 
nephritis, groups of 10 male and 10 female Fischer 344 rats were given diets 
containing benzoin at a concentration of 0, 30, 60, 120, 250, or 500 mg/kg, 
corresponding to average daily intakes of 0, 3, 6, 12, 25, and 50 mg/kg bw, 
respectively. The experimental parameters were evaluated according to the same 
protocol use in the corresponding study in mice (see above). Interstitial nephritis 
was observed in the kidneys of males only at the two higher doses (National 
Toxicology Program, 1980). 

Methyl f)-naphthyl ketone (No. 811 ): Fifteen male and 15 female rats were given 
diets containing methyl f)-naphthyl ketone for 90 days at concentrations reported to 
result in daily intakes of 33 mg/kg bw per day for males and 37 mg/kg bw per day for 
females. Measurements of growth, haematological and clinical chemical end-points, 
and gross and histological examination at necropsy revealed no significant adverse 
effects (Oser et al., 1965). 



210 AROMATIC SUBSTITUTED SECONDARY ALCOHOLS AND KETONES 

(c) Long-term studies of toxicity and carcinogenicity 

Mice 

a-Methylbenzyl alcohol (No. 799): Groups of 50 male and 50 female 86C3F1 
mice were given a-methylbenzyl alcohol at a dose of 0, 380, or 750 mg/kg bw per 
day by gavage in corn oil on 5 days per week 1 03 weeks. All organs and tissues 
were evaluated for the presence of gross lesions, which were examined 
histopathologically. Tissues from all controls, animals at the high dose, and animals 
at the low dose that died during the first 21 months of the study were examined 
histologically. All organs targeted for neoplastic and non-neoplastic effects in treated 
mice were also examined histologically. 

The survival rate of treated mice was comparable to that of controls. The mean 
body weights of females at the high dose were 8-16% lower than those of controls 
from week 72 to the end of the study. Significant lung congestion was observed in 
males (control, 0/50; low dose, 0/50, high dose, 7/50) and females {0/50, 0/50, 7/50) 
at the highest dose. Pulmonary haemorrhage and foreign matter were observed in 
6/50 males at the high dose and 1/49 control males. These effects are commonly 
associated with the gavage technique. No other negative effects were observed. 
The authors concluded that there was no evidence of carcinogenic activity (National 
Toxicology Program, 1990). 

Benzoin (No. 836): Groups of 50 male and 50 female 86C3F1 mice were given 
diets containing benzoin at a concentration of 0, 2500, or 5000 mg/kg for 104 weeks, 
corresponding to average daily intakes of 0, 375, and 750 mg/kg bw, respectively. 
Gross lesions were examined microscopically, but some evaluations were limited 
by autolysis and cannibalization. The survival of treated mice was comparable to 
that of controls, and no compound-related clinical signs were observed. After week 
44, the body weights of treated females were reduced by about 10% with respect to 
that of controls. The survival rates of treated groups did not differ significantly from 
that of controls. Neoplastic and non-neoplastic lesions were observed in treated 
mice at frequencies comparable to those seen in aged B6C3F1 mice. The authors 
concluded that there was no evidence of carcinogenic activity (National Toxicology 
Program, 1980). 

Rats 

a-Methylbenzyl alcohol (No. 799): Groups of 50 male and 50 female Fischer 
344/N rats were given a-methylbenzyl alcohol at a dose of 0, 380, or 750 mg/kg bw 
per day by gavage in corn oil on 5 days per week for 103 weeks. Evaluations and 
necropsies were performed according to the same protocol used in the corresponding 
1 03-week study in mice (see above). 

Death occurred before the end of the study in 49/50 males and 39/50 females at 
the higher dose, 42/50 males and 24/50 females at the lower dose, and 15/50 control 
males and 16/50 females. Eight males and 14 females at the higher dose, nine 
males and four females at the lower dose, and one male and one female control 
were killed accidentally. Most of the deaths occurred during the second year of the 
study. 

The mean body weights at the end of the study were 12-32% lower than that of 
controls for surviving males at the higher dose, 1 Q-20% lower for surviving males at 
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the lower dose, and 12-19% lower for surviving females at the higher dose; the final 
body weights of surviving females at the lower dose were comparable to that of 
controls. Exacerbation of age-related renal nephropathy was reported in more than 
half of the treated and control females and nearly all treated and control males. 
However, this age-related renal disease was judged to be more severe in dosed 
male rats than in the controls. Renal tubule-cell adenomas occurred at significantly 
greater frequency in males at the higher dose (1 0%) than in control rats (0%). 
Significantly increased incidences of parathyroid hyperplasia, heart calcification, 
glandular stomach calcification, and fibrous osteodystrophy occurred in males at 
both doses. These effects were probably a secondary response to a mineral 
imbalance caused by impairment of renal function. Centrilobular necrosis of the 
liver was observed at significantly increased incidence in males at both doses when 
compared with controls. Inflammation of the forestomach was also observed at 
increased frequency in dosed males. Significantly increased incidences of lung 
congestion were found in females at both doses. Pulmonary haemorrhage and foreign 
matter were significantly more prevalent in males and females at the higher dose 
than in control rats. Inflammation of the nasal cavity and salivary gland were observed 
at significantly increased incidences in dosed males. These symptoms are commonly 
associated with accidents during gavage. 

The authors concluded that, under the conditions of the study, there was some 
evidence that a-methylbenzyl alcohol had carcinogenic activity in male but not female 
Fischer 344/N rats, as shown by increased incidences of renal tubule-cell adenomas 
and adenomas or adenocarcinomas (combined). The authors remarked that the 
renal toxicity was characterized by severe nephropathy and related secondary lesions 
and that excessive deaths occurred during the last quarter of the study. The poor 
survival reduced the sensitivity of the study for detecting the presence of a 
carcinogenic response (National Toxicology Program, 1990). 

a-Methyl benzyl alcohol was evaluated by the Committee at its forty-first meeting 
(Annex 1, reference 107), when it reviewed a series of studies, including that of the 
National Toxicology Program (1990) in mice and rats: "The Committee noted that a
methylbenzyl alcohol administered by gavage in corn oil was associated with a 
higher incidence of renal tubule-cell adenomas in male rats than in untreated controls, 
but not in female rats or in mice, at dose levels at or exceeding the maximum tolerated 
dose (MTD) and in the presence of factors that exacerbated a high incidence of 
age-related chronic progressive nephropathy. The intake of this compound from all 
sources is extremely low. On the basis of the evidence available, the Committee 
concluded that the higher incidence of benign neoplasms in the kidney of male rats 
is not relevant to humans. In view of the limited database, the Committee concluded 
that the available data could be used to set an ADI by application of a safety factor 
of 1 000 to the minimal-effect level of 93 mg/kg of body weight per day with respect 
to liver weight increase in the absence of associated pathology in the 13-week study 
in rats. Accordingly, an ADI of 0-0.1 mg/kg of body weight per day was allocated for 
a-methylbenzyl alcohol." 

Benzoin (No. 836): Groups of 50 male and 50 female Fischer 344 rats were 
given diets containing benzoin at a concentration of 0, 125, or 250 mg/kg for males 
and 0, 250, or 500 mg/kg for females, for 104 weeks, corresponding to average 
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daily intakes of 0, 12, and 25 mg/kg bw for males and 0, 25, and 50 mg/kg bw for 
females. The experimental parameters were evaluated according to the same 
protocol used in the corresponding study in mice (see above). 

Survival was significantly reduced in males at the lower dose (50%) with respect 
to controls (72%), whereas the survival of other treated groups was comparable to 
that of controls. No treatment-related clinical signs were observed. The mean body 
weights of treated rats were normal throughout the study. A dose-related increase in 
the incidence of lymphomas and leukaemias in male rats was not statistically 
significant. A dose-related increase in the incidence of hyperplasia of the adrenal 
medulla was observed in male rats (control, 8%; lower dose, 16%; higher dose, 
38%). These foci were described by the authors as "very small collections of medullary 
cells with basophilic cytoplasm and nuclei smaller than those of normal 
pheochromocytes." A dose-dependent increase in the frequency of chronic nephritis 
was observed in animals of each sex (males: 33/49, 41/49, 45/50; females: 7/50, 
19/49, 29/50). The effect was not significant in male rats, given the high incidence of 
chronic nephritis in the control group. The chronic inflammation observed in the 
kidney was qualitatively similar to that commonly observed in ageing rats. As the 
degenerative, proliferative, and inflammatory lesions occurred with comparable 
frequency in control and treated rats, the authors concluded that, under the conditions 
of the study, benzoin was not carcinogenic to male or female Fischer 344 rats 
(National Toxicology Program, 1980). 

(d) Genotoxicity 

In vitro 

Fifteen aromatic substituted secondary alcohols, ketones, and related esters 
used as flavouring agents have been tested for genotoxicity in vitro (see Table 5). 
No reverse mutation was reported in the standard Ames assay with various strains 
of Salmonella typhimurium (TA97, TA98, TA100, TA102, TA1535, TA1537, TA1538, 
and TA2637) incubated with 33-6700 )lg/plate of o:-methylbenzyl alcohol (No. 799) 
(Zeiger et al., 1987; National Toxicology Program, 1990), 10-1000 )lg/plate of 
acetophenone (No. 806) (Florin et al., 1980; Nohmi et al., 1985; Fujita & Sasaki, 
1987), 3600 )lg/plate of methyl ~-naphthyl ketone (No. 811 ), 3600 Jlg/plate of 4-
(para-methoxyphenyl)-2-butanone (No. 818), 3600 )lg/plate of 4-phenyl-3-buten-2-
ol (No. 819), 3600 Jlg of a-propyl phenethylalcohol (No. 825), 3600 )lg/plate of 1-
(para-methoxyphenyl)-1-penten-3-one (No. 826) (Wild et al. 1983), 3-1 000 )lg/plate 
of benzophenone (No. 831) (Mortelmans et al., 1986), up to 150 )lg/plate of 1-
phenyl-1 ,2-propanedione (No. 833) (Dorado et al., 1992), 3600 Jlg/plate of ethyl 
benzoylacetate (No. 834) (Wild et al. 1983), 20-5000 )lg/plate of benzoin (No. 836) 
(Baker & Bonin, 1985; Matsushima et al., 1985; Rexroat & Probst, 1985), and 5-
500 Jlg/plate of 4-acetyl-6- tert-butyl-1, 1-dimethylindan (No. 812) (Mersch
Sundermann et al., 1998a), with and without metabolic activation (see Table 5). 
Although 4-phenyl-3-buten-2-one did not induce reverse mutation in three strains of 
S. typhimurium (TA98, TA 1535, and TA 1537) (Prival et al., 1982), concentrations of 
1 Q--3000 Jlg/plate gave positive results in TA 100 with metabolic activation but negative 
results without it. 



Table 5. Results of studies of the genotoxicity of aromatic substituted secondary alcohols, ketones, and related esters )::.. 
:0 
0 

No. Flavouring agent End-point Test system Concentration Results Reference ~ 
:::! 

In vitro 0 

799 a-Methylbenzyl Reverse mutation S. typhimurium TA98, TAtOO, TAt535, ~ 6700 mg/plate"·b Negative National Toxicology 
(/) 
c:: 

alcohol TAt537 Program (t990) III 
(/) 

Reverse mutation S. typhimuriumTA98, TAtOO, TAt535, 33-6700 mg/plate•·b Negative Zeiger et al. (t987) :::! 
TAt537 ~ 

Sister chromatid Chinese hamster ovary cells 33-t 000 mg/ml•·b Negative National Toxicology ~ 
exchange Program (t990) 0 

(/) 
Chromosomal Chinese hamster ovary cells t 000-2500 mg/ml• Negative 111 
aberration t 000--4000 mg/mlb Positive 0 

0 

806 Acetophenone Reverse mutation S. typhimurium TA98, TAtOO, TAt535, 360 mg/plate•·b Negative Florin et al. ( t980) ~ 
TAt537 :0 

"'< 
Reverse mutation S. typhimurium TA97, TAt02 t 0-1000 mg/plate•·b Negative Fujita & Sasaki )::.. 

(t987) r-
0 

Reverse mutation S. typhimurium TA98, TAtOO, TA2637 50-t 000 mg/plate•·b Negative Nohmi et al. (t985) 0 
:X: 

Chromosomal Chinese hamster ovary cells 800-t200 mg/ml• Negative Sofuni et al. (t985) 0 
aberration 600-tOOO mg/mlb Positive r-

(/) 

Mutation E. coliWP2, WP2uvrA- t-1000 mg/ml•·b Negative McMahon et al. )::.. 

Mutation S. typhimurium G45, TAt535, TAtOO, t-t 000 mg/ml•·b Negative (t979) § 
C3076,TAt537,03052,TAt538,TA98 ~ 

8t2 4-Acetyl-6-lert- Reverse mutation S. typhimurium TA97, TA98, TAtOO, 5-500 mg/plate•,b Negative Mersch-Sundermann d 
~ 

butyl-t, t-dimethyl- TAt02 et al. (t998a) m 
in dan Sister chromatid Human lymphocytes 0.03-tOO mmoi/L•·b Negative Kevekordes et al. 

exchange (t998) 



Table 5 (contd) 1\) .... 
""' 

No. Flavouring agent End-point Test system Concentration Results Reference 

812 4-Acetyl-6- tert- Micronucleus Human lymphocytes 0.05-200 mmoi/L"·b Negative Kevekordes et al. 
butyl-1, 1-dimethyl- formation Human hepatoma cell line Hep G2 0.1-410 mmoi/L" Negative (1997) 
in dan SOS repair E. coliP037 0.39-50 mga.b Negative Mersch-Sundermann 

):, 
induction et al. (1998b) :JJ 

0 

818 4-(para-Methoxy- Reverse mutation S. typhimurium TA98, TA100, TA1535, :;:; 3600 mg/plate•·b Negative Wild et al. (1983) ~ 
phenyl)-2-butanone TA1537, TA1538 :::! 

(") 
(/) 

819 4-Phenyl-3-buten- Reverse mutation S. typhimurium TA98, TA100, TA1535, :;:; 3600 mg/plate"·b Negative Wild et al. (1983) § 
2-ol TA1537, TA1538 (/) 

:::! 
820 4-Phenyl-3-buten- Reverse mutation S. typhimurium TA98, TA100, TA1535, 10-3000 mg/plateb Positive Prival et al. (1982) C! 

2-one TA1537 (TA 100 only) ill 
t:J 

Reverse mutation S. typhimurium TA98, TA100, TA1535, 1 0-3000 mg/plate• Negative Prival et al. (1982) 
~ TA1537 (TA100) (") 

1 0-3000 mg/plate•·b 0 
(TA98, TA1535, TA1537) C!: g 

Propiophenone Mutation S. typhimurium TA98, TA100, TA1535, 0.1-1 000 mg/ml•·b Negative McMahon et al. 
:JJ 

824 "'< 
TA1537, TA1538,G46,C3076,D3052 (1979) ):, 

r-
Mutation E. coliWP2, WP2uvrA- 0.1-1000 mg/ml"·b Negative (") 

0 :r: 
825 a-Propylphenethyl Reverse mutation S. typhimurium TA98, TA100, TA1535, :;:; 3600 mg/plate•·b Negative Wild et al. (1983) 0 r-

alcohol TA1537, TA1538 (/) 
):, 

C!: 
834 Ethyl benzoyl Reverse mutation S. typhimurium TA98, TA100, TA1535, :;:; 3600 mg/plate•·b Negative Wild et al. (1983) t:J 

acetate TA1537, TA1538 ~ 
(j 

m 



Table 5 (contd) :b 
::0 
0 

No. Flavouring agent End-point Test system Concentration Results Reference ~ 
::! 

826 1-(para-Methoxy- Reverse mutation S. typhimurium TA98, TA100, TA1535, $ 3600 mg/plate•·b Negative Wild et al. (1983) 0 
{I) 

phenyl)-1-penten- TA1537, TA1538 c:: 
3-one OJ 

{I) 

::! 
833 1-Phenyl-1 ,2- Reverse mutation S. typhimuriumTA100 $ 150 mg/plate• Negative Dorado et al. (1992) C:! 

propanedione ill 
0 

831 Benzophenone Reverse mutation S. typhimurium TA97, TA98, TA100, 3-1 000 mg/plate•·b Negative Mortelmans et al. 
{I) 
I'll 

TA1535, TA1537 (1986) 0 
0 
<: 

836 Benzoin Reverse mutation S. typhimurium TA97, TA98, TA 100, 32-1000 mg/plate•·b Negative Baker & Bonin (1985) ~ 
TA102 ::0 

-.:: 
Reverse mutation S. typhimurium TA97, TA98, TA100, 20-5000 mg/plate•·b Negative Matsushima et al. :b 

TA102 (1985) r-
0 

Reverse mutation S. typhimurium TA98, TA 100, TA 1535, 50-5000 mg/plate•·b Negative Rexroat & Probst 0 
:X: 

TA1537, TA1538 (1985) 0 
Reverse mutation S. typhimurium TA97, TA98, TA100, 33-1000 mg/plate• Positive Zeiger & Haworth r-

{I) 

TA1535 3-1 000 mg/plateb Negative (1985) :b 

Forward mutation Mouse lymphoma cells 300-900 mg/ml•·b Negative Lee & Webber (1985) i§ 
Forward mutation Mouse lymphoma cells 16-250 mg/ml• Negative Myhr et al. ( 1985) ~ 5-20 mg/mlb Positive Cl Forward mutation Mouse lymphoma cells 1-1000 mg/ml• Negative Oberly et al. ( 1985) 

m 0.1-10 mg/mlb Positive 
Forward mutation Mouse lymphoma cells 120-1000 mg/ml•·b Positive Styles et al. (1985) 
Sister chromatid Chinese hamster ovary cells 5-2000 mg/ml•·b Negative Gulati et al. (1989) 
exchange 

N ... 
U1 
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No. Flavouring agent End-point Test system Concentration Results Reference 

836 Benzoin Sister chromatid Chinese hamster ovary cells 125-500 mg/ml•·b Negative Lane et al. (1985) 
exchange 1000 mg/ml• Negative 

1000 mg/mlb Positive 
:t:> 

Sister chromatid Human lymphocytes 1-100 mg/ml•·b Negative Obe et al. (1985) :::0 
exchange 0 

Chromosomal Chinese hamster ovary cells 50-2000 mg/ml•·b Negative Gulati et al. (1989) ~ 
aberration ::.! 

(') 
Chromosomal Hamster liver fibroblasts 20-200 mg/ml• Negative Danford (1985) {/) 

aberration :i5 
Chromosomal Hamster lung fibroblasts 10 mg/ml•,b Negative lshidate & Sofuni {/) 

aberration 20-40 mg/ml• Positive (1985) ::.! 

Chromosomal Hamster liver fibroblasts 20-200 mg/ml• Negative Parry (1985) ~ 
aberration ill 
Unscheduled DNA Rat hepatocytes 200 mg/ml Positive Glauert et al. (1985) 

tJ 
{/) 

synthesis ~ 
Unscheduled DNA Rat hepatocytes 0.11-210 mg/ml Negative Probst & Hill (1985) 0 
synthesis ~ 

~ Micronucleus Chinese hamster ovary cells 0.2-210 mg/ml•·b Negative Douglas et al. (1985) :::0 
formation -< 
Micronucleus Hamster lung cells 5-81 mg/ml• Negative Li et al. (1993) :t:> 

r-
formation 5--20 mg/mlb Negative (') 

0 
40-81 mg/mlb Positive ::t 

0 r-
811 Methyl P-naphthyl Reverse mutation S. typhimurium TA98, TA100, TA1535, ~ 3600 mg/plate•·b Negative Wild et al. (1983) {/) 

ketone TA1537, TA1538 :t:> 

~ 
~ 
~ 
~ 
{/) 



Table 5 (contd) )>. 
::0 
0 

No. Flavouring agent End-point Test system Concentration Results Reference ~ 
::! 

In vivo (") 

818 4-(para-Methoxy- Micronucleus Mouse bone-marrow cells :s; 1400 mg/kg bw Negative Wild et al. (1983) 
(/) 

~ phenyl)-2-buta- formation intraperitoneally (/) 

none ::! 
c:! 

836 Benzoin Micronucleus Mouse bone marrow cells 250-2000 mg/kg bw Positive lshidate & Odagiri ill 
0 

formation intraperitoneally (1989) 
(/) 

~ Micronucleus Mouse bone-marrow cells 44Q-1800 mg/kg bw Negative Shelby et al. (1993) 0 
formation intraperitoneally 

~ Micronucleus Mouse bone-marrow cells s 5000 mg/kg bw Negative Sheldon (1989) 
formation orally ::0 

-.:: 
Unscheduled DNA Rat hepatocytes 750 mg/kg bw by Negative Bermudez et al. )>. 

synthesis, DNA gavage (1989) r-
(") 

strand breaks 0 
:X: 

Unscheduled DNA Syrian hamster embryo cells 750 mg/kg bw by Negative Working (1989) 0 
synthesis r-gavage (/) 

Sister chromatid Mouse bone-marrow cells :s; 3000 mg/kg bw Negative McFee & Lowe (1989) )>. 

exchange intraperitoneally § 
Chromosomal Mouse bone-marrow cells :s; 1500 mg/kg bw Negative McFee & Lowe (1989) ~ aberration intraperitoneally Cl 

811 Methyl (.\-naphthyl Micronucleus Mouse bone-marrow cells :s; 880 mg/kg bw Negative Wild et al. (1983) rn 
ketone formation intraperitoneally 

a Without metabolic activation 
b With metabolic activation 

1\) ...... 
--.1 
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Assays for reverse mutation performed with a modified Ames technique gave 
negative results in S. typhimurium and Escherichia coli at concentrations of 
1-1 000 )lg/ml of acetanisol and 0.1-1 000 )lg/ml of propiophenone with and without 
metabolic activation (McMahon et al., 1979). In a modification of the Ames assay 
with preincubation, an increase in the number of reverse mutants was reported 
when S. typhimurium was incubated with 33-1 000 )lg/plate of benzoin without 
metabolic activation. Addition of activation abolished all mutagenic effects (Zeiger & 
Haworth, 1985). These results are inconsistent with the negative results reported in 
three other tests with doses of 20-5000 )lg/plate of benzoin with and without metabolic 
activation (Baker & Bonin, 1985; Matsushima et al., 1985; Rexroat & Probst, 1985). 
Forward mutation was not induced in mouse lymphoma cells in vitro at concentrations 
of 1-1 000 )lg/ml of benzoin without metabolic activation (Lee & Webber, 1985; Myhr 
et al., 1985; Oberly et al., 1985) or 300-900 )lg/ml of benzoin with metabolic activation 
(Lee & Webber, 1985). Positive results were obtained in this assay with metabolic 
activation at concentrations of benzoin of 0.1-10 )lg/ml (Oberly et at., 1985) and 
5-200 )lg/ml (Myhr et al., 1985). Positive results were also reported in one study at 
120-1000 )lg/ml of benzoin with and without metabolic activation (Styles et al., 1985). 

Concentrations of 33-1000 )lg/ml of a-methylbenzyl alcohol (National Toxicology 
Program, 1990) and 5-2000 )lg/ml of benzoin (Lane et al., 1985; Gulati et al., 1989) 
did not induce sister chromatid exchange in Chinese hamster ovary cells with or 
without metabolic activation. In one study, an increase in the frequency of sister 
chromatid exchange was reported at a concentration of 1 000 )lg/ml of benzoin with 
the addition of metabolic activation (Lane et al., 1985). These results are inconsistent 
with those of Gulati et al. (1989). No evidence for sister chromatid exchange was 
found in human lymphocytes exposed to benzoin at concentrations of 1-1 00 )lg/ml 
(Obe et al., 1985) or 4-acetyl-6-tert-butyl-1, 1-dimethylindane at concentrations of 
0.03-100 J.!moi/L with and without metabolic activation (Kevekordes et al., 1998). 
Chromosomal aberrations were not induced in Chinese hamster ovary cells incubated 
with 1 OOD-2500 )lg/ml of a-methylbenzyl alcohol (National Toxicology Program, 1990) 
or 800-1200 )lg/ml of acetophenone (Sofuni et al., 1985) without metabolic activation. 
Positive results were reported in similar studies in which Chinese hamster ovary 
cells were incubated with 1000-4000 )lg/ml of a-methylbenzyl alcohol (National 
Toxicology Program, 1990) or 600-1000 )lg/ml of acetophenone (Sofuni et al., 1985) 
with metabolic activation. Chromosomal aberrations were not induced in Chinese 
hamster ovary cells incubated with 50-2000 )lg/ml of benzoin with or without 
metabolic activation (Gulati et al., 1989) or in hamster liver fibroblasts incubated 
with 200 )lg/ml of benzoin without metabolic activation (Danford, 1985; Parry, 1985). 
Incubation of hamster lung fibroblasts in 10 )lg/ml benzoin with and without metabolic 
activation activation also failed to produce chromosomal aberrations (lshidate & 
Sofuni, 1985). Significant increases in the frequency of chromosomal aberrations 
occurred in hamster lung fibroblasts exposed to 20-40 )lg/ml of benzoin with and 
without metabolic activation (lshidate & Sofuni, 1985). 

In interpreting the results of assays in mammalian cells in vitro, and especially in 
mouse lymphoma cells, performed before 1986, it is important to remember that the 
pH and ionic strength of the test media were usually not properly controlled. 
Mammalian cells in situ rely on complex regulatory mechanisms to maintain 
homeostatic conditions, and those in culture are not equipped to respond to 
environmental changes. Reduced pH or changes in osmolality caused by air-
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oxidizable agents such as benzoin may lead to false-positive results in mammalian 
cells, especially in the presence of metabolic activation, as increased acidity facilitates 
the breakdown of metabolic activation components into mutagens (Brusick, 1986). 

An assay to detect unscheduled DNA synthesis in rat hepatocytes showed no 
effect of concentrations of 0.106-212 ).!g/ml of benzoin (Probst & Hill, 1985), whereas 
positive results were reported in rat hepatocytes exposed to 212 ).!g/ml (Giauert et 
al., 1985). Assays for micronuclei in Chinese hamster ovary cells exposed to 
concentrations of benzoin ~ 212 ).!g/ml gave negative results with and without 
metabolic activation (Douglas et al., 1985). In assays for micronuclei in hamster 
lung cells, negative results were reported at concentrations of 5-81 ).!g/ml of benzoin 
without metabolic activation and 5-20 ).!g/ml with metabolic activation, but positive 
results were reported at 40-81 ).!g/ml with metabolic activation (Li et al., 1993). No 
micronuclei were induced in human lymphocytes by 4-acetyl-6-tert-butyl-1, 1-
dimethylindan at concentrations of 0.05-205 ).!moi/L with and without metabolic 
activation or in a human hepatoma cell line (HepG2) without metabolic activation at 
concentrations of 0.1-409 ).!moi/L (Kevekordes et al., 1997). This substance also 
did not induce SOS repair in E. coli PQ37 at concentrations of 0.39-50 ).!g with and 
without metabolic activation (Mersch-Sundermann et al., 1998b). 

In vivo 

The results of assays for genotoxicity in vivo were predominantly negative. The 
frequency of micronucleated polychromatic erythrocytes was not increased in mice 
after intraperitoneal injections of methyl ~-naphthyl ketone at 880 mg/kg bw (Wild et 
al., 1983), 4-(para-methoxyphenyl)-2-butanone at 1400 mg/kg bw (Wild et al., 1983), 
or benzoin at 1800 mg/kg bw (Shelby et al., 1993). Negative results were obtained 
in the same assay after a single oral dose of benzoin at 5000 mg/kg bw (Sheldon, 
1989). The only study in which an increase in the frequency of micronucleated 
polychromatic erythrocytes was found was after intraperitoneal injection of benzoin 
at 250-2000 mg/kg bw (lshidate & Odagiri, 1989), but this result is not consistent 
with those reported at similar concentrations in two other studies (Wild et al., 1983; 
Shelby et al., 1993). 

Sister chromatid exchange was not induced in mouse bone-marrow cells after 
intraperitoneal injection of benzoin at 3000 mg/kg bw. Negative results were also 
reported in an assay for chromosomal aberration in which mice were given an 
intraperitoneal injection of 1500 mg/kg bw (McFee & Lowe, 1989). 

No unscheduled DNA synthesis was found in Syrian hamster embryo cells after 
administration of benzoin at 750 mg/kg bw to rats by gavage (Working, 1989). In 
another assay, benzoin was administered at a dose of 750 mg/kg bw to male rats by 
gavage in corn oil, and hepatocytes were isolated 12, 24, and 48 h after dosing. 
Benzoin did not induce unscheduled DNA synthesis in rat hepatocytes, but an eight
to ninefold increase in the fraction of cells in the S phase was found in comparison 
with controls 24 h after treatment (Bermudez et al., 1989). 

{e) Reproductive toxicity 

a.-Methylbenzyl alcohol (No. 799): a-Methylbenzyl alcohol was applied dermally 
to female CrL:COBS CD (SD) BR rats at a dose of 0, 0.14, 0.43, or 1.4 ml/kg bw per 
day on days 6-15 of gestation. Clinical signs of toxicity were observed in rats at the 
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high dose, and 3/35 animals died by day 20 of gestation. The remaining animals 
were killed. Body-weight gain was decreased, leukocyte counts were increased, 
and clinicopathological evidence of hepatoxicity was found. Treatment caused 
increased incidences of embryo and fetal deaths, mainly early in gestation, and 
decreased litter size and weight. In addition, increased incidences of teratological 
defects were observed, including anophthalmia and microphthalmia, ventricular 
septal defects, defects and irregularities affecting the thorax, kinky tail, defects of 
the thoracic ribs, and occurrence of cervical rib(s). No effects on liver or kidney 
weights were seen. The compound showed maternal and reproductive toxicity only 
at the highest dose (Environmental Protection Agency, 1986). 

(f) Special studies: 1-Pheny/-1-propanol (No. 822) 

The choleretic activity of 1-phenyl-1-propanol was investigated in eight male 
Wistar rats given a single dose of 25 or 50 mg/kg bw by gavage. Biliary flow was 
increased by 50% and bilirubin excretion by 100% after 1.5 h. Normal activity returned 
within 6 h (Riva et al., 1966). 

Approximately 30 min after intraduodenal administration of a 1 00-mg dose of 1-
phenyl-1-propanol, 50 healthy human subjects showed a 78% increase in bile 
excretion and an 89% increase in bilirubin excretion over pre-treatment values (Brugel 
et al., 1956). 
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1. EVALUATION 

1.1 Introduction 

The Committee evaluated a group of 37 flavouring agents1 that consisted of 
benzyl alcohol (No. 25), benzaldehyde (No. 22), benzoic acid (No. 850), and related 
substances (see Table 1) by the Procedure for the Safety Evaluation of Flavouring 

1 During evaluation of these agents, the Committee questioned whether some substances in 
the group (see footnote to Table 1) were in fact used as flavouring agents and should therefore 
appropriately be evaluated with the Procedure. Information to address this question will be 
sought from the relevant manufacturers. 
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Table 1. Summary of results of safety evaluations of benzyl derivatives used as flavouring agents" 1\) 
1\) 
(II 

Flavouring agent No. CAS no. and structure StepA3b StepA4 Comments Conclusion 
Does intake exceed the Is the substance or are its based on 
threshold for human intake? metabolites endogenous? current intake 

Benzyl alcoholc 25 100-51-6 Yes Yes See note 1. No safety 
Europe: 16 000 concern 
USA: 17 000 Q:'OH 

Benzyl formate 841 1 No NR See note 2. No safety 
Europe: 41 concern 

0 USA: 51 

Benzyl acetatec 23 

~O)lH 
140-11-4 No NR See note 2. No safety 

Europe: 1400 concern 
0 USA: 850 

~0~ 
Benzyl propionate 842 122-63-4 No NR See note 2. No safety 

Europe: 49 concern 
0 USA: 99 

~0~ 
lXI 

Benzyl butyrate 843 103-37-7 No NR See note 2. No safety 111 
Europe: 120 concern ~ 

0 
USA: 290 rs 

~0~ 0 
111 
3! 
§ 
::! 
~ 
(I) 



Table 1 (contd) OJ 

~ 
Flavouring agent No. CAS no. and structure StepA3b StepA4 Comments Conclusion "'i 

;::s 
Does intake exceed the Is the substance or are its based on 

~ threshold for human intake? metabolites endogenous? current intake 

Benzyl isobutyrate 844 103-28-6 No NR See note 2. No safety § 
::::! 0 Europe: 15 concern ~ voYy USA: 21 (I) 

Benzyl isovalerate 845 103-38-8 No NR See note 2. No safety 

v)L~ Europe: 14 concern 
USA: 19 

Benzyl trans-2-methyl-2- 846 37526-88-8 No NR See note 2. No safety 
butenoate 0 Europe: 0.01 concern 

v~ USA: 0.03 

Benzyl 2,3-dimethyl- 847 7492-69-5 No NR See note 2. No safety 
croton ate 

vo~ 
Europe: 0.01 concern 
USA: 1 

Benzyl acetoacetate 848 5396-89-4 No NR See note 2. No safety 
0 0 Europe: 0.2 concern 

vo~ USA: 0.07 

N 
N 
ID 



Table 1 (contd) N 
(,) 
0 

Flavouring agent No. CAS no. and structure StepA3b StepA4 Comments Conclusion 
Does intake exceed the Is the substance or are its based on 
threshold for human intake? metabolites endogenous? current intake 

Benzyl benzoate0 24 120-51-4 Yes Yes See notes No safety 
0 Europe: 1900 2 and 6 concern 

()0~ USA: 4200 

Benzyl phenylacetate 849 102-16-9 No NR See note 2. No safety 

()OJLD 
Europe: 5 concern 
USA: 57 

Benzaldehydec 22 100-52-7 
0 

Yes Yes See note 3. No safety 

d'" 
Europe: 9300 concern 
USA: 36 000 

Benzaldehyde dimethyl 837 1125-88-8 No NR See note 4. No safety 
acetal '-o Europe: 0.2 concern 

do~ USA: 0.3 

Ill 
111 

~ 
Benzaldehyde glyceryl 838 1319-88-6 No NR See note 4. No safety j:S 

acetal 0~0H Europe: 16 concern t:J 
USA: 300 111 d-0 ~ 

O~OH § 

d' 
::! 
~ 
(I) 



Table 1 (contd) t:o 
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Flavouring agent No. CAS no. and structure StepA3b StepA4 Comments Conclusion N 
~ 

Does intake exceed the Is the substance or are its based on 0 
threshold for human intake? metabolites endogenous? current intake 

~ 
Benzaldehyde propylene 839 2568·2::~ No NR See note 4. No safety :§ 

:::::! 
glycol acetate Europe: 0.04 concern ~ d--0 USA: 110 (/) 

Benzoic aci<f·d 850 65·85·0 No NR See note 5. Evaluation not 
0 

Europe: 39 finalized dOH USA: 340 

Methyl benzoate 851 93·58·3 No NR See note 6. No safety 
0 

ifo/ Europe: 47 concern 
USA: 230 

Ethyl benzoate 852 93-89·0 No NR See note 6. No safety 
0 

(J(o~ 
Europe: 110 concern 
USA: 110 

Propyl benzoate 853 2315-68-6 No NR See note 6. No safety 
0 Europe: 0.01 concern 

oro~ USA: 0.3 

Hexyl benzoate 854 6789-88-4 No NR See note 6. No safety 
0 Europe: 380 concern 

ifo~ USA: 1 

1\) 
(.,) ... 



Table 1 (contd) 

Flavouring agent 

Isopropyl benzoate 

Isobutyl benzoate 

Isoamyl benzoate 

cis-3-Hexenyt benzoate 

Linatyt benzoate 

No. CAS no. and structure Step A3b Step A4 Comments Conclusion 
based on 
current intake 

855 939·48·0 

856 1 20-50·3 

858 25152·85·6 

Does intake exceed the Is the substance or are its 
threshold for human intake? metabolites endogenous? 

No 
Europe: 0.004 
USA: 0.3 

No 
Europe: 0.4 
USA: 1 

No 
Europe: 110 
USA: 33 

No 

NR 

NR 

NR 

NR 
o Europe: 8 

d-0~~ USA:0.1 

859 126·64-7 

olo 
I(S 
)l 

No 
Europe: 10 
USA:2 

NR 

See note 6. No safety 
concern 

See note 6. No safety 
concem 

See note 6. No safety 
concern 

See note 6. No safety 
concem 

See note 6. No safety 
concern 



Table 1 (contd) 01 
Ill 

Flavouring agent No. CAS No. and structure Step A3b Step A4 Comments Conclusion ~ 
rs Does intake exceed the Is the substance or are its based on 
I:J 

threshold for human intake? metabolites endogenous? current intake Ill 
2:1 

Geranyl benzoate 860 94-48-4 No NR See note 6. No safety :§: 
::::! 

J-0~ 
Europe: 4 concern ~ USA: 0.03 (/) 

~ 

Glyceryl tribenzoated 861 614-33-5 No NR See note 6. Evaluation not 

ci0 y 0/) Europe: NO finalized 
USA: 49 

00 
Propylene glycol 862 19224-26-1 No NR See note 6. Evaluation not 

dibenzoated dvLoP Europe: NO finalized 
USA: 14 

Methylbenzyl acetate 863 29759-11-3 No NR See note 2. No safety 
(mixed ortho, meta, 0 Europe: NO concern 
and para) "()OJ(__ USA: 3 

0 

No~ 

era~ N 
w 
w 



Table 1 (contd) N 
w 
.;. 

Flavouring agent No. CAS no. and structure Step A3b Step A4 Comments Conclusion 
Does intake exceed the Is the substance or are its based on 
threshold for human intake? metabolites endogenous? current intake 

para-lsopropylbenzyl 864 536-60-7 No NR See note 1. No safety 
alcohol FOH Europe: 0.3 concern 

USA: 0.3 

4-Ethylbenzaldehyde 865 4748-78-1 No NR See note 3. No safety 
0 

Europe: 0.4 

~H 
concern 

USA:6 

Tolualdehydes (mixed 866 1333-09-1 No NR See note 3. No safety 
ortho, meta, and para) 

0 
Europe: 260 dH concern 
USA: 1100 

0 'dH 
0 OJ «H 1'11 

~ 
iS 
tl 

Tolualdehyde glyceryl 867 1333-09-1 No NR See note 4. No safety ~ 
acetal C\: 0" 

Europe: 0.01 concern ~ 
HO~OH 

USA: 1 :::! 
~ 
(I) 



Table 1 (contd) 

Flavouring agent No. CAS no. and structure StepA3b StepA4 Comments 
Does intake exceed the Is the substance or are its 
threshold for human intake? metabolites endogenous? 

Cuminaldehyde 868 122-03-2 0 No NR See note 3. 

yd" Europe: 130 
USA: 1 

2,4-Dimethylbenzaldehyde 869 15764-16-8 No NR See note 3. 

~H 
Europe: 0.4 
USA: 0.1 

Flavouring agent No. CAS no. and structure StepA3/B3b StepA4 Step B4 Comments 
Does intake exceed Is the substance NOEL for sub-
the threshold for or are its metabolites stance or struc-
human intake? endogenous? turally related 

agent? 

Benzyl 2-methoxyethyl 840 7492-39-9 No NR Yes See note 7. 
acetal Q Europe:ND 

0

1
°_...-...0 ...-USA: 1 

CAS, Chemical Abstracts Service; NO, no data; NR, not required for evaluation 
a Step 1: All the flavouring agents in this group are in structural class I, except for benzyl 2-methoxyethyl acetal (No. 840). 

Step 2: All the flavouring agents in this group are predicted to be metabolized to innocuous products. 
b The threshold for human intake for class I is 1800 f..lg/day. All values for intake expressed in f..lg/day. 

Conclusion 
based on 
current intake 

No safety 
concern 

No safety 
concern 

Conclusion 
based on 
current intake 

No safety 
concern 

c A group ADI of Q-5 mg/kg bw was confirmed by the Committee at its forty-sixth meeting (Annex 1, reference 122) and maintained at the present 
meeting. 
d Further information is required to determine whether this substance is currently in use as a flavouring agent. 

lXI 

"" ~ rs 
0 

m 
§ 
::::! 
~ 
(I) 



Table 1 (contd) 

Notes 
1. Benzyl alcohols are oxidized to corresponding acids, which are conjugated with glycine and excreted as hippuric acid. 
2. Benzyl esters are hydrolysed to the corresponding acid and alcohol. 
3. Benzyl aldehydes are oxidized to the corresponding acids. 
4. Benzaldehyde acetals are hydrolysed to yield the aldehyde. 
5. Benzoic acid is conjugated with glycine and excreted as hippuric acid. 
6. Benzoate esters are hydrolysed to yield corresponding alcohols and acids. 
7. Hydrolysed to acetaldehyde, benzyl alcohol, and 2-methoxyethanol. A two-generation study of reproductive toxicity with methoxyethanol 

in rats with a NOEL of 6 mg/kg bw per day provides a safety margin > 10 000 (Gulati et al., 1990a,b). 
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Agents (see Figure 1, p. 132). All members of this group are aromatic primary 
alcohols, aldehydes, carboxylic acids, or related esters or acetals. The benzene 
ring may be ring-substituted with alkyl substituents (Nos 863-869). 

The Committee previously evaluated five members of the group. Benzyl alcohol 
(No. 25) was evaluated at the twenty-third and forty-sixth meetings (Annex 1, 
references 50 and 122); benzyl acetate (No. 23) was evaluated at the eleventh, 
twenty-seventh, twenty-ninth, thirty-first, thirty-fifth, forty-first, and forty-sixth meetings 
(Annex 1, references 14, 62, 70, 77, 88, 107, and 122); benzyl benzoate (No. 24) 
was evaluated at the fifteenth and forty-sixth meetings (Annex 1, references 26 and 
122); benzaldehyde (No. 22) was evaluated at the eleventh and forty-sixth meetings 
(Annex 1, references 14 and 122); and benzoic acid (No. 850) was evaluated at the 
sixth, ninth, seventeenth, twenty-seventh, and forty-sixth meetings (Annex 1, 
references 6, 11, 32, 62, and 122). At its forty-sixth meeting, the Committee evaluated 
the five benzyl derivatives as a group and maintained the group ADI of 0-5 mg/kg 
bw as benzoic acid equivalents (Annex 1, reference 122). 

Of the 37 substances in this group, 29 have been reported to occur naturally in 
foods. They have been detected in a wide variety of fruits, vegetables, meats, 
cheeses, and wine (CIVO-TNO, 2000). 

1.2 Estimated daily intake 

The total annual production of the 37 benzyl derivatives in this group is 
approximately 210 000 kg in Europe (International Organization of the Flavor Industry, 
1995) and 460 000 kg in the USA (National Academy of Sciences, 1987; Lucas et 
al., 1999). Approximately 91% of the total annual production in Europe and 94% of 
that in the USA is accounted for by three substances in the group: benzyl alcohol 
(No. 25), benzaldehyde (No. 22), and benzyl benzoate (No. 24). Approximately 31% 
and 59% of the total annual production in Europe and the USA, respectively, is 
accounted for by benzaldehyde, 54% and 28% by benzyl alcohol, and 6% and 7% 
by benzyl benzoate. The estimated daily intake per person in Europe and the USA 
is 9300 )!g and 36 000 )!g for benzaldehyde; 16 000 )!g and 17 000 )!g for benzyl 
alcohol; and 1900 )!g and 4200 )!g for benzyl benzoate, respectively. The estimated 
daily intake of each flavouring agent in the group is reported in Table 2. 

In addition to its presence in food and flavours, benzoic acid is endogenous in 
the human body. Endogenous benzoic acid is formed through the phenylalanine
tyrosine pathway (Annex 1, reference 123). 

1.3 Metabolic considerations 

In general, aromatic esters are hydrolysed in vivo by the catalytic activity of 
carboxylesterases, which predominate in hepatocytes. The acetals in the group are 
anticipated to be hydrolysed readily under acidic conditions. Benzyl esters and acetals 
are hydrolysed to benzyl alcohol (and carboxylic acids) and to benzaldehyde (and 
alcohols), respectively, followed by oxidation to yield benzoic acid. Benzoate esters 
are hydrolysed to benzoic acid (and alcohols). 

Benzyl derivatives have been shown to be absorbed rapidly through the gut, 
metabolized primarily in the liver, and excreted in the urine as glycine conjugates of 
benzoic acid derivatives. Once absorbed, benzyl derivatives are oxidized and 
excreted primarily as the glycine conjugate of benzoic acid (hippurate). At high doses, 
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Table 2. Annual volumes of use of benzyl derivatives used as flavouring agents 
in Europe and the USA 

Substance (No.) Most recent Intake• Annual volume in Consumption 
annual naturally occurring ratioc 
volume (kg) ~-tg/day ~-tg/kg bw foods (kg)b 

per day 

Benzyl alcohol (25} 
Europe 110 000 16 000 270 0.06 
USA 130 000 17 000 290 7 100 0.05 

Benzyl formate (841) 
Europe 290 41 0.7 
USA 390 51 0.8 12 0.03 

Benzyl acetate (23) 
Europe 9 500 1 400 23 0.4 
USA 6 500 850 14 3 500 0.5 

Benzyl propionate (842} 
Europe 340 49 0.8 (+) 
USA 750 99 1.6 NA 

Benzyl butyrate (843) 
Europe 850 120 2 + 
USA 2 200 290 5 NA 

Benzyl isobutyrate (844} 
Europe 110 15 0.3 (+) 
USA 160 21 0.4 NA 

Benzyl isovalerate (845} 
Europe 95 14 0.2 + 
USA 150 19 0.3 NA 

Benzyl trans-2-methyl-2-butenoate (846) 
Europe 0.1 0.01 0.0002 + 
USA 0.2 0.03 0.0005 NA 

Benzyl2,3-dimethylcrotonate (847) 
Europe 0.1 0.01 0.002 
USA 10 1 0.02 NA 

Benzyl acetoacetate (848) 
Europe 2 0.2 0.003 (+) 
USA 1 0.07 0.001 NA 

Benzyl benzoate (24) 
Europe 13 000 1 900 32 0.008 
USA 32 000 4200 70 110 0.003 

Benzyl phenylacetate (849) 
Europe 35 5 0.08 
USA 440 57 1 NA 

Benzaldehyde (22) 
Europe 65 000 9 300 160 0.9 
USA 270 000 36 000 600 58 000 0.2 

Benzaldehyde dimethyl acetal (837} 
Europe 1 0.2 0.003 (+) 
USA 2 0.3 0.005 NA 

Benzaldehyde glyceryl acetal (838} 
Europe 110 16 0.3 
USA 2 300 300 5 NA 
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Table 2 (contd) 

Substance (No.) Most recent Intake• Annual volume in Consumption 
annual naturally occurring ratioc 
volume (kg) 11glday 11glkg bw foods (kg)b 

per day 

Benzaldehyde propylene glycol acetal (839} 
Europe 0.3 0.04 0.0007 + 
USA 820 110 1.8 NA 

Benzoic acid (850) 
Europe 280 39 0.6 + 
USA 2 600 340 5.7 NA 

Methyl benzoate (851) 
Europe 330 47 0.8 0.08 
USA 1 700 230 3.8 26 0.02 

Ethyl benzoate (852} 
Europe 790 110 1.8 1.4 
USA 790 110 1.8 1 100 1.4 
Propyl benzoate (853} 
Europe 0.1 0.01 0.0002 (+) 
USA 2 0.3 0.005 NA 

Hexyl benzoate (854} 
Europe 2 600 380 6.3 0.7 
USA 6 1 0.02 1 700 280 

Isopropyl benzoate (855} 
Europe 0.03 0.004 0.00007 + 
USA 2 0.3 0.005 NA 

Isobutyl benzoate (856) 
Europe 3 0.4 0.007 + 
USA 6 1 0.02 NA 

Isoamyl benzoate (857} 
Europe 790 110 1.8 0.3 
USA 250 33 0.6 220 0.9 

cis-3-Hexenyl benzoate (858} 
Europe 55 8 0.13 2.5 
USA 1 0.1 0.002 140 140 

Linalyl benzoate (859) 
Europe 69 10 0.2 + 
USA 14 2 0.03 NA 

Geranyl benzoate (860) 
Europe 28 4 0.07 
USA 0.2 0.03 0.0005 NA 

Glyceryl tribenzoate (861) 
Europe NR NA NA 
USA 370 49 0.8 NA 

Propylene glycol dibenzoate (862) 
Europe NR NA NA 
USA 110 14 0.2 NA 

Methylbenzyl acetate (mixed ortho, meta, para) (863) 
Europe NR NA NA (+) 
USA 20 3 0.05 NA 

para-lsopropylbenzyl alcohol (864} 
Europe 2 0.3 0.005 + 
USA 2 0.3 0.005 NA 
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Table 2 (contd} 

Substance (No.) Most recent 
annual 
volume (kg) 

4-Ethylbenzaldehyde (865) 
Europe 3 
USA 45 

BENZYL DERIVATIVES 

Intake• Annual volume in Consumption 
naturally occurring ratioc 

).Lglday ).Lg/kg bw foods (kg)b 
per day 

0.4 0.007 + 
6 0.1 NA 

Tolualdehydes (mixed ortho, meta, para) (866) 
Europe 1 900 260 4.3 + 
USA 8 600 1100 1.8 NA 

Tolualdehyde glyceryl acetal (867) 
Europe 0.1 0.01 0.0002 
USA 5 1 0.02 NA 

Cuminaldehyde (868) 
Europe 940 130 2.2 + 
USA 7 1 0.02 NA 

2,4-Dimethylbenzaldehyde (869) 
Europe 3 0.4 0.007 + 
USA 1 0.1 0.002 NA 

Benzyl 2-methoxyethyl acetal (840) 
Europe NR NA NA 
USA 10 1 0.02 NA 

Total 
Europe 210 000 
USA 460 000 

NA, not applicable; NR, not reported;+, reported to occur naturally in foods (CIVO-TNO, 
2000). but quantitative data were not available;-, not reported to occur naturally in foods 

a Intake expressed as ).Lg/person per day calculated as follows: [(annual volume, kg) x (1 x 109 

).Lg/kg)/ (population x survey correction factor x 365 days)]. where population (1 0%, 'eaters 
only')= 32 x 106 for Europe and 26 x 106 for the USA. The correction factor= 0.6 for Europe 
and 0.8 for the USA, representing the assumption that only 60% and 80% of the annual 
volume of the flavour, respectively, was reported in the poundage surveys (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999). Intake expressed as J.Lg/kg bw 
per day calculated as follows: [(J.Lg/person per day)/body weight], where body weight= 60 kg. 
Slight variations may occur from rounding. 

b Quantitative data from Stolberg & Grundschober (1987) 
c Calculated as follows: (annual consumption in food, kg)/(most recently reported volume as a 

flavouring agent, kg) 

the formation of the glycine conjugate is limited; when glycine is depleted, free benzoic 
acid may sequester acetyl coenzyme A or be excreted unchanged or as the glucuronic 
acid conjugate. Aromatic ring substitution is anticipated to have little influence on 
the principal pathway of metabolism. 

Oxidation of the alcohol or aldehyde group may be accompanied by oxidation of 
the alkyl side-chain. 
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1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

Step 1. All the benzyl and benzoate esters and acetals of benzaldehyde (or 
acetaldehyde) are anticipated to hydrolyse readily to yield benzoic acid, 
benzyl alcohol, benzaldehyde, acetaldehyde, or alkyl-substituted 
derivatives thereof. The remaining alcohol or acid components formed by 
hydrolysis are simple aliphatic substances that are either oxidized to polar, 
excretable metabolites or metabolized in the fatty acid pathway and 
tricarboxylic acid cycle. In the Procedure (Annex 1, reference 131), all37 
benzyl derivatives were assigned to structural class I (Cramer et al., 1978). 

Step 2. At current levels of estimated intake, 36 of the 37 substances in the group 
are predicted to be metabolized to innocuous products. The evaluation of 
these substances therefore proceeded via the left-hand side of the decision 
tree in the Procedure. One compound, benzyl 2-methoxyethyl acetal (No. 
840), is not metabolized to innocuous products and was accordingly 
evaluated via the right-hand side of the scheme. 

Step A3. The estimated daily per capita intakes in Europe and the USA of 33 of the 
flavouring agents in this group are below the human intake threshold for 
class I (1800 J.tg/person per day), and these 33 substances were 
considered to be of no safety concern when used at current levels. The 
intakes of the remaining three substances are greater than the threshold 
for human intake for class 1: these are benzyl alcohol (16 000 J.tg/person 
per day in Europe and 17 000 J.tg/person per day in the USA), benzyl 
benzoate (1900 J.tg/person per day in Europe and 4200 J.tg/person per 
day in the USA), and benzaldehyde (9300 J.tg/person per day in Europe 
and 36 000 J.tg/person per day in the USA). Accordingly, the evaluation of 
these three substances proceeded to step A4. 

Step A4. Benzyl alcohol, benzyl benzoate, and benzaldehyde are readily metabo
lized to benzoic acid, which is endogenous in humans. 

Step 83. For benzyl 2-methoxyethyl acetal (No. 840), no data on intake were 
reported for Europe, and an intake of 1 J.tg/person per day was reported 
for the USA, which is below the intake threshold for substances in class I. 

Step 84. The NOEL for 2-methoxyethanol, a hydrolysis product of benzyl 2-
methoxyethyl acetal (No. 840), in a two-generation study of reproductive 
toxicity in rats (Gulati et al., 1990a,b), of 6 mg/kg bw per day, provides a 
safety margin greater than 1 0 000 in relation to the estimated intake in the 
USA. Therefore, benzyl 2-methoxyethyl acetal does not pose a safety 
concern at the estimated level of intake. 

The stepwise evaluations of the 37 benzyl derivatives used as flavouring agents 
are summarized in Table 1. 

1.5 Consideration of combined intakes 

In the unlikely event that all foods containing these flavouring agents, except 
benzyl2-methoxyethyl acetal (No. 840), were to be consumed simultaneously on a 
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daily basis, the estimated combined intake would exceed the human intake threshold 
for class I. However, these flavouring agents are expected to be efficiently detoxicated 
and would not saturate the available detoxication pathways. On the basis of the 
evaluation of the collective data, there would be no safety concerns about combined 
intake. Furthermore, the total combined daily intake per kilogram of body weight of 
all benzyl derivatives (0.5 mg in Europe and 1 mg in the USA) is less than the group 
ADI of 0-5 mg/kg bw for benzoic acid, the benzoate salts (calcium, potassium, and 
sodium), benzaldehyde, benzyl acetate, benzyl alcohol, and benzyl benzoate, 
expressed as benzoic acid equivalents, which was established by the Committee at 
its forty-sixth meeting (Annex 1, reference 122). The three benzyl derivatives that 
account for more than 90% of the total intake of this group of substances in Europe 
and the USA are benzyl benzoate (No. 24), which is rapidly hydrolysed to benzyl 
alcohol and benzoic acid (Nielsen & Bundgaard, 1987), benzaldehyde (No. 22), 
and benzyl alcohol (No. 25), which are are all readily metabolized to benzoic acid, 
which is endogenous in humans. In the opinion of the Committee, the endogenous 
concentration of this substance would not give rise to perturbations outside the 
physiological range. Therefore, these three substances were considered to be of no 
safety concern of the current levels of intake. 

1.6 Conclusions 

The Committee concluded that the flavouring agents in the group of benzyl 
derivatives would not present safety concerns when used at estimated current levels 
as flavouring agents. No data on toxicity were required in application of the Procedure 
to 36 of the 37 benzyl derivatives in the group. However, the Committee noted that 
the available information was consistent with the results of the safety evaluation. 
The required data on toxicity were available for benzyl 2-methoxyethyl acetal (No. 
840). 

2. RELEVANT BACKGROUND INFORMATION 

2. 1 Explanation 

This monograph summarizes the key data relevant to the safety evaluation of 
37 derivatives of benzyl alcohol, benzaldehyde, or benzoic acid (Table 1 ). All members 
of this group are aromatic primary alcohols, aldehydes, carboxylic acids, or their 
corresponding esters or acetals. The structural features common to this group of 
substances include an oxygenated functional group bonded directly to a benzene 
ring which may be ring-substituted with alkyl substituents. The group contains the 
parent saturated alcohol, benzyl alcohol (No. 25), and related benzyl esters (Nos 
23-24 and 841-849); the corresponding aldehyde, benzaldehyde (No. 22), and 
related acetals (Nos 837-840); and the corresponding parent carboxylic acid, benzoic 
acid (No. 850), and related benzoate esters (Nos 851-862). The group also includes 
seven additional structurally related benzyl derivatives (Nos 863--869) containing 
ring alkyl substituents. 

A subgroup of benzyl derivatives comprising benzyl alcohol (No. 25), 
benzaldehyde (No. 22), benzyl acetate (No. 23), and benzoic acid (No. 850) and 
salts was the subject of a recent comprehensive review and safety evaluation by 
the Committee (Annex 1, references 122and 123). The review and evaluation contain 
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detailed descriptions of most of the studies on specific benzyl derivatives. The 
following sections give only summaries of the results of studies described in detail 
in that review. Other relevant studies, including studies on other benzyl derivatives 
not discussed in the review, are described in detail. 

2.2 Additional considerations on Intake 

The natural occurrence and total annual production of these are discussed in 
sections 1.1 and 1.2, respectively, and summarized in Table 2. 

Quantitative data on natural occurrence were available for 10 substances in the 
group (CIVO-TNO, 2000), and consumption ratios were calculated (Stofberg & 
Kirschman, 1985; Stofberg & Grundschober, 1987). The consumption ratio for the 
substance for which the reported annual volume of use in Europe is highest (benzyl 
alcohol, No. 25) is 0.06, and that for the substance with the highest reported annual 
volume in the USA (benzaldehyde, No. 22) is 0.2. The consumption ratios for benzyl 
formate (No. 841), benzyl benzoate (No. 24), and methyl benzoate (No. 851) are 
< 0.1 (Stofberg & Kirschman, 1985; Stofberg & Grundschober, 1987) (Table 2). 

2.3 Biological data 

2.3.1 Biochemical data 

(a) Absorption, distribution, and excretion 

The benzyl derivatives are rapidly absorbed through the gut, metabolized primarily 
in the liver, and excreted in the urine as glycine conjugates of benzoic acid derivatives 
(Davison, 1971; Abdo et al., 1985; Temellini, 1993), as discussed by the Committee 
at its forty-sixth meeting, when it evaluated benzyl alcohol (No. 25), benzyl acetate 
(No.23), benzaldehyde (No. 22), and benzoic acid (No. 850) (Annex 1, reference 
122). After absorption, benzyl derivatives are metabolized and excreted within 24 h 
as polar metabolites, mainly as urinary hippuric acid (Table 3). 

(b) Metabolism 

Benzyl esters and acetals are hydrolysed to benzyl alcohol and carboxylic acids 
and to benzaldehyde and alcohols, respectively. Benzyl alcohol and benzaldehyde 
are rapidly oxidized to benzoic acid, while benzoate esters are hydrolysed to benzoic 
acid and alcohols. The benzoic acid derivatives are excreted primarily as glycine 
conjugates. Benzoic acid is readily conjugated with glycine, primarily in the liver 
(see Figure 1 ). After high doses, formation of the glycine conjugate is limited by the 
concentration of glycine. When glycine is depleted, free benzoic acid may sequester 
acetyl coenzyme A or be excreted unchanged or as the glucuronic acid conjugate 
(Diack & Lewis, 1928; Bray et al., 1951; Williams, 1959; Abdo & Wenk, 1995; Abdo 
et al., 1998). The metabolism, including hydrolysis, of flavouring agents that were 
not reviewed by the Committee at its forty-sixth meeting is summarized below. 

(i) Hydrolysis of esters 

In general, aromatic esters are hydrolysed in vivo by the catalytic activity of 
carboxylesterases, which are found throughout mammalian tissues but predominate 
in hepatocytes (Heymann, 1980). 



244 BENZYL DERIVATIVES 

Figure 1. Metabolism of benzyl derivatives 
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Hippuric acid 
(Benzoglycine) 

Benzyl and benzoate esters in the group of benzyl derivatives are anticipated to 
be hydrolysed rapidly to yield the corresponding alcohols and carboxylic acids, as 
shown in several studies in vitro and in vivo. Benzyl acetate (No. 23) is hydrolysed 
rapidly, both in vitro and in vivo (Heymann, 1980; Yuan et al. , 1995; Annex 1, reference 
122). 

Methyl benzoate (No. 851), ethyl benzoate (No. 852), propyl benzoate (No. 853) 
and benzyl benzoate (No. 24) are all hydrolysed to benzoic acid and the 
corresponding alcohol after incubation with human plasma, diluted to 80% with 
phosphate buffer at pH 7.4 and 37 °C. The half-times were was 108 min for methyl 
benzoate, 210 min for ethy·l benzoate, 46 min for propyl benzoate, and 19 min for 
benzyl benzoate (Nielsen & Bundgaard, 1987). 



Table 3. Metabolism of benzyl derivatives OJ 
rT1 

Flavouring agent Species Route Dose 24-h urine/ Major urinary Minor urinary Reference ~ 
rs (No.) faeces (% dose) metabolite metabolites tJ 

Benzyl alcohol (25) Humans Oral 1.5 g 84 Hippuric acid Snapper et al. ~ 
(1925) ~ 

:::! Humans Intravenous, 0.007-0.222 82-85 Hippuric acid Benzoic acid LeBel et al. (1988) a (neonates) intramuscular mmol/kg bw 
Rabbits Stomach tube 0.5-16g 52-84 Hippuric acid Benzoyl glucuronide Bray et al. (1952) 

Benzyl acetate (23) Humans Oral 2.0 g 83 Hippuric acid Snapper et al. 
(1925) 

Rats Oral 5, 50, or 500 90/0.3-1.3 Hippuric acid Benzyl alcohol, benzyl Abdo et al. (1985) 
mg/kg bw mercaptic acid 

Mice Oral 10, 100, or 1000 90/0.3-1.3 Hippuric acid Benzyl alcohol, benzyl Abdo et al. (1985) 
mg/kg bw mercaptic acid 

Rats Gavage 5, 250, or 500 70-89/4 (72 h) Hippuric acid Benzyl alcohol, Chidgey & Caldwell 
mg/kg bw benzoic acid, benzyl (1986) 

mercaptic acid 
Rats Subcutaneous 0.3mg Hippuric acid Benzyl mercaptic acid Clapp & Young 

(1970) 
Rats Oral 5 or 500 mg/kg 78/2 Hippuric acid Benzyl mercaptic acid, McMahon et al. 

bw benzyl alcohol, benzoyl (1989) 
glucuronide, benzoic 
acid 

Benzyl benzoate (24) Humans Oral 1.0 g 85 Hippuric acid Snapper et al. 
(1925) 



Table 3 (contd) N 

&; 
Flavouring agent Species Route Dose 24-h urine/ Major urinary Minor urinary Reference 
(No.) faeces(% dose) metabolite metabolites 

Benzaldehyde (22) Rabbits Stomach tube 0.5- 1.5 g 80-98 Hippuric acid Benzoyl glucuronide Bray et al. (1951) 
Rabbits Oral 0.35-Q. 75 mgikg 82-83 Hippuric acid Benzoic acid, benzoyl Laham et al. (1988) 

bw glucuronide, benzoyl 
glucuronic acid, benzyl 
mercaptic acid 

Benzoic acid (850) Rats Oral 0.061, 0.61, 6.1, 88-89/1- 6 Hippuric acid Benzoic acid, benzoyl Nutley (1990) 
61 , or 305 mglkg glucuronide. 3-hydroxy-
bw 3-phenyt propionic acid 

Mice lnlraperitoneal 0.061 , 0.61, 6.1 . 92- 98/1-10 Hippuric acid Benzoic acid, benzoyl Nutley (1990) 
61, or 305 mg/kg glucuronide, 3-hydroxy-
bw 3-phenyt propionic acid 

Various Oral 1-400 mg/kg bw 50-100 Hippuric acid Benzoyl glucuronide, Bridges et al. (1970) 
ornithic acid 



BENZYL DERIVATIVES 247 

Benzyl phenylacetate was hydrolysed to 90% within h and completely 
hydrolysed within 2 h of incubation with a 2,% pancreatin solution (Leegwater & van 
Straten, 1974). 

(ii) Hydrolysis of acetals 

Benzaldehyde-related acetals are anticipated to hydrolyse readily to their 
component alcohols and benzaldehyde under acidic conditions. 

Benzaldehyde propylene glycol acetal (No. 839) was 97% hydrolysed after 
incubation for 5 with simulated gastric juice and intestinal fluid in vitro (Morgareidge, 
1962). 

(iii) Metabolism of benzyl alcohol, benzoic acid, and related esters 

The metabolism of benzyl alcohol (No. 25), benzyl acetate (No. 23), benzaldehyde 
(No. 22), and benzoic acid (No. 850) was described comprehensively by the 
Committee at its forty-sixth meeting (Annex 1, reference 122). 

(iv) Metabolism of substituted benzyl alcohols and benzaldehydes 

Aromatic ring substitution is anticipated to have little or no effect on the principal 
pathway of metabolism. Oxidation of the alcohol or aldehyde to the benzoic acid 
derivative may be accompanied by minor side-chain oxidation. 

Cuminaldehyde (No. 868) was administered orally at a dose of 2 g to male 
rabbits, and their urine was collected for 3 days after treatment. Cuminaldehyde 
underwent both oxidation of the aldehyde function and oxidation of the alkyl side
chain to yield 9-hydroxycuminic acid and 8-hydroxycuminic acid as the major urinary 
metabolites. Cumyl alcohol and 2-(para-carboxyphenyl)propionic acid were minor 
metabolites (Ishida et al., 1989). 

2.3.2 Toxicological studies 

(a) Acute toxicity 

LD50 values after oral administration have been reported for 30 of the 37 
substances in this group (see Table 4). In rats, the values ranged from 1000 mg/kg 
bw for benzaldehyde (No. 22) to 12 000 mg/kg bw for hexyl benzoate (No. 854 ), and 
in mice they ranged from 1300 mg/kg bw for benzoic acid (No. 850) to 9400 mg/kg 
bw for linalyl benzoate (No. 859). The LD50 values for rabbits, guinea-pigs, and cats 
were in a similar range, from 1000 mg/kg bw to> 5000 mg/kg bw, indicating that the 
the benzyl derivatives in the group have low acute toxicity. 

(b) Short-term studies of toxicity 

The results of short-term toxicological studies have been reported for nine 
representative benzyl derivatives. Studies with the parent alcohol, benzyl alcohol 
(No. 25), the corresponding aldehyde, benzaldehyde (No. 22), and benzoic acid 
(No. 850) were described in detail by the Committee at its forty-sixth meeting (Annex 
1, reference 122). Only the results of studies on the flavouring agents in the group 
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Table 4. Acute toxicity of benzyl derivatives 

Flavouring agent (No.) Species Sex Route LDso Reference 
(mg/kg bw) 

Benzyl alcohol (25) Rabbit NR Oral 1000 Graham & Kuizenga 
Rat NR Oral 2100 (1945) 

Benzyl alcohol (25) Rat M,F Gavage 1200 Jenner et al. (1964) 
Benzyl alcohol (25) Rat M,F Oral 1600 Procter & Gamble 

(1992) 
Benzyl alcohol (25) Rat NR Oral 3100 Smy1h et al. (1951) 
Benzyl alcohol (25) Mouse NR Gavage 1600 Jenner et al. (1964) 
Benzyl formate (841) Rat M.F Gavage < 5000 Shelanski (1971) 
Benzyl acetate (23) Rabbit NR Oral 2600 Graham & Kuizenga 

(1945) 
Benzyl acetate (23) Rat M,F Gavage 2500 Jenner et al. (1964) 
Benzyl acetate (23) Rat NR Oral 3700 Graham & Kuizenga 

(1945) 
Benzyl propionate (842) Rat NR Oral 3300 Moreno (1973) 
Benzyl butyrate (843) Rat NR Oral 1800 Moreno (1973) 
Benzl butyrate (843) Rat M,F Gavage 2300 Jenner et al. (1964) 
Benzyl isobutyrate (844) Rat M,F Oral 2800 Owen & Meyer (1971) 
Benzyl isovalerate (844) Rat NR Oral ~ 5000 Moreno (1974) 
Benzyl trans-2-methyl-2- Rat NR Oral > 5000 Moreno (1979) 

butenoate (846) 
Benzyl benzoate (24) Cat NR Oral 2200 Graham & Kuizenga 

(1945) 
Benzyl benzoate (24) Rabbit NR Oral 2000 Draize et al. (1948) 
Benzyl benzoate (24) Rabbit NR Oral 1700 Graham & Kuizenga 

(1945) 
Benzyl benzoate (24) Guinea-pig NR Oral 1100 Draize et al. (1948) 
Benzyl benzoate (24) Rat NR Oral 1900 Draize et al. (1948) 
Benzyl benzoate (24) Rat NR Oral 2800 Graham & Kuizenga 

(1945) 
Benzyl benzoate (24) Mouse NR Oral 1600 Draize et al. ( 1948) 
Benzyl phenylacetate (849) Rat M,F Oral > 5000 Owen & Meyer (1 971) 
Benzaldehyde (22) Guinea-pig M,F Gavage 1000 Jenner et al. (1964) 
Benzaldehyde (22) Rat M,F Gavage 1300 Jenner et al. (1964) 
Benzaldehyde (22) Rat NR Oral 2800 Sporn et al. ( 1967) 
Benzaldehyde (22) Rat M,F Gavage 1300 Taylor et al. (1964) 
Benzaldehyde (22) Mouse NR Food 1200 Schafer & Bowles 

(1985) 
Benzalehyde dimethyl Rat NR Oral 1200 Moreno (1977) 

acetal (837) 
Benzaldehyde glyceryl Rat NR Oral 3700 Levenstein (1974) 

acetal (838) 
Benzaldehyde glyceryl Rat NR Oral 2800 Moreno (1980) 

acetal (838) 
Benzaldehyde propylene Rat M,F Gavage 3000 Lewis & Palanker 

glycol acetal (839) (1979) 
Benzoic acid (850) Mouse NR Oral 1200 Schafer & Bowles 

(1985) 
Benzoic acid (850) Mouse NR Oral 2000 Sado (1973) 
Benzoic acid (850) Mouse NR lntragastric 2000 Shell BV (1982) 
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Table 4 (contd) 

Flavouring agent (No.) Species Sex Route LD5o Reference 
(mg/kg bw) 

Methyl benzoate (851) Rabbit NR Oral 2100 Graham & Kuizenga 
Rat NR Oral 2200 (1945) 

Methyl benzoate (851) Rat M,F Gavage 1400 Jenner et al. (1964) 
Methyl benzoate (851) Rat M,F Oral 3400 Smyth et al. (1954) 
Methyl benzoate (851) Mouse NR Gavage 3300 Jenner et al. (1964) 
Ethyl benzoate (852) Rabbit NR Oral 2600 Graham & Kuizenga 

Rat NR Oral 2100 (1945) 
Ethyl benzoate (852) Rat M,F Oral 6500 Smyth et al. (1954) 
Hexyl benzoate (854) Rat NR Oral 12 000 Smyth et al. (1951) 
Isopropyl benzoate (855) Rat NR Oral 3700 Smyth et al. (1951) 
Isobutyl benzoate (856) Rat M,F Gavage 3700 Levenstein (1973) 
Isoamyl benzoate (857) Rat NR Oral 6300 Wong & Weir (1971) 
Linalyl benzoate (859) Rabbit NR Oral > 5000 Moreno (1973) 
Linalyl benzoate (859) Rat NR Oral > 5000 Moreno (1973) 
Linalyl benzoate (859) Mouse M Oral 9400 Hoffman-LaRoche 

(1967) 
Geranyl benzoate (860) Rat NR Oral > 5000 Moreno (1973) 
para-lsopropylbenzyl Rat NR Oral 1000 Moreno (1973) 

alcohol (864) 
4-Ethylbenzaldehyde (865) Rat M,F Oral 2000 Costello (1984) 
Tolualdehydes (mixed Rat NR Oral 2200 Moreno (1973) 

ortho, meta, para) (866) 
Cuminaldehyde (868) Rat M,F Gavage 1400 Jenner et al. (1964) 
2,4-Dimethylbenzaldehyde Rat M,F Gavage < 5000 deGroot et al. 

(869) (1974) 

M, male; F, female; NR, not reported 

that were not reported at the forty-sixth meeting are presented below. The short
term studies of toxicity on the benzyl derivatives are summarized in Table 5. 

Benzyl butyrate (No. 843): Groups of 12 weanling rats (strain unspecified) of 
each sex were given a diet containing a mixture of six aromatic esters commonly 
used in foods for 12 weeks at concentrations calculated to provide an average daily 
intake of 0 or 100 times the assumed human intake, calculated to be 130 mg/kg bw 
per day. The agents were incorporated into the diet in the ratio of their use in foods: 
ethyl benzoate, 0.15 mg/kg; isobutyl benzoate, 25 mg/kg: benzyl acetate, 19 mg/kg; 
benzyl butyrate, 25 mg/kg; ethyl methylphenylglycidate, 25 mg/kg; and glycidate M-
116, 25 mg/kg. The group receiving the ester blend had normal body-weight gain, 
food consumption, efficiency of food use, appearance, and behaviour. The blood 
haemoglobin and urine glucose concentrations did not differ significantly between 
test and control groups. Traces of albumin present in urine specimens from both 
control and test groups were regarded as not significant. At autopsy, no treatment
related abnormalities were observed, and the weights of the livers and kidneys were 
within normal limits for both groups. No histopathological examination was performed 
(Oser, 1957). 



Table 5. Results of short-term studies of toxicity with benzyl derivatives "' U1 
0 

Flavouring agent (No.) Species, sex No. of test groups•/ Route Length NOEL (mg/kg Reference 
no. per groupb (days) bw per day) 

Benzyl alcohol (25) Rat, M,F 10/10 Gavage 13 weeks 100 National Toxicology 
Rat, M,F 10/5 Gavage 16 130 Program (1989) 
Mouse, M,F 10/10 Gavage 13 weeks 100 
Mouse, M,F 10/5 Gavage 16 250 

Benzyl acetate (23) Rat, M,F 10/5 Gavage 14 500 National Toxicology 
Rat, M,F 10/10 Gavage 13 weeks 250 Program ( 1986) 
Rat, M,F 12/10 Oral 13 weeks 460 National Toxicology 

Program (1993) 
Mouse, M,F 10/5 Gavage 14 1000 National Toxicology 
Mouse, M 10/10 Gavage 13 weeks 500 Program (1986) 
Mouse, M,F 10/10 Gavage 13 weeks < 430 National Toxicology 

Program ( 1993) 

Benzaldehyde (22) Rat, M,F 10/5 Gavage 13 weeks 200 Kluwe et al. (1983) 
Rat, M,F 12/10 Gavage 13 weeks 200 National Toxicology 

Program (1990) 
Rat, M,F 1/5 Oral 27-28 weeks >50 Hagan et al. (1967) 
Mouse, M,F 10/5 Gavage 13 weeks 300 Kluwe et al. (1983) 
Mouse, M,F 10/10 Gavage 13 weeks 300 National Toxicology 

Program ( 1990) til 
1'11 

~ 
Methyl benzoate (851) Rat, NR 5/5 I ntragastric 6 months 0.005 Kravets-Bekker (1970) rs 

t:J 
Glyceryl-tribenzoate (861) Rat, M,F 8/15 Oral 90 600 Carson ( 1972a) ~ 
Propylene glycol dibenzoate (862) Rat, M,F 8/15 Oral 90 250()C Carson (1972b) 

§ 
:::! 
~ 
(/) 



Table 5. Results of short-term studies of toxicity with benzyl derivatives 

Flavouring agent (No.) 

Tolualdehydes (mixed ortho, meta, 
para) (866) 

2,4-Dimethylbenzaldehyde (869) 

M, male; F, female; NR, not reported 
a Does not include control groups 
b Both male and female animals 

Species, sex 

Rat, M,F 
Rat, M,F 

Rat, M,F 

No. of test groups• I Route 
no. per groupb 

NR/15 Oral 
NR/5 Gavage 

NR/5 Gavage 

Length NOEL (mg/kg Reference 
(days) bw per day) 

90 36c Oser et al. (1965) 
13 weeks 250 Brantom et al. (1972) 

2 weeks 0.18C deGroot et al. (1974) 

' Study performed with a single or multiple doses that produced no adverse effects, and so the actual NOEL may be higher. 

OJ 
Ill 

~ rs 
0 
Ill 
:!! 
§ 
:::l 
~ 
fJ) 
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Glyceryltribenzoate (No. 861): Groups of 15 male and 15 female weanling FOAL
weanling rats were maintained on a diet containing glyceryl tribenzoate at 
concentrations calculated to provide an average daily intake of 0 (control), 120, 
600, or 2600 mg/kg bw, for 90 days. Weekly measurement of body weight and food 
consumption revealed depressed growth rate and efficiency of food use in males at 
the high dose. Haematological, blood chemical, and urine analyses gave normal 
values. No difference in the absolute or relative weights of the liver and kidney were 
found between test and control animals, and there was no evidence of treatment
related gross or histological lesions (Carson, 1972a). 

Propylene glycol dibenzoate (No. 862): Propylene glycol dibenzoate was 
administered to weanling FDRL-rats at a dose of 0 (control), 130, 630, or 2500 mg/kg 
bw per day for 90 days in a study similar to that described above. No treatment
related effects were reported, even at the highest dose (Carson, 1972b). 

Tolualdehydes (mixed ortho, meta, para) (No. 866): Groups of 15 male and 15 
female weanling Sprague-Dawley rats were fed a diet containing tolualdehyde 
(proportions of ortho, meta, and para isomers not given) at concentrations providing 
an average daily intake of 36 mg/kg bw for males and 43 mg/kg bw for females, for 
90 days. Weekly measurements of body weight and food consumption revealed no 
significant differences between test and control groups. Haematological, blood 
chemical, and urine analyses showed normal values. No difference in the absolute 
or relative weights of organs were found between test and control animals, and 
there was no evidence of treatment-related effects on gross or histological 
appearance (Oser et al., 1965). 

Groups of 15 male and 15 female CFE rats were given tolualdehyde 
(approximately equal proportions of meta and para isomers) at a dose of 0 (control), 
50, 250, or 500 mg/kg bw in corn oil daily by oral intubation for 13 weeks. Additional 
groups of five rats of each sex were given the compound at a dose of 0, 250, or 
500 mg/kg bw per day for 2 or 6 weeks by the same route. Weekly measurements 
of body weights and food and water intake showed that the females at 500 mg/kg 
bw per day had significantly lower body weights after 2 weeks. No changes in body 
weight were observed in other groups at 2, 6, or 13 weeks. Haematological, blood 
chemical, and urine analyses performed at 2, 6, and 13 weeks showed a transient 
increase in erythrocyte count, erythrocyte volume fraction, and haemoglobin 
concentration in males, but only at 2 weeks. At necropsy at week 13, a significant 
decrease in the absolute or relative weight of the small intestine was found in all 
treated groups and decreased relative pituitary weights in females at 500 mg/kg bw 
per day. The magnitude of the change in the mean weight of the small intestine was 
not dose-related. 

In a second part of the study, groups of 30 female rats were given tolualdehyde 
at a dose of 0 or 500 mg/kg bw per day in corn oil by gavage for 13 weeks. No 
significant difference in mean absolute or relative weight of the small intestine was 
found between the control and treated groups in this part of the study or between 
the control group in this part and the treated females in the first part of the study. 
The authors noted that the mean weight of the small intestine of control animals in 
the first part were abnormally high. The changes in organ weight were not associated 
with treatment-related gross or histological changes (Brantom et al., 1972). 
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2,4-Dimethy/benza/dehyde (No. 869): Groups of five male and five female rats 
were given 2,4-dimethylbenzaldehyde at a dose of 0 (control), 0.18, or 1.8 mg/kg 
bw by stomach tube daily on 6 days per week for 2 weeks. Males at the highest 
dose had an increased relative liver weight. Histological examination of the liver 
and kidneys revealed no differences from controls (deGroot et al., 1974). 

(c) Long-term studies of toxicity and carcinogenicity 

The results of a series of long-term studies of toxicity and carcinogenicity in 
mice and rats (Kieckebusch & Lang, 1960; Marquardt, 1960; Shtenberg & lgnat'ev, 
1970; Toth, 1984; Abdo et al., 1985; National Toxicology Program, 1986, 1989, 1990, 
1993) with four representative benzyl derivatives, benzyl alcohol (No. 25), 
benzaldehyde (No. 22), benzyl acetate (No. 23), and benzoic acid (No. 850) and 
sodium benzoate were reviewed by the Committee at its forty-sixth meeting (Annex 
1, reference 122). At that meeting, the Committee commented that: "Long-term 
studies in which benzyl acetate, benzyl alcohol, benzaldehyde, benzoic acid and 
sodium benzoate were administered in the feed or by gavage to mice and rats were 
available for review by the Committee. No definitive conclusions could be drawn 
from carcinogenicity studies of sodium benzoate in mice and rats, as the information 
provided was insufficient for this purpose, and survival rates in the study in rats 
were too low to allow it to be considered as conclusive. The Committee reviewed 
the studies evaluated in the previous monographs and an additional study in which 
benzaldehyde was administered in corn oil by gavage to rats at 200 or 400 mg/kg 
bw per day for 103 weeks and to mice at 200 or 400 mg/kg bw per day (males), or 
300 or 600 mg/kg bw per day (females) for 103 weeks. On the basis of these studies, 
the Committee concluded that neither benzyl acetate nor benzyl alcohol is 
carcinogenic. As in the studies in mice and rats given benzyl acetate in corn oil by 
gavage, increased incidences of pancreatic acinar cell adenomas in rats and of 
papillomas of the forestomach in mice were noted after administration of 
benzaldehyde. However, as in its previous review of benzyl acetate, the Committee 
concluded that the results of studies in which the compound was administered in 
the diet were more relevant to its safety assessment as a food additive than those in 
which it was given in corn oil by gavage." The Committee concluded that the data 
reviewed were sufficient to demonstrate lack of carcinogenic potential. 

(d) Genotoxicity 

The results of studies of genotoxicity in vitro and in vivo with benzyl alcohol (No. 
25), benzyl acetate (No. 23), benzaldehyde (No. 22), and benzoic acid (No. 850) 
were reviewed by the Committee at its forty-sixth meeting (Annex 1, reference 122). 
The Committee concluded that: "None of the four compounds was mutagenic in the 
Ames test, either with or without metabolic activation. The compounds all induced 
gene mutations in the mouse lymphoma assay at the thymidine kinase locus (benzoic 
acid was not tested), although the requirement for metabolic activation varied. Some 
weak clastogenic activity was noted in in vitro assays, but not in in vivo assays." 

Further data on these four flavouring agents and the results of studies with eight 
other benzyl derivatives in the group (Nos 24, 841, 842, 851, 857, 864, 867, and 
868) are presented in Table 6. The results of all 20 assays in vitro with these eight 
benzyl derivatives were negative, except for one for DNA repair in Bacillus subtilis 
strains H17 and M45 with benzyl formate (Yoo, 1986). 



Table 6. Results of studies of the genotoxicity of benzyl derivatives N 
U1 .... 

No. Flavouring agent End-point Test system Concentration Results Comments Reference 

In vitro 
25 Benzyl alcohol Reverse mutation S. typhimuriumTA92, 1 0 000 ~J,g/plate Negative Assay performed with and lshidate eta/. (1984) 

TA94, TA98,TA100, without S9 
TA 1535, TA 1537 (preincu-
bation) 

Reverse mutation S. typhimuriumTA100 1 000 ~J,g/plate Negative Assay performed without Ball et al. (1984) 
(plate incorporation) S9 

Reverse mutation S. typhimurium TA98, NR Negative Assay performed without Rogan et al. (1986) 
TA 100 (plate incorpora- S9 
lion) 

Reverse mutation S. typhimuriumTA98, 6700 ~J,g/plate Negative Assay performed with and Mortelmans et al. 
TA100, TA1535,TA1537 without S9 (1986) 
(preincubation) 

Reverse mutation S. typhimuriumTA98, 3 ~J,mol/plate Negative Assay performed with and Florin et al. (1980) 
TA100, TA1535, TA1537 without S9 
(plate incorporation) 

Reverse mutation S. typhimuriumTA98, 50 000 ~J,g/plate Negative Assay performed with and Heck et al. (1989) 
TA100, TA1535, TA1537, without S9 
TA 1538 (plate incorpora-
lion) 

Reverse mutation S. typhimuriumTA98, 5~J,IIplate Negative Assay performed without Milvy & Garro 
TA100, TA1535, TA1537, S9 (1976) OJ ., 
TA 1538 (plate incorpora- ~ 
lion) ;:s 

Reverse mutation S. typhimuriumTA98, 6700 ~J,g/plate Negative Assay performed with and National Toxicology t:J 
TA100, TA1535, TA1537 without S9; cytotoxicity at Program (1989) ~ (preincubation) highest concentration § 

Mutation E. coliWP2 uvrA 8 mg/plate Negative Japanese article, English Yoo (1986) ::! 
summary; use of S9 not ~ reported (/) 



Table 6 (contd) ttl 
I'll 

No. Flavouring agent End-point Test system Concentration Results Comments Reference ~ 
rs 

In vitro 0 
I'll 

25 Benzyl alcohol DNA repair B. subtilis H17, M45 21 1-lg/disc Negative Japanese article, English Oda et al. (1979) :!! 
(contd) summary tables §; 

DNA repair B. subtilis H 17, M45 10 1-lg/disk Positive Japanese article, English Kuroda et al. :::! 
summary tables; inhibition (1984a) fii 

(I) 
of growth without S9 

DNA repair B. subtilis H 17, M45 20 ~-tl/disk Positive Japanese article, English Yoo (1986) 
summary; use of S9 not 
reported 

Chromosomal Chinese hamster 1.0 mg/ml Negative Assay performed without lshidate et al. (1984) 
aberration fibroblasts S9; cells exposed for 48 h 
Chromosomal Chinese hamster ovary 5000 1-lg/ml Equivocal Assay performed with and Anderson et al. 
aberration cells without S9; positive results (1990) 

not reproducible; no dose-
response relationship 

Chromosomal Chinese hamster ovary 5000 1-lg/ml Positive Assay performed with and National Toxicology 
aberration cells without S9; positive results Program (1989) 

reported only with S9 
Sister chromatid Chinese hamster ovary 5000 1-lg/ml Weakly Dose-response relation- National Toxicology 
exchange cells positive ship at 50G-1250 1-lg/ml Program (1989) 

without S9 and 500-4000 
j.lg/ml with S9 

Sister chromatid Chinese hamster ovary 5000 1-lg/ml Weakly Assay performed with and Anderson et al. 
exchange cells positive without S9; no dose-res- (1990) 

ponse relationship; increase 
at single doses 

Mutation L5178Y mouse lympho- 5000 1-lg/ml Equivocal Positive and negative McGregor et al. 
rna cells responses could not be (1988); Myhr et al. 

reproduced; no dose- (1990) 
1\) 

response relationship U1 
U1 



Table 6 (contd) N 
Ul 
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No. Flavouring agent End-point Test system Concentration Results Comments Reference 

In vitro 
25 Benzyl alcohol Mutation L5178Y mouse lympho- 4500 1-Lg/ml Positive Assay performed with and National Toxicology 

(contd) ma cells without S9; positive result Program (1989) 
only without S9 

Mutation E. coli WP2 uvrA NR Negative Abstract; methods and test Kuroda et al. 
concentrations not reported (1984b) 

Cytotoxicity Human alveolar tumour 0.5 mmoi/L Negative Waters et al. (1982) 
cells 

DNA damage Human alveolar tumour 0.5 mmoi/L Negative Waters et al. 1982) 
cells 

DNA damage Rat hepatocytes 10 mmoi/L Negative Cytotoxicity at maximum Storer et al. (1996) 
dose 

DNA damage E. coli P34 78 50 i-Ll/disc Negative Assay performed with and Fluck et al. (1976) 
without S9 

841 Benzyl formate DNA repair B. subtilis H17, M45 20 j.LI/disc Positive Japanese article, English Yoo (1986) 
summary; use of S9 not 
reported 

Mutation E. coliWP2 uvrA 4.0 mg/plate Negative Japanese article, English Yoo (1986) 
summary; use of S9 not 
reported 

to rn 
23 Benzyl acetate Reverse mutation S. typhimurium TA98, 10 mg/plate Negative Assay performed with and Mortelmans et al. ~ 

TA100, TA1535, TA1537 without S9 (1986) iS 
(preincubation) t::J 

Reverse mutation S. typhimurium TA98, 5000 1-Lg/plate Negative Assay performed with and Schunk et al. (1986) rn 
TA 100 (preincubation without S9; cytotoxicity at :!! 
and plate incorporation) three higher concentrations § 

:::! 
Reverse mutation• S. typhimurium TA98, 3 1-Lmol/plate Negative Assay performed with and Florin et al. (1980) ~ TA100, TA1535, TA1537 without S9 (I) 



Table 6 (contd) OJ 
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No. Flavouring agent End-point Test system Concentration Results Comments Reference ~ ;s 
In vitro t:l 
23 Benzyl acetate DNA repair B. subtilis H17, M45 21 1-!g/disc Negative Assay performed without Oda et al. (1979) ~ 

(contd) 89 Japanese article, § 
English summary tables ::::! 

DNA repair B. subtilis H17, M45 20 !J.I/disc Positive Japanese article, English Yoo (1986) ~ 
summary; use of 89 not C/) 

reported 
Mutation E. coli WP2 uvrA 2.0 mg/plate Negative Japanese article, English Yoo (1986) 

summary; use of 89 not 
reported 

Mutation Mouse lymphoma 500 1-!g/ml Positive Assay performed with and Caspary et al. 
L5178Y cells without 89; positive results (1988) 

only with 89 
Mutation Human lymphoblast 1500 IJ.g/ml Positive Assay performed with and Caspary et al. 

TK6 cells without 89; positive results (1988) 
only with 89 

Mutation Mouse lymphoma 1600 iJ.UmL Positive Assay performed without McGregor et al. 
L5178Y cells 89; cytotoxicity at maximum (1988) 

concentration 
Mutation Mouse lymphoma NR Positive Assay performed with and Rudd et al. (1983) 

L5178Y cells without 89; positive result 
only with 89 

Chromosomal Chinese hamster ovary 5000 ~J.g/ml Negative Assay performed with and Galloway et al. 
aberration cells without 89 (1987) 
Chromosomal Chinese hamster lung 2.4 mg/ml Negative Assay performed with and Matsuoka et al. 
aberration fibroblasts without 89; cytotoxicity at (1996) 

maximum concentration 
Sister chromatid Chinese hamster ovary 5000 1-!g/ml Negative Assay performed with and Galloway et al. 
exchange cells without 89 (1987) 
Unscheduled DNA Rat hepatocytes NR Negative Abstract; methods and test Mirsalis et al. (1983) 1\) 

(11 

synthesis concentrations not reported ...... 



Table 6 (contd) N 
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No. Flavouring agent End-point Test system Concentration Results Comments Reference 

In vitro 
842 Benzyl propio- DNA repair B. subtilis H 17, M45 21 ~g/disc Negative Assay performed without Oda et al. (1979) 

nate S9 Japanese article, English 
summary tables 

24 Benzyl benzoate Reverse mutation• S. typhimurium TA98, 3 ~mol/plate Negative Assay performed with and Florin et al. (1980) 
TA100, TA1535, TA1537 without S9 

Reverse mutation S. typhimurium TA98, 5000 ~g/plate Negative Assay performed with and Schunk et al. (1986) 
TA 100 (preincubation without S9; cy1otoxicity at 
and plate incorporation) three higher concentrations 

22 Benzaldehyde Reverse mutation S. typhimurium TA98, 38 000 ug/plate Negative Assay performed with and Heck et al. (1989) 
TA100, TA1535, TA1537, without S9 
TA1538 (plate incorporation) 

Reverse mutation S. typhimurium TA98, 300 ~1/plate Negative Assay of urine samples Rockwell & Raw 
TA 100 (plate in corpora- from rats given benzalde- (1979) 
lion) hyde by oral gavage, per-

formed with and without S9 
Reverse mutation S. typhimurium TA98, 1 00 ~1/plate Negative Assay performed with S9 Rockwell & Raw 

TA 100 (plate in corpora- (1979) 
lion) 

Reverse mutation• S. typhimurium TA98, 2 mg/plate Negative Japanese article, English Nohmi et al. (1985) Ill 
TA 100, TA2637 summary; assay performed ~ 

with and without S9 N 
Reverse mutation• S. typhimurium TA98, 3 ~mol/plate Negative Assay performed with and Florin et al. (1980) ;s 

TA100,TA1535, TA1537 without S9 
m Reverse mutation S. typhimurium TA98, 1000 ~g/plate Negative Assay performed with and Haworth et al. 

TA100, TA1535, TA1537 without S9 (1983) § 
(preincubation) ::::! 

Reverse mutation S. typhimurium TA 100, 3300 ~g/plate Negative Assay performed with and National Toxicology n1 
TA102, TA104 without S9 Program (1990) 

(/) 



Table 6 (contd) OJ 

~ 
No. Flavouring agent End-point Test system Concentration Results Comments Reference N 

;:s 
In vitro ~ 22 Benzaldehyde Reverse mutation• S. typhimurium T A 1 00 1 mg/plate Negative Use of S9 not reported Rapson et al. (1980} 

(contd) Reverse mutation S. typhimurium TA98, NR Negative Assay performed with and Sasaki & Endo ;t;: 
::::! TA 100 (preincubation) without S9 (1978) n1 Reverse mutation S. typhimurium TA 1 00, NR Negative Assay performed with and Dillon et al. (1992) (I) 

TA 102, TA 104 (preincu- without S9 
bation) 

Reverse mutation S. typhimurium T A 1 00 2000 nmol/plate Negative Assay performed with and Vamvakas et al. 
(preincubation) without S9 (1989) 

Reverse mutation• S. typhimurium TA98, 500 J.tg/plate Negative Assay performed with and Kasamaki et al. 
TA100 without S9 (1982} 

DNA repair B. subtilis H 17, M45 21 J.lg/disc Negative Japanese article, English Oda et al. (1979) 
summary; use of S9 not 
reported 

DNA repair B. subtilisH17, M45 NR Positive Assay performed with and Matsui et al. (1989) 
without S9; positive result 
only with S9 

Unscheduled DNA Rat hepatocytes 250 J.lg/ml Negative Assay performed without Heck et al. (1989) 
synthesis S9 
Mutation Mouse L5178Y lympho- 600 J.tg/ml Positive Positive only with S9 Heck et al. (1989) 

macells 
Mutation Mouse L5178Y lympho- 800 J.lg/ml Positive Assay performed without McGregor et al. 

macells S9; significant increase in (1991) 
mutant fraction at close to 
toxic doses 

Chromosomal Chinese hamster cells 1.2 mg/ml Positive Japanese article, English Sofuni et al. (1985) 
aberrations summary; positive results 

without S9; weakly positive 
results with S9; cytotoxicity 1\) 

at two higher concentrations (J1 
U) 



Table 6 (contd) N 
Ol c 

No. Flavouring agent End-point Test system Concentration Results Comments Reference 

In vitro 
22 Benzaldehyde Chromosomal Chinese hamster ovary 1600 jlg/ml Negative Assay performed with and Galloway et al. 

aberrations cells without S9 (1987) 
Chromosomal Chinese hamster cells 50 nmoi/L Positive Assay performed with and Kasamaki et al. 
aberrations without S9 (1982) 
Sister chromatid Chinese hamster ovary 1600 jlg/ml Positive Assay performed with and Galloway et al. 
exchange cells without S9 (1987) 
Sister chromatid Chinese hamster ovary 1 000 ~J.moi/L Negative Assay performed without Sasaki et al. (1989) 
exchange cells S9; cytotoxicity at highest 

concentration 
Sister chromatid Human lymphocytes 2 mmoi/L Positive Assay performed without Jansson et al. 
exchange S9 (1988) 

850 Benzoic acid Reverse mutation S. typhimurium TA98, 2500 jlg/plate Negative Assay performed with and Anderson & Styles 
TA100,TA1535,TA1538 without S9 (1978) 
(plate incorporation) 

Reverse mutation• S. typhimurium TA98, 3.6 ~.tg/plate Negative Assay performed with and Cotruvo et al. (1977) 
TA100, TA1535, TA1536 without S9 

Reverse mutation S. typhimurium TA97, 10 mg/plate Negative Assay performed with and Zeiger et al. (1988) 
TA98, TA100, TA1535, without S9 
TA 1537 (preincubation) 

OJ Reverse mutation• S. typhimurium TA 100 1 mg/plate Negative Use of S9 not reported Rapson et al. (1980) FT1 
Reverse mutation S. typhimurium TA98, 1 mg/plate Negative Assay performed with S9 McCann et al. ~ 

TA100,TA1535, TA1537 (1975) ;:s 
(plate incorporation) 0 

Reverse mutation S. typhimurium TA92, 10 mg/plate Negative Assay performed with and lshidate et al. (1984) ~ TA94, TA98, TA100, without S9 
~ TA1535,TA1537 :::! 

(preincubation) "" m 



Table 6 (contd) !XI 
1'11 

No. Flavouring agent End-point Test system Concentration Results Comments Reference ~ rs 
In vitro 

I:J 
1'11 

850 Benzoic acid Reverse mutation S. typhimurium TA98, 1 00 ~g/plate Negative Assay performed without Milvy & Garro :!! 
(contd) TA100, TA1535, TA1537, 89 (1976) ~ 

TA 1538 (plate incorpora- :::! 
rii tion) (/) 

Reverse mutation S. typhimurium TA1535, 0.5% Negative Assay performed with and Food & Drug Admin 
TA1537, TA1538 (plate without 89 istration (1975) 
incorporation) 

Mutation (umu S. typhimurium TA 1535/ 1.7 mg/ml Negative Assay performed with and Nakamura et al. 
gene expression) pSK1002 without 89 (1987) 
DNA repair B. subtilis H 17, H45 NR Positive Abstract; methods and test Nonaka (1989) 

concentration(s) not 
reported 

Mutation Saccharomyces cere- 0.18% Negative Assay performed with and Cotruvo et al. (1977) 
visiaeD3 without 89 

Mutation S. cerevisiae D4 0.15% Negative Assay performed with and Food & Drug Admin-
without 89 istration (1975) 

Indirect DNA repair E. coli PQ37 400 ~g/ml Negative Glosnicka & 
(induction of (3-gala- Dziadziuszko (1986) 
ctosidase) 
Chromosomal Chinese hamster 1.5 mg/ml Weakly Total incidence of cells lshidate et al. (1984) 
aberration fibroblasts positive with aberrations, 5-9%; 

performed without 89 
Sister chromatid Human lymphocytes 2.0 mmoi/L Negative Assay performed without Jansson et al. 
exchange 89 (1988) 

851 Methyl benzoate Reverse mutation S. typhimurium TA97, 6700 ug/plate Negative Assay performed with and Zeiger et al. (1992) 
TA98, TA100, TA1535, without 89 
TA 1537 (preincubation) 

"' Mutation E. coli Sd-4-73 NR Negative Assay performed without Szybalski (1958) en ... 
89 



Table 6 (contd) N 
en 
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No. Flavouring agent End-point Test system Concentration Results Comments Reference 

In vitro 
857 Isoamyl benzo- Mutation E. coli 8d-4-73 NR Negative Assay performed without 8zybalski (1958) 
ate 89 

864 lsopropylbenzyl Reverse mutation S. typhimurium TA98, 100 ~-tl/plate Negative Assay performed with 89 Rockwell & Raw 
alcohol TA100 (plate incorpora- (1979) 

lion) 
Reverse mutation S. typhimurium TA98, 300 ~-tl/plate Negative Assay of urine samples Rockwell & Raw 

TA 100 (plate incorpora- from rats given isopropyl- (1979) 
lion) benzyl alcohol by oral 

gavage; performed with 
and without 89 

867 Tolualdehydes Reverse mutation S. typhimurium TA 104 0.8 ~-tmollplate Negative Assay performed with and Marnett et al. (1985) 
(mixed ortho, (preincubation) without 89 
meta, para) 

Reverse mutation• S. typhimurium TA98, 3 ~-tmol/plate Negative Assay performed with and Florin et al. (1980) 
TA100,TA1535,TA1537 without 89 

Reverse mutation S. typhimurium TA98, 19 000 ug/plate Negative Assay performed with and Heck et al. (1989) 
TA100, TA1535,TA1537, without 89 
TA 1538 (plate incorpora-

Ill lion) Ill 
Reverse mutation S. typhimurium TA98, 0.8 mmollplate Negative Assay performed with and Aeschbacher et al. ~ 

TA100, TA102 (plate without 89 (1989) rs 
incorporation) I:J 

Reverse mutation S. typhimurium TA97, 666 ~-tg/plate Negative Assay performed with and Zeiger et al. (1988) Ill 
:!! TA100,TA1535,TA1537 without 89 § 

(preincubation) :::! 
Unscheduled DNA Rat hepatocy1es 1000 ~-tg/ml Negative Assay performed without Heck et al. (1989) rii 
synthesis 89 (I) 



Table 6 (contd) OJ 
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No. Flavouring agent End-point Test system Concentration Results Comments Reference ~ 
j:S 

In vitro ~ 
867 Tolualdehydes Mutation Mouse L5178Y lympho- 300 J.Lg/ml Negative Assay performed with and Heck et al. (1989) :!! 

(contd) macells without S9 § 
::::! 

868 Cuminaldehyde Reverse mutation S. typhimuriumTA98, 1 00 J.LI/plate Negative Assay performed with S9 Rockwell & Raw rii 
(/) 

TA 100 (plate incorpora- (1979) 
tion) 

Reverse mutation S. typhimuriumTA98, 300 J.LI/plate Negative Assay of urine samples Rockwell & Raw 
TA 100 (plate incorpora- from rats given cuminal- (1979) 
tion) dehyde by gavage; perfor-

med with and without S9 
Sister chromatid Chinese hamster ovary 333 J.Lmoi/L Negative Assay performed without Sasaki et al. (1989) 
exchange cells S9; cytotoxicity at maximum 

concentration 

In vivo 
25 Benzyl alcohol Sex-linked Drosophila melanogaster 5000 mg/kg Negative In feed Foureman et al. 

recessive lethal 8000 mg/kg Negative By injection (1994) 
mutation 
Micronucleus Mouse bone-marrow 200 mg/kg bw Negative By intraperitoneal injection Hayashi et al. 
formation cells (1988) 
Replicative DNA Mouse hepatocy1es NR Positive Route of administration Yoshikawa (1996) 
synthesis not reported 

23 Benzyl acetate Sex-linked D. melanogaster 300 mg/kg Negative In feed National Toxicology 
recessive lethal 20 000 mg/kg Negative By injection Program (1993); 
mutation Foureman et al. 

(1994) 
Sister chromatid Mouse bone-marrow cells 1700 mg/kg bw Negative By intraperitoneal injection National Toxicology 

N 
exchange Program (1993) C) 

c.:l 



Table 6 (contd) N 
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""' 
No. Flavouring agent End-point Test system Concentration Results Comments Reference 

In vitro 
23 Benzyl acetate Chromosomal Mouse bone-marrow 1700 mg/kg bw Negative By intraperitoneal injection National Toxicology 

(contd) aberration cells Program (1993) 
Micronucleus Mouse bone-marrow 1300 mg/kg bw Negative By intraperitoneal injection National Toxicology 
formation cells Program (1993); 

Shelby et al. (1993) 
Micronucleus Mouse erythrocytes 50 000 mg/kg Negative By intraperitoneal injection National Toxicology 
formation Program (1993) 
Unscheduled DNA Rat hepatocytes NR Negative By oral gavage; abstract; Mirsalis et al. (1983) 
synthesis methods and doses not 

reported 
Unscheduled DNA Rat hepatocytes 1000 mg/kg bw Negative By oral gavage Mirsalis et al. (1989) 
synthesis 
Unscheduled DNA Rat pancreatic cells 1000 mg/kg bw Negative By oral gavage Steinmetz & Mirsalis 
synthesis (1984) 
DNA damage Rat pancreatic cells 500 mg/kg bw Negative By gavage Longnecker et al. 

(1990) 
DNA damage Rate pancreatic cells 0.9% Negative In diet Longnecker et al. 

(1990) 

22 Benzaldehyde Sex-linked D. melanogaster 1200 mg/kg Negative In feed Woodruff et al. 
recessive lethal 2500 mg/kg Negative By injection (1985) OJ 

Ill 
mutation ~ ;s 

NR, not reported; S9, exogenous metabolic activation system consisting of 9000 x g supernatant from rodent liver 0 
• Not reported whether plate incorporation or preincubation method used ~ 

§ 
:::! 
rii 
(/) 
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A total of 12 benzyl derivatives in the group have been tested for genotoxicity. In 
view of the mainly negative results in the assays in vitro and the uniformly negative 
results in well-recognized assays in vivo, the Committee concluded that the group 
of benzyl derivatives is not genotoxic in vivo. 

(e) Reproductive toxicity 

At its forty-sixth meeting, the Committtee reviewed a series of studies of 
developmental and reproductive toxicity with benzyl alcohol (No. 25), benzyl acetate 
(No. 23), benzyl aldehyde (No. 22), and sodium benzoate (Annex 1, reference 122). 
The Committee concluded that: "Delayed development and reduced fetal and 
postnatal pup body weights were observed in developmental toxicity studies in rats, 
mice, hamsters and rabbits, but only at doses that were toxic to the mother. In a 
teratogenicity study with sodium benzoate, doses that induced severe maternal 
toxicity were associated with embryotoxic and fetotoxic effects and fetal 
malformations. A 4-generation study in rats showed no effect on growth, fertility, 
lactation or survival". The Committee concluded that the data reviewed were sufficient 
to demonstrate a lack of teratogenic and reproductive potential. No further studies 
on reproductive toxicity with benzyl derivatives in the group were available for review 
by the Committee at its present meeting. 
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1. EVALUATION 

1. 1 Introduction 

The Committee evaluated a group of flavouring agents 1 comprising 46 structurally 
related substances using the Procedure for the Safety Evaluation of Flavouring 

1 During evaluation of these flavouring agents, the Committee questioned whether one 
substance in this group (No. 870) was used as a flavouring agent and therefore appropriate to 
be evaluated by this Procedure. Information to address this question will be sought from the 
relevant manufacturers. 
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Agents (see Figure 1, p. 132). All members of this group are aromatic primary 
alcohols, aldehydes, carboxylic acids, or their corresponding esters or acetals. The 
structural feature common to all members of the group is a primary oxygenated 
functional group bound directly to a benzene ring. The ring also contains hydroxy or 
alkoxy substituents (see Table 1 ). 

The Committee previously evaluated four members of this group. Ethyl vanillin 
(No. 893) was evaluated at by the Committee at its eleventh meeting (Annex 1, 
reference 14), when a conditional ADI of 0-10 mg/kg bw was allocated. At its thirty
fifth meeting, the Committee converted this value to a temporary ADI of Q-5 mg/kg 
bw (Annex 1, reference 88). At its thirty-ninth meeting, the Committee extended the 
temporary ADI (Annex 1, reference 101). At its forty-fourth meeting, the Committee 
allocated an ADI of 0-3 mg/kg bw to ethyl vanillin (Annex 1, reference 116). Vanillin 
(No. 889) was evaluated by the Committee at its eleventh meeting (Annex 1, reference 
14), when an ADI of Q-10 mg/kg bw was established. Methyl salicylate (No. 899) 
was evaluated at the eleventh meeting (Annex 1, reference 14), when an ADI of 0-
0.5 mg/kg bw was allocated. Piperonal (No. 896) was also evaluated at the eleventh 
meeting, when an ADI of 0-2.5 mg/kg bw was allocated (Annex 1, reference 14). 

At its present meeting, the Committee evaluated a group of benzyl derivatives, 
none of which contains hydroxy- or alkoxy- substituents. Twenty-nine of the 46 
members of this group of flavouring agents have been reported to occur naturally in 
food. Vanillin, a major constituent of natural vanilla, is also present in strawberries 
and milk. Methyl salicylate, the predominant substituent of oil of wintergreen, is also 
found in tomatoes and grilled beef. Ethyl vanillin has been detected in raspberries 
and ginger, while piperonal is found in cooked chicken and pepper (Maarse et al., 
1999). 

1.2 Estimated daily intake 

The total annual production of the 46 flavouring agents in this group is 450 000 kg 
in Europe (International Organization of the Flavor Industry, 1995) and 1 800 000 kg 
in the USA (Lucas et al., 1999). Vanillin (No. 889), ethyl vanillin (No. 893), methyl 
salicylate (No. 899), and piperonal (No. 896), for which ADis were previously 
established by the Committee, accounted for approximately 98% of the total annual 
volume in Europe and 99% in the USA. In Europe, the estimated daily per capita 
intakes of these compounds were 55 mg of vanillin, 6.2 mg of ethyl vanillin, 0.5 mg 
of methyl salicylate, and 1.6 mg of piperonal. In the USA, the estimated daily per 
capita intakes were 150 mg of vanillin, 43 mg of ethyl vanillin, 44 mg of methyl 
salicylate, and 3.2 mg of piperonal. The estimated daily per capita intakes of two 
other flavouring agents in this group were in the low milligram range: the estimated 
intake of ethyl salicylate is 1.7 mg/person per day in the USA and that of para
methoxybenzaldehyde is around 0.5 mg/person per day in both Europe and the 
USA. The estimated intakes of most of the other 40 flavouring agents were between 
1 and 1 00 J,!g/person per day, and those of 1 0 were < 1 J.!g/person per day. The 
annual usage volume of these substances in Europe and the USA is shown in Table 2. 

1.3 Metabolic considerations 

The aromatic esters in this group are expected to be appreciably hydrolysed 
through the catalytic activity of the intestinal carboxylesterases, especially 1)-



Table 1. Summary of results of safety evaluations of hydroxy- and alkoxy-substituted benzyl derivatives used as flavouring agents" :X: 
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Butyl para-hydroxy 870 94-26-8 No NR NR See note 2. Evaluation 

benzoate0 

~0 
Europe: NO not 
USA: 0.03 finalized N ..... P---Q-oH Ul 

0 



Table 1 (contd) N ...... 
01 

Flavouring agent No. CAS No. and StepA3b Step A4 Step AS Adequate Comments on Conclusion 
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"""- ~ 

2-Methoxybenzoic acid 881 579-75-9 No NR NR See note 1. No safety iT1 
0 Europe: ND concern 0 QOH USA: 0.01 OJ 

Ill 
I ~ 

0 rs 
\ 0 

3-Methoxybenzoic acid 882 586-38-9 No NR NR See note 1. No safety ~ v 
Europe: ND 

~OH 
concern 

~ USA: 0.01 :::! 
iii 
(/) 

0 ...... 
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Flavouring agent No. CAS No. and Step A3b StepA4 Step A5 Adequate Comments on Conclusion :n 
structure Does intake Is the flavouring margin of safety for predicted based on ~ 

exceed the agent or are its the flavouring agent metabolism current 
";<: 
)::,. 

threshold for metabolites or related intake i§ 
human intake? endogenous? substance? )::,. 

..... 
Structural class I (contd) ~ 
4-Methoxybenzoic acid 883 100-09-4 u No NR NR See note 1. No safety >< 

";<: 
Europe: ND concern C/) dOH USA: 0.1 c: 

I OJ 
C/) 

-0 :::! 
-1 

Methyl anisate 884 121-98-2 No NR NR See note 2. No safety c: 
-1 

v Europe: 1 concern ~ 
USA: 0.01 OJ 

0~ ~ I I N 
""'- 0 j:S 

Ethyl para-anisate 885 94-30-4 I No NR NR See note 2. No safety 0 

u Europe: 11 concern ~ 

Co 
USA: 2 § 

:::! 
rii 

0 C/) 

Vanillyl alcohol 886 498-00-0 
I 

No NR NR See note 1. No safety 
I Europe: 6 concern 

OrrOH USA:6 

HO 

1\) 
-..! 
ID 
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Flavouring agent No. CAS No. and Step A3b Step A4 Step A5 Adequate Comments on Conclusion 
structure Does intake Is the flavouring margin of safety for predicted based on 

exceed the agent or are its the flavouring agent metabolism current 
threshold for metabolites or related intake 
human intake? endogenous? substance? 

Structural class I (contd) 
:X: 

Vanillind 889 121-33-5 Yes No Yes; the NOEL of See note 1. No safety t:i u Europe: 55 000 1 000 mg/kg bw per concern :x:J 

~OH 
USA: 150 000 day in a 2-year study ~ in rats is > 100 times ';< 

the estimated daily )::.. 

intake of vanillin ~ 
when used as a )::.. 

flavouring agent. 
,... 
"' 

See note 1. 
~ 

4-Hydroxy-3-methoxy- 959 121-34-6 
u 

No NR NR No safety ';< 
benzoic acid 

~¢"' 
Europe: 29 concern (/) 

USA: 26 § 
(/) 

:::! 
0 ~ 

/ ill 
Vanillin acetate 890 881-68-5 No NR NR See note 2. No safety 0 

o/ Europe: 2 concern tQ yol\ o USA: 1 ~ 
1\j 
;:s 

.-9 ~ 
0 

H m Vanillin isobutyrate 891 20665-85-4 No NR NR See note 2. No safety 
0 ...... Europe: 64 concern § 

:::! 

X~o 
USA: 0.04 fii 

(/) 

H 
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Flavouring agent No. CAS No. and Step A3b StepA4 Step AS Adequate Comments on Conclusion :x:J 

structure Does intake Is the flavouring margin of safety for predicted based on ~ 
exceed the agent or are its the flavouring agent metabolism current -:::: 

)::. 
threshold for metabolites or related intake e5 human intake? endogenous? substance? )::. 

r-
Structural class I (contd) ~ Salicylaldehyde 897 90-02-8 No NR NR See note 1. No safety 

u UH 
Europe: 98 

-::: 

H~ 
concern (/) 

USA: 16 c:: 
Ill 
(/) 

:::! 
"'"I 

2-Hydroxy-4-methyl - 898 698-27-1 No NR NR See note 1. No safety c:: 
nl benzaldehyde u UH Europe: 1 concern t:l 

H~ 
USA: 0.3 Ill rn 

~ 
r:s 

Methyl salicylate• 899 119-36-8 Yes No Yes; the NOEL of 50 mg/kg See note 2. No safety t:l 

u UH Europe: 490 bw per day in a 2-year srudy concern ~ 
USA: 44 000 in dogs is > 100 times the ~ 

0~ estimated daily intake of :::! 
I I methyl salicylate when used n:i 

"" (/) 
as a flavouring agent. 

Ethyl salicylate 900 118-61-6 No NR NR See note 2. No safety 
u UH Europe: 31 concern 

o(O USA: 1700 

"' co ..... 
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Flavouring agent No. CAS No. and StepA3b StepA4 Step A5 Adequate Comments on Conclusion 
structure Does intake Is the flavouring margin of safety for predicted based on 

exceed the agent or are its the flavouring agent metabolism current 
threshold for metabolites or related intake 
human intake? endogenous? substance? 

Structural class I (contd) ::c: 
Butyl salicylate 901 2052-14-4 No NR NR See note 2. No safety ti 

~ HO 
Europe: 0.01 concern ::0 
USA: 0.0007 ~ orb ";< 

)>. 
0~ - i§ 

Isobutyl salicylate 902 87-19-4 No NR NR See note 2. No safety )>. 
I'"" 

lo 
Europe: 1 concern "' USA: 6 ~ 

OH ";< 

0~ 
(/) 

fii 
(/) 

:::::! 
Isoamyl salicylate 903 87-20-7 No NR NR See note 2. No safety c.:! 

h HO 

Europe: 49 concern iTI 
USA: 7 0 

OJ :>r--0 ~ 
N 
j:S 

Benzyl salicylate 904 118-58-1 No NR NR See note 4. No safety 0 
u Europe: 30 concern m USA: 29 § 

cl:o~ :::::! 
fii H :::,.. 
(/) 
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Flavouring agent No. CAS No. and StepA3b StepA4 Step AS Adequate Comments on Conclusion :tJ 

structure Does intake Is the flavouring margin of safety for predicted based on ~ 
exceed the agent or are its the flavouring agent metabolism current ~ 

~ 
threshold for metabolites or related intake ~ human intake? endogenous? substance? 

~ 
r-

Structural class I (contd) ~ 
Phenethyl salicylate 905 87-22-9 No NR NR See note 4. No safety >< 

";< 
Europe: 0.2 concern (/) 

USA: 4 c: 
Ill 
(/) 

:::l ~0 ~ 

~ iil OH 
1

o 0 
Ill 
Ill 

ortho-Tolyl salicylate 907 617-01-6 No NR NR See note 4. No safety ~ 
Europe: NO concern rs 
USA: 30 0 

ill~'() 
~ 
§ 
:::l 
~ 
(/) 

2,4-Dihydroxybenzoic 908 89-86-1 No NR NR See note 1. No safety 
acid Europe: NO concern 

u UH USA: 6 

HO~ 
~ OH 1\) 

CXI 
w 
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Flavouring agent No. CAS No. and StepA3b Step A4 Step AS Adequate Comments on Conclusion 

structure Does intake Is the flavouring margin of safety for predicted based on 
exceed the agent or are its the flavouring agent metabolism current 
threshold for metabolites or related intake 
human intake? endogenous? substance? 

Structural class II :t 
Vanillyl ethyl ether 887 13184-86-6 No NR NR See note 1. No safety ~ 

o/'-..... I Europe: 22 concern :n 

u: USA: 22 ~ 
';< 
:b 

~ 
Vanillyl butyl ether 888 82654-98-6 No NR NR See note 1. No safety :b r-

u Europe: ND concern 

~ /~0~ USA: 0.1 
';< 

HO ""'- C/) 
c:: 

Ethyl vanillin1 893 121-32-4 Yes No Yes; the NOEL of See note 1. No safety OJ 
C/) 

Europe: 6200 500 mg/kg bw per concern :::! 
u USA: 43 000 day in a 14-week c:! 

H~ 
study in rats is > 1 00 h1 
times the estimated 0 
daily intake of ethyl OJ 

~ OH ~ vanillin when used 
0---../ N 

as a flavouring agent. rs 
0 

Vanillin erythro & threo- 960 No NR NR See note 2. No safety ~ butan-2,3-diol acetal " Europe: 4 concern § 0 USA: 3 

:r:>-0-0H :::! 
ii1 
C/) 
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Flavouring agent No. CAS No. and StepA3b StepA4 Step AS Adequate Comments on Conclusion ~ 

structure Does intake Is the flavouring margin of safety for predicted based on ~ 
exceed the agent or are its the flavouring agent metabolism current ";< 

:to. 
threshold for metabolites or related intake ~ human intake? endogenous? substance? :to. r-

Structural class II (contd) ~ Ethyl vanillin isobutyrate 953 188417-26-7 H No NR NR See note 2. No safety 
";< 

yio~o 
Europe: 64 concern (I) 

USA: NO c::: 
tiJ 
(I) 

::.! 
c:! 

\ ill 
0 

Ethyl vanillin propylene 954 68527-76-4 No NR NR See note 2. No safety tiJ 
glycol acetal ;>-Q-OH Europe: 39 concern Ill 

USA: 36 i?5 
j:5 
1::1 0-
m Piperonyl acetate 894 326-61-4 No NR NR See note 3. No safety 

u Europe: 41 concern § 

/- 0~o 
USA: 11 ::.! 

~ 
I > (I) 

""'- 0 
Piperonyl isobutyrate 895 5461-08-5 No NR NR See note 3. No safety 

Europe: 0.1 concern »0 USA:3 

xo ~ I o) 

N 
Q) 
U1 
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Flavouring agent No. 

Structural class II (contd) 
Piperonal9 896 

Ethyl vanillin 13-d-gluco- 892 
pyranoside 

CAS No. and 
structure 

120-57-0 

H 

~0 0 > 
0 

122397-96-0 
u 

oo~ro-r7'" 
HO O.._/ 

OH 

StepA3b 
Does intake 
exceed the 
threshold for 

Step A4 Step AS Adequate 
Is the flavouring margin of safety for 
agent or are its the flavouring agent 
metabolites or related 

human intake? endogenous? substance? 

Yes No Yes; the NOEL of 
Europe: 1700 250 mg/kg bw per 
USA: 3200 day in a 2-year study 

in rats is > 1 00 times 
the estimated daily 
intake of piperonal 
when used as a 
flavouring agent. 

No NR NR 
Europe: NO 
USA: 30 

Comments on Conclusion 
predicted based on 
metabolism current 

intake 

See note 3. No safety 
concern 

See note 2. No safety 
concern 

:r:: 
~ 
JJ 

~ 
";< 
):, 

~ 
):, 
r-

~ 
:>( 
";< 
(I) 

~ 
(I) 

::::! 
C:! 
rTI 
0 
Ill 

~ 
CAS: Chemical Abstracts Service; NO: no data available; NR: not required for evaluation because consumption of the substance was determined to ~ 
be of no safety concern at Step A3 of the Procedure. 0 
• Step 2: All of the flavouring agents in this group are expected to be metabolized to innocuous products. m 
b The thresholds for human intake for classes I and II are 1800 J.,lg/day and 540 J..lg/day, respectively. All intake values are expressed in mg/day. 

§ 
c Further information is required to determine whether this substance is currently used as a flavouring agent. ::::! 
d An ADI of G-1 0 mg/kg bw was established for vanillin by the Committee at its eleventh meeting (Annex 1, reference 14), which was maintained at the ~ 

present meeting. en 



Table 1 (contd) 

• An ADI of G-0.5 mg/kg bw was established for methyl salicylate by the Committee at its eleventh meeting (Annex 1, reference 14), which was 
maintained at the present meeting. The estimated daily per capita intake of methyl salicylate is 0.7 mg/kg bw when calculated with the usual10% 
proportion of eaters. However, an analysis of intake showed that more than 50% of the population would be expected to consume methyl 
salicylate. Intake calculated with this measured proportion of eaters is 0.1 mg/kg bw. 

1 An ADI of 0-3 mg/kg bw was established for ethyl vanillin by the Committee at its forty-fourth meeting (Annex 1, reference 116), which was 
maintained at the present meeting. 

g An ADI of 0-2.5 mg/kg bw was established for piperonal by the Committee at its eleventh meeting (Annex 1, reference 14), which was maintained 
at the present meeting. 

Notes 
1. Detoxication by excretion in the urine unchanged or as glucuronic acid, glycine, or sulfate conjugates; aldehyde groups undergo oxidation or 

reduction to the corresponding carboxylic acid or alcohol, respectively, followed by conjugation and excretion; G-dealkylation followed by 
conjugation and excretion; other minor metabolic routes, probably by intestinal microflora after biliary excretion of conjugates, include 
decarboxylation and reduction of benzyl groups to the methyl analogue. 

2. Detoxication as in note 1 plus hydrolysis of esters to the corresponding benzyl alcohol or benzoic acid derivatives or acetal hydrolysis to the 
parent benzaldehyde derivative and simple aliphatic alcohol or glycosidic bond hydrolysis to the corresponding phenolic derivative. 

3. Detoxication as in note 1 plus limited oxidation of the methylenedioxyphenyl group to a catechol, which would undergo conjugation. 
4. Detoxication as in note 1 preceded by hydrolysis to yield mononuclear residues, each of which would be detoxicated as in note 1. 
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Table 2. Annual volumes of use of hydroxy- and alkoxy-substituted benzyl 
derivatives used as flavouring agents in Europe and the USA 

Substance (No.) Most recent Intake• Annual volume in Consumption 
annual naturally occurring ratioc 
volume (kg) 1-lg/day 1-lg/kg bw foods (kg)b 

per day 

4-Hydroxybenzyl alcohol (955) 
Europe 43 6 0.1 + NA 
USA 0.4 0.06 0.001 NA 

4-Hydroxybenzaldehyde (956) 
Europe 450 64 3 600 8 
USA 450 59 8 

4-Hydroxybenzoic acid (957) 
Europe 130 19 0.3 23 000 180 
USA 130 17 0.3 180 

2-Hydroxybenzoic acid (958) 
Europe 0.2 0.03 0.0005 20 000 100 000 
USA 0.2 0.03 0.0005 100 000 

Butyl para-hydroxybenzoate (870) 
Europe NR NA NA NA 
USA 0.2 0.03 0.0005 NA 

Anisyl alcohol (871) 
Europe 1 100 150 2.5 + NA 
USA 440 58 1 NA 

Anisyl formate (872) 
Europe 320 46 0.8 NA 
USA 180 24 0.4 NA 

Anisyl acetate (873) 
Europe 410 59 1 + NA 
USA 2 300 300 5 NA 

Anisyl propionate (874) 
Europe NR NA NA NA 
USA 37 5 0.08 NA 

Anisyl butyrate (875) 
Europe 240 34 0.6 NA 
USA 1 0.1 0.002 NA 

Anisyl phenylacetate (876) 
Europe 0.02 0.003 0.00005 - NA 
USA 0.5 0.1 0.002 NA 

Veratraldehyde (877) 
Europe 1 000 140 2.3 + NA 
USA 410 55 1 NA 
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Table 2 ( contd) 

Substance (No.) Most recent Intake• Annual volume in Consumption 
annual naturally occurring ratio0 

volume (kg) !J.Q/day !J.Q/kg bw foods (kg)b 
per day 

para-Methoxybenzaldehyde (878) 
Europe 3 000 440 7.3 77 0.03 
USA 4400 580 10 0.02 

para-Ethoxybenzaldehyde (879) 
Europe 0.6 0.1 0.002 + NA 
USA 0.1 0.01 0.0002 NA 

Methyl ortho-methoxybenzoate (880) 
Europe 400 57 1 25 0.06 
USA 64 8 0.1 0.4 

2-Methoxybenzoic acid (881) 
Europe NR NA NA + NA 
USA 0.1 0.01 0.0002 NA 

3-Methoxybenzoic acid (882) 
Europe NR NA NA + NA 
USA 0.1 0.01 0.0002 NA 

4-Methoxybenzoic acid (883) 
Europe NR NA NA 120 NA 
USA 1 0.1 0.002 120 

Methyl anisate (884) 
Europe 8 1 0.02 33 4 
USA 0.05 0.01 0.0002 660 

Ethyl para-anisate (885) 
Europe 75 11 0.2 + NA 
USA 16 2 0.03 NA 

Vanillyl alcohol (886) 
Europe 44 6 0.1 + NA 
USA 46 6 0.1 NA 

Vanillin (889) 
Europe 385 000 55 000 920 20 000 0.05 
USA 1 140 000 150 000 2 500 0.02 

4-Hydroxy-3-methoxybenzoic acid (959) 
Europe 200 29 0.5 100 000 500 
USA 200 26 0.4 500 

Vanillin acetate (890) 
Europe 15 2 0.03 + NA 
USA 6 1 0.02 NA 
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Table 2 (contd) 

Substance (No.) Most recent Intake• Annual volume in Consumption 
annual naturally occurring ratioc 
volume (kg) J.l,g/day J.l,g/kg bw foods (kg)b 

per day 

Vanillin isobutyrate (891) 
Europe 450 64 1 NA 
USA 0.3 0.04 0.0007 NA 

Salicylaldehyde (897) 
Europe 690 98 1.6 66 000 96 
USA 120 16 0.3 550 

2-Hydroxy-4-methyl benzaldehyde (898) 
Europe 5 1 0.02 + NA 
USA 2 0.3 0.005 NA 

Methyl salicylate (899) 
Europe 3 400 490 8 2 500 0.7 
USA 340 000 44 000 730 0.07 

Ethyl salicylate (900) 
Europe 220 31 0.5 9 0.04 
USA 13 000 1 700 28 0.0007 

Butyl salicylate (901) 
Europe 0.1 0.01 0.0002 + NA 
USA 0.005 0.0007 0.00001 NA 

Isobutyl salicylate (902) 
Europe 8 1 0.02 NA 
USA 43 6 0.1 NA 

Isoamyl salicylate (903) 
Europe 340 49 0.8 14 000 41 
USA 55 7 0.1 250 

Benzyl salicylate (904) 
Europe 210 30 0.5 + NA 
USA 220 29 0.5 NA 

Phenethyl salicylate (905) 
Europe 1 0.2 0.003 NA 
USA 32 4 0.07 NA 

ortho-Tolyl salicylate (907) 
Europe NR NA NA NA 
USA 230 30 0.5 NA 

2,4-Dihydroxybenzoic acid (908) 
Europe NR NA NA + NA 
USA 45 6 0.1 NA 
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Table 2 (contd) 

Substance (No.) 

Vanillyl ethyl ether (887) 
Europe 
USA 

Vanillyl butyl ether (888) 
Europe 
USA 

Ethyl vanillin (893) 
Europe 
USA 

Most recent Intake" 
annual 
volume (kg) J.J.g/day 

165 22 
165 22 

NR NA 
1 0.1 

44 000 6200 
330 000 43 000 

Annual volume in Consumption 
naturally occurring ratioc 

J.J.g/kg bw foods (kg)b 
per day 

0.4 NA 
0.4 NA 

NA NA 
0.002 NA 

100 NA 
720 NA 

Vanillin erythro & threo-butan-2,3-diol acetal (960) 
Europe 25 4 0.07 NA 
USA 25 3 0.05 NA 

Ethyl vanillin isobutyrate (953) 
Europe 450 64 1 NA 
USA NR NA NA NA 

Ethyl vanillin propylene glycol acetal (954) 
Europe 280 39 0.7 NA 
USA 280 36 0.6 NA 

Piperonyl acetate (894) 
Europe 280 41 0.7 + NA 
USA 82 11 0.2 NA 

Piperonyl isobutyrate (895) 
Europe 0.7 0.1 0.002 NA 
USA 26 3 0.05 NA 

Piperonal (896) 
Europe 12 000 1 700 28 + NA 
USA 24 000 3 200 53 NA 

Ethyl vanillin ~-d-glucopyranoside (892) 
Europe NR NA NA NA 
USA 230 30 0.5 NA 

Total 
Europe 450 000 
USA 1 900 000 

NA, not applicable; NR, not reported; +, reported to occur naturally in foods (Maarse et al., 
1999), but quantitative data were not available; -, not reported to occur naturally in foods 
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Table 2 (contd) 

a Intake expressed as jlg/person per day calculated as follows: [(annual volume, kg) x (1 x 109 

llg/kg)/ (population x survey correction factor x 365 days)], where population (1 0%, 'eaters 
only')= 32 x 1 os for Europe and 26 x 1 os for the USA. The correction factor= 0.6 for Europe 
and 0.8 for the USA, representing the assumption that only 60% and 80% of the annual 
volume of the flavour, respectively, was reported in the poundage surveys (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999). Intake expressed as llg/kg bw 
per day calculated as follows: [(llg/person per day)/body weight], where body weight= 60 kg. 
Slight variations may occur from rounding. 

b Quantitative data from Stolberg & Grundschober (1987) 
c Calculated as follows: (annual consumption in food, kg)/(most recently reported volume as a 

flavouring agent, kg) 

esterases, to benzyl alcohol or benzoic acid derivatives before absorption (Heymann, 
1980; Anders, 1989). Likewise, acetals of substituted benzaldehyde derivatives are 
hydrolysed in gastric and intestinal fluids to yield benzaldehyde and component 
aliphatic alcohols. The resulting hydroxy- and alkoxy-substituted benzyl derivatives 
are rapidly absorbed in the gut, metabolized in the liver, and excreted in urine 
(Davison, 1971; Abdo et al., 1985; Temellini et al., 1993). 

Once absorbed, benzyl derivatives are oxidized to the corresponding benzoic 
acid derivative, which is subsequently excreted unchanged or as sulfate or 
glucuronide conjugates (Sammons & Williams, 1946; Davison, 1971; Scheline, 1972). 
Piperonal is oxidized to piperonylic acid and excreted mainly as the glycine conjugate 
(Kamienski & Casida, 1970; Klungsoyr & Scheline, 1984). Minor metabolic 
detoxication pathways include Q-demethylation, reduction, and decarboxylation. 
These pathways arise during enterohepatic cycling of conjugated benzyl metabolites 
and subsequent intestinal bacterial action (Strand & Scheline, 1975). 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

Step 1 Thirty-six of the 46 flavouring agents in this group were assigned to 
structural class I (Cramer et al., 1978). They are simple substituted aromatic 
compounds that are expected to be hydrolysed to aromatic aldehydes 
and simple aliphatic alcohols (Nos 87Q-875, 877-886, 889-891, 897-
903 and 955-959), or they contain two aromatic rings that are expected 
to be hydrolysed to mononuclear residues with simple functional groups 
(Nos 876, 904, 905, and 907). The remaining 10 flavouring agents 
(Nos 887, 888, 892-896, 953, 954, and 960) are ethyl vanillin or piperonal 
derivatives that contain either an ethoxy or a methylene dioxy substituent. 
They are common components of food or closely related to common 
components of food and were assigned to structural class II. 

Step 2 At current levels of intake, none of the 46 flavouring agents would be 
expected to saturate the metabolic pathways, and all are predicted to be 
metabolized to innocuous products. 

Step A3 The estimated per capita intakes of 42 of the 46 flavouring agents in this 
group were below the human intake threshold for their respective classes 
(i.e., 1800 11g/day for structural class I and 540 11g/day for structural class 
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II). These 42 flavouring agents therefore pose no safety concern when 
used at their current levels. 

The estimated intakes of vanillin (No. 889) and methyl salicylate (No. 
899), which are in class I, exceed the daily intake threshold of 1800 11g/ 
person. The estimated intakes of vanillin are 55 000 11g/person per day in 
Europe and 150 000 11g/person per day in the USA, and that of methyl 
salicylate is 44 000 11g/person per day in the USA. The estimated intakes 
of ethyl vanillin (No. 893) and piperonal (No. 896), in class II, exceed the 
intake threshold of 540 11g/person per day. The estimated intakes of ethyl 
vanillin are 6200 11g/person per day in Europe and 43 000 11g/person per 
day in the USA. For piperonal, the estimated intakes are 1700 11g/person 
per day in Europe and 3200 11g/person per day in the USA) (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999). 

The estimated intakes of these four substances are below their 
respective ADI values. The daily intakes of vanillin in Europe and the USA, 
approximately 0.9 and 2.5 mg/kg bw, do not exceed the ADI of 0-1 0 mg/kg 
bw for vanillin. The highest estimated daily intakes of ethyl vanillin 
(0.7 mg/kg bw in the USA) and piperonal (0.05 mg/kg bw in the USA) do 
not exceed the ADis of 0-3 mg/kg bw for ethyl vanillin and 0-2.5 mg/kg 
bw for piperonal. The estimated daily intake of the remaining substance, 
methyl salicylate, is 0. 7 mg/kg bw, which is approximately equal to its ADI 
of o-o.5 mg/kg bw. 

The estimates of intake based on total annual production include the 
assumption that only 10% of the population eats these agents. The 
Committee received a report on the intake of methyl salicylate based on 
individual dietary records and its use in the USA in baked goods, chewing
gum, hard and soft sweets, and beverages (Edelstein, 2=01 ). The analysis 
showed that > 50% of the population would be expected to eat methyl 
salicylate. Use of this measured proportion of eaters in place of the default 
assumption of 1 0% yields an estimated intake of methyl salicylate of 
0.1 mg/kg bw, which is below the current ADI of 0-0.5 mg/kg bw. 

StepA4 Vanillin (No. 889), methyl salicylate (No. 899), ethyl vanillin (No. 893), 
and piperonal (No. 896) are not endogenous in humans. 

Step A5 The ADI of 0-1 0 mg/kg bw for vanillin is based on a NOEL of 1 000 mg/kg 
bw per day in a 2-year feeding study in rats (Hagan et al., 1967). This 
NOEL provides a margin of safety that is about 400 times the per capita 
intake of vanillin from its current use as a flavouring agent in Europe 
(0.9 mg/kg bw per day) or in the USA (2.5 mg/kg bw per day). 

The ADI of 0-0.5 mg/kg bw for methyl salicylate is based on a NOEL 
of 50 mg/kg bw per day reported in a 2-year study in dogs (Webb & Hansen, 
1963). This NOEL is more than 1000 times greater than the intake of 
methyl salicylate from its current use as a flavouring agent in Europe 
(0.008 mg/kg bw per day). This NOEL is also more than 100 times greater 
than the intake of methyl salicylate in the USA when intake is calculated 
by using the measured portion of eaters of 50% (0.1 mg/kg bw per day). 

A NOEL of 500 mg/kg bw per day of ethyl vanillin was reported in a 
14-week feeding study in rats (Hooks et al., 1992). This NOEL is about 
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700 times greater than the intake of ethyl vanillin from its use as a flavouring 
agent in Europe (0.1 mg/kg bw per day) or in the USA (0.7 mg/kg bw per 
day). 

A NOEL of 250 mg/kg bw per day for piperonal was reported in a 2-
year study in rats (Bar & Griepentrog, 1967). This NOEL is more than 
5000 times the intake of piperonal from its use as a flavouring agent in 
Europe (0.028 mg/kg bw per day) and in the USA (0.05 mg/kg bw per 
day). 

The considerations on intake and other information used to perform the stepwise 
evaluations of the 46 hydroxy- and alkoxy-substituted benzyl derivatives according 
to the Procedure are summarized in Table 1. 

1.4 Consideration of combined intakes 

In the unlikely event that all 36 flavouring agents in structural class I were 
consumed on a daily basis, the estimated combined intake would exceed the human 
intake threshold (1800 ).lg/person per day). The estimated combined intake of all 
class II substances would also exceed the intake threshold (540 ).lg/person per 
day). However, all 46 substances are expected to be efficiently detoxicated and 
would not saturate the available detoxication pathways. On the basis of the evaluation 
of the collective data, combined intake would present no safety concerns. 

1.5 Conclusions 

The Committee retained the previously established AD Is of 0-10 mg/kg bw for 
vanillin (No. 889), Q-3 mg/kg bw for ethyl vanillin (No. 893), 0-2.5 mg/kg bw for 
piperonal (No. 896), and 0-0.5 mg/kg bw for methyl salicylate (No. 899). The 
Committee noted that the estimated daily intake of 0. 7 mg/kg bw of methyl salicylate, 
based on poundage data, is approximately equal to its ADI of 0-0.5 mg/kg bw within 
the precision of the intake estimates. The Committee received an analysis of intake 
based on individual dietary records for methyl salicylate for its potential use in mint
flavoured baked goods, chewing-gum, hard and soft sweets, and beverages. This 
analysis showed that> 50% of the population would be expected to consume methyl 
salicylate. The (appropriate) use of this measured proportion of eaters in place of 
the default assumption of 10% yields an estimated intake of methyl salicylate of 
0.1 mg/kg bw, which is less than the current ADI of 0-0.5 mg/kg bw. 

On the basis of the available data on metabolism and toxicity, the Committee 
concluded that none the flavouring agents in this group would present a safety 
concern when used at their current levels. Other data on toxicity, including the results 
of studies on genotoxicity and developmental toxicity, were consistent with the results 
of the safety evaluations conducted according to the Procedure. 

2. RELEVANT BACKGROUND INFORMATION 

2. 1 Explanation 

The background information relevant to a safety evaluation of 46 hydroxy- and 
alkoxy-substituted benzyl derivatives used as flavouring agents are summarized 
below and in Tables 1 and 2. 
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2.2 Additional considerations on intake 

Production volumes and intake values for each flavouring agent in this group 
are shown in Table 2. 

Twenty-nine of the 46 flavouring agents have been detected as natural 
components of traditional foods (Maarse et al., 1999; Table 2). Quantitative data on 
natural occurrence and consumption ratios have been reported for 13 substances 
in the group. The consumption of eight substances is derived predominantly from 
their presence in traditional foods (i.e. they have a consumption ratio> 1 ), whereas 
para-methoxybenzaldehyde (No. 878), methyl-ortho-methoxybenzoate (No. 880), 
vanillin (No. 889), methyl salicylate (No. 899), and ethyl salicylate (No. 900) are not 
consumed primarily from traditional foods (consumption ratio, < 1 ). 

2.3 Biological data 

2.3.1 Biochemical data 

(a) Absorption, distribution, and excretion 

The hydroxy- and alkoxy-substituted benzyl derivatives have been shown to be 
rapidly absorbed in the gastrointestinal tract, metabolized in the liver to yield benzoic 
acid derivatives, and excreted primarily in the urine either unchanged or conjugated 
(Jones et al., 1956; Davison, 1971 ). Metabolites participate in enterohepatic cycling 
to some extent, leading to further metabolism by gut bacteria. 

In rabbits, 96% of a single oral dose of 400 mg/kg bw 4-hydroxybenzaldehyde 
(No. 956) was excreted in the urine within 24 h as 4-hydroxybenzoic acid and its 
glycine, glucuronic acid, and sulfate conjugates (Bray et al., 1952). 

In a similar study, groups of four to eight rabbits were given 4-hydroxybenzoic 
acid (No. 957) at a dose of 100, 250, 500, 1000, or 1500 mg/kg bw by gavage every 
3-7 days. Urine was collected continuously and analysed for metabolites. The total 
urinary recovery of the test material ranged from 84% to 104% . Glucuronic acid 
and sulfate conjugates were also detected in the urine, at 10-35% and 4-7%, 
respectively. The concentrations of all the metabolites returned to background values 
within 24 h after dosing (Bray et al., 1947). In a corresponding study, approximately 
94% of 2-hydroxybenzoic acid (No. 958) at a single oral dose of 250 or 500 mg/kg 
bw given to two groups of four rabbits was excreted unchanged or as the glucuronic 
acid and sulfate conjugates (Bray et al., 1948). 

About 6% of a dose of 52 mg of 2,4-dihydroxybenzaldehyde (No. 908) given by 
intraperitoneal injection to female albino rats was excreted in the urine as the 
corresponding hippurate within 24 h (Teuchy et al., 1971 ). 

Three patients being treated for rheumatic fever were given an oral dose of 
5330-6000 mg of 2,4-dihydroxybenzoic acid as 1000 mg per dose every 3 h for 2-
16 days. The average daily rate of urinary excretion was 43-76%. The average 
daily excretion of sulfate conjugate per patient was essentially constant throughout 
the study, but the average daily excretion of glucuronic acid conjugate increased by 
four- to sixfold over the 16 days (Clarke et al., 1958). In an investigation of the 



296 HYDROXY- AND ALKOXY-SUBSTITUTED BENZYL DERIVATIVES 

presence of dihydroxybenzoic acid isomers in the urine of 15 persons, only 3,5-
dihydroxybenzoic acid was detected (Williams, 1965). 

Groups of three or more fasted dogs were given butyl para-hydroxybenzoate 
(No. 870) at a dose of 1 000 mg/kg bw orally or 50 mg/kg bw intravenously. Blood 
and urine samples were collected at fixed intervals until the concentrations returned 
to background values within 48 h. The test material was recovered almost entirely 
as the para-hydroxybenzoic acid conjugate of glucuronic acid, at 48% after the oral 
dose and 40% after the intravenous dose. Most of the material was excreted between 
6 and 30 h after dosing. Although the relatively low rate of recovery with both methods 
of administration was attributed to incomplete hydrolysis of the ester in the body, 
incubation of the butyl ester with freshly prepared liver homogenate in vitro showed 
complete hydrolysis within 30-60 min. In studies with related benzoate esters, such 
as methyl and ethyl para-hydroxybenzoate, significantly larger amounts of material 
were recovered (Jones et al., 1956). This finding suggests that increased amounts 
of the homologous series of alkyl esters may activate other metabolic and excretion 
pathways. The authors concluded that butyl para-hydroxybenzoate and other alkyl 
esters are readily absorbed, metabolized, and excreted. 

Ten rabbits were each fed 200 mg of veratraldehyde (No. 877) by stomach tube, 
and urine was collected over the next 24 h. About 70% of the material was recovered 
in the urine as free corresponding acid (-28%) and its glucuronic acid (-38%) or 
sulfate (3-7%) conjugate (Sammons & Williams, 1941 ). 

Because of its prevalence and importance as a flavouring agent, vanillin (No. 
889) has been the subject of numerous studies on metabolism. Male albino rats 
were given 100 mg/kg bw of vanillin in a solution of propylene glycol and water by 
stomach tube; urine and faeces were collected separately for 24-h periods, and bile 
samples were collected by cannulation of the common bile duct. Only trace amounts 
of benzoic acid derivatives remained in the urine after the first 24 h, and none 
remained after 48 h. Free and conjugated forms of vanillic acid and vanillyl alcohol 
accounted for 94% of the dose in the urine. Vanillin and its primary reduction and 
oxidation metabolites were also excreted in appreciable amounts in the bile. Bile 
collected for 5 h from two rats given vanillin at a dose of 100 or 300 mg/kg bw orally 
contained glucuronide conjugates of vanillin (6%), vanillyl alcohol (8%), and vanillic 
acid (9%) (Strand & Scheline, 1975). 

In Sprague-Dawley albino rats, 60% of a dose of vanillin of 100 mg/kg bw in 
0.9% NaCI given by intraperitoneal injection was recovered in the 24-h urine. The 
urinary metabolites included unconjugated vanillic acid, the sulfate and glucuronic 
acid conjugates of vanillic acid, and conjugates of vanillyl alcohol, vanillin, and 
catechol. The urinary glycine conjugate of vanillic acid was not found in this study 
(Wong & Sourkes, 1966). 

Three rabbits given vanillin by gavage at 1000 mg/kg bw excreted an average of 
83% of the dose in their urine, with 69% of the dose as free and conjugated vanillic 
acid and 14% as conjugated vanillin (Sammons & Williams, 1941 ). 

An adult person received 100 mg of vanillin dissolved in water, and urine was 
collected for 24 h. The concentration of vanillic acid in the urine increased from a 
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background value of 0.3 mg per 24 h to 96 mg per 24 h, accounting for about 94% 
of the dose (Dirscherl & Wirtzfeld, 1964). 

After administration of a single dose of 400 mg/kg bw of salicylaldehyde (No. 
897) to a fasted rabbit, 75% of the dose was excreted in urine collected over 24 h. 
Urine analysis revealed mainly ether-soluble acids, 27% and 3% being accounted 
for by glucuronic acid and sulfate conjugates of vanillic acid, respectively (Bray et 
al., 1952). 

In male rats, 94% of a dose of 150 mg/kg bw of piperonal (No. 896) in propylene 
glycol administered by gavage was accounted for in the urine within 24 h. No 
unchanged compound was excreted, and no metabolites were detected in the urine 
more than 48 h after dosing (Kiungsoyr & Scheline, 1984). In a study of the 
metabolism of the corresponding esters piperonyl acetate (No. 894) and piperonyl 
isobutyrate (No. 895) given at 1 00 mg/kg bw by gavage to male rabbits, 70% of the 
dose of piperonyl acetate and 11% of that of piperonyl isobutyrate was recovered in 
72-h urine (Wright & Holder, 1980). 

The results of these studies indicate that the hydroxy- and alkoxy-substituted 
benzyl derivatives are rapidly absorbed, metabolized, and excreted in the urine 
mainly as sulfate and glucuronic acid conjugates of the corresponding hydroxybenzoic 
acid derivatives. 

(b) Metabolism 

(i) Hydrolysis of esters and aceta Is 

Aromatic esters can be expected to be hydrolysed in vivo by the catalytic activity 
of carboxylesterases or esterases (Heymann, 1980). B-Este rases, the most important 
of the group, are active in most mammalian tissue (Heymann, 1980; Anders, 1989) 
but predominate in hepatocytes (Heymann, 1980). Acetals hydrolyse uncatalysed 
in gastric juice and intestinal fluids to yield the corresponding aldehydes. In vivo, 
substituted benzyl esters and benzaldehyde acetals are hydrolysed to the 
corresponding alcohols, aldehydes, and carboxylic acids. 

In 3- to 6-month-old male rabbits, 83% of an oral dose of 1 00 mg/kg bw of 
piperonyl acetate (No. 894) and 15% of a aimilar dose of piperonyl isobutyrate (No. 
895) were hydrolysed and excreted as either free or conjugated piperonylic acid 
within 72 h; < 1% of piperonyl alcohol was excreted (Wright & Holder, 1980). 

An oral dose of methyl salicylate (No. 899) equivalent to 500 mg/kg bw of salicylic 
acid was dissolved in 2% methyl cellulose and given to male rats. The plasma 
concentrations measured within 20 min of dosing showed complete hydrolysis of 
methyl salicylate. In a similar experiment with three fasted male dogs given 320 mg/kg 
bw of methyl salicylate in capsules, blood drawn 1 h after dosing showed 95% 
hydrolysis of methyl salicylate to salicylic acid. In six persons, 79% of a dose of 
0.42 ml (approximately 500 mg) of methyl salicylate administered in ginger ale was 
hydrolysed in the blood within 90 min (Davison et al., 1961 ). 

Several experiments were conducted to study the metabolism of esters of para
hydroxybenzoic acid after oral (1000 mg/kg bw) or intravenous (50 mg/kg bw) 
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administration to dogs. The esters were absorbed in the gastrointestinal tract and 
rapidly hydrolysed by esterases in the liver and kidney. In the case of butyl para
hydroxybenzoate (No. 870), 48% was recovered after oral and 40% after intravenous 
administration. Liver preparations from dogs injected with 1 00 mg/kg bw of the methyl, 
ethyl, or propyl ester showed 100% hydrolysis within 3 min. In the case of the butyl 
ester, 100% hydrolysis occurred within 30-60 min (Jones et al., 1956). 

Benzyl acetate was rapidly hydrolysed to benzyl alcohol in vitro, with a peak 
alcohol concentration after 4 min. The absence of benzyl acetate in plasma indicates 
that benzyl acetate is rapidly hydrolysed to benzyl alcohol, which is then rapidly 
oxidized to benzoic acid (Yuan et al., 1995). In vitro, 90% of benzyl phenylacetate 
was hydrolysed within 1 h and 1 00% within 2 h of incubation with a 2% pancreatin 
solution (Leegwater & van Straten, 1974). 

Acetals of benzaldehyde are also readily hydrolysed. Benzaldehyde propylene 
glycol acetal was 97% hydrolysed after incubation for 5 h with simulated gastric 
juice and intestinal fluid in vitro (Morgareidge, 1962). 

(ii) Metabolism of alcohols, aldehydes, and other derivatives 

In general, hydroxy- and alkoxy- derivatives of benzaldehyde and benzyl alcohol 
are oxidized to the corresponding benzoic acid derivatives and, to a lesser extent, 
reduced to the corresponding benzyl alcohol derivatives. The resulting hydroxy
and alkoxy-benzoic acid derivatives form sulfate, glucuronic acid, or glycine 
conjugates, depending mainly on ring substitution. Hydroxy- and methoxy-substituted 
benzoic acid derivatives such as vanillic acid tend to form sulfate or glucuronic acid 
conjugates, while methylenedioxy-substituted benzoic acid derivatives such as 
piperonylic acid form glycine conjugates. Benzoic acid hydroxy- and alkoxy
derivatives undergo decarboxylation and 0-demethylation to a minor extent. 
Protocatechuic acid is a key intermediate formed by 0-demethylation of benzoic 
acid (Wong & Sourkes, 1966; Strand & Scheline, 1975). Benzyl alcohol derivatives 
may also be reduced in gut microflora to toluene derivatives, especially if a free 
para-hydroxyl group is present (Strand & Scheline, 1975; see Figure 1 ). 

In a study of the degradation of some methoxylated aromatic compounds by 
Actinomyces aureusA-94, anisyl alcohol (No. 871) was oxidized to the corresponding 
anisic acid, then demethylated and hydroxylated to yield protocatechuic acid (3,4-
dihydroxybenzoic acid). Additional enzymatic action converted protocatechuic acid 
to succinic acid via j3-carboxymuconic acid and j3-oxoadipic acid. In the final stage, 
succinic acid entered the tricarboxylic acid cycle (Tsai et al., 1965). 

Analysis of the medium after incubation of anisyl alcohol (No. 871) with rat caecal 
extract after approximately 46 h showed the presence of anisic acid. 0-Demethylation 
was not observed (Scheline, 1972). 

In the investigation of the metabolism of various aromatic aldehydes and alcohols 
by rat intestinal microflora, the major metabolites were products of reduction. 
Microflora-mediated metabolic transformations included reduction, dehydroxylation, 
0-demethylation, and decarboxylation, leading to a variety of derivatives of benzyl 
alcohol, benzoic acid, and toluene (Scheline, 1972). After incubation of vanillyl alcohol 



HYDROXY· AND ALKOXY·SUBSnTUTED BENZYL DERIVATIVES 

Figure 1. Metabolism of hydroxy- and alkoxy-substltuted benzyl deivatlves 
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(No. 886) with rat caecal extract, vanillic acid and the toluene derivatives, 4-
methylguaiacol and 4-methylcatechol from complete reduction of the alcohol 
functional group were present (Scheline, 1972). Analysis of urinary metabolites 
collected over the first 24 h from male rats given vanillyl alcohol by gavage at a dose 
of 1 00 or 300 mg/kg bw showed the presence of vanillic acid and traces of vanillyl 
alcohol and the glycine conjugate of vanillic acid. Smaller quantities of conjugated 
fractions of vanillin, guaiacol, catechol, 4-methylguaiacol, and 4-methylcatechol were 
also found. The presence of catechol and 4-methylcatechol indicated that decarboxy
lation and complete reduction of the alcohol function, respectively, occurred in vivo 
(Strand & Scheline, 1975). 

Rabbits were given 2000 mg/kg bw of veratraldehyde (No. 877) by oral gavage, 
and urine was collected for 24 h. About 70% of the aldehyde was accounted for in 
urine, mainly as the corresponding acid veratric acid (28%), and its glucuronic acid 
conjugate (38%). Veratric acid was decarboxylated to a small extent and o
demethylated to yield catechol (Sammons & Williams, 1946). Presumably, veratric 
acid enters the enterohepatic circulation where gut microflora decarboxylate it to 
yield catechol (ortho-hydroxyphenol). Formation of catechol after incubation of 
veratraldehyde with rat caecal extract indicates that this decarboxylation pathway 
exists in gut bacteria (Scheline, 1972). 

Analysis of the metabolites produced 46 h after incubation of anisaldehyde (No. 
878) with rat caecal preparations revealed the presence of anisic acid and anisyl 
alcohol. Anisaldehyde thus undergoes oxidation and reduction in caecal preparations 
(Scheline, 1972). In rabbits, about 75% of an oral dose of 2000 mg/kg bw of 
anisaldehyde was excreted as the glucuronic acid conjugate of para-methoxybenzoic 
acid (anisic acid) within 24 h (Sammons & Williams, 1946). 

In groups of four to six male rats, a single oral dose of 100 or 300 mg/kg bw of 
vanillin (No. 889) was metabolized and excreted in urine as vanillin, vanillic acid, 
and vanillyl alcohol within the first 24 h. Small amounts of Q-demethylated, 
decarboxylated, and further reduced metabolites were also identified, which included 
protocatechuic acid (3,4-dihydroxybenzoic acid, product of G-demethylation), 
guaiacol (ortho-methoxyphenol, product of decarboxylation), vanilloylglycine, 
catechol ( ortho-hydroxyphenol), 4-methylguaiacol (product of alcohol functional group 
reduction), and 4-methylcatechol (product of reduction and ring hydroxylation). Only 
traces of vanillic acid derivatives were detected in urine collected between 24 and 
48 h, and no metabolites were detected in urine collected between 48 and 96 h. In 
a similar experiment in rats, more than 94% of a single oral dose of 100 mg/kg bw of 
vanillin was excreted in urine within 48 h. Between 65 and 70% of the urinary 
metabolites were oxidation products (Strand & Scheline, 1975). 

Most of a dose of 100 mg/kg bw of vanillin administered by intraperitoneal injection 
to rabbits was excreted in urine 24 h later. About 69% was oxidized to vanillic acid, 
and 1 0% was reduced to vanillyl alcohol. More than 10% was excreted as the 
glucuronic acid conjugate of vanillin (Sammons & Williams, 1941 ). 

In rats, less than 6% of a dose of 52 mg of 2,4-dihydroxybenzoic acid given by 
intraperitoneal injection was excreted as the corresponding hippurate (Teuchy et 
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al., 1971 ). In persons given daily oral doses of up to 6000 mg of 2,4-dihydroxybenzoic 
acid for up to 16 days, the main urinary metabolites were the glucuronic acid and 
sulfate conjugates {Clarke et al., 1958). 

In albino male Wistar rats, 94% of an oral dose of 150 mg/kg bw of piperonal 
(No. 896) and 90% of a dose of 150 mg/kg bw of piperonyl alcohol dissolved in 
propylene glycol were excreted in the urine within 24 h. The main urinary metabolites 
of both substances were piperonylic acid (17-20%) and the glycine conjugate of 
piperonylic acid {71-72%). No unchanged compound was excreted, and no 
metabolites were detected 48 h after dosing. Less than 0.7% of the dose was 
accounted for by 0-demethylenation to protocatechuyl alcohol, protocatechu
aldehyde and protocatechuic acid (Kiungsoyr & Scheline, 1984). 

In male Swiss-Webster mice, 87-93% of an oral dose of 0.75 mg/kg bw of 
[methylene-14C]piperonyl alcohol, piperonal, or piperonylic acid administered in 
dimethyl sulfoxide {50 ~tl followed by a wash with 1 00 ~tl) was accounted for in the 
urine within 48 h. Most was eliminated within the first 12 h. Less than 10% was 
excreted in the faeces. In all cases, the major metabolite was the glycine conjugate 
of piperonylic acid. Minor amounts of unchanged piperonylic acid were also present 
(Kamienski & Casida, 1970). 

(iii) Summary 

Esters of hydroxy- and alkoxy-substituted benzyl derivatives can be expected to 
be hydrolysed to the corresponding benzyl alcohol and benzoic acid derivatives, 
while the aceta Is are hydrolysed to the parent benzaldehyde derivative. Thus formed, 
the alcohols and aldehydes are oxidized mainly to benzoic acid derivatives, which 
are either excreted unchanged or form sulfate, glycine, or glucuronic acid conjugates. 
Some glucuronic acid conjugates may pass into the bile and enter the enterohepatic 
circulation, where they are hydrolysed or subjected to the reduction reactions of gut 
bacteria. Small amounts of hydroxy- and alkoxybenzoic acid derivatives have been 
reported to undergo reductive decarboxylation in the gut. Other minor metabolic 
detoxication pathways include 0-demethylation and ring hydroxylation. 

2.3.2 Toxicological studies 

(a) Acute toxicity 

The LD50 values after oral administration for 38 of the 46 benzyl derivatives 
ranged from 520 mg/kg bw to 13 000 mg/kg bw in male and female rats, guinea
pigs, mice, and rabbits (Deichmann & Kitzmiller, 1940; Draize et al., 1948; Sokol, 
1952; Giroux et al., 1954; Doull et al., 1962; Jenner et al., 1964; Taylor et al., 1964; 
Hagan et al., 1965; Fogleman & Margolin, 1970; Fujii et al., 1970; Davison et al., 
1961; Weir & Wong, 1971; Moreno, 1973; Sado, 1973; Moreno, 1974; Wahl, 1974; 
Levenstein, 1975; Grady et al., 1976; Moreno, 1976, 1977; BASF, 1981; Givaudan 
Corp., 1982; Mondino, 1982; Moreno, 1982; Peano & Berruto, 1982; Mallory et al., 
1983; Sterner & Chibanguza, 1983; National Toxicology Program, 1984; Ohsumi et 
al., 1984; Ohta et al., 1984; Reagan & Becci, 1984; Inouye et al., 1988; Such, 1989; 
Hasegawa et al., 1989; Cerven, 1990; Dow Chemical Co., 1992; Dufour, 1994; 
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Sanders & Crowther, 1997). The LD50 values of most of the compounds are 
> 1000 mg/kg bw (see Table 3). 

(b) Short-term studies of toxicity 

Short-term studies of toxicity have been performed with eight of the substances 
in this group, but most with butyl para-hydoxybenzoate (No. 870), commonly known 
as butyl paraben, vanillin (No. 889), methyl salicylate (No. 899), ethyl vanillin (No. 
893), and piperonal (No. 896). Each of these four substances has been allocated 
an ADI. The studies with ethyl vanillin were reviewed comprehensively by the 
Committee at its thirty-fifth and forty-sixth meetings (Annex 1, references 89 and 
117), and the results of that review are included below so as to present all relevant 
data related to the safety of structurally related hydroxy- and alkoxy-benzaldehyde 
derivatives. 

Mice 
Butyl-para-hydroxybenzoate (No. 870) 

Groups of 10 male and 1 0 female 8-week-old ICR/jcl mice were maintained on 
diets containing pelletized butyl-para-hydroxybenzoate at concentrations calculated 
to provide an average intake of 900, 1900, 3800, 7500, or 15 000 mg/kg bw per day 
for 6 weeks. Twenty male and 20 female mice of the same age and strain were used 
as controls and fed the basal diet. Survival, body-weight gain, and histolological 
end-points were measured. All the animals given 7500 or 15 000 mg/kg bw per day 
died within the first 2 weeks of treatment. The body-weight gain of those given 1900 
or 3800 mg/kg bw per day was less than 1 0% of that of the control group, whereas 
the animals at the lowest concentration showed weight gain similar to that of controls. 
Histological examination showed atrophy of lymphoid tissue and liver degeneration 
and necrosis in all groups except those at the lowest dose (lnai et al., 1985). 

Rats 
Butyl-para-hydroxybenzoate (No. 870) 

Butyl-para-hydroxybenzoate was dissolved in soya bean oil at a concentration 
of 100 mg/0.5 ml and administered by oral intubation to rats for 13-15 weeks at 
concentrations calculated to result in a daily intake of 0, 0.25, or 50 mg/kg bw. Body 
weight, measured twice weekly, showed no significant difference from controls. Some 
animals were killed on a predetermined schedule for histological evaluation. There 
were no sporadic deaths and no significant histological differences from controls. 
The NOEL was 50 mg/kg bw per day (Ikeda & Yokoi, 1950). 

Groups of 12 Wistar rats of each sex were fed a powdered mixture of butyl-para
hydroxybenzoate and dog chow providing a dose of 0, 2000, or 8000 mg/kg bw per 
day for 12 weeks. Body weight and food intake were measured every 2 weeks, and 
necropsy and histological examinations were performed at the end of the experiment. 
Animals found dead before the end of the study were necropsied and the appropriate 
tissues were fixed for histopathological evaluation. Although there were no effects 
at the low dose, all the males and many of the females at the high dose died within 
several weeks of the beginning of treatment. The body weights and motor activity of 
these animals were decreased, and they had a slower growth rate than controls. 
The NOEL was 2000 mg/kg bw per day (Matthews et al., 1956). 
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Table 3. Acute toxicity of hydroxy- and alkoxy-substituted benzyl derivatives 

Flavouring agent (No.) Species Sex Route LDso Reference 
(mg/kg bw) 

4-Hydroxybenzaldehyde Rat Oral 4000 Dow Chemical Co. 
(956) (1992) 

Mouse Intraperitoneal 500-1000 Doull et al. (1962) 
4-Hydroxybenzoic acid Mouse Oral 2200 Sokol (1952) 

(957) Mouse NR Intraperitoneal 210 Mathews et al. 
(1956) 

2-Hydroxybenzoic acid Mouse Oral 908 Sado (1973) 
(958) Rat Gavage 1100 Hasegawa et al. 

(1989) 
Butyl-para-hydroxy· Mouse NR Oral 13 000 Sado (1973) 

benzoate (870) Mouse NR Oral > 5000 Sokol (1952) 
Anisyl alcohol Mouse NR Oral 1800 Draize et al. ( 1948) 
(871) Rat NR Oral 1300 Draize et al. (1948) 
Anisyl formate (872) Rat NR Oral 1800 Levenstein (1975) 
Anisyl acetate (873) Rat M/F Oral 2200 Weir & Wong (1971) 
Anisyl propionate (874) Rat NR Oral 3300 Wahl (1974) 
Anisyl butyrate (875) Rat NR Oral 3400 Moreno (1976) 
Anisyl phenylacetate Rat M Gavage 5400 Reagan & Becci 

(876) F 4600 (1984) 
Rat NR Oral > 5000 Moreno (1977) 

Veratraldehyde (877) Rat NR Oral 2000 Moreno (1974) 
para-Methoxybenzal· Rat NR Oral 3200 BASF (1981) 

dehyde (878) Rat M,F Gavage 1500 Jenner et al. (1964) 
Guinea- M,F Gavage 1300 Jenner et al. (1964) 
Rat M,F Gavage 1500 Taylor et al. (1964) 

para-Ethoxybenzalde- Rat NR Oral 2100 Moreno (1977) 
hyde (879) 

Methyl-ortho-methoxy- Rat NR Oral 3800 Moreno (1982) 
benzoate (880) 

Methyl anisate (884) Rat NR Oral > 5000 Leventstein (1975) 
Ethyl para-anisate (885) Rat NR Oral 2200 Levenstein (1975) 
Vanillyl alcohol (886) Mouse M Intraperitoneal > 640 Fujii et al. (1970) 
Vanillin (889) Mouse M Gavage 1000 Inouye et al. (1988) 

Rabbit NR Gavage 2600 Deichmann & 
Kitzmiller (1940) 

Rat M,F Gavage 1600 Taylor et al. (1964) 
Rat M,F Gavage 1600 Jenner et al. (1964) 
Guinea- M,F Gavage 1,400 Jenner et al. (1964) 
pig 

4-Hydroxy-3-methoxy- Mouse NR Intraperitoneal > 2700 Ohta et al. (1984) 
benzoic acid (959) Rat NR Intraperitoneal 5000 Anon. (????) 

Vanillin isobutyrate (891) Rat M,F Gavage 4800 Mallory et al. (1983) 
Salicylaldehyde (897) Rat NR Oral 520 Moreno (1977) 
2-Hydroxy-4-methyl- Rat M,F Gavage 1500 Mondino (1982) 

benzaldehyde (898) Rat M,F Oral 1500 Peano & Berruto 
(1982) 

Methyl salicylate (899) Mouse M Gavage 1400 Ohsumi et al. 
(1984) 

Rat NR Gavage 1200 Giroux et al. (1954) 
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Table 3 (contd) 

Flavouring agent (No.) Species Sex Route LDso Reference 
(mg/kg bw) 

Methyl salicylate (899) Rat M Oral 3000 Givaudan Corp. 
F 2600 (1982) 

Rat M,F Gavage 890 Jenner et al. (1964) 
Mouse M Oral 1100 Davison et al. 

(1961) 
Guinea- M,F Gavage 1100 Jenner et al. (1964) 
pig 
Mouse M,F Gavage 1400 National Toxicology 

Program (1984) 
Ethyl salicylate (900) Rat NR Oral 1300 Moreno (1976) 
Butyl salicylate (901) Rat NR Oral 1800 Levenstein (1975) 
Isobutyl salicylate (902) Rat NR Oral 1600 Moreno (1973) 
Isoamyl salicylate (903) Rat NR Oral 4100 Moreno (1982) 

Rat M,F Oral > 5000 Givaudan Corp. 
(1982) 

Benzyl salicylate (904) Rat M Gavage 2200 Fogleman & 
Margolin (1970) 

Phenethyl salicylate (905) Rat NR Oral > 5000 Moreno (1973) 
ortho-Tolyl salicylate (907) Rat M,F Oral 1.8 ml/kg Sterner & 

Chibanguza (1983) 
2,4-Dihydroxybenzoic Rat NR Oral >BOO Grady et al. (1976) 

acid (908) 
Vanillyl ethyl ether (887) Rat M,F Oral > 2000 Dufour (1994) 
Vanillyl butyl ether (888) Rat M Gavage 5100 Buch (1989) 

F 4700 
Ethyl vanillin (893) Rat M,F Gavage > 2000 Jenner et al. (1964) 

Rabbit NR Gavage 2000 Deichmann & 
Kitzmiller (1940) 

Ethyl vanillin isobutyrate Rat M,F Oral > 2000 Sanders & Crowther 
(953) (1997) 

Piperonyl acetate (894) Rat NR Oral 2100 Moreno (1973) 
Piperonal (896) Rat M,F Gavage 2700 Jenner et al. (1964) 

Rat M,F Gavage 2700 Taylor et al. (1964) 
Rat M,F Gavage 2700 Hagan et al. (1965) 

Ethyl vanillin 13-d-gluco- Rat M,F Oral > 5000 Cerven (1990) 
pyranoside (892) 

M, male; F, female; NR, not reported 

para-Methoxybenzaldehyde (No. 878) and piperonal (No. 896) 
A group of 1 0 male and 1 0 female weanling rats received a diet containing a 

mixture of eugenol (90 mg/kg bw), para-methoxybenzaldehyde (7.3 mg/kg bw), and 
piperonal (16 mg/kg bw) at a concentration calculated to provide an average daily 
intake of 110 mg/kg bw for 90 days. Food intake and growth were measured each 
week. After 12 weeks on the test material, sugar, albumin, and haemoglobin 
concentrations were measured in the urine of three male and three female animals. 
No sugar was found; although the urine of male rats contained albumin, the authors 
considered the finding pathologically insignificant. All surviving animals were killed 
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at 90 days and necropsied, and organs were weighed. Weekly measurements of 
body-weight gain, food intake, haematological and clinical chemical end-points, and 
gross and histological examinations showed no significant difference between test 
and control animals. The NOEL was 7.3 mg/kg bw per day for para-methoxy
benzaldehyde (No. 878) and 16 mg/kg bw per day for piperonal (No. 896) (Trubeck 
Laboratories Inc., 1958). 

Groups of five male and five female 8-week-old rats were fed diets containing 
para-methoxybenzaldehyde (No. 878) and piperonal (No. 896) at a concentration 
providing 500 mg/kg bw per day for 16 weeks, and groups of five male and five 
female 4-week-old rats were fed the same substances at 50 mg/kg bw per day for 
28 weeks. One control group of 20 rats was used for each experiment. No gross 
pathological changes were seen in any group. The NOEL was 500 mg/kg bw per 
day for both para-methoxybenzaldehyde and piperonal (Food & Drug Administration, 
1954). 

Groups of five male and five female weanling Osborne-Mendel rats were given 
diets containing para-methoxybenzaldehyde (No. 878) or piperonal (No. 896) at a 
concentration providing 50 mglkg bw per day for 27-28 weeks or 500 mg/kg bw per 
day for 15 weeks. Ten male and 10 female rats were used as controls. Body weight, 
food intake, and general condition were noted weekly, and haematological 
examinations were performed at the end of the study. No effects were seen at either 
dose. The NOEL was 500 mg/kg bw per day for both para-methoxybenzaldehyde 
and piperonal (Hagan et al., 1967). 

Weanling Osborne-Mendel rats (number per group unspecified) were fed a diet 
containing methyl salicylate at concentrations calculated to provide an average daily 
intake of 500 mg/kg bw for 16 weeks and 50 mg/kg bw for 28 weeks. No adverse 
effects were observed at either dose (Hagan et al., 1965). 

Methy/-ortho-methoxybenzoate (No. 880) 
Groups of five male and five female Fischer 344 rats, 28 days old, were maintained 

on diets containing methyl ortho-methoxybenzoate in corn oil at a concentration 
calculated to provide an average daily intake of 0 or 94 mg/kg bw for 14 days. The 
animals were observed for deaths twice a day, and body weight and food consumption 
were measured weekly. No significant differences were found between test and 
control groups. At necropsy, the liver and kidney were weighed and examined 
histologically. The only significant result was a decrease in relative kidney weight in 
males, but the absolute liver and kidney weights were unchanged in treated animals, 
and no kidney lesions were found; the authors concluded that the change was not 
related to treatment. The NOEL was 94 mg/kg bw per day (Van Miller & Weaver, 
1987). 

Vanillin (No. 889) and ethyl vanillin (No. 893) 
The protocols used by the Food & Drug Administration and by Hagan et al. to 

study para-methoxybenzaldehyde and piperonal were also used in studies in which 
Osborne-Mendel rats were maintained on a diet containing vanillin at a concentration 
calculated to provide an average daily intake of 500 mg/kg bw for 16 weeks. In the 
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study by Hagan et al., an additional group of 10 rats was given 50 mg/kg bw per day 
of vanillin for 28 weeks. No effects were seen at either dose in either study (Food & 
Drug Administration, 1954; Hagan et al., 1967). 

Vanillin or ethyl vanillin was dissolved in corn oil and added to the diet of five 
male weanling Osborne-Mendel rats at concentrations calculated to provide an 
average daily intake of 1000 or 2500 mg/kg bw for 1 year. Ten male and 1 0 female 
rats were fed a diet containing 3% corn oil as a control. Weekly measurements of 
body weight and food intake and observations of general condition showed no 
differences between test and control groups. No differences in haematological 
parameters were seen at necropsy. The NOEL for vanillin and ethyl vanillin was 
2500 mg/kg bw per day (Hagan et al., 1967). 

Four groups of eight young albino rats were fed vanillin or ethyl vanillin as a 4% 
solution in milk at an estimated daily intake of either 20 mg/kg bw for 126 days or 
64 mg/kg bw for 70 days. In the 70-day study, half the animals were killed and the 
other half were put on a recovery diet for 8 more weeks. Additionally, 12 rats were 
given a dose of 300 mg/kg bw of vanillin or ethyl vanillin as a 4% solution in olive oil 
orally by gavage twice per week for 14 weeks. Observation of appearance, behaviour, 
and body-weight gain showed a reduced growth rate and myocardial, renal, hepatic, 
lung, spleen, and stomach injuries at the dose of 64 mg/kg bw (nature not specified) 
(Deichmann & Kitzmiller, 1940). 

Groups of 20 male and 20 female CD Sprague-Dawley rats were given ethyl 
vanillin at a dose of 0, 500, 1000, or 2000 mg/kg bw per day in the diet for 13 weeks. 
Food consumption and body weight were recorded weekly; ophthalmoscopy was 
performed before treatment and at the end of the study; detailed haematological 
and clinical chemical examinations were carried out at weeks 6 and 13. At termination, 
all the animals were necropsied and their organs were weighed. A complete 
histological examination was performed on controls and rats at the highest dose 
and was extended to animals at the the low and intermediate doses when treatment
related effects were suspected. 

Some differences in food intake and body-weight gain were found in comparison 
with controls, but the authors considered these to be unrelated to treatment because 
their severity was not dose-related and intragroup variation in feeding patterns was 
seen among male rats. No treatment-related differences in haematological 
parameters were seen at week 6 or at termination. 

At autopsy, enlarged cervical lymph nodes were seen in males at the intermediate 
dose and in animals of each sex at the highest dose. In addition, rats of each sex at 
the highest dose showed a reduction in adipose tissue. The absolute liver weights 
were similar to those of controls, but the relative liver weights were increased in rats 
at the intermediate and high doses. An increased incidence of hepatic peribiliary 
inflammatory change was seen in males and females at the two higher doses and 
minor bile-duct hyperplasia in a few males at these doses. No changes were observed 
in the liver parenchyma and no degenerative or inflammatory changes of the bile
duct epithelium were found. The NOEL was 500 mg/kg bw per day (Hooks et al., 
1992). 
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Methyl salicylate (No. 899) 
A series of studies was performed by Abbott & Harrisson (1978) to evaluate the 

effect of methyl salicylate on bone density. Groups of five male and five female rats 
were maintained on diets containing methyl salicylate at concentrations calculated 
to provide an average daily intake of 0, 100, 180, 320, 560, or 1 000 mg/kg bw for 
11 weeks. The groups received the substance at 50% of the final dose for the first 
2 weeks, 75% for the third and fourth weeks, and 1 00% thereafter. Body weight and 
food consumption were measured weekly. Males at 320 mg/kg bw per day showed 
decreased weight gain when compared with controls, and males and females at 
560 and 1000 mg/kg bw per day showed both decreased weight gain and increased 
bone density at the metaphyses of the femur, humerus, tibia, and radius. No such 
changes were observed at lower doses. 

In a 12-week study, two groups of five male rats were fed diets containing methyl 
salicylate at concentrations calculated to provide an average daily intake of 300 or 
1 000 mg/kg bw. No control animals were used. All the animals at the high dose died 
during the first 6 weeks of the study, and were found to have bone lesions on full
body X-rays. All animals at the low dose survived to the end of the study, and none 
had the bone lesions observed at the high dose. 

In a second 11-week study to re-evaluate the effects of a group of structurally 
related substances on bone density, methyl salicylate was administered in the diet 
to provide a dose of 1000 mg/kg bw per day to 15 rats. Twenty rats served as 
controls. Whole body X-rays were performed periodically, and body weights were 
checked. The mortality rate in the experimental group was 20%, whereas all the 
control animals survived. Changes in bone density similar to those seen in the first 
study were reported with both methyl salicylate and acetylsalicylic acid, indicating 
that the bone changes were associated with high doses of ortho-hydroxybenzoic 
acid derivatives (salicylates). 

In a 6-week study, animals were fed a diet ad libitum containing methyl salicylate 
estimated to provide an average daily intake of 0, 300, or 1 000 mg/kg bw. Ten 
paired feeding groups were given diets providing methyl salicylate at 300 mg/kg bw 
per day, methyl para-hydroxybenzoate at 1000 mg/kg bw per day, or no treatment. 
All pair-fed animals received daily rations ad libitum, equal to the mean daily amount 
of food consumed by the group given 1000 mg/kg bw per day methyl salicylate. The 
group given 300 mg/kg bw per day had a slightly lower growth rate than the controls, 
whereas the changes in body weight of the pair-fed groups were similar to those of 
rats given methyl salicylate at 1000 mg/kg bw per day ad libitum. Deaths occurred 
among rats at the high dose of methyl salicylate ad libitum and in all members 
(including the control group) of the pair-fed groups. 

A study was undertaken to evaluate the progression of bone change, in which 
groups of 1 0 male and 10 female rats were fed diets providing a dose of methyl 
salicylate of 300, 450, 600, or 1000 mg/kg bw per day for 11 weeks. A fifth group 
was fed the basic diet and used as controls. Two animals per group were X-rayed 
weekly and killed a week later until the end of the experiment. The femurs of certain 
animals were examined histologically. The group at the highest dose began showing 
bone changes at week 2, and those at 600 mg/kg bw per day group began showing 
signs at week 5. The X-rays of the remaining groups were normal throughout the 
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11-week study. Histological analysis showed an increased incidence of cancellous 
bone in rats at the high dose at week 2 and in those at 600 mg/kg bw per day by 
week 8. The NOEL was 450 mg/kg bw per day. 

Two groups of 10 male and 10 female rats were maintained on a diet designed 
to result in an average daily intake of 0, 50 or 500 mg/kg bw of methyl salicylate for 
17 weeks. Weekly measurements of body weight and of organ weights at necropsy 
and the results of gross and microscopic examinations showed no adverse effects 
(Webb & Hansen, 1963). 

Three male and three female rats were fed a diet containing methyl salicylate at 
a concentration resulting in a dose of 0 or 1 000 mg/kg bw per day. As each 
experimental animal died, one control animal was killed at the same time until all of 
the animals were dead. The first male died at 11 days and two more at 19 days. The 
first female died at 31 days, the second at 40 days, and the third at 71 days. The last 
animal to die was examined by X-rays and microscopically. The treatment was not 
only lethal but increased the bone density in the metaphysis of all bones and induced 
laboured respiration, and gastric haemorrhages in the glandular stomach (Webb & 
Hansen, 1963). The effect of salicylates on bone density was also reported in an 
abstract (Harrisson et al., 1963). 

Isoamyl salicylate (No. 903) 
Isoamyl salicylate was incorporated in the diet of groups of 15 male and 15 

female Wistar rats at a concentration of 0, 50, 500, or 5000 mg/kg for 13 weeks. On 
the basis of data on body weight and food intake, the authors calculated mean 
intakes of 0, 4.7, 46, and 420 mg/kg bw per day for males and 0, 4.8, 47, and 480 
mg/kg bw per day for females throughout treatment. An additional group of five 
females and five males received only the two higher doses for 2 or 6 weeks. The 
animals were weighed on days 1, 2, 6, 9, and 13 and then weekly until day 91. Food 
and water consumption was measured for 24 h before weighing, and urine was 
collected during the last 2 days of treatment and analysed. At necropsy, organs 
were weighed and haematological and histopathological examinations were 
performed. Rat at the highest dose showed increased relative kidney weights, and 
males at 25 mg/kg bw per day had increased relative and absolute kidney weights, 
although with no associated histopathological changes. Decreased weight gain and 
food intake were observed at the highest dose. In a separate paired-feeding study 
in which two groups of 10 rats were fed either 0 or the highest dose of methyl 
salicylate for 98 days, decreases in body weight and food consumption were 
considered by the authors to be due to poor palatability of the diet. The NOEL was 
4.7 mg/kg bw per day (Drake et al., 1975). 

Rabbits 
Vanillin (No. 889) and ethyl vanillin (No. 893) 

Vanillin and ethyl vanillin were given as a solution in milk to one rabbit at 240 mg/kg 
bw per day for 56 days and to two rabbits at the same dose for 126 days. Both 
substances were also administered as a solution in 10% glycerol, vanillin at a dose 
of 83 mg/kg bw per day for 14 days or 103 mg/kg bw per day for 61 days and ethyl 
vanillin at a dose of 15 mg/kg bw per day for 15 days, 15 mg/kg bw per day for 
31 days, 32 mg/kg bw per day for 17 days, 41 mg/kg bw per day for 31 days, or 
49 mg/kg bw per day for 49 days. 
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Appearance, behaviour, and body-weight gain were not significantly affected. 
There were no gross or histopathological alterations in test animals. In rabbits 
receiving the substances in glycerol solution, anaemia, diarrhoea, and lack of weight 
gain were observed at the highest dose; no toxic effects were seen at lower doses. 
Glycerol poisoning, evidenced by restlessness, tremor, convulsions, and coma, was 
observed in rabbits given 83 mg/kg bw per day of vanillin for 14 days and in those 
given 15 mg/kg bw per day of ethyl vanillin for 15 days (Deichmann & Kitzmiller, 
1940). 

Dogs 
Methyl salicylate (No. 899) 

Four groups of three male and three female purebred beagles were given 
capsules containing methyl salicylate at a dose of 150, 300, 500, or 800 mg/kg bw 
per day for 7.5 months. The dogs were given one-half of the dose at the morning 
feed and the other half in the afternoon for 6 days/week. Two males and four females 
were fed the same diet without methyl salicylate and served as a controls. After 
6.5 months, three dogs at 300 mg/kg bw per day, two at 150 mg/kg bw per day, and 
all the control animals were killed, and three at 300 mg/kg bw per day were put on a 
recovery diet. After 7 months, all the remaining animals were killed, except those 
returned to the normal diet, which were killed after 8 months. 

Body weight was measured weekly and haematological examinations were 
performed at the fifth month on animals at the two lower doses. After sacrifice, the 
organs were weighed, and gross and histological examinations were performed. All 
the animals at the highest dose were dead by the second week. Of the groups at 
500 mg/kg bw per day, only two survived the duration of the experiment, while the 
rest died at weeks 2, 3, 5, and 8. The body weights of the groups at the two lower 
doses were not significantly different from those of controls, and haematological 
examinations showed normal values. Increased liver and kidney weights were seen 
at all doses but not in the animals placed on the recovery diet. 

In a further experiment with the same protocol, dogs were fed capsules containing 
methyl salicylate at a dose of 50 (four males, four females), 100, or 170 mg/kg bw 
per day (six males, six females). All animals were killed at 6 months, except for two 
animals of each sex at the highest dose and four controls, which were placed on a 
recovery diet for 2 months. The same measurements were made as in the preceding 
study, except that only liver and kidney weights were assessed. There were no 
adverse effects at any dose. The NOEL was 170 mg/kg bw per day (Abbott & 
Harrisson, 1978). 

Six groups of one male and one female dog were given a capsule containing 
methyl salicylate at a dose of 0, 50, 1 00, 250, 500, 800, or 1200 mg/kg bw per day 
on 6 days/week for up to 59 days. The three animals at the highest dose were either 
killed in extremis or died within the first month of the experiment. At necropsy, one 
dog at 800 mg/kg bw per day and both at 250 mg/kg bw per day were examined 
grossly and microscopically. The dogs at the higher dose vomited 3-4 h after each 
dose throughout the study. Those at 500 mg/kg bw per day had diarrhoea and 
weakness during the last 3-4 days of the study. Both animals at the highest dose 
and one at 800 mg/kg bw per day showed marked fatty metamorphosis in the liver 
(Webb & Hansen, 1963). 
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(c) Long-term studies of toxicity and carcinogenicity 

Seven long-term studies of toxicity were performed with five of the flavouring 
agents in this group. Two 2-year studies were conducted on methyl salicylate (No. 
899) in rats and one in dogs (Packman et al., 1961; Webb & Hansen, 1963). 

Mice 
Butyl-para-hydroxybenzoate (No. 870) 

Three groups of 50 male and 50 female ICR/jcl mice, 8 weeks old, were fed 
pellets containing butyl-para-hydroxybenzoate at a dose of 0, 225, 450, or 900 mg/kg 
bw per day for 102 weeks. Intake was measured once a week for the first 30 weeks, 
once every other week for the following 20 weeks, and then once every 4 weeks 
until the end of the experiment. Body weight was measured once a week for the first 
6 weeks, once every other week for the next 24 weeks, and then every 4 weeks for 
the duration of the experiment. All animals found dead during the experiment were 
necropsied, and all those that were still alive at the end of the experiment were 
killed and necropsied at week 1 06. The tissues of all animals, regardless of time of 
death, were examined histologically. The tumour incidence in the experimental groups 
was not significantly different from that in the control group. The NOEL was 900 mg/kg 
bw per day (lnai et al., 1985). 

Rats 
Vanillin (No. 889) and Ethyl vanillin (No. 893) 

Vanillin or ethyl vanillin dissolved in propylene glycol was added to the diet of 
groups of 12 male and 12 female rats at a concentration estimated to provide an 
average daily intake of 250, 500, or 1 000 mg/kg bw, for 2 years. Twenty control rats 
were fed 3% propylene glycol. Weekly measurements of body weight and food intake 
and observations of general condition failed to show any differences between test 
and control groups. Haematological examinations at necropsy showed no effects in 
any of the animals at any concentration. The NOEL for vanillin and ethyl vanillin was 
1000 mg/kg bw per day (Hagan et al., 1967). 

Piperonal (No. 896) 
Piperonal was incorporated in the diet of male and female rats at a concentration 

of 0.5 or 1 .1% for 2 years. The appearance, behaviour, and weight of the animals 
under study were noted, and histological examinations were conducted. The authors 
reported that no specific results were obtained (Bar & Griepentrog, 1967). As the 
report of this study that was available was incomplete and difficult to read, these 
data were not considered in detail. 

Methyl salicylate (No. 899) 
Groups of 25 male and 25 female rats were fed a diet calculated to provide a 

dose of methyl salicylate of 0, 50,250, 500, or 1000 (24 males, 26 females) mg/kg 
bw per day for 2 years. The diet was prepared every 2 weeks, and an additional 
1 0% methyl salicylate was added to each mix in order to account for evaporation. 
The animals were weighed weekly. Haematological examinations performed at 3, 
11, 17, and 22 months on 10 rats from each group showed normal values. Animals 
in the control group and at the two higher doses were examined histologically. Gross 
lesions, organ weights, bones, and muscles were assessed upon termination in 
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each group. Half of the rats at the highest dose died after week 8. Only five rats 
survived past week 20 and one past week 35, finally dying at week 49. Animals at 
500 mg/kg bw per day had increased absolute weights of the testes, heart, and 
kidney and an increased amount of cancellous bone in the metaphysis. Ten animals 
at 250 mg/kg bw per day showed gross pituitary lesions, and one male and two 
females had malignant pituitary tumours. The NOEL was 50 mg/kg bw per day 
(Webb & Hansen, 1963). 

Fifty weanling albino rats equally divided by sex were maintained on a dry diet 
containing methyl salicylate at concentrations calculated to result in an average 
daily intake of 0, 35, or 1 00 mg/kg bw for 2 years. Regular evaluation of growth, 
survival, food consumption, general physical condition, blood and urine parameters, 
and necropsy revealed no adverse effects associated with administration of the test 
substance. The NOEL was 1 00 mg/kg bw per day (Packman et al., 1961). However, 
these results were reported only in an abstract. 

Dogs 
Methyl salicylate (No. 899) 

Groups of two male and two female beagles were given a capsule containing 
methyl salicylate at a dose of 0, 50, 150, or 350 mg/kg bw per day on 6 days/week 
for 2 years. The animals were weighed weekly, and haematological end-points were 
measured three times before initiation of the experiment and at 2 weeks, 1, 3, and 
6 months, 1 year, and 2 years. Microscopy was performed on the three surviving 
dogs at the highest dose. Organs were weighed at necropsy, and selected tissues 
were examined histologically. Apart from two animals that died of unrelated diseases, 
no deaths occurred during the study, and all of the haematological values were 
normal. The groups at the two higher doses had enlarged livers and enlarged hepatic 
cells. Animals at 150 mg/kg bw per day showed growth retardation. The NOEL was 
50 mg/kg bw per day (Webb & Hansen, 1963). 

The results of short- and long-term studies are summarized in Table 4. 

(d) Genotoxicity 

Studies of the genotoxicity of these compounds are summarized in Table 5. 

In vitro 
The hydroxy- and alkoxy-substituted benzyl derivatives were not mutagenic in 

standard assays for reverse mutation with plate incorporation and/or preincubation 
in Salmonella typhimurium strains TA92, TA94, TA97, TA98, TA 100, TA 102, TA 104, 
TA1535, TA1537, TA1538, and TA2637, at concentrations ranging up to those that 
are cytotoxic or at maximum test concentrations recommended by ICH/OECD, in 
the absence and presence of metabolic activation (S9) (White et al., 1977; Sasaki & 
Endo, 1978; Douglas et al., 1980; Florin et al., 1980; Kawachi et al., 1980a,b; 
Nestmann et al., 1980; Rapson et al., 1980; Kasamaki et al., 1982; Pool & Lin, 
1982; Sekizawa & Shibamoto, 1982; Haworth et al., 1983; Wild et al., 1983; Ball et 
al., 1984; lshidate et al., 1984; Haresaku et al., 1985; Nagabhushan & Bhide, 1985; 
Mortelmans et al., 1986; Fujita & Sasaki, 1987; Heck et al., 1989; Watanabe & 
Morimoto, 1989; Dillon et al., 1992; Muller et al., 1993; King & Harnasch, 1997; 



Table 4. Results of short-term studies of toxicity with hydroxy- and alkoxy-substituted benzyl derivatives w ... 
N 

Flavouring agent (No.) Species, sex No. of test groups•; Route Length NOEL (mg/kg Reference 
no. per groupb (days) bw per day) 

Butyl-para-hydroxybenzoate Mouse, M,F 5/20 Oral 6 weeks 900 lnai et al. (1985) 
(870) Rat 4/5 or 4/'i!' Gavage 13-15 weeks so<~ Ikeda & Yokoi (1950) 

Mouse, M,F 3/100 Oral 102 weeks 90(11 lnai eta/. (1985 
Rat, M,F 2/24 Oral 12 weeks 2000 Matthews et al. (1956) :X: 

para-Methoxybenzaldehyde Rat, M,F 1/20 Oral 12 weeks 7.3d.e Trubeck Laboratories Inc. (1958) ti :n 
(878) ~ 

Rat, M,F 1/10 Oral 16 weeks1 500d Food & Drug Administration (1954) ";<: 
Rat, M,F 1/10 Oral 28 weeksf 5Qd Food & Drug Administration (1954) :to 
Rat, M,F 1/10 Oral 27-28 weeks 5Qd Hagan et al. (1967) ~ 
Rat, M,F 1/10 Oral 15 weeks 50Qd Hagan et al. (1967) :to 

r-

"' Methyl-ortho-methoxyben- Rat, M,F 1/10 Oral 14 days 94d Van Miller & Weaver (1987) ~ 
zoate (880) ";<: 

(/) 
c: 

Vanillin (889) Rat, M,F 1/10 Oral 27-28 weeks 5Qd Hagan et al. (1 967) OJ 
(/) 

Rat, M 2/5 Oral 1 year 2500d Hagan et al. (1967) ::::! 
Rat, M,F 1/10 Oral 16 weeks 50Qd Hagan et al. (1967) ~ 
Rat, M,F 3/24 Oral 2 years 100Qd Hagan et al. (1967) ill 
Rat, M,F 1/10 Oral 28 weeks1 5Qd Food & Drug Administration (1954) t:J 
Rat, M,F 1/10 Oral 16 weeks1 50Qd Food & Drug Administration (1954) OJ 

Ill 
Rat 2/8 Oral 70 daysg 64d Deichmann & Kitzmiller (1940) ~ 
Rat 2/8 Oral 126 daysg 2Qd Deichmann & Kitzmiller (1940) rs 
Rabbit 1/3 Oral 56 or 126 days24Qd Deichmann & Kitzmiller (1940) t:J 
Rat 1/6 Gavage 14 weeks 30Qd.h Deichmann & Kitzmiller (1940) m Rabbit 2/1 Oral 14 or 61 days 8~ Deichmann & Kitzmiller (1940) 

~ Methyl salicylate (899) Rat, M,F 1/6 Oral :0::: 71 days < 1000; Webb & Hansen (1963) ::::! 
Rat, M 3/1 Qi Oral 6 weeks < 300k Abbott & Harrisson (1978) 

m Rat, M,F 4/20 Oral 11 weeks 450 Abbott & Harrisson (1978) 



Table 4 (contd} ::t: 
ti 

Flavouring agent (No.) Species, sex No. of test groups• I Route Length NOEL(mg/kg Reference ::0 
0 

no. per group!' (days) bw per day) >< 
";<:: 
~ 

Methyl salicylate (899) Rat, M 215 Oral 12 weeks 300 Abbott & Harrisson (1 978) § 
Rat, M,F 2120 Oral 17 weeks 500d Webb & Hansen (1 963) 

~ 
Dog, M,F 6/2 Oral 59 days 250 Webb & Hansen (1963) r-
Rat, M,F 1/15 Oral 11 weeks < 1000; Abbott & Harrisson (1 978) ~ 
Dog, M,F 4/6 Oral 7.5 monthsl < 150 Abbott & Harrisson (1 978) >< 

";<:: 
Dog, M,F 218m Oral 6 months" 1700 Abbott & Harrisson (1 978) (/) 

1/12 § 
Rat, M,F 5/10 Oral 11 weeks 180 Abbott & Harrisson (1 978) (/) 

::t Rat NR Oral 10 weeks < 560 Harrisson et al. (1963) 
~ Rat, M,F 4/50 Oral 2 years 50 Webb & Hansen (1963) ill Dog, M,F 3/4 Oral 2 years 50 Webb & Hansen (1963) t:J 

Rat, M,F 2/50 Oral 2 years 100d Packman et al. (1 961) txJ 
Mouse, M,F 3/40 Gavage 18 weeks 250 National Toxicology Program (1984) 111 

Isoamyl salicylate (903) Rat, M,F 3/30 Oral 13 weeks 4.7 Drake et al. (1 975) ~ 
rs 

Ethyl vanillin (893) Rat, M 215 Oral 1 year 2500d Hagan et al. (1 967) t:J 

Rat, M,F 3/24 Oral 2 years 1000d Hagan et al. (1 967) m 
Rat, M,F 3/40 Oral 13 weeks 500 Hooks et al. (1 992) § 
Rabbit 1/3 Oral 56 or 126 days 240d Deichmann & Kitzmiller (1940) ::t 
Rat 218 Oral 70 days9 64d Deichmann & Kitzmiller (1 940) m Rat 2/8 Oral 126 days9 20d Deichmann & Kitzmiller (1 940) 
Rat 1/6 Gavage 14 weeks 300d Deichmann & Kitzmiller (1 940) 
Rabbit 5/1 Oral 15-49 days 41d Deichmann & Kitzmiller ( 1 940) 

Piperonal (896) Rat, M,F 1/NR Oral 28 weeks SOd Hagan et al. (1 965) 
Rat, M,F 1/NR Oral 16 weeks 500d Hagan et al. (1 965) 
Rat, M,F 1/10 Oral 15 weeks 500d Hagan et al. (1967) 

Co) ..... 
Co) 



Table 4 (contd) 

Flavouring agent (No.) Species, sex 

Piperonal (896) Rat, M,F 
Rat,M,F 
Rat, M,F 
Rat. M,F 
Rat, M,F 

M, male; F, female; NR, not reported 
a Does not include control groups 
b Both male and female animals 

No. of test groups8 I Route 
no. per groupb 

1/10 Oral 
1/20 Oral 
1/10 Oral 
1/10 Oral 
1/20 Oral 
1/60 

c Five rats per group at low dose: nine rats per group at high dose 

Length NIOEL (mg/kg Reference 
(days) bw per day) 

27- 28 weeks 5Qd Hagan et al. (1967} 
12weeks 16d.e Trubeck Laboratories Inc. (1958) 
16weeks1 50Qd Food & Drug Administration (1954) 
28weeks1 S>Od Food & Drug Administration (1954) 
1.5-2 years 2500 Bar & Griepentrog (1967) 

d As either a single or muhiple doses had no adverse effects, this dose is not a true NOEL but the highest dose tested that had no adverse effects. 
The actual NOEL would be higher. 

• Rats fed a mixture containing 123 mg/kg bw eugenol, 10 mg/kg bw para-methoxybenzaldehyde, and 22 mg/kg bw piperonal daily 
r Rats fed either 0.1% for 28 weeks or 1.0% for 16 weeks 
9 Low dose for 126 days; high dose for 70 days with an 8-week recovery period for half of the ani1mals 
h Compound administered twice per week 
1 As a single dose had adVerse effects. the actual NOEL would be lower. 
i Two groups fed 2.0% and 0.6%ad libitum and one group pair fed 0.6% 
k Rats pair-fed 0.6% showed adverse effects, but those fed ad libitum did not. 
1 Two animals at 150 mg/kg bw per day and three at 300 mg/kg bw per day killed after 6.5 months, and three animals at 300 mg/kg bw per day 

discontinued treatment at 6.5 months and recovered for 1.5 months before being killed. 
m Eight dogs at 50 and 1 oo mg/kg bw per day and 12 dogs at 167 mg/kg bw per day 
" All animals treated for 6 months and then killed, except for two dogs at the high dose treated for 4 months, placed on control diet for 2 months, 

and killed with the other animals at 6 months 



Table 5. Results of studies of the genotoxicity of hydroxy- and alkoxy-substituted benzyl derivatives ::t: 
t§ 

No. Flavouring agent End-point Test system Concentration Results Reference ::0 

~ 
In vitro 

";( 
):,. 

870 Butyl-para-hydroxy- Chromosomal Chinese hamster fibroblasts 60 mg/ml• Negativeb lshidate et al. (1984) es benzoate aberration ):,. 
Reverse mutation S. typhimurium TA92, TA 1535, 1 000 mg/platec Negativeb lshidate et al. (1984) .... 
(preincubation) TA100, TA1537, TA94, TA98, ~ 

TA2637 >< 
Reverse mutation S. typhimurium TA98, TA 1 00 :<> 1 000 mg/plate Negativeb Haresaku et al. (1985) 

";< 
C/) 

~ 
871 Anisyl alcohol Reverse mutation S. typhimurium TA 1 00 :<>: 500 mg/plate Negativec Ballet al. (1984) C/) 

::::! (plate incorporation) 
c:! 

877 Veratraldehyde Reverse mutation S. typhimurium TA 1535, TA 1 00, 8000 mg/plate Negativeb Nestmann et al. (1980) nl 
t:J 

TA1537,TA1538,TA98 !XI 
Reverse mutation S. typhimuriumTA1535, TA100, 8000 mg/plate Negativeb Douglas et al. (1980) ~ 

TA1537, TA1538,TA98 N 
Mutation Saccharomyces cerevisiae Not reported Negativec Nestmann & Lee j:S 

D7, XV185-14C (1983) t:J 

Reverse mutation S. typhimurium TA1535, TA98, :?: 6666 mg/plate Negativeb Mortelmans et al. ~ 
(preincubation) TA100,TA97,TA1537 (1986) § 
Reverse mutation S. typhimuriumTA1535, TA1537, 1 000 mg/plate• Negativeb Heck et al. (1989) ::::! 

TA1538,TA98,TA100 ~ 
Forward mutation Mouse lymphoma L5178Y cells 1400 mg/ml• Positiveb Heck et al. (1989) 

C/) 

Reverse mutation S. typhimurium TA100, TA102, Not reported Negativeb Dillon et al. (1992) 
(preincubation) TA104, TA1538,TA982 
Reverse mutation S. typhimurium TA100, TA102, 33-3300 mg/plate Negativeb Dillon et al. (1998) 
(preincubation) TA104 
Unscheduled DNA Rat hepatocytes 100 mg/ml• Negative Heck et al. (1989) 
synthesis 

w _. 
U1 



Table 5 (contd) w .... 
01 

No. Flavouring agent End-point Test system Concentration Results Reference 

878 para-Methoxybenz- Reverse mutation S. typhimurium TA92, TA 1535, 5000 mg/platea Negativeb lshidate et al. (1984) 
aldehyde (preincubation) TA100,TA1537, TA94, TA98, 

TA2637 
Reverse mutation S. typhimuriumTA98, TA100 ~ 500 mg/plate Negativeb Kasamaki et al. (1982) 
Chromosomal Chinese hamster fibroblasts 500 mg/mla Negativec lshidate et al. (1984) :r: 
aberration ~ Reverse mutation S. typhimuriumTA102, TA97 ~ 1000 mg/plate Negativeb Fujita & Sasaki (1987) :::0 
(preincubation) ~ 
Mutation B. subtilis H17, M45 22 mg/disc Negativec Oda et al. (1979) --:<: 
Reverse mutation S. typhimurium TA 102 5000 mg/plate Negativeb Muller et al. (1993) :b. 
Reverse mutation S. typhimurium TA 100 ~ 1000 mg/plate Negative Rapson et al. (1980) ~ 
Forward mutation Mouse lymphoma L5178Y cells ~ 470 mg/ml Negative Wangenheim & :b. 

r-
Bolscfoldi (1988) "' 540--780 mg/ml Positive0 ~ 

Reverse mutation S. typhimurium TA98, TA 100, 410 mg/plate Negativeb Florin et al. (1980) -;c:: 
TA1535,TA1537 

Cl) 

Chromosomal Chinese hamster 8241 cell line 0.0068 mg/ml Positiveb Kasamaki et al. (1982) ~ 
Cl) 

aberration :::! 
Mutation Phage PM2 1400 mg/ml Negative Becker et al. (1996) C:! 
Sister chromatid Human lymphocytes ~270 exchange ill 
DNA alkaline Mouse lymphoma L5178Y/TK•1- ~ 820 mg/ml Negativeb Garberg et al. (1988) 0 

unwinding cells 960-1100 mg/ml Positiveb til 
rn 

Sister chromatid Chinese hamster ovary K-1 cells ~ 14 mg/ml Negative Sasaki et al. (1987) ~ 
exchange iS 

0 
879 para-Ethoxybenz- Reverse mutation S. typhimurium TA 1535, TA 100, 3600 mg/plate Negativeb Wild et al. (1983) m aldehyde TA1537,TA1538,TA98 

~ 
:::! 
fi:i 
Cl) 



Table 5 (contd) ::t 
t§ 

No. Flavouring agent End-point Test system Concentration Results Reference ::0 

~ 
884 Methyl anisate Mutation Escherichia coli Sd-4-73 Not reported Negativec Szybalski (1958) 

-;c: 
:t. :c: 

886 Vanillyl alcohol SOS DNA repair Escherichia coli PQ37 Not reported Positivec Ohshima et al. (1989) 0 
:t. 

889 Vanillin Reverse mutation S. typhimurium TA 1535, TA 1537, 1 0 000 mg/plate• Negativeb Heck et al. (1989) r-
TA1538,TA98,TA100 ~ Mutation B. subtilis H 17, M45 21 mg/disc Negativec Oda et al. (1979) -;c: 

Chromosomal Chinese hamster fibroblasts 1000 mg/ml Negativec lshidate et al. (1984) (fl 

aberration c:: 
OJ 

Reverse mutation S. typhimuriumTA1535, TA1537, 5000 mg/plate Negativeb Pool & Lin ( 1982) (fl 

:::! TA1538, TA98,TA100 c:! Reverse mutation S. typhimurium TA 1535, TA98, ~ 1 0 000 mg/plate Negativeb Mortelmans et al. 
n1 (preincubation) TA100,TA97,TA1537 (1986) 0 

Mutation Escherichia coli Sd-4-73 Not reported Negativec Szybalski (1958) OJ 
Reverse mutation S. typhimurium TA98, TA 100, Not reported Negativeb Nagabhushan & Bhide l"l1 

TA1535,TA1537,TA1538 (1985) ~ 
Reverse mutation S. typhimurium TA92, TA 1535, 10 000 mg/plate• Negativeb lshidate et al. (1984) rs 

TA100, TA1537, TA94, TA98, 0 

TA2637 m 
Reverse mutation S. typhimurium TA 1 00 ~ 1000 mg/plate Negative Rapson et al. (1980) § 
Forward mutation Mouse lymphoma L5178Y cells ~ 1500 mg/ml• Negativeb Heck et al. (1989) :::! 
Mutation Escherichia coli CSH26/p YM3, ~ 15 000 mg/ml Negative Takahashi et al. (1990) rn CSH26/pSK1 002 
Reverse mutation S. typhimurium TA98, TA 100 ~ 1000 mg/plate Negativeb Kasamaki et al. (1982) 
Chromosomal Chinese hamster 8241 cells ~ 0.006 mg/ml Negative Kasamaki & Urasawa 
aberration (1985} 
Sister chromatid Human lymphocytes G-150 mg/ml Positive Jansson et al. (1986) 
exchange 
Mitotic gene S. cerevisiae 10 000 mg/ml Negative Rosin (1984} 
conversion (o) 

Chromosomal Chinese hamster V79 lung cells 15 OOG-150 000 mg Negativec Tarnai et al. (1992) .... 
-...1 

aberration 300 000 mg Positivec 



Table 5 (contd) (,) ... 
CD 

No. Flavouring agent End-point Test system Concentration Results Reference 

889 Vanillin Chromosomal Human lymphocytes 2:610 mg/ml Negative Jansson & Zech 
aberration (1987) 
Chromosomal Chinese hamster 8241 cell line 0.003 mg/ml Negative Kasamaki et al. (1982) 
aberration 
Sister chromatid Chinese hamster ovary K-1 cells 2:15 mg/ml Negative Sasaki et al. (1987) ::t 
exchange ~ Sister chromatid Human lymphocytes 150-300 mg/ml Positive Jansson & Zech ::0 
exchange (1987) ~ 
Unscheduled DNA Rat hepatocytes 500 mg/ml• Negative Heck et al. (1989) ";< 
synthesis ). 

SOS DNA repair Escherichia coli PQ37 Not reported Positivec Ohshima et al. (1989) § 
Micronucleus Human hepatoma (Hep-G2) cells 50 mg/ml Negative Sanyal et al. (1997) ). 

..... 
formation 500 mg/ml Positive ~ 

>< 
953 Ethyl vanillin iso- Reverse mutation S. typhimuriumTA1535, TA1537, 2: 5000 mg/plate Negativeb King & Harnasch ";< 

butyrate TA1538, TA98,TA100 (1997) en 
fii 

Negativeb 
en 

897 Salicylaldehyde Mutation S. typhimurium TA 1535/pSK1 002 110 mg/ml Nakamura et al. (1987) :::! 
Reverse mutation S. typhimurium TA98, TA 100, 370 mg/plate Negativeb Florin et al. (1980) c:! 

TA1535, TA1537 ill 
Reverse mutation S. typhimurium TA98, TA 100 Not reported Negativeb Sasaki & Endo (1978) 0 
(preincubation) lXI 

111 
Sister chromatid Human lymphocytes 2:61 mg/ml Negatived Jansson et al. (1988) ~ 
exchange rs 

899 Methyl salicylate Chromosomal Hamster lung fibroblasts Not reported Positivec Kawachi et al. ~ 
aberration (1980a,b) ~ 

~ Mutation B. subtilis H17, M45 23 mg/disc Negativec Oda et al. (1979) :::! 
Chromosomal Chinese hamster fibroblasts 250 mg/ml• Negativec lshidate et al. (1984) !iii aberration en 



Table 5 (contd) :t: 
ti 

No. Flavouring agent End-point Test system Concentration Results Reference ::t:J 

~ 
899 Methyl salicylate Reverse mutation S. typhimurium TA92, TA 1535, 10 000 mg/plate Negativeb lshidate et al. (1984) ";< 

:b 
TA100, TA1537, TA94, TA98, § 
TA2637 :b 

Reverse mutation S. typhimurium TA 1535, TA98, ;:>: 330 mg/plate Negativeb Mortelmans et al. ..... 
(preincubation) TA100, TA97,TA1537 (1986) ~ 
Reverse mutation S. typhimuriumTA100, TA98 Not reported Negativeb Kawachi et al. >< 

";< 
1980a,b) C/) 

Mutation B. subtilis H17, M45 Not reported Negativeb Kawachi et al. § 
(1980a,b) C/) 

:::! Chromosomal Human embryo fibroblasts Not reported Negativec Kawachi et al. 
~ aberration (1980a,b) ill Sister chromatid Human embryo fibroblasts Not reported Negativec Kawachi et al. 0 

exchange (1980a,b) Ill 
Mutation Silkworm Not reported Negativec Kawachi et al. Ill 

(1980a,b) ii5 rs 
888 Vanillyl butyl ether Reverse mutation S. typhimurium TA 1535, TA 100, 5000 mg/plate Negativeb Watanabe & Morimoto 0 

TA1537, TA98 (1989) m 
Mutation Escherichia coli WP2 uvrA 5000 mg/plate Negativeb Watanabe & Morimoto § 

(1989) :::! 
riii 

893 Ethyl vanillin Reverse mutation S. typhimurium TA 1535, TA 100, ;:>: 3600 mg/plate Negativeb Wild et al. (1983) 
C/) 

TA1537, TA1538,TA98 
Mutation B. subtilis H17, M45 21 mg/disc Negativec Oda et al. (1979) 
Chromosomal Chinese hamster fibroblasts 250 mg/mi" Positivec lshidate et al. (1984) 
aberration 
Reverse mutation S. typhimurium TA 1535, TA98, ;:>: 8000 mg/plate Negativeb Mortelmans et al. 
(preincubation) TA100, TA97,TA1537 (1986) 
Reverse mutation S. typhimurium TA92, TA 1535, 10 000 mg/plate• Negativeb lshidate et al. (1984) (,) 

TA100, TA1537,TA94, TA98, .... 
CD 

TA2637 



Table 5 ( contd) w 
1\) 
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No. Flavouring agent End-point Test system Concentration Results Reference 

893 Ethyl vanillin Forward mutation Mouse lymphoma L5178Y cells 2: 1000 mg/ml Negatived Heck et al. (1989) 
800 mg/ml Weakly 

positivec 
Reverse mutation S. typhimurium TA97, TA 1 02 2: 1 000 mg/plate Negativeb Fujita & Sasaki (1987) 
(preincubation) :X: 
Reverse mutation S. typhimurium TA 1535, TA 1537, 10 000 mg/plate Negativeb Heck et al. (1989) ~ TA1538,TA98, TA100 JJ 
Unscheduled DNA Rat hepatocytes 200 mg/ml Negative Heck et al. (1989) ~ 
synthesis ";< 
Sister chromatid Human lymphocytes 2:330 mg/ml Negativec Jansson et al. (1988) :t. 
exchange ~ 
Sister chromatid Chinese hamster ovary K-1 cells 2: 17 mg/ml Negative Sasaki et al. (1987) :t. 

r--
exchange ;II;; 

Negativeb 
~ 

894 Piperonyl acetate Reverse mutation S. typhimurium TA 1535, TA98, 2: 3300 mg/plate Mortelmans et al. ";< 

(preincubation) TA100, TA97, TA1537 (1986) 
(I) 

~ Reverse mutation S. typhimurium TA 1535, TA 100, 3600 mg/plate Negativeb Wild et al. (1983) (I) 
TA1537,TA1538, TA98 ::! 

C! 
896 Piperonal Reverse mutation Escherichia coli WP2uvrAtrp- 2400 mg Negativeb Sekizawa & nl 

(histidine substitution) Shibamoto (1982) tJ 
Reverse mutation S. typhimuriumTA1535, TA1537, 1 0 000 mg/plate• Negativeb Heck et al. (1989) ttl , 

TA1538,TA98, TA100 ~ 
Reverse mutation S. typhimurium TA98, TA 100 0.05-5000 mg/plate Negativeb Kasamaki et al. (1982) rs 
Reverse mutation S. typhimurium TA 1537, TA 1538, 2: 5000 mg/plate Negativeb White et al. (1977) tJ 

TA98, TA100 , 
Mutation B. subtilisH17, M45 20 mg/disc Negativec Oda et al. (1979) ~ 

§ 
Reverse mutation S. typhimuriumTA100, TA1535, 2400 mg Negativeb Sekizawa & ::! 

TA98, TA1537, TA1538 Shibamoto (1982) ~ Reverse mutation S. typhimuriumTA1535, TA1537, 2: 10 000 mg/plate Negativeb Haworth et al. (1983) (I) 

(preincubation) TA98, TA100 



Table 5 (contd) :X: 
~ 

No. Flavouring agent End-point Test system Concentration Results Reference ::0 

~ 
894 Piperonal Unscheduled DNA Rat hepatocytes 500 mg/ml Positive Heck et al. (1989) 

-;< 
:b 

synthesis § 
Chromosomal Chinese hamster 8241 cell line 0.075 mg/ml Positive Kasamaki et al. (1982) :b 
aberration r-
Chromosomal Chinese hamster 8241 cell line <:: 0.15 mg/ml Negative Kasamaki et al. (1985) "' ~ aberration -;< 
Mutation B. subtilis H17/M45 5000 mg/disc Positivec Sekizawa & (I) 

Shibamoto (1982) § 
Forward mutation Mouse lymphoma L5178Y cells <:: 1000 mg/ml Negativeb Heck et al. (1989) (I) 

:::! 

In vivo C! 
879 para-Ethoxybenz- Sex-linked recessive Drosophila melanogaster 750 mg/ml Negative Wild et al. (1983) nl 

tJ 
aldehyde lethal mutation bJ 

Micronucleus NMRI mice <:: 1 000 mg/kg bw Negative Wild et al. (1983) 
., 

formation ~ 
rs 

889 Vanillin Micronucleus Male 8DF1 mice 500 mg/kg bw Negative Inouye et al. (1988) tJ 

formation m 
§ 

893 Ethyl vanillin Sex-linked recessive D. melanogaster 8300 mg/ml Negative Wild et al. (1983) :::! 
lethal mutation rii 
Micronucleus Male 8DF1 mice Not reported Negative Furukawa et al. (1989) 

(I) 

formation 
Micronucleus NMRI mice 1 000 mg/kg bw Negative Wild et al. (1983) 
formation 

894 Piperonyl acetate Sex-linked recessive D. melanogaster 4900 mg/ml Negative Wild et al. (1983) 
lethal mutation 
Micronucleus NMRI mice <:: 970 mg/kg bw Negative Wild et al. (1983) (.,) 

formation 1\) .... 



Tabfe 5 (contd) 

No. Flavouring agent 

896 Piperonal 

End-point 

Dominant lethal 
mutation 
Dominant lethal 
mutation 

Test system 

ICR/Ha Swiss mice 

ICR/Ha Swiss mice 

a Highest dose if result was negative; lowest active dose if result was positive 
b Without metabolic activation 
c With and without metabolic activation 
d With metabolic activation 
e Administered by intraperitoneal injection 
1 Administered by oral gavage 

Concentration 

;?; 620 mg/kg b~ 

1 000 mg/kg bvl 

Results ReferencH 

Negative Epstein et al . (1972) 

Negative Epstein et al. (1972) 
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Dillon et al., 1998). An assay for mutation inS. typhimurium strain TA 1535/pSK1 002, 
in which umu gene expression was the end-point, gave negative results with 
salicylaldehyde (No. 897) (Nakamura et al., 1987). Assays for mutation or DNA 
repair in Escherichia coli strains WP2 uvrA, WP2s, CSH26/pYM3, CSH26/pSK1 002, 
P037, and Sd-4-73 with methyl anisate (No. 884), vanillyl alcohol (No. 886), vanillin 
(No. 889), vanillyl butyl ether (No. 888), and piperonal (No. 896) (Szybalski, 1958; 
Sekizawa & Shibamoto, 1982; Ohshima et al., 1989; Watanabe & Morimoto, 1989; 
Takahashi et al., 1990), and Saccharomyces cerevisiae strains D3, D4, D7, and 
XV185-14C with veratraldehyde (No. 877) (Nestmann & Lee, 1983) also gave 
negative results. 

Mixed results were obtained with the hydroxy- and alkoxy-substituted benzyl 
derivatives in the assay for DNA repair in Bacillus subtilis strains H 17 and M45 for 
rec mutation, both positive and negative results being reported for piperonal (No. 
896) and negative results for para-methoxybenzaldehyde (No. 878), vanillin (No. 
889), ethyl vanillin (No. 893), and methyl salicylate (No. 899) (Oda et al., 1979; 
Kawachi et al., 1980a,b; Sekizawa & Shibamoto, 1982). Some of the differences in 
the results were apparently laboratory-specific. Oda et al. (1979) reported only 
negative results with some of the same compounds; however, the studies were 
reported in Japanese with English abstracts and could not be fully evaluated for 
methodological or other differences. It was not clear whether cytotoxicity was a 
factor in the results. No mutations were observed in silkworms treated with methyl
salicylate (No. 899) (Kawachi et al., 1980a,b). 

Both negative and positive results were obtained in assays in isolated mammalian 
cells with some of the hydroxy- and alkoxy-substituted benzyl derivatives. Mixed 
results were reported with para-methoxybenzaldehyde and vanillin in assays for 
sister chromatid exchange in several Chinese hamster cell lines and in human 
lymphocytes (Jansson et al., 1986; Jansson & Zech, 1987; Sasaki et al., 1987; 
Jansson et al., 1988). Negative results were obtained in this assay with ethyl vanillin 
(No. 893), salicylaldehyde (No. 897), and methyl salicylate (No. 899) (Kawachi et 
al., 1980a,b; Sasaki et al., 1987; Jansson et al.., 1988). Similarly, mixed results 
were obtained in assays for chromosomal aberration in Chinese hamster and human 
cell lines with para-methoxybenzaldehyde (No. 878), vanillin (No. 889), ethyl vanillin 
(No. 893), piperonal (No. 896), and methyl salicylate (No. 899) (Kawachi et al., 
1980a,b; Kasamaki et al., 1982; lshidate et al., 1984; Kasamaki & Urasawa, 1985; 
Jansson & Zech, 1987; Tarnai et al., 1992). The results in the assays for sister 
chromatid exchange and chromosomal aberrations were generally obtained 
independently of the presence or absence of metabolic activation. Mixed, but mostly 
positive, results were obtained with veratraldehyde (No. 877), para-methoxy
benzaldehyde (No. 878), and ethyl vanillin (No. 893) in the assay for forward mutation 
in L5178Y mouse lymphoma cells, both with and without metabolic activation 
(Garberg et al., 1988; Wangenheim & Bolcsfoldi, 1988; Heck et al., 1989). Vanillin 
(No. 889) and piperonal (No. 896) were inactive in this assay (Heck et al., 1989). 
Vanillin weakly induced micronuclei in human Hep-G2 cells, with only a moderate 
response at the highest concentration tested (Sanyal et al., 1997). No unscheduled 
DNA synthesis was observed in rat hepatocytes exposed to veratraldehyde (No. 
877), vanillin (No. 889), or ethyl vanillin (No. 893) (Heck et al., 1989). Piperonal (No. 
896) caused unscheduled DNA synthesis in one test, but the finding could not be 
confirmed in subsequent tests (Heck et al., 1989), and the result was considered to 
be questionable. 
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para-Methoxybenzaldehyde (No. 878) or benzaldehyde alone did not induce 
strand breaks in supercoiled DNA from the phage PM2, although positive results 
were reported with both substances in the presence of CuCI2 • The finding that the 
effect depended on the concentration of copper suggests that DNA-damaging species 
are produced during redox reactions of aromatic (and aliphatic) aldehydes with CuCI2 

(Becker et al., 1996). 
Numerous assays for anti-mutagenicity have been conducted in vitro with some 

of the hydroxy- and alkoxy-substituted benzyl derivatives, including evaluations in 
several sub-mammalian and mammalian cell lines. Anti-mutagenic activity was 
reported with para-methoxybenzaldehyde (No. 878) and ethyl vanillin (No. 893) (Ohta 
et al., 1986b; lmanishi et al., 1990; Ohta, 1995). Mixed results were reported with 
vanillin (No. 889) (Takahashi et al., 1990; Tamai et al., 1992; Sanyal et al., 1997). 
Analysis of the concentrations, test organisms, and study methods did not provide 
an explanation for the discrepant results in these studies. No anti-mutagenic effect 
was observed with piperonal (No. 896) or methyl salicylate (No. 899) (Ohta et al., 
1983, 1986a,b). 

In vivo 
The hydroxy- and alkoxy-substituted benzyl derivatives were inactive in all assays 

in vivo in mammals given the compounds orally or by intraperitoneal injection at 
doses that were significant fractions of the reported lethal doses. Micronuclei were 
not induced by para-ethoxybenzaldehyde (No. 879) at a dose of 1005 mg/kg bw, 
ethyl vanillin (No. 893) at 1000 mg/kg bw, vanillin (No. 889) at 500 mg/kg bw, or 
piperonyl acetate (No. 894) at 620 mg/kg bw (Wild et al., 1983; Furukawa et al., 
1989). Piperonal (No. 896) administered by intraperitoneal injection at 1 000 mg/kg 
bw caused a slight increase in the number of early fetal deaths as compared with 
the incidence in control mice; however, the authors reported that the result was not 
statistically significant, and no similar finding was reported after administration by 
oral gavage (Epstein et al., 1972). 

In assays for sex-linked recessive lethal mutation in fruit flies (Drosophila 
melanogaster), negative results were obtained with para-ethoxybenzaldehyde (No. 
879), ethyl vanillin (No. 893), and piperonyl acetate (No. 894) after feeding at 
concentrations of 751, 8309, and 4855 Jlg/ml, respectively (Wild et al., 1983). Vanillin 
(No. 889) induced an anti-mutagenic response in fruit flies, and both vanillin and 
para-methoxybenzaldehyde (No. 878) were anti-mutagenic in mice (lmanishi et al., 
1990; Sasaki et al., 1990; de Andrade et al., 1992). The data on vanillin, including 
the results in vitro, suggest some anti-mutagenic activity, although the relevance of 
this finding is questionable and impossible to extrapolate to the low concentrations 
to which persons are likely to be exposed from its use as a flavour in food. 

Conclusion about genotoxic potential 
The hydroxy- and alkoxy-substituted benzyl derivatives did not have mutagenic 

activity in bacterial or other submammalian cellular systems. Mixed results were 
obtained in an assay for DNA repair in bacteria and in assays for clastogenicity in 
isolated mammalian cells. These findings probably reflect the known activity of 
alcohols or aldehydes in biological systems, as they were seen both with and without 
metabolic activation, and cytotoxicity was often a limitation at high concentrations. 
Negative results were obtained in tests for genotoxicity in mice and Drosophila in 
vivo. In a 2-year study in mice, no difference in tumour incidence from that in controls 



HYDROXY- AND ALKOXY-SUBSTITUTED BENZYL DERIVATIVES 325 

was found in groups fed doses up to 900 mg/kg bw per day of butyl-para
hydroxybenzoate (No. 870) (lnai et al., 1985). The Committee therefore concluded 
that the hydroxy- and alkoxy-substituted benzyl derivatives do not have genotoxic 
potential in vivo. 

(e) Reproductive toxicity 

Veratraldehyde (No. 877), vanillin (No. 889}, ethyl vanillin (No. 893), and piperonal 
(No. 896} 
Four groups of 10 virgin Crl CD rats were given veratraldehyde (No. 877), vanillin 

(No. 889), ethyl vanillin (No. 893), or piperonal (No. 896) by gavage once a day for 
7 days before cohabitation and throughout cohabitation (maximum of 7 days), 
gestation, parturition, and a 4-day post-parturition period. The maternal indices 
monitored included observation twice daily, body weight, food consumption, duration 
of gestation, and fertility parameters (mating and fertility index, gestation index, 
number of offspring per litter). The indices in the offspring included daily observation, 
clinical signs, gross external malformations, and body weight. The only consistent 
effects were reduced body-weight gain by dams at the two higher doses, which was 
accompanied by a statistically significant reduction in food consumption at the high 
dose. No effects were observed in the offspring at any dose. 

Dams given veratraldehyde (No. 877) at 80, 400, or 800 mg/kg bw per day had 
decreased body weights and body-weight gain at the two lower doses and an 
increased mortality rate and gross lesions at the highest dose. Animals given 125, 
250, or 500 mg/kg bw per day of vanillin (No. 889) showed a slight, non-significant 
decrease in food consumption and body weight at the intermediate dose and a 
statistically significant (p < 0.05) decrease in body weight and an increase in the 
frequency of clinical signs at the highest dose. Animals given 200, 1000, or 
2000 mg/kg bw per day of ethyl vanillin (No. 893) had a slight, non-significant increase 
in body weight and a statistically significant (p < 0.05) decrease in food consumption 
at the low dose, while those at the two higher doses had an increased mortality rate, 
gross lesions, clinical signs, and depressed body-weight gain and food consumption. 
Animals given 250, 500, or 1000 mg/kg bw per day of piperonal (No. 896) had a 
slight, non-significant decrease in body weight at the intermediate dose and a 
statistically significant (p < 0.05) decrease in body weight, a decrease in food 
consumption, increased mortality rate, and a decreased fertility index at the highest 
dose. The only effect on offspring was decreased viability and body-weight gain at 
the high dose of piperonal. In view of the lack of adverse effects on offspring at all 
doses and on dams at the low dose of each substance, the authors concluded that 
the compounds had no reproductive or developmental effects (Vollmuth et al., 1990). 
However, these results were reported in an abstract and a full report was not available. 

Methyl salicylate (No. 899) 
Four groups of 11-week-old CD-1 mice (40 males and 40 females in the control 

group; 20 males and 20 females in the treated groups) were given methyl salicylate 
at a dose of 0, 100, 250, or 500 mg/kg bw per day by gavage in corn oil. All mice 
were treated for 1 week before, 14 weeks during, and 3 weeks after cohabitation, 
for a total treatment period of 18 weeks. Reproductive performance was assessed 
by observing the number of litters per breeding pair, the number of live pups per 
litter, the proportion of pups born alive, the sex ratio of pups born alive, and the live 
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pup weight. Body weight was measured at weeks 1, 2, 3, 6, 10, 14, and 18. The only 
significant result was a slight decrease in the mean number of litters in mice at the 
highest dose. Two attempts to determine which sex was affected were unsuccessful 
owing to the poor fertility of the control groups in follow-up experiments. Eleven 
animals died during the 18 weeks of the study, the deaths being distributed relatively 
evenly among the treated groups. Gavage trauma was the commonest cause of 
death, and none of the deaths was considered related to the chemical or dose. The 
NOEL was 250 mg/kg bw per day (National Toxicology Program, 1984). 

2,4-Dihydroxybenzoic acid (No. 908) 
Groups of 1 0 adult female Sprague-Dawley rats were given an injection of 

380 mg/kg 2,4-dihydroxybenzoic acid (No. 908) on day 9 of gestation. No differences 
from controls were seen in the total number of implants, the mean fetal weight, or 
the numbers of live fetuses, resorptions, or malformed fetuses (Koshakji & Schulert, 
1973). 

In male and female Sprague-Dawley rats given a subcutaneous injection of 
430 mg/kg bw of 2,4-dihydroxybenzoic acid, no change in plasma or serum calcium 
concentration was found 3 h after treatment. When pregnant female rats were given 
430 mg/kg bw of 2,4-dihydroxybenzoic acid subcutaneously and a second dose of 
210 mg/kg bw 2 h later, no change in serum calcium was observed after the initial 
dose, but decreased calcium concentrations and high serum 2,4-dihydroxybenzoic 
acid concentrations were recorded after the second dose. Females killed on day 21 
of gestation showed no significant change in the numbers of litters, implantations, 
resorptions, or dead fetuses. Increased incidences of malformations (kinky tail) and 
fetotoxicity (33%) were reported. No statistical analysis was presented to support 
these claims. The authors concluded that the toxic effect of dihydroxybenzoic acid 
derivatives was different from that of salicylic acid (Saito et al., 1982). 

(f) Observations in humans 

Methyl salicylate (No. 899) 
Six clinicians conducted a retrospective study of 155 cases of juvenile rheumatic 

arthritis in which children were treated with a wide variety of salicylates. Periodic X
rays were undertaken to determine whether bone density had changed during 
treatment. The patients were given doses in the range 100-3240 mg/day, depending 
on their age and weight, for a duration of treatment varying from several months to 
intermittent dosage for 14 years. There was no accumulation of cancellous bone 
(Abbott & Harrisson, 1978). 
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1. EVALUATION 

1.1 Introduction 

The Committee evaluated a group of 31 flavouring agents1 that included aliphatic 
acyclic dials, trials, and related substances (see Table 1) using the Procedure for 
the Safety Evaluation of Flavouring Agents (see Figure 1, p. 132). All members of 
this group are aliphatic acyclic primary alcohols, aldehydes, acids, or related esters 
with one or more additional oxygenated functional groups. The group contains four 

1 When evaluating these flavouring agents, the Committee questioned whether some 
substances in this group (see footnote to Table 1) were used as flavouring agents and therefore 
appropriate to be evaluated using this Procedure. Information to address this question will be 
sought from relevant manufacturers. 
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Table 1. Summary of results of safety evaluations of aliphatic acyclic diols, triols, and related substances ~ 

t 
Flavouring agent No. CAS No. and structure StepA3b StepA4 Conclusion 

Does intake Is the flavouring based on 
exceed the agent or are its current intake 
threshold for metabolites 
human intake? endogenous? 

:t. 
Structural class I 

r-
~ 

Glycerolc.d 909 56-81-5 Yes Yes Evaluation not ~ 
Europe: 17 000 Glycerol is endogenous finalized ::::! CH USA: 220 000 

(") 
OH :t. 
OH (") 

~ 
r-

1,2.3-Tris[(1 '-ethoxy)]- 913 67715-82-6 No NR No safety 
() 
!2 propane Europe: 0 concern l2 (yo......- USA: 140 !n 

o.,o .......-
:iJ o., o .....- g 
!n 

Glyceryl monostearatec 918 123-94-4 No NR Evaluation not :t. 
2! 

Europe: 0 finalized 0 

CH 
USA: 230 :J) 

l!! OH 
)>. 

0~ til 
0 
(/) 

~ 
(/) 

~ s 



Table 1 (contd) )>. 
..... 

Flavouring agent No. CAS No. and structure StepA3b StepA4 Conclusion 
=a 
~ 

Does intake Is the flavouring based on :::! 
exceed the agent or are its current intake (') 

)>. 
threshold for metabolites (') 

human intake? endogenous? ~ ..... 
Structural class I (contd) 0 

S2 Glyceryl monooleatec 919 111-03-5 No NR Evaluation not 0 

CH Europe: ND finalized ..... OH USA: 860 !ll 

OCJ ~ 
i2 
!ll 

Triacetinc 920 102-76-1 Yes Yes Evaluation not )>. 

Europe: ND Expected to be hydrolysed to finalized ~ 

t~~ USA: 83 000 glycerol, which is endogenous ::tl 
I!! 

0~ 
)>. 

nl 0 t:l 
(/) 

Glyceryl tripropanoatec 921 139-45-7 No NR Evaluation not c: 
Ill 

Europe: 0.1 finalizede (/) 

t:r: USA: 280 i! 
<: 

m 0~ 
0 

Tributyrinc 922 60-01-5 No NR Evaluation not 
Europe: 31 finalized 

t~~ 
USA:2 

w 
w 

0~ c.n 
0 
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Flavouring agent No. CAS No. and structure Step A3b Step A4 Conclusion 
Does intake Is the flavouring based on 
exceed the agent or are its current intake 
threshold for metabolites 
human intake? endogenous? 

:b 
r-

Structural class I (contd) ii 
Glycerol 5-hydroxy- 923 26446-31-1 No NR Evaluation not ~ 

decanoatec Europe: 4 finalized :::! 
EOH USA:O 

C) 
OH :b 
0~ C) 

0 OH ~ r-

Glycerol 5-hydroxydo- 924 26446-32-2 No NR Evaluation not 0 
S2 decanoatec Europe: 4 finalized 0 

CH 
USA: 0 r-

OH _(J) 

0~ ~ 0 OH 
0 r-

Propylene glycolc.e 925 57-55-6 Yes Yes Evaluation not ,!Jl 

Europe: ND Expected to be oxidized to finalized :b 

J:.oH USA: 2 400 000 lactic acid, which is endogenous § 
:n 
p:! 

Propylene glycol 926 142-75-6 Yes Yes Evaluation not 
:b 

ill stearatec Europe: ND Expected to be oxidized to finalized !;, 
OH USA: 66 000 propylene glycol and subse- (/) 

A,O~ quently to lactic acid § 
(/) 

);! 
;;:: 
C) 

m 



Table 1 (contd) ):,. 
r-

Flavouring agent No. CAS No. and structure StepA3b Step A4 Conclusion 
=lj 
i!; 

Does intake Is the flavouring based on ::.! 
exceed the agent or are its current intake (') 

):,. 
threshold for metabolites (') 

human intake? endogenous? ~ r-

Structural class I (contd) 0 
1 ,2-Di[(1-ethoxy)- 927 67715-79-1 No NR No safety concern § 

ethoxy)]propanec Europe: 7 r-
oyo......- USA: 150 

!I> 
[oyo......- il 

0 r-
Lactic acid 930 598-82-3 Yes Yes No safety concern !I> 

Europe: NO Lactic acid is endogenous ):,. 

"-OH 

~ 
USA: 47 000 0 

::0 OH rn 
Ethyllactatet 931 97-64-3 Yes Yes No safety concern 

):,. 

ill 
~if' 

Europe: 1900 Expected to be hydrolysed to 0 
USA: 760 lactic acid, which is endogenous Ul 

c: 
OH ttl 

Ul 

Butyl lactate 932 138-22-7 No NR No safety concern );! 
~ 

0 
Europe: 380 (') 

---r~ USA: 24 m 
OH 

Potassium 2-(1"- 933 No NR No safety concern 
ethoxy)ethoxy-

~0-
Europe: NO 

propanate USA: 1400 o·K+ 
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Flavouring agent No. CAS No. and structure StepA3b Step A4 Conclusion 
Does intake Is the flavouring based on 
exceed the agent or are its current intake 
threshold for metabolites 
human intake? endogenous? 

)). 
r-

Structural class I (contd) :0 
cis-3-Hexenyl lactate 934 61931-81-5 No NR No safety concern il: 

0 
Europe: 38 :::! 

y~ USA:5 
(') 
)). 

OH (') 
""<: 

Butyl butyryl lactate 935 7492-70-8 No NR No safety concern 
p 
() 

'-Ira!-~ 
Europe: 280 

!:2 USA: 1400 0 r-
0 _en 

Pyruvic acid 936 127-17-3 No NR No safety concern ~ 
Europe: 35 0 

~OH 
r-

USA: 69 _en 
)). 
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~ 
Pyruvaldehyde 937 79-98-8 No NR No safety concern ~ 

{H 

Europe: 120 
USA: 3 
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ill 
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Ethyl pyruvate 938 617-35-6 No NR No safety concern § 
Europe: 1 Cl) "if' USA: 20 :.;! 
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0 ~ 
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Flavouring agent No. CAS No. and structure StepA3b Step A4 Conclusion 51; 
Does intake Is the flavouring based on :::! 
exceed the agent or are its current intake 0 

:t. 
threshold for metabolites 0 
human intake? endogenous? ~ r-

Structural class I (contd) 0 
Isoamyl pyruvate 939 7779--72-8 No NR No safety concern ~ 

Europe: 0 r-
,fll 

11~ 
USA:O 

~ 
0 0 r-
,fll 

Structural class Ill :t. 
:c: 

3-0xohexanoic acid 910 91052-72-1 Yes Yes No safety concern 0 
glyceride Europe: 0 Expected to be hydrolysed to ::0 

0 0 ~ ~OR USA: 270 glycerol, which is endogenous 
:t. 
hi 
0 

3-0xooctanoic acid 911 91052-68-5 No NR No safety concern (/) 

glyceride Europe: 34 c:: 
Ill 

0 0 USA: 0 (/) 
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:c: 
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Heptanal glyceryl 912 1708-35-6 No NR No safety concern m 
acetal (mixed 1 ,2 and Europe: 4 
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Flavouring agent No. CAS No. and structure StepA3b Step A4 Conclusion 
Does intake Is the flavouring based on 
exceed the agent or are its current intake 
threshold for metabolites 
human intake? endogenous? 

)::. 

Structural class Ill (contd) 
..... 
=ti 

3-0xodecanoic acid 914 91052-69-6 Yes Yes Evaluation not ~ 
glyceridec Europe: 0 Expected to be hydrolysed to finalized :::! 

0 0 USA: 270 glycerol, which is endogenous ("") 

~OR )::. 
("") 

~ 
3-0xododecanoic acid 915 91052-70-9 No NR Evaluation not ..... 

glyceridec Europe: 73 finalized 0 
0 0 USA: 0 § 

~OR ..... 
sn 

3-0xotetradecanoic 916 91052-73-2 Yes Yes ·Evaluation not i! 
acid glyceridec Europe: 0 Expected to be hydrolysed to finalized 0 ..... 

0 0 USA: 270 glycerol, which is endogenous sn 
~OR )::. 

<: 
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3-0xohexadecanoic 917 91052-71-0 No NR Evaluation not ::0 
acid glyceridec Europe: 43 finalized ~ 
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)::. 
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Table 1 (contd) 

Flavouring agent No. 

Structural class IJI ( contd) 
4-Methyl-2-pentyl-1 ,3- 928 

dioxolane 

2,2,4-Trimethyt-1,3· 
oxycyclopentane 

929 

CAS No. and structure 

26563-74-6 

1193-11·9 

StepA3° 
Does intake 
exceed the 
threshold for 
human intake? 

No 
Europe: 0 
v 

No 
Europe: 0.3 
USA: 0.2 

StepA4 
Is the flavouring 
atgent or are its 
nnetabolites 
etndogenous? 

NR 

I'IR 

Conclusion 
based on 
current intake 

No safety concern 

No safety concern 

CAS: Chemical Abstracts Service; NO: no data available; NR: not required for evaluation because' consumption of the substance was determined to 
be of no safety concern at Step A3 of the Procedure. 
a Step 2. All of the flavouring agents in this group are expected to be metabolized to innocuous products. 
b The thresholds for human intake are 1800 J.~.g/day for structural class I and 90 J.l.Q/day for structural class Ill. All intake values are expressed in 

J.l.Qfday. 
c Further information is required to determine whether this substance is currently used as a flavouring agent. 
<~ An ADI 'not specified' was established for glycerol by the Committee at its twentieth meeting (Annex 1, reference 41), which was maintained at 

the present meeting. 
e An ADI of 0-25 mg/kg bw was established for propylene glycol by the Committee at its seventeenth meeting (Annex 1, reference 32), which was 

maintained at the present meeting. 
1 Ethyl lactate was included in the group ADI 'not specified' for lactic acid and its salts that was e(>tablished by the Committee at its twenty-sixth 

meeting (Annex 1, reference 59), which was maintained at the present meeting. 
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subgroups: glycerol (No. 909) and 15 related glycerol esters and acetals (Nos 91 0, 
911, 912, 913, 914, 915, 916, 917, 918, 919, 920, 921, 922, 923, and 924); propylene 
glycol (No. 925) and four related esters, acetals, and ketals (Nos 926, 927, 928, and 
929); lactic acid (No. 930) and four lactate esters (Nos 931, 932, 934, and 935); and 
pyruvic acid (No. 936), its corresponding aldehyde (No. 937), two pyruvate esters 
(Nos 938 and 939) and one acetal of pyruvic acid (No. 933). 

The Committee previously evaluated three members of the group. Glycerol (No. 
909) was considered at the twentieth meeting, when an ADI "not specified" was 
established (Annex 1, reference 41). Propylene glycol (No. 925) was considered at 
the seventh meeting, when an ADI of 0-20 mg/kg bw was established (Annex 1, 
reference 7); it was further considered at the seventeenth meeting, when the ADI 
was increased to 0-25 mg/kg bw (Annex 1, reference 32). Ethyl lactate (No. 931) 
was considered at the eleventh (Annex 1, reference 14), twenty-third (Annex 1, 
reference 50), twenty-fourth (Annex 1, reference 53), and twenty-sixth meetings 
(Annex 1, reference 59). At its twenty-sixth meeting, the Committee included ethyl 
lactate in the group ADI 'not specified'1 with lactic acid. 

Nine of the 31 substances (Nos 909, 929, 930, 931, 932, 934, 936, 937, and 
938) have been detected as natural components of foods in cocoa, milk, cider, 
cognac, asparagus, tomato, and mushrooms (Maarse et al., 1999). 

1.2 Estimated per capita intake 

The total annual production of the 31 substances in this group of flavouring 
agents for use in food was reported to be 140 000 kg in Europe {International 
Organization of the Flavor Industry, 1995) and 21 000 000 kg in the USA (Lucas et 
al., 1999). These values are equivalent to a total daily per capita intake of 20 000 11g 
in Europe and 2 800 000 11g in the USA. The large difference in the annual volume 
of production between Europe and the USA is due to the inclusion in the USA of 
figures on the use of glycerol, triacetin, and propylene glycol as solvents in the 
preparation of compound flavour mixtures. 

In Europe, three flavouring agents, namely, glycerol {17 000 11g/day), ethyl lactate 
{1900 11g/day), and butyl lactate {380 11g/day), accounted for approximately 97% of 
the total per capita intake. In the USA, three substances, namely glycerol 
{220 000 11g/day), triacetin (83 000 11g/day), and propylene glycol {2 400 000 11g/day), 
accounted for 96% of the total annual daily per capita intake. The per capita intakes 
of individual substances are shown in Table 2. 

1 ADI 'not specified' is used to refer to a food substance of very low toxicity, which, on the basis 
of the available data (chemical, biochemical, toxicological, and other) and the total dietary 
intake of the substance arising from its use at the levels necessary to achieve the desired 
effect and from its acceptable background levels in food, does not, in the opinion of the 
Committee, represent a hazard to health. For that reason, and for reasons stated in individual 
evaluations, the establishment of an ADI expressed in numerical form is not deemed 
necessary. An additive meeting this criterion must be used within the bounds of good 
manufacturing practice, i.e., it should be technologically efficacious and should be used at 
the lowest level necessary to achieve this effect, it should not conceal food of inferior quality 
or adulterated food, and it should not create a nutritional imbalance. 
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Table 2. Annual volumes of use of aliphatic acyclic dials, trials and related 
substances used as flavouring agents in Europe and the USA 

Substance (No.) Most recent Intake• Annual volume in Consumption 
annual naturally occurring ratioc 
volume (kg) IJ.g/day iJ.g/kg bw foods (kg)b 

per day 

Glycerol (909) 
Europe 120 000 17 000 280 24 000 000 200 
USA 1 700 000 220 000 3700 14 

1 ,2,3-Tris[(1 '-ethoxy)ethoxy]propane (913) 
Europe 0 0 0 
USA 1000 140 2.3 

3-0xohexadecanoic acid glyceride (917) 
Europe 300 43 0.7 
USA 0 0 0 

Glyceryl monostearate (918) 
Europe 0 0 0 
USA 1800 230 4 

Glyceryl monooleate (919) 
Europe NR NA NA 
USA 6500 860 14 

Triacetin (920) 
Europe NR NA NA 
USA 630 000 83 000 1400 

Glyceryl tripropanoate (921) 
Europe 0.5 0.1 0.002 
USA 2100 280 5 

Tributyrin (922) 
Europe 220 31 0.5 
USA 15 2 0.03 

Glycerol 5-hydroxydecanoate {923) 
Europe 25 4 0.007 
USA 0 0 0 

Glycerol 5-hydroxydodecanoate (924) 
Europe 25 4 0.07 
USA 0 0 0 

Propylene glycol (925) 
Europe NR NA NA 
USA 18 000 000 2 400 000 40 000 

Propylene glycol stearate (926) 
Europe NR NA NA 
USA 500 000 66 000 1100 

1 ,2-Di[(1-ethyoxy)ethyoxy]propane (927) 
Europe 49 7 0.1 
USA 1200 150 2.5 

Lactic acid (930) 
Europe NR NA NA 11 000 000 
USA 360 000 47 000 780 30 

Ethyl lactate (931) 
Europe 13 000 1900 32 250 000 19 
USA 5800 760 13 43 
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Table 2 (contd) 

Substance (No.) 

Butyl lactate (932) 
Europe 
USA 

Most recent Intake• 
annual 
volume (kg) ~J,g/day 

2600 380 
190 24 

Potassium 2-(1 · -ethoxy)ethoxypropanate (933) 
Europe NR NA 
USA 10 000 1400 

cis-3-Hexenyllactate (934) 
Europe 270 38 
USA 36 5 

Butyl butyryllactate (935) 
Europe 1900 280 
USA 11 000 1400 

Pyruvic acid (936) 
Europe 250 35 
USA 520 69 

Pyruvaldehyde (937) 
Europe 810 120 
USA 22 3 

Ethyl pyruvate (938) 
Europe 5 1 
USA 150 20 

Isoamyl pyruvate (939) 
Europe 0 0 
USA 0 0 

3-0xohexanoic acid glyceride (91 0) 
Europe 0 0 
USA 2000 270 

3-0xooctanoic acid glyceride (911) 
Europe 240 34 
USA 0 0 

Annual volume in Consumption 
naturally occurring ratioc 

~J,g/kg bw foods (kg)b 
per day 

6 + 
0.4 

NA 
23 

0.6 + 
0.1 

5 
24 

0.6 3 900 000 16 000 
1.1 7 500 

2 3100 38 
0.05 140 

0.02 210 42 
0.3 1.4 

0 
0 

0 
4.5 

0.6 
0 

Heptanal glyceryl acetal (mixed 1 ,2 and 1 ,3 acetals) (912) 
Europe 27 4 0.07 
USA 0.05 0 0 

3-0xodecanoic acid glyceride (914) 
Europe 0 0 0 
USA 2000 270 4.5 

3-0xododecanoic acid glyceride (915) 
Europe 510 73 1.2 
USA 0 0 0 

3-0xotetradecanoic acid glyceride (916) 
Europe 0 0 0 
USA 2000 270 5 

4-Methyl-2-pentyl-1 ,3-dioxolane (928) 
Europe 0.1 0 0 
USA 1.4 0.2 0.003 
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Table 2 (contd) 

Substance (No.) Most recent Intake• 
annual 
volume (kg) llg/day 

2,2,4-Trimethyl-1 ,3-oxyacylopentane (929) 
Europe 2 0.3 
USA 1.8 0.2 

Annual volume in Consumption 
naturally occurring ratioc 

llg/kg bw foods (kg)b 
per day 

0.005 
0.003 

2300 1200 
1300 

NA, not applicable; NR, not reported;+, reported to occur naturally in foods (Maarse et al., 
1999), but quantitative data were not available;-, not reported to occur naturally in foods 

a Intake expressed as llg/person per day calculated as follows: [(annual volume, kg) x (1 x 
109 llg/kg)/ (population x survey correction factor x 365 days)], where population (1 0%, 
'eaters only') = 32 x 106 for Europe and 26 x 106 for the USA. The correction factor= 0.6 
for Europe and 0.8 for the USA, representing the assumption that only 60% and 80% of 
the annual volume of the flavour, respectively, was reported in the poundage surveys 
(International Organization of the Flavor Industry, 1995; Lucas et al., 1999). Intake ex
pressed as llg/kg bw per day calculated as follows: [(llg/person per day)/body weight], 
where body weight= 60 kg. Slight variations may occur from rounding. 

b Quantitative data from Stolberg & Grundschober (1987) 
c Calculated as follows: (annual consumption in food, kg)/( most recently reported volume 

as a flavouring agent, kg) 

1.3 Metabolic considerations 

The aliphatic esters of propylene glycol, lactic acid and pyruvic acid and their 
parent compounds would all be expected to be readily absorbed from the 
gastrointestinal tract. Hydrolysis of the aliphatic esters is catalysed largely by hepatic 
esterases to give the component alcohol and carboxylic acid or aldehyde. After 
hydrolysis of glycerol esters in the intestine, glycerol is also readily absorbed. Glycerol, 
pyruvic acid, and lactic acid are endogenous in humans. Glycerol and pyruvic acid 
are metabolized completely and are not excreted. Lactic acid is also mainly 
metabolized, although urinary excretion may occur if the blood concentration is high. 
Propylene glycol can be metabolized, but high doses are likely to be excreted largely 
unchanged in the urine. 

Glycerol is metabolized via the glycolytic pathway after it has been converted in 
the liver to glycerol-3-phosphate. Glycerol-3-phosphate is then oxidized to yield 
dihydroxyacetone phosphate, which is isomerized to glyceraldehyde-3-phosphate, 
eventually yielding pyruvic acid. 

Pyruvic acid follows two primary routes of metabolism. Under aerobic conditions, 
it is converted to acetyl coenzyme A and enters the citric acid cycle. Under anaerobic 
conditions, primarily in muscles as a result of strenuous physical activity, pyruvic 
acid is reduced by lactic dehydrogenase to lactic acid. 

Lactic acid diffuses through muscle tissue and is transported to the liver in the 
bloodstream. In the liver, it is converted to glucose by gluconeogenesis. Lactic acid 
can also be further catabolized in the lactic acid cycle (also known as the Cori 
cycle). 
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Propylene gycol can be oxidized to lactic acid via two biochemical pathways. If 
propylene glycol is phosphorylated, it can be converted to acetol phosphate, 
lactaldehyde phosphate, lactyl phosphate, and then lactic acid. If it is not 
phosphorylated, propylene glycol is successively oxidized to lactaldehyde, 
methylgloyoxal, and lactic acid. 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

Step 1 Twenty-eight of the 31 flavouring agents in this group are linear, simple 
branched aliphatic compounds. Twenty-two of these are in structural class 
I (Cramer et al., 1978) because they contain fewer than three different 
types of functional group (Nos 909, 913, 918-927, and 930-939). Six of 
these 28 substances are in structural class Ill because they contain three 
or more different types of functional group (Nos 910, 911, 914-917). The 
three remaining substances in the group are in structural class Ill because 
they are cyclic acetals and ketals (Nos 912, 928, and 929). 

Step 2 The data on the metabolism of individual members of the group were 
sufficient to allow conclusions about their probable metabolic fate. The 
aliphatic esters of propylene glycol (Nos 926, 927, 928, and 929), lactic 
acid (Nos 931, 932, 934, and 935), and pyruvic acid (Nos 938 and 939) 
are expected to be hydrolysed to their component alcohol and carboxylic 
acid. Glycerol esters (Nos 910, 911,912, 913,914,915,916,917,918, 
919, 920, 921, 922, 923, and 924) are expected to be hydrolysed to glycerol 
and carboxylic acids. Esters of propylene glycol are expected to be 
hydrolysed to propylene glycol and component acid. Esters of lactic acid 
and pyruvic acid are expected to be hydrolysed to lactic acid and pyruvic 
acid, respectively, and the corresponding alcohol. Acetals (Nos 927 and 
933) are expected to be hydrolysed to their component alcohols and 
aldehydes, while ketals (Nos 928 and 929) are expected to be hydrolysed 
to their component ketones and alcohols. Glycerol (No. 909), lactic acid 
(No. 930), and pyruvic acid (No. 936) are endogeneous and are 
metabolized through the glycolytic and citric acid pathways. Propylene 
glycol (No. 925) is oxidized to lactic acid. For all substances in this group, 
therefore, the evaluation proceeded via the A side of the scheme. 

Step A3 The daily per capita intakes of 22 of the substances in this group are 
below the threshold of concern for their respective structural classes (class 
I, 1800 11g; class Ill, 90 11g). These substances would not be expected to 
be of safety concern. The daily per capita intakes of the remaining nine 
substances (Nos 909, 910, 914, 916, 920, 925, 926, 930, and 931) exceed 
the threshold of concern for their respective structural classes. Evaluation 
of these substances therefore proceeds to step A4. 

Step A4 Glycerol (No. 909), lactic acid (No. 930), and ethyl lactate (No. 931) are 
endogenous in humans and are therefore not expected to be a safety 
concern. Triacetin (No. 920), 3-oxohexanoic acid glyceride (No. 91 0), 3-
oxodecanoic acid glyceride (No. 914), and 3-oxotetradecanoic acid 
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glyceride (No. 916) are glycerol esters and are hydrolysed to glycerol. 
Propylene glycol (No. 925) and propylene glycol stearate (No. 926) are 
not endogenous in humans; however, the ester is expected to be 
hydrolysed to propylene glycol and stearic acid. Propylene glycol is known 
to be oxidized to lactic acid in mammals. These substances would therefore 
not be expected to be a safety concern. 

1.5 Consideration of combined intakes 

In the unlikely event that all 23 substances in structural class I were to be 
consumed concurrently on a daily basis, the estimated per capita consumption in 
Europe and the USA would exceed the human intake threshold for class I. The 
estimated per capita consumption in Europe and the USA for combined intake of 
the eight flavouring agents in structural class Ill would also exceed the human intake 
threshold for class Ill. Given that the substances are expected to be efficiently 
metabolized by known metabolic pathways, the Committee considered that the 
combined intake would not give rise to concerns about safety. 

1.6 Conclusions 

On the basis of the predicted metabolism, the Committee concluded that the 31 
aliphatic acyclic diols, triols, and related substances in this group would not raise 
safety concerns at the current levels of intake when used as flavouring agents. In 
applying the Procedure, the Committee noted that all of the available data on toxicity 
are consistent with the results of the safety evaluation. 

2. RELEVANT BACKGROUND INFORMATION 

2. 1 Explanation 

This monograph summarizes the key data relevant to the evaluation of the 31 
flavouring agents in this group. All members of this group are aliphatic acyclic primary 
alcohols, aldehydes, acids, or related esters with one or more additional oxygenated 
functional groups. The group consists of four subgroups: glycerol (No. 909) and 15 
related glycerol esters and acetals (Nos 910, 911, 912, 913, 914, 915, 916, 917, 
918, 919, 920, 921, 922, 923, and 924); propylene glycol (No. 925) and four related 
esters, acetals, and ketals (Nos 926, 927, 928, and 929); lactic acid (No. 930) and 
four lactate esters (Nos 931, 932, 934, and 935); and pyruvic acid (No. 936), its 
corresponding aldehyde (No. 937), two pyruvate esters (Nos 938 and 939) and one 
acetal of pyruvic acid (No. 933). 

2.2 Additional considerations on intake 

Quantitative data on natural occurrence and consumption ratios have been 
reported for seven flavouring agents in the group, which indicate that they are 
consumed predominantly from traditional foods (i.e., consumption ratio> 1) (Stofberg 
& Kirschman, 1985; Stofberg & Grundschober, 1987) (Table 2). 

The daily per capita intake of this group of flavouring substances is 20 000 IJ.g/day 
in Europe (330 IJ.g/kg bw per day) and 2 500 000 IJ.g/day in the USA (14 000 IJ.g/kg 
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bw per day). Glycerol accounted for approximately 85% (17 000 11g/day) of the total 
per capita intake in Europe; in the USA, propylene glycol accounted for 96% 
(2 400 000 11g/day) of the total per capita intake. 

2.3 Biological data 

2.3. 1 Biochemical data 

(a) Absorption and transformation 

Little specific information was available on the absorption and transformation of 
individual members of this group of flavouring substances. The esters, acetals, and 
ketals of glycerol, lactic acid, and pyruvic acid would be expected to be readily 
absorbed, as would the parent compounds. After hydrolysis of glycerol esters in the 
intestine, glycerol is readily absorbed. Glycerol and pyruvic acid are metabolized 
completely and are not excreted. Lactic acid is also largely metabolized, although 
urinary excretion may occur if the blood concentration is high. Propylene glycol can 
be metabolized, but at high concentrations is likely to be largely excreted unchanged 
in the urine. 

Propylene glycol given orally to three persons at a dose of 1038 mg (0.017 g/kg 
bw) was rapidly absorbed and eliminated in the urine and saliva (Hanzlik et al., 
1939). In a study of the pharmacokinetics of propylene glycol in humans, multiple 
oral doses were rapidly absorbed, and its rate of clearance from blood was dose
dependent (Yu et al., 1985). 

In studies of the minor pathways of metabolism of propylene glycol, administration 
to rats in drinking-water resulted in excretion unchanged in the urine (Van Winkle, 
1941 ). Propylene glycol given orally to rabbits was conjugated with glucuronic acid 
and excreted in the urine (Miura, 1911; Fellows et al., 1947). 

(b) Metabolism 

(i) Hydrolysis of linear and branched-chain esters 

In general, aliphatic esters of propylene glycol, lactic acid, and pyruvic acid are 
expected to be hydrolysed to their component alcohol and carboxylic acids. The 
hydrolysis is catalysed by classes of enzymes recognized as carboxylesterases or 
esterases (Heymann, 1980), the most important of which are the B-este rases, which, 
in mammals, predominate in hepatocytes (Heymann, 1980; Anders, 1989). The rates 
of hydrolysis follow first-order kinetics, with hydrolysis of the straight-chain esters 
occurring approximately 1 00 times more rapidly than that of branched-chain esters 
(Butterworth et al., 1975; Langland et al., 1977; Grundschober, 1977; Leegwater & 
van Straten, 1979). 

Glycerol esters are hydrolysed to glycerol and the corresponding carboxylic acids 
(see Figure 1 ). The hydrolysis is catalysed by intestinal lipase (Tietz, 1986), which 
attacks the ester bonds at carbons 1 and 3. The ester bond at carbon 2 is more 
resistant to hydrolysis, possibly because of its stereochemistry and steric hindrance. 
The ~-monoglyceride can, however, spontaneously isomerise to the a-form (3-
acylglycerol), permitting further hydrolysis to yield glycerol. 
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Figure 1. Hydrolysis of glycerol esters in humans 
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The rate of hydrolysis of glycerol esters depends on the surface area of the 
lipid-water interfaces, which increases greatly with the churning peristaltic 
movements of the intestine and the emulsifying action of bile acids. Lipase is rapidly 
denatured at these interfaces; however, colipase, a pancreatic protein that forms a 
1:1 complex with lipase, inhibits the surface denaturation of lipase and anchors it to 
the lipid-water interface (Voet & Voet, 1990). 

Studies of the hydrolysis of the glycerol fatty acid esters (tributyrin (No. 922) 
(Pilz, 1959; Pilz & Johann, 1967), glycerol5-hydroxydecanoate (No. 923) (A Is, 1975), 
and glycerol 5-hydroxydodecanoate (No. 924) (Ais, 1975) showed complete 
hydrolysis to glycerol and the corresponding fatty acids, butyric acid, 5-hydroxy
decanoic acid, and 5-hydroxydodecanoic acid, respectively. 

Hydroxylated and keto acids formed by hydrolysis of glycerol esters such as 5-
hydroxydecanoic acid and 5-hydroxydodecanoic acid may form lactones by acid
catalysed intramolecular cyclization to yield five-member rings (see Figure 2). In 
aqueous media, equilibrium is established between the open-chain hydroxy
carboxylic acid and the lactone. At basic pH, the equilibrium favours the open-chain 
hydroxycarboxylate anion, but the lactone predominates at acidic pH. 5-Hydroxy
decanoic acid and 5-hydroxydodecanoic acid may form the 8-lactones 8-decalactone 
and 8-dodecalactone, respectively. Their metabolic fate can be predicted on the 
basis of an analogy with the known biotransformation of structurally related aliphatic 
lactones previously considered by the Committee (Annex 1, reference 132). Linear 
saturated 5-hydroxycarboxylic acids, which are formed from 8-lactones, are 
converted, via acetyl coenzyme A (CoA) to hydroxythioesters, which then undergo 
~-oxidation and cleavage to yield an acetyl CoA fragment and a new ~-hydroxy
thioester reduced by two carbons. Even-numbered carbon acids continue to be 
oxidized and cleaved to yield acetyl CoA, while odd-numbered carbon acids yield 
acetyl CoA and propinyl CoA. Acetyl CoA enters the citric acid cycle directly, while 
propionyl CoA is transformed into succinyl CoA, which then enters the citric acid 
cycle. 

Figure 2. Equilibrium between 8-lactones and their corresponding 
hydroxycarboxylic acids 
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Esters of propylene glycol are hydrolysed to propylene glycol and their component 
acid. In the presence of pancreatic lipase, propylene glycol stearate (No. 926) was 
hydrolysed to propylene glycol and stearic acid (Balls & Matlock, 1938). 

Esters of lactic acid are hydrolysed to lactic acid and the corresponding alcohol. 
In rat plasma, ethyl lactate (No. 931) was hydrolysed to ethyl alcohol and lactic acid 
(Falke et al., 1981). 

Esters of pyruvic acid are expected to be hydrolysed to pyruvic acid and the 
corresponding alcohol. 

(ii) Hydrolysis of acetals and ketals 

In general, acetals are hydrolysed to their component alcohols and aldehydes. 
Studies on the hydrolysis of 1 ,2,3-tris[(1 '-ethoxy)ethoxy] propane (No. 913), which 
is readily hydrolysed to yield acetaldehyde and glycerol (DeSimone, 1976), support 
this conclusion. 

Acetals of propylene glycol have also been shown to be hydrolysed to their 
component alcohol and aldehyde. In vitro, 1 ,2-di[(1 '-ethoxy)ethoxy]propane (No. 
927) was completely hydrolysed to acetaldehyde and propylene glycol (DeSimone, 
1976). Potassium 2-(1 '-ethoxy) ethoxypropanoate (No. 933), an acetal of lactic acid, 
was completely hydrolysed to lactic acid, acetaldehyde, and ethanol in simulated 
stomach fluids (Moreno et al., 1984). Aldehydes are oxidized to their corresponding 
carboxylic acids, which are subsequently metabolized through known biochemical 
pathways (Voet & Voet, 1990). For example, pyruvaldehyde (No. 937), the aldehyde 
of pyruvic acid, was metabolized to pyruvic acid when incubated with rat liver 
homogenate (Bonsignore et al., 1968). 

Ketals are hydrolysed to their component ketones and alcohols. The related 
compound, benzaldehyde propylene glycol acetal, was hydrolysed in simulated 
gastric fluid and, to a lesser extent, in intestinal fluid (Morgareidge, 1962). Similarly, 
2,2,4-trimethyl-1 ,3-oxacyclopentane (No. 929) would be expected to be hydrolysed 
in humans to yield acetone and propylene glycol. 

(iii) Metabolism of glycerol (No. 909} 

Glycerol is endogenous in the human body. It enters the glycolytic pathway after 
its conversion in the liver to glycerol-3-phosphate by glycerol kinase. Glycerol-3-
phosphate is then oxidized by glycerol-3-phosphate dehydrogenase to yield 
dihydroxyacetone phosphate (see Figure 3), which is then isomerized to glyceral
dehyde-3-phosphate, eventually yielding pyruvic acid. 

(iv) Metabolism of pyruvic acid (No. 936) and lactic acid {930} 

Pyruvic acid is endogenous in the human body. It is a critical metabolic 
intermediate, and its fate depends on the oxidation state of the cell (see Figure 4). 
Under aerobic conditions, pyruvic acid is converted to acetyl CoA and enters the 
citric acid cycle, where it is completely metabolized. Under anaerobic conditions, 
lactate dehydrogenase catalyses the reduction of pyruvic acid to lactic acid and the 
oxidation of NADH to NAD+, primarily in muscles. 
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Figure 3. Metabolism of glycerol In humans 
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Lactic acid diffuses from the muscles and is transported through the bloodstream 
to oxygen-rich tissues such as the heart and liver, where it is catabolized further 
through the lactic acid cycle (also known as the Cori cycle) (see Figure 5), or 
converted to glucose via gluconeogenesis. Even in fully oxygenated muscle tissue, 
as much as 50% of the metabolized glucose is converted to lactic acid by way of 
pyruvic acid (Voet & Voet, 1990). 

In resting women who received intravenous injections of [2-14C]pyruvate, analysis 
of blood glucose 1 h later showed 96% conversion of pyruvic acid to glucose 

Figure 4. Metabolism of pyruvic acid in humans 

Glycolysis 

! 
-0oH 

0 

Anaerobic 

LDH 

Lactic acid Pyruvic acid 

! 
Lactic acid cycle 

CoA, coenzyme A 

Aerobic 
oxidation 

~SCoA 
Acetyl CoA 

! 
Citric acid cycle 



352 ALIPHATIC ACYCLIC DIOLS, TRIOLS, AND RELATED SUBSTANCES 

Figure 5. Lactic acid cycle (Cori cycle) 
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(Hostetler et al., 1969). When [2-14C]pyruvate was incubated with liver slices from 
fasted normal rats, 86% had been used after 90 min of incubation. Of the radiolabel 
associated with metabolized pyruvic acid, 23% was associated with glycogen and 
glucose, 16% with C02, and 16% with lactic acid. In the presence of glycerol, the 
use of pyruvic acid was increased to 95%, accompanied by a decrease in conversion 
to glycogen {16%) and C02 {8.6%) and an increase in the production of lactic acid 
(Teng et al., 1953). 

(v) Metabolism of propylene glycol (No. 925) 

Propylene glycol can be oxidized to lactic acid via one of two pathways, depending 
on whether the glycol is phosphorylated (Rudney, 1954; Miller & Bazzano, 1965). In 
studies in vitro with rat liver, the free glycol was successively oxidized to lactaldehyde, 
methylglyoxal {pyuvaldehyde), and lactic acid (see pathway 1, Figure 6) (Ting et al., 
1964; Miller & Bazzano, 1965), while the phosphorylated glycol followed the pathway 
of acetyl phosphate, lactaldehyde phosphate, lactyl phosphate, and lactic acid 
(Ruddick, 1972; see pathway 2, Figure 6). Lactate is subsequently converted to 
pyruvate, which enters the citric acid cycle and/or the gluconeogenesis pathway 
(Ruddick, 1972; Wittman & Sawin, 1974). 

2.3.2 Toxicological studies 

(a) Acute toxicity 

LD50 values after oral administration were available for 12 of the 31 substances 
in this group. In rats, the values ranged from 2000 to 31 000 mg/kg bw (Nos 909, 
920, 922, 925, 930-933, 912, and 929), indicating little acute toxicity of this group 
by the oral route (Smyth et al., 1941; Fassett & Roudabush, 1952; Dominguez-Gil & 
Cadorniga, 1971; deGroot et al., 1974; Bailey, 1976; Bartsch et al., 1976; Moreno, 
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Figure 6. Metabolism of propylene glycol in mammals 
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1976, 1977, 1978; Moreno et al., 1984; Clary et al., 1998). The available values for 
mice ranged from 1100 to 5000 mg/kg bw (Nos 922, 935, and 928) (Gast, 1963; 
Moran et al., 1980; Moreno, 1980). 

(b) Short-term studies of toxicity 

The results of short-term and long-term studies of toxicity conducted with 
substances in this group are summarized in Table 3. 

Glycerol (No. 909) 
Groups of five young rats of each sex were fed a diet containing glycerol at a 

concentration of 0, 1, 3, 6, 1 0, 15, 20, 30, 40, 50, or 60% (equivalent to 0, 1 000, 
3000, 6000, 10 000, 15 000, 20 000, 30 000, 40 000, 50 000, or 60 000 mg/kg bw 
per day) for 20 weeks. There was no significant difference in the body-weight gain 
at concentrations of glycerol :s; 30%, but reduced body-weight gain was observed at 
;::: 40%. Histological examination revealed no treatment-related changes at< 10%. 
The pathological changes observed at concentrations;::: 10% were marked hydropic 
and fatty degeneration of liver parenchymal cells. The NOEL was 5% glycerol in the 
diet, equivalent to 5000 mg/kg bw per day (Guerrant et al., 1947). 

Ten men and four women were given glycerol orally at a dose calculated to 
result in an average daily intake of 24 000 mg/kg bw per day, for 50 days. No toxic 
effects were reported. The only effect was a slight tendency towards an increase in 
body weight (Johnson et al., 1933). 



Table 3. Results of short-term studies of toxicity with aliphatic acyclic dials, trials and related substances w 
U1 

""' 
Flavouring agent (No.) Species, sex No. of test groups• I Route Length NOEL (mg/kg Reference 

no. per groupb (days) bw per day) 

Glycerol (909) Rat, M,F 10/10 Diet 140 5000 Guerrant et al. (1947) 
Mouse, M,F 1/81 Oral 365 No tumours at 5000 mg/kg Witschi et al. (1989) 

bw :b 
r-

Human, M,F 1/14 Oral 50 No adverse effects reported Johnson et al. (1933) :0 
at 24 000 mg/kg bw ~ 

Rat, M,F 3/18 Diet 350 20 000 Annex 1, reference 41 :::! 
Rat, M,F 3/48 Diet 730 10 000 Annex 1, reference 41 0 

:b 
Rat 3/22 Diet 730 10 000 Annex 1 , reference 41 0 

~ 
3-0xooctanoic acid glyceride (911) Rat, M,F 5/10 Diet 14 10 Gill & van Miller r-

0 (1987) 

~ 
3-0xotetradecanoic acid glyceride Rat, M,F 5/10 Diet 14 10 Gill & van Miller r-

Jn 
(916) (1987) 

:ti 
Tributyrin (922) Rat, NR1/66 Diet 245 Marked hyperplasia and Salmon & Copeland 0 r-

papillomatous growth in fore- (1949) Jn 
stomach at 7500 mg/kg bw :b 

::c: 
0 

Glycerol 5-hydroxydecanoatec (923) Rat, M,F 2/8-17 Diet 343 150 Wilson (1961 :tJ 
I!! 

Glycerol 5-hydroxydodecanoatec Rat, M,F 2/8-17 Diet 343 300 Wilson (1961) :b 
hl (924) 0 
(I) 

Propylene glycol (925) Rat, M,F 2/10 Diet 730 1800 Morris et al. (1942) lii 
Rat, M,F 4/60 Diet 730 1300 Gaunt et al. (1972) (I) 

Dog, M,F 2/10 Diet 730 2000 Weil et al. (1971) );! 
::c: 

a 



Table 3 (contd) 

Flavouring agent (No.) 

2,2,4-Trimethyl-1 ,3-oxacyclopen
tane (929) 

Lactic acid (930) 

Pyruvaldehyde (937) 

M, male; F, female; NR, not reported 
a Does not include control animals 
b Both male and female animals 

Species, sex 

Rat,M,F 

Rat, M,F 

Rat,M 

No. of test groups•/ Route 
no. per groupb 

Length NOEL 
(days) (mg/kg bw) 

Referen1ce 

2/5 Gavage 14 38 de Groc•t et at. (1974) 

21? 

3/30 
2/10 

Diet 

Oral 

730 No increase in tumour Maekawa et at. (1991) 
ncidence at 5000 mg/kg bw 

224 No increase in tumour Takaha!>hi et at. 
incidence at 2500 mg/kg bw ( 1989) 

c S-Decalactone and S-dodecalactone are metabolites of glycerol 5-hydroxydecanoate and glycerol 5-hydroxydodecanoate, respectively. 

w ..,. ..,. 
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3-0xooctanoic acid glyceride (No. 911) and 3-oxotetradecanoic acid glyceride 
(No. 916) 
Groups of five male and five female Fischer 344 rats were given diets containing 

either 3-oxooctanoic acid or 3-oxotetradecanoic acid as esters of hydrogenated 
palm oil at a concentration calculated to provide a dose of 1 0 mg/kg bw per day, for 
14 days. Detailed clinical examinations were conducted daily, and food consumption 
was measured on days 7 and 14. No physical signs of toxicity, abnormal body
weight gain, abnormal food consumption, or treatment-related effects were observed 
at necropsy. The absolute and relative weights of the liver and kidney were increased 
by 1 0% in female rats, but this effect was not considered to be biologically significant 
as no histological changes were found in these tissues and there were no other 
observed toxic effects (Gill & van Miller, 1987). 

Glycerol 5-hydoxydecanoic acid (No. 923) and glycerol 5-hydroxydodecanoic 
acid (No. 924) 
Studies were available on the lactones, 8-decalactone and 8-dodecalactone, 

which are formed from the hydrolysis of their respective glycerol esters glycerol 5-
hydroxydecanoic acid and glycerol 5-hydroxydodecanoic acid. Groups of rats were 
fed a mixture of 30% 8-decalactone, 60% 8-dodecalactone, and 1 0% butyric acid at 
a concentration of 0.01% or 1% 8-decalactone or 8-dodecalactone in the diet for 
49 weeks. These concentrations were calculated to result in average daily intakes 
of 1.5 or 150 mg/kg bw 8-decalactone and 3 or 300 mg/kg bw 8-dodecalactone. 
Histological examination revealed no adverse effects in any group. Haematology, 
blood chemistry, and urinary analysis showed no significant difference between test 
and control groups (Wilson, 1961 ). 

2,2,4-Trimethyl-1,3-oxacyclopentane (No. 929) 
In rats given 2,2,4-trimethyl-1 ,3-oxacyclopentane at a dose of 3.8 or 38 mg/kg 

bw per day for 14 days, there were no signs of toxicity at either dose (deGroot et al., 
1974). 

(c) Long-term studies of toxicity and carcinogenicity 

Glycerol (No. 909) 
In a study of the tumour promoting potential of glycerol, groups of male and 

female C3H mice, 6-8 weeks old, were given various carcinogens followed by 0, 
0.5, or 1% (v/v) glycerol solution until they were 1 year old. Animals in the control 
group received either 5% (v/v) glycerol (equivalent to 5000 mg/kg bw per day) or 
water. The animals were killed, and the incidences of liver and lung tumours were 
recorded. Among males, the incidence of liver tumours was 23% in those given 
glycerol and 39% in those given water. The tumour incidence in the lung was 21% 
with glycerol abd 41% with water. Similar results were obtained for female mice. 
Thus, lower incidences of liver and lung tumours were seen after glycerol treatment. 
No treatment-related adverse effects were reported (Witschi et al., 1989). 

A study in which Sprague-Dawley rats were given glycerol in the diet at a 
concentration of 0, 5, 10, or 20% (equivalent to 0, 5000, 10 000 or 20 000 mg/kg bw 
per day) for 50 weeks was evaluated previously by the Committee (Annex 1, reference 
41). No significant treatment-related effects were found on growth rate or gross or 
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histological appearance. The NOEL was 20 000 mg/kg bw per day (Atlas Chemical 
Co., 1969). 

A study in which Sprague-Dawley rats were given glycerol in the diet at a 
concentration of 0, 5, 10, or 20% (equivalent to 0, 2500, 5000, or 10 000 mg/kg bw 
per day) for 2 years was evaluated previously by the Committee (Annex 1, reference 
41). No significant treatment-related effects were found on growth rate or gross or 
histological appearance. Changes observed in relative kidney weights were not 
accompanied by histopathological changes. The NOEL was 1 0 000 mg/kg bw per 
day (Atlas Chemical Co., 1969). 

A study in which Long-Evan rats were given glycerol in the diet at a concentration 
of 0, 5, 10, or 20% glycerol (equivalent to 0, 2500, 5000, or 10 000 mg/kg bw per 
day) for 2 years was evaluated previously by the Committee (Annex 1, reference 
41). There were no significant treatment-related effects. The NOEL was 10 000 mg/kg 
bw per day (Hine et al., 1953). 

Tributyrin (No. 922) 
Groups of rats were fed a diet containing tributyrin, butyric acid, or ethyl butyrate 

to examine the occurrence of gastric lesions. Tributyrin was given at a concentration 
of 15 or 25% (equivalent to 7500 and 12 500 mg/kg bw per day) for 3-35 weeks. 
The animals has severely reduced body-weight gain, which represented 
approximately one-third of that of the control group. The 66 rats receiving tributyrin 
that were necropsied showed greatly enlarged stomachs with numerous irregular 
protuberances on the external surface. Microscopic examination revealed 
hyperplasia, hyperkeratosis, and occasional ulceration. The mucosa of the 
forestomach was covered in papillomas, resulting in a significant thickening of the 
forestomach wall (Salmon & Copeland, 1949). 

Propylene glycol (No. 925) 
A study in which rats were given propylene glycol in the diet at a concentration of 

2.45% or 4.9% (equivalent to 900 and 1800 mg/kg bw per day) for 2 years was 
evaluated previously by the Committee (Annex 1, reference 33). No treatment-related 
adverse effects were found on growth, and histological examination revealed no 
treatment-related effects (Morris et al., 1942). 

A study in which rats received propylene glycol in the diet at a concentration of 
0, 310, 630, 1300, or 2500 mg/kg bw per day for 2 years was evaluated previously 
by the Committee (Annex 1, reference 33). No treatment-related adverse effects on 
body-weight gain, haematological, urinary, or clinical chemical end-points, or organ 
weights were found. The NOEL was 1300 mg/kg bw per day (Gaunt et al., 1972). 

A study in which dogs received propylene glycol in the diet at a concentration of 
0, 2000, or 5000 mg/kg bw per day for 2 years was evaluated previously by the 
Committee (Annex 1, reference 33). Increased erythrocyte destruction was found at 
the higher dose. No significant treatment-related effects on haematological, clinical 
chemical, or urinary end-points, or on gross or histological appearance were found 
(Weil et al., 1971 ). 
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Lactic acid (No. 930) and pyruvic acid (No. 936) 
As pyruvic acid is reduced to lactic acid in vivo, data on lactic acid can be used 

to evaluate the safety of pyruvic acid. 
Groups of male and female Fischer 344 rats were fed diets containing the calcium 

salt of lactic acid at a concentration of 0, 2.5, or 5% for 2 years, calculated to provide 
a dose of 0, 2500, or 5000 mg/kg bw per day, respectively. No adverse effects were 
observed, and no evidence was found of a significant dose-related increase in the 
incidence of tumours in any organ or tissue of treated animals. No specific dose
related changes were observed in any of the haematological and biochemical 
parameters measured (Maekawa et al., 1991 ). 

Pyruvaldehyde (No. 937) 
In a study to examine the tumour promoting potential of pyruvaldehyde in a two

stage model of stomach carcinogenesis, groups of male Wistar rats were given 
drinking-water containing 0.25% pyruvaldehyde for 32 weeks, alone or after 8 weeks' 
treatment with a known tumour initiator, N-methyi-N-nitro-N-nitrosoguanidine 
(MNNG). Pyruvaldehyde alone caused no increase in the incidence of stomach 
hyperplasia or tumours. In rats pretreated with MNNG, pyruvaldehyde did not 
enhance the development of adenocarcinomas in the pylorus of the glandular 
stomach, but it significantly increased the incidence of hyperplasia (Takahashi et 
al., 1989). 

(d) Genotoxicity 

The results of studies of genotoxicity with these substances are shown in Table 4. 

The only consistently positive results both in vitro and in vivo were found with 
pyruvaldehyde (No. 937). This substance caused reverse mutation in bacteria and 
chromosomal aberrations in Chinese hamster ovary and human cells, sister 
chromatid exchange in Chinese hamster ovary cells, micronuclei in human 
lymphocytes and in rat cells, and unscheduled DNA synthesis in rat cells. 
Pyruvaldehyde is a natural component of some foods and is readily oxidized to the 
endogenous substance, pyruvate, in vivo. The estimated intake from its use as a 
flavouring agent is well below the estimated intake from natural sources. 

(e) Reproductive toxicity 

Glycerol (No. 909) 
A seven-generation study of reproductive toxicity in rats given glycerol at a 

concentration of 0 or 30% (equivalent to 15 000 mg/kg bw per day) was evaluated 
previously by the Committee (Annex 1, reference 41). On average, the pups of 
treated dams weighed 20% less than those of the control group (Guerrant et al., 
1947). 

Propylene glycol (No. 925) 
In a study to examine the potential of di(2-ethylhexyl) phthalate and its metabolites 

to cause testicular damage in rats after oral administration, a control group of six 
male Sprague Dawley rats were given propylene glycol orally at a dose of 2000 mg/kg 
bw per day for 5 days. On day 6, the animals were killed, and the testis, the ventral 



Table 4. Results of studies of the genotoxicity of aliphatic acyclic diols, triols and related substances )::,. .... 
=lj 

No. Flavouring End-point Test system Concentration Results Reference s 
agent :::! 

() 

In vitro 
)::,. 
() 

909 Glycerol Reverse mutation S. typhimurium 11 780 ppm Negativea Cortruvo et at. (1977) ~ 
Reverse mutation S. typhimurium TA98, TA 100, 1000 Jlg/plate Negativeb Doolittle et al. (1988) .... 

0 TA1535,TA1537,TA1538 
!2 Reverse mutation S. typhimuriumTA97, TA102 Q-1 0 000 Jlg/plate Negativec Fujita et al. (1994) 0 

Reverse mutation S. typhimuriumTA98, TA100 0.05-1000 Jlg/plate Negatived Haresaku et al. (1985 .... 
Reverse mutation S. typhimurium TA98, TA 100, 1 0 000 Jlg/plate Negativeb Haworth et al. (1983) 

!Jl 

TA1537, TA1538 :il 
Reverse mutation S. typhimurium TA92, TA94, TA98, 50 000 Jlg/plate8 Negativeb lshidate et al. (1984) 0 .... 

TA100,TA1535,TA1537 !Jl 
Reverse mutation S. typhimuriumTA98, TA100. 1000 Jlg/plate Negativeb Lee et al. (1988) )::,. 

:.?: 
TA1535, TA1537,TA1538 0 

Reverse mutation S. typhimurium NR Negative McCann & Ames (1976) :n 
111 Reverse mutation S. typhimuriumTA98, TA100, 5-5000 Jlg/plate Negativeb Shimizu et al. (1985) .... 
)::,. 

TA1535, TA1537, TA1538 ill Reverse mutation S. typhimuriumTA100 1000 jlmol/plate Negative Stolzenberg & Hine 0 
(1979) CJ) 

Reverse mutation S. typhimurium T A 1 00 500 Jlg/ml Negativeb Yamaguchi (1982) § 
Reverse mutation E. coli WP2uvrA 5-5000 Jlg/plate Negativeb Shimizu et al. (1985 CJ) 

Reverse mutation Saccharomyces cerevisiae D3 12 000 ppm Negativea Cortruvo et at. (1977) );! 
:.?: 

Modified reverse mutation E. coli Sd-4-73 12-31 Jlg/plate Negative Szybalski (1958) () 

Gene mutation Chinese hamster ovary cells 0-1000 Jlg/ml Positiveb Doolittle et al. (1988) m 
K1-BH4, hprt locus 

Sister chromatid exchange Chinese hamster ovary cell line 100-1000 Jlg/ml Negativeb Doolittle et al. ( 1988) 
Sister chromatid exchange Chinese hamster ovary cells 1000 Jlg/ml Negativeb Lee et al. (1988) 
Chromosomal aberration Chinese hamster ovary cell line 1000 Jlg/ml Negative Doolittle et al. (1988) 
Chromosomal aberration Chinese hamster lung fibroblasts 1000 Jlg/ml Negative lshidate et al. (1984) 
Chromosomal aberration Chinese hamster ovary cells 1000 Jlg/ml Negativeb Lee et al. (1988) (.,) 

Mutation Chinese hamster ovary cells 1000 Jlg/ml Negativeb Lee et al. (1988) U1 
ID 



Table 4 (contd) w 
en 
0 

No. Flavouring End-point Test system Concentration Results Reference 
agent 

909 Glycerol Unscheduled DNA synthesis Rat hepatocytes 1000 ~g/ml Negative Doolittle et al. ( 1988) 
(contd) Unscheduled DNA synthesis Rat hepatocytes 10-100 000 ~g/ml Negative Fautz et al. (1991) 

Unscheduled DNA synthesis Rat hepatocytes 1000 ~g/ml Negative Lee et al. (1988) )>. 
r--

918 Glycerol mono- Reverse mutation S. typhimurium TA98, TA 1 00, 50 ~g/plate Negativeb Blevins & Taylor ( 1982) 
ii 
~ 

stearate TA1535,TA1537,TA1538 :::! 
Reverse mutation S. typhimurium TA97, TA98, TA 100 Q-400 ~g/plate Positiveb Kuroda et al. (1985) 0 

)>. 
0 

925 Propylene Reverse mutation S. typhimurium TA98, TA 100, 1-10 000 ~g/plate Negative Clark et al. ( 1979) "< p 
glycol TA1535,TA1537,TA1538 0 Reverse mutation S. typhimurium TA98, TA 100, 230 ~g/plate Negativeb Florin et al. (1980) 

~ TA1535,TA1537 
Reverse mutation S. typhimuriumTA98, TA100, 1 00-10 000 ~g/plate Negativeb Haworth et al. (1983) r--

_CI) 
TA1535,TA1537 

~ Reverse mutation S. typhimurium TA92, TA94, TA98, 10 000 ~g/plate Negativeb lshidate et al. (1984) 
TA100,TA1535,TA1537 0 r--

Reverse mutation S.typhimuriumTA98, TA100 NR Negativeb Kawachi et al. (1981) .C/) 

Reverse mutation S. typhimurium NR Negative McCann & Ames (1976) )>. 

Reverse mutation S. typhimurium TA 100 1 000 ~mol/plate Negative Stolzenberg & Hine ~ 
(1979) ~ Host-mediated mutation S. typhimurium TA 1530 and G46 0.01--0.25 ml Negative Weir (1974) 

Host-mediated mutation Saccharomyces cerevisiae 0.01--0.25 ml Positive Weir (1974) 
)>. 

ii1 Mutation Bacillus subtilis rec NR Negatived Kawachi et al. (1981) 0 
Chromosomal aberration Human embryonic lung cells 0.001-0.1 ~g/ml Negative Weir (1974) C/) 

Chromosomal aberration Hamster lung fibroblasts 32 000 ~g/ml Positived lshidate et al. (1984) a3 
Chromosomal aberration Hamster lung fibroblasts NR Positived Kawachi et al. (1981) C/) 

Micronucleus formation Chinese hamster ovary Don-6 3800-23 000 ~g/ml Negative Sasaki et al. (1980) );! 

cell line ~ Micronucleus formation Human fibroblastic cell line HE2144 3800-23 000 ~g/ml Negative Sasaki et al. (1980) 



Table 4 ( contd) ):. 
r-

No. Flavouring End-point Test system Concentration Results Reference 
=ij 

~ 
agent ::::! 

0 

925 Propylene Sister chromatid exchange Hamster lung fibroblasts NR Negatived Kawachi et al. (1981) 
):. 
0 

glycol (contd) Sister chromatid exchange Hamster lung fibroblasts NR Negative Kawachi et al. (1981) ~ 
Sister chromatid exchange Chinese hamster ovary Don-6 cell 3800-23 000 11g/ml Positive Sasaki et al. (1980) r-

0 line 0 
Sister chromatid exchange Human fibroblastic cell line HE2144 7600 11g/ml Negative Sasaki et al. (1980) 0 
Mutation Mice 2700 mg/kg bw Negative Solt & Neale (1980) r-

!Jl 
Chromosomal aberration Mice 0.6-24 mg/kg bw Negative Vargova et al. (1980) 

5:l Chromosomal aberration Rat 30-5000 mg/kg bw Negative Weir (1974) 
Micronucleus formation Mice 0--20 000 mg/kg bw Negative Hayashi et al. (1988) 0 r-

!Jl 
930 Lactic acid Reverse mutation S. typhimurium TA97, TA98, 0.5-2.0 Ill/plate Negativeb AI-Ani & AI-Lami (1988) ):. 

TA100, TA104 ~ 
Chromosomal aberration Chinese hamster ovary K1 cells 900-1400 11g/ml Positiveb Morita et al. (1990) :x:J 

~ 
931 Ethyl lactate Reverse mutation S. typhimuriumTA98, TA100, NR Negativeb Clary et al. (1998) 

):. 

ill TA1535,TA1537,TA1538 0 
(/) 

935 Butyl butyryl Reverse mutation S. typhimurium TA98, TA100, 0--3600 !lg/plate Negativeb Wild et al. ( 1983) c: 
tD 

lactate TA1535,TA1537,TA1538 (/) 

Micronucleus formation Mice 1500 mg/kg bw Negative Wild et al. (1983) ~ 
:c: 

Sex-linked recessive lethal Drosophila melanogaster 5400 11g/ml Negative Wild et al. (1983) 0 
mutation rn 

936 Pyruvic acid Reverse mutation S. typhimuriumTA100 200 11g/plate Negativeb Yamaguchi (1982) 
Reverse mutation S. typhimurium TA98, TA 100 10-10 000 11g/plate Negativeb Bjeldanes & Chew 

(1979) 
937 Pyruvaldehyde Reverse mutation S. typhimurium TA98 30 11g/plate Positiveb Yamaguchi (1982) 

Reverse mutation S. typhimuriumTA98, TA100, NR Positived Kato et al. (1989) 
TA104 w 

Reverse mutation S. typhimurium 76 11g/plate Positive Kim et al. (1987) 0) .... 



Table 4 (contd) Co) 
Q) 
N 

No. Flavouring End-point Test system Concentration Results Reference 
agent 

937 Pyruvaldehyde Reverse mutation S. typhimurium TA 100, TA 102, 5-500 Jlg/plate Positiveb Shane et al. (1988) 
(contd) TA104 

Reverse mutation S. typhimurium TA 1 02, TA 1 04 G--72 11g/plate Positiveb Migliore et al. (1990) :t. ..... 
Reverse mutation S. typhimurium TA98, TA 100, 0.29-29 Jlg/plate Positiveb Aeschbacher et al. i:i 

TA102 (1989) ~ 
Reverse mutation S. typhimurium TA 100 1000 Jlg/plate Positived Nagao et al. (1986) ::::l 
Reverse mutation S. typhimurium TA 100 220-500 Jlg/plate Positived Dorado et al. (1992) () 

:t. 
Reverse mutation E. co/iWP2uvrA/pKM101 NR Positived Kato et al. (1989) () 

Chromosomal aberration Chinese hamster ovary cells 10-50 Jlg/ml Positive Nishi et al. (1989) ~ 
Chromosomal aberration Human lymphocytes 320 Jlg/ml Positiveb Migliore et al. (1990) ..... 

0 Sister chromatid exchange Chinese hamster ovary cells 7.2 Jlg/ml Negative Tucker et al. (1989) 

~ Sister chromatid exchange Chinese hamster ovary cells 14-36 Jlg/ml Positive Tucker et al. (1989) 
Sister chromatid exchange Chinese hamster ovary cells 7.2-54 llg/ml Positive Faggin et al. (1985) ..... 
Sister chromatid exchange Human lymphocytes 320 Jlg/ml Positiveb Migliore et al. (1990) .sn 
Micronucleus formation Human lymphocytes 320 11g/ml Positiveb Migliore et al. (1990) ~ 
DNA strand breaks Calf thymus DNA NR Positive Rahman et al. (1990) 0 ..... 
Micronucleus formation Rat 400 mg/kg bw• Negative Martelli et al. (1989) _CI) 

Micronucleus formation Rat 800 mg/kg bw1 Weakly Martelli et al. (1989) :t. 
positive ~ 

Sister chromatid exchange Mice duodenal cells 400 mg/kg bw Negative Migliore et al. (1990) lJ 
Sister chromatid exchange Mice duodenal cells 600 mg/kg bw Weakly Migliore et al. (1990) ~ 

:t. 
positive nl Unscheduled DNA synthesis Rat pyloric mucosa cells 50 mg/kg bw Negative Furihata et al. (1985) tJ 

Unscheduled DNA synthesis Rat pyloric mucosa cells 200-600 mg/kg bw Positive Furihata et al. (1985) (/) 

Chromosomal aberration Mice duodenal cells 400-600 mg/kg bw Negative Migliore et al. (1990) ~ 
(/) 

~ 
<: 
() 

m 



Table 4 (contd) 

No. Flavouring End-point 
agent 

938 Ethyl pyruvate Reverse mutation 

8 With and without ozonation 
b With and without metabolic activation 
c With metabolic activation 
<1 Without metabolic activation 
e Administered in drinking-water 
1 Administered by gavage 

Test system 

S. typhimuriumTA98, TA100, 
TA1535, TA1537 

Concentration Results 

32-20 000 J.lg/pfate Negativeb 

Reference• 

Anderson & 
Jensen (1984) 
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lobes of the prostate, and the liver were removed and studied. The testes of animals 
given propylene glycol were reported to contain occasional degenerated cells most 
of which were in early meiotic prophase or undergoing meiotic division (Sjoberg et 
al., 1986). 

The effects of 15 chemicals, including propylene glycol, on differential ovarian 
follicle counts and reproductive performance were compared. Propylene glycol had 
no effect on reproductive function (Bolon et al., 1997). 
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1. EVALUATION 

1. 1 Introduction 

The Committee evaluated a group of 1 0 flavouring agents consisting of aliphatic 
acyclic acetals (see Table 1) using the Procedure for the Safety Evaluation of 
Flavouring Agents (see Figure 1, p. 132). None of these flavouring agents had been 
evaluated previously by the Committee. 

Aliphatic acetals are geminal diethers in which two molar equivalents of alcohol 
are condensed with an aldehyde. Three of the 10 acetals are formed from 
acetaldehyde and simple aliphatic alcohols; the remaining seven acetals are formed 
from methanol or ethanol and aldehydes of carbon chain-length c,c10. Aceta Is are 
known to hydrolyse in vivo to yield the corresponding alcohols and aldehydes. Of 
the component alcohols (methanol, ethanol, and cis-3-hexen-1-ol) and aldehydes, 
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Table 1. Summary of results of safety evaluations of aliphatic acetals" w 
--.1 
0 

Flavouring agent No. CAS No. and StepA3b Comments on predicted Conclusion 
structure Does intake metabolism based on 

exceed the current intake 
threshold for 
human intake? 

1,1-Dimethoxyethane 940 534-15-6 No Predicted to be metabolized to No safety 

.))10' 
Europe: 71 acetaldehyde and methanol concern 
USA: 11 

Acetal 941 105-57-7 No Predicted to be metabolized to No safety 

......,..o
1

o_.. Europe: 240 acetaldehyde and ethanol concern 
USA: 640 

Heptanal dimethyl acetal 947 10032-05-0 No Predicted to be metabolized to I No safety 

~o ...... Europe: 0.04 heptanal and methanol concern 
USA: 0.26 

..... a 
4-Heptenal diethyl acetal 949 18492-65-4 No Predicted to be metabolized to No safety 

~0-
Europe: 0.04 4-heptenal and ethanol concern 

(0 
USA: 0 

Octanal dimethyl acetal 942 10022-28-3 No Predicted to be metabolized to No safety ):. 

Europe: 1.1 octanal and methanol concern r-
~o, =ti USA: 0 

~ ,,o ::::! 
0 

2,6-Nonadienal diethyl acetal 946 67674-36-6 No Predicted to be metabolized to No safety ):. 
0 

~0- Europe: 0.04 2,6-nonadienal and ethanol concern rn 
USA: 0.01 il 

(0 r-
(/) 



Table 1 (contd) :b r-

Flavouring agent No. CAS No. and structure StepA3b Comments on predicted Conclusion 
=ti 
?; 

Does intake metabolism based on :::l 
exceed the current intake C) 

:b 
threshold for C) 

human intake? 111 
i;! 
r-
(I) 

Decanal dimethyl acetal 945 7779-41-1 No Predicted to be metabolized to No safety 

~o, 
Europe: 0.03 decanal and methanol concern 
USA: 0 

_.0 

Citral dimethyl acetal 944 7549-37-3 No Predicted to be metabolized to No safety 

~ ..... 
Europe: 3 citral and methanol concern 
USA: 5 

_.0 

Citral diethyl acetal 948 7492-66-2 No Predicted to be metabolized to No safety 

w Europe: 4 citral and ethanol concern 
USA:O 

( 0 
( 

Acetaldehyde ethyl cis-3- 943 28069-74-1 No Predicted to be metabolized to No safety 
hexenyl acetal Europe: NO acetaldehyde, ethanol, and cis- concern 

......,..o1o~ USA: 0 3-hexenol 

CAS: Chemical Abstracts Service; NO: no data available 
a Step 1. All the flavouring agents in this group are in structural class I. 

Step 2: All the flavouring agents in this group are expected to be metabolized to innocuous products. 
b The threshold for human intake is 1800 J.!g/day for structural class I. All intake values are expressed in J.!g/day. Co) 

---1 .... 
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acetaldehyde (No. 80), heptanal (No. 95), 4-heptenal (No. 320), octanal (No. 98), 
and decanal (No. 1 04) were considered previously, at the forty-ninth and fifty-first 
meetings of the Committee (Annex 1, references 131 and 137), which concluded 
that they were of no safety concern under current levels of intake when used as 
flavour agents. 

Three of the 10 flavouring agents in this group (No. 940), acetal (No. 941 ), and 
acetaldehyde ethyl (cis)-3-hexenyl acetal (No. 943) have been reported to occur as 
natural components of foods (Maarse et al., 1999). They have been detected in 
foods such as orange juice, strawberry, cider, peas, coffee, and cognac. A 
consumption ratio of 66 has been reported for acetal (No. 941) (Stofberg & 
Grundschober, 1987). 

1.2 Estimated daily intake 

The total annual production of the 1 0 aliphatic acyclic acetals is approximately 
2200 kg in Europe (International Organization of the Flavor Industry, 1995) and 
4900 kg in the USA (Lucas et al., 1999). Approximately 97% of the total annual 
production in Europe and 99% of that in the USA is accounted for by two flavouring 
agents: the acetals formed from acetaldehyde and methanol or acetaldehyde and 
ethanol (Nos 940 and 941). 

1.3 Metabolic considerations 

In general, aliphatic acetals undergo acid-catalysed hydrolysis to their component 
aldehydes and alcohols (Knoefel, 1934; Morgareidge, 1962). They are hydrolysed 
within 1-5 h in simulated gastric fluid in vitro and to a lesser extent in simulated 
intestinal fluid. Indirect evidence from a study in which rabbits were given aliphatic 
acetals in aqueous suspension by stomach tube indicated that rapid hydrolysis occurs 
in the stomach (Knoefel, 1934). The acetals formed from the reaction of alkyl
substituted pentanal and methanol, ethanol, and isopropyl alcohol are metabolized 
to the corresponding alcohols and acids in rat liver homogenate by an oxidative 
mechanism involving cytochrome P450 enzymes (Vicchio & Callery, 1989). It is 
anticipated that aliphatic acetals would undergo similar metabolism in humans to 
the corresponding alcohols and acids. There are insufficient data to exclude the 
possibility that significant amounts of the parent acetals reach the general circulation; 
however, the parent compounds are all in structural class I (Cramer et al., 1978). 
The low intake resulting from use as flavours would not be expected to saturate 
metabolic enzymes, and the acetals are metabolized to innocuous compounds by 
hydrolysis or oxidation. 

On the basis of their recognized or presumed metabolic fate, the component 
alcohols and aldehydes fall into one of three structural classes: (1) linear, aliphatic, 
primary, saturated and unsaturated alcohols, and aldehydes; (2) o:,~-unsaturated 
aldehydes; and (3) branched-chain aliphatic aldehydes. The metabolic detoxication 
of linear, aliphatic, primary alcohols and aldehydes in vivo occurs primarily by 
oxidation of the alcohol to the corresponding aldehyde, with subsequent oxidation 
of the aldehyde to the corresponding carboxylic acid. The acid can serve as a 
substrate for fatty acid oxidation pathways and the citric acid cycle (Bosron & Li, 
1980; Brabec, 1981 ). In general, 0:,~-unsaturated aldehydes are metabolized by 
oxidation to the corresponding carboxylic acid, which may then participate in the 
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fatty acid pathway. The aldehyde may be conjugated with glutathione in a Michael
type addition (Lame & Segall, 1986; Mitchell & Petersen, 1987). Branched-chain 
aliphatic aldehydes have been reported to be oxidized primarily to more polar 
metabolites, which are excreted mainly in the urine. A mixture of diacids and 
hydroxyacids resulting from w-oxidation, reduction, and hydration of the alkene 
function and oxidation of the aldehyde function are the principal urinary metabolites 
of branched aldehydes. It is anticipated that the alcohol and aldehyde products of 
aliphatic acetal hydrolysis would undergo similar metabolism in humans. 

Although few studies on the absorption, distribution, and elimination of aliphatic 
acyclic acetals have been reported, the metabolism of the component alcohols and 
aldehydes has been investigated. These studies are considered relevant to the 
safety evaluation of orally administered acetals that are expected to be hydrolysed 
in the acid environment of the stomach. 

Citra! is predicted to be a metabolite of citra! dimethyl acetal (No. 944) and citra! 
diethyl acetal (No. 948). The absorption, distribution, and excretion of citra! have 
been studied extensively in rats and mice. Citra! was reported to undergo rapid 
absorption from the gastrointestinal tract and to be distributed uniformly throughout 
the body (Phillips et al., 1976). Rapid elimination of citra! and its metabolites was 
reported to occur primarily in the urine and to a minor extent in exhaled air and 
faeces (Phillips et al., 1976; Diliberto et al., 1988). 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

Step 1 All 10 of the compounds in this group are aliphatic acetals. They have 
acyclic structures that vary only in the length of their hydrocarbon chains 
and the number and placement of double bonds. All of the substances 
were classified in structural class I. 

Step 2 At current levels of intake, none of the 10 substances would be expected 
to saturate their metabolic pathways. They are all predicted to be 
metabolized to their component aldehydes and alcohols, which will then 
be metabolized to innocuous products1 • The parent acetals are all in 
structural class I. 

Step A3 The daily per capita intakes of all the substances in this group in Europe 
and the USA are below the threshold of human intake for class I (1800 
llg), indicating that they pose no safety concern at current levels of 
estimated intake when used as flavouring agents. 

The considerations on intake and other information used to evaluate the aliphatic 
acetals according to the Procedure are summarized in Table 1. 

1 Some aldehydes, including acetaldehyde, are genotoxic in vitro in a number of test systems, 
and acetaldehyde has been reported to produce tumours of the respiratory tract in rats and 
hamsters exposed to high doses by inhalation. The relevance of this observation to oral 
administration is questionable, as various metabolic processes in the intestinal wall and liver 
(i.e. oxidation and conjugation) are predicted to result in extensive first-pass metabolic 
inactivation, especially at the low concentrations expected from use as flavouring agents. 
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1.5 Consideration of combined intake 

In the unlikely event that all10 substances were to be consumed concurrently 
on a daily basis, the estimated combined intake would not exceed the human intake 
threshold for class I (1800 ).lg/person per day). All flavouring agents in this group 
are expected to be efficiently metabolized and would not saturate their metabolic 
pathways. On this basis of the evaluation of all the data, there is no safety concern 
about combined intake. 

1.6 Conclusions 

The Committee concluded that none of the flavouring agents in the group of 
aliphatic acetals would present a safety concern at the current levels of estimated 
intake. Other data on the toxicity of aliphatic acetals were consistent with the results 
of the safety evaluation. 

2. RELEVANT BACKGROUND INFORMATION 

2.1 Explanation 

This monograph summarizes the key data relevant to the safety evaluation of 
10 aliphatic acetals used as flavouring agents (see Table 1 ). 

2.2 Additional considerations on intake 

The daily per capita intake of each agent is reported in Table 2. 

2.3 Biological data 

2.3.1 Biochemical data 

(a) Hydrolysis, absorption, distribution, and excretion 

In general, aliphatic acetals undergo hydrolysis to their component aldehydes 
and alcohols (Knoefel, 1934; Morgareidge, 1962). 1, 1-Dimethoxyethane (No. 940), 
acetal (No. 941), and related acetals were hydrolysed within 1-5 h in simulated 
gastric fluid and to a lesser extent in simulated intestinal fluid (Morgareidge, 1962). 
In a study in which rabbits were given 1, 1-dimethoxyethane (No. 940), acetal (No. 
941 ), and other aliphatic acetals in aqueous suspension by stomach tube, rapid 
hydrolysis occurred in the stomach (see Figure 1 ). A correlation was reported between 
decreased narcotic effects, which are observed at high doses of acetals, and 
resistance to acid hydrolysis (Knoefel, 1934). 

A study was conducted on the feasibility of using acetals of 2-propylpentanal as 
pro-drugs in treatment with valproic acid (2-propylpentanoic acid). The acid and 
alcohol of 2-propylpentanal were identified in the supernatant and microsomal 
fractions of rat liver incubated with the dimethyl, diethyl, and di-isopropyl acetals of 
2-propylpentanal, indicating that dimethoxy-, diethoxy- and diisopropyl-2-propyl
pentane hydrolyse to yield the corresponding alcohols and parent aldehyde 2-
propylpentanal. The aldehyde is subsequently oxidized to the corresponding acid 
or reduced to the corresponding alcohol (Vicchio & Callery, 1989). It is anticipated 



Table 2. Annual volumes of use of aliphatic acyclic dials, trials and related substances used as flavouring agents in Europe and the ):. 
..... 

USA ;:; 
s 

Substance (No.) Most recent Intake• Annual volume Consumption :::! 
annual in naturally occurring ratio< (") 

):. 
volume (kg) Jlg/day Jlg/kg bw Alcohol equivalents Aldehyde equivalents foods (kg) 

~ per day (mg/kg bw per day) (mg/kg bw per day) );! 
..... 

1, 1-Dimethoxyethane (940) (/) 

Europe 500 71 1.2 0.85 0.59 
USA 85 11 0.2 0.1 0.1 +++ NR 

Acetal (941 ) 
Europe 1 663 240 4 3.1 1.5 
USA 4 820 640 11 8.3 3.7 +++ 66 

Heptanal dimethyl acetal (947) 
Europe 0.3 0.04 0.0007 0.0004 0.0007 
USA 2 0.26 0.004 0.002 0.003 NR NA 

4-Heptenal diethyl acetal (949) 
Europe 0.3 0.04 0.0007 0.0003 0.0004 
USA 0 0 0 0 0 NR NA 

Octanal dimethyl acetal (942) 
Europe 8 1.1 000 0.007 000 
USA 0 0 0 0 0 NR NA 

2,6-Nonadienal diethyl acetal (946) 
Europe 0.3 0.04 0.0007 0.0003 0.0005 
USA 0.1 0.01 0.0002 0.00009 0.0001 NR NA 

Decanal dimethyl acetal (945) (,) 

Europe 0.2 0.03 0.0005 0.0002 0.0004 ...... 
U1 

USA 0 0 0 0 0 NR NA 



Table 2 (contd) 

Substance (No.) Most recent Intake" Annual volume Consumption 
annual in naturally occurring ratio< 
volume (kg) (..lg/day (..lg/kgbw Alcohol equivalents Aldehyde equivalents foods (kg) 

per day (mg/kg bw per day) ( rng/kg bw per day) 

Citral dimethyl acetal (944) 
Europe 21 3 0.05 0.02 0.04 
USA 36 5 008 0.03 0.06 NR NA 

Citra! diethyl acetal (948) 
Europe 28 4 0.07 0.03 0.05 
USA 0 0 0 0 0 NR NA 

Acetaldehyde ethyl cis-3-hexenyl acetal (943) 
Europe NR NA NA NA NA 
USA 0 0 0 0 0 + NR 

Total 
Europe 2 221 
USA 4943 

NA, not applicable; NR .. not reported; +, reported to occur naturally in foods (Maarse et al., 1999), but quantitative data were not available; - , not 
reported to occur naturally in foods 

• Intake expressed as ll{llperson per day calculated as follows: [(annual volume, kg) x (1 x 1dl (..lg/kg)/ (population x survey correction factor x 
365 days)), where population (10%, 'eaters only')= 32 x 106 lor Europe and 26 x 106 for the USA. The correction factor= 0.6 for Europe and 0.8 
for the USA, representing the assumption that only 60% and 80% or the annual volume of lhe flavour, respectively, was reported in the poundage 
surveys (International Organization of the Flavor Industry, 1995; Lucas et al., 1999). Intake expressed as (..lg/kg bw per day calculated as follows: 
(((..lg/person per day)lbody weight], where body weight= 60 kg. Slight variations may occur from rounding. 

b Quantitative data from Stolberg & Grundschober (1987) 
e Calculated as follows: (annual consumption in food, kg)/( most recently reported volume as a flavouring agent, kg) 

"' -..j 
01 



ALIPHATIC ACETALS 377 

Figure 1. Hydrolysis of acetal 

<fCH2CH3 

H3C-yH + H20 

o--CH2CH3 

Acetal Acetaldehyde Ethanol 

that aliphatic acetals would undergo similar metabolism in humans to the 
corresponding alcohols and acids. There are insufficient data to exclude the possibility 
that significant amounts of the parent acetals may reach the general circulation; 
however, all the substances are in structural class I, and the available data indicate 
that they have little toxicity. 

Hydrolysis of paraldehyde, the cyclic acetal formed from three molecules of 
acetaldehyde, occurs in the human liver to yield acetaldehyde, which is subsequently 
oxidized to acetic acid. The acetaldehyde produced in this pathway is completely 
metabolized, as no trace of the substance is found in the serum of treated animals 
(Levine & Bodansky, 1940; Hitchcock & Nelson, 1943; Thurston et al., 1968). 

Although few studies have been reported on the absorption, distribution, and 
elimination of aliphatic acetals per se, studies have been conducted on the component 
alcohols and aldehydes. These were considered to be relevant to the safety 
evaluation of orally administered acetals, as acetals are readily hydrolysed in the 
acidic environment of the stomach, intestinal fluid, or in the liver to yield the component 
alcohol and aldehyde. The absorption, distribution, and excretion of the aliphatic 
acetal metabolites, ethanol and citra!, have been studied in humans and rodents, 
respectively. 

Within 1 h of ingestion of the acetal, ethanol was reported to be absorbed from 
the stomach and upper intestine by passive diffusion (Wallgren & Barry, 1970; Halsted 
et al., 1973). As discussed below, the metabolic detoxication of linear, aliphatic, 
primary alcohols in vivo occurs primarily by oxidation of the alcohol to the 
corresponding aldehyde (Bosron & Li, 1980). 

After administration of a single dose of up to 960 mg/kg bw to rats and 100 mg/kg 
bw to mice by gavage, citra! underwent rapid absorption from the gastrointestinal 
tract and was distributed uniformly throughout the body (Phillips et al., 1976). An 
oral dose of citra! was reported to be eliminated primarily in the urine and also in 
exhaled air and faeces (Phillips et al., 1976; Diliberto et al., 1988). Excretion in the 
faeces was not a primary route of elimination, but a significant quantity of citra! was 
present in the bile, suggesting that it readily enters the enterohepatic circulation 
(Diliberto et al., 1988), consistent with the observation that citra! induces mitochondrial 
oxidation and hepatic cytochrome P450, glucuronyl transferase, and alcohol 
dehydrogenase activity (Parke & Rahman, 1969; Boyer & Petersen, 1990). 

(b) Metabolism 

On the basis of their recognized or presumed metabolic fate, the component 
alcohols and aldehydes fall into one of three structural classes: (i) linear, aliphatic, 
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primary, saturated and unsaturated alcohols (i.e. methanol, ethanol, and cis-3-hexen-
1-ol) and aldehydes (i.e., acetaldehyde, heptanal, octanal, decanal, and 4-heptenal); 
(ii) cx,f}unsaturated aldehydes (i.e., 2,6-nonadienal); and (iii) branched-chain aliphatic 
aldehydes (i.e., citral). The metabolism of the component alcohols and aldehydes in 
humans can be reasonably predicted by analogy with the known metabolic fate of 
the substance or structurally related substances in animals. The alcohol and aldehyde 
products of acetal hydrolysis would undergo similar metabolism in humans. 

(i) Linear, aliphatic, primary, saturated and unsaturated alcohols and 
aldehydes 

Linear, aliphatic, primary, saturated and unsaturated alcohols and aldehydes 
are detoxicated in vivo primarily by oxidation of the alcohol, first to the corresponding 
aldehyde and subsequently to the corresponding carboxylic acid (Bosron & Li, 1980). 
Oxidation of alcohols is catalysed by an NAD•/NADH-dependent enzyme, alcohol 
dehydrogenase (Pietruszka et al., 1973). Oxidation of aldehydes is catalysed by the 
NAD•/NADH-dependent enzyme, aldehyde dehydrogenase (see Figure 2). Direct 
conjugation of the alcohol with glucuronic acid has been reported to occur as a 
minor metabolic pathway (Bosron & Li, 1980). 

Aldehydes are oxidized to carboxylic acids, which, in turn, participate in the fatty 
acid oxidation pathway and the citric acid cycle (Brabec, 1981 ). The resulting 
carboxylic acid metabolites become labile substrates for f)-oxidation and cleavage 
to yield acetyl coenzyme A (CoA) or propionyl CoA, which eventually enter the citric 
acid cycle. Unsaturated carboxylic acids also participate in the fatty acid pathway. If 
the stereochemistry of the double bond is cis (e.g., cis-3-hexen-1-ol), the acid is 
unable to participate in fatty acid oxidation until it is enzymatically converted to the 
trans 2-isomer, which ultimately forms the acyl GoA derivative (Feldman & Weiner, 
1972; Lehninger, 1975; Voet & Voet, 1990). 

Ethanol is a primary aliphatic alcohol which is reported to be rapidly oxidized in 
vivo by alcohol dehydrogenase to form acetaldehyde. Acetaldehyde may be further 
oxidized by aldehyde dehydrogenase to form acetic acid, with further oxidation to 
form C02 and water ("Timbrel!, 1982). Alcohol and acetaldehyde dehydrogenases 
have been reported in numerous tissues, with the greatest activity in the liver (Sipes 
& Gandolfi, 1986); however, these enzymes are also found In the gastrointestinal 
tract, suggesting that ethanol can undergo first-pass metabolism at that site 

Figure 2. Oxidation of linear, aliphatic, primary alcohols and aldehydes 
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subsequent to absorption (Sato & Kitamura, 1996). Small amounts of ethanol were 
also reported to undergo conjugation with glucuronic acid (Williams, 1959). 

Acetaldehyde is an important intermediate in the cellular metabolism of mammals, 
including humans, and undergoes rapid enzymatic oxidation in the liver, with 
approximately 80% conversion to acetate. Acetate produces energy via the citric 
acid cycle (Asmussen et al., 1948; Lundquist et al., 1962; Lehninger, 1975). Hald & 
Larsen {1949) reported that an average-sized rabbit could metabolize 7-10 mg of 
acetaldehyde per minute. The oxidation rate in mammals was 0.75 1-lmol/min per g 
of liver (Lundquist et al., 1962). An alternative minor pathway that has been reported 
is reduction of acetaldehyde to ethanol, catalysed by aldehyde dehydrogenase. 

(ii) Metabolism of a,~-unsaturated aldehydes 

In general, a,~-unsaturated aldehydes (e.g., 2,6-nonadienal) are oxidized to the 
corresponding carboxylic acids (Lame & Segall, 1986; Mitchell & Petersen, 1987. 
Results reported for the structurally related a,~-unsaturated aldehydes trans-2-
hexenal and 2-nonenal indicate that secondary pathways may involve conjugation 
with glutathione. The metabolites would ultimately be excreted as the mercapturic 
acid derivatives (Esterbauer et al., 1982; Cadenas et al., 1983). 

(iii) Metabolism of branched-chain aliphatic aldehydes 

The metabolism of the branched-chain aliphatic aldehyde citral has been studied 
in laboratory animals. In rats, citral is metabolized to a mixture of diacids and 
hydroxy acids resulting from w-oxidation, reduction, and hydration of the unsaturation 
at C-2, and oxidation of the aldehyde function. Hepatic reduction of the aldehyde 
may precede oxidation pathways. Citral was reported to be rapidly reduced to the 
corresponding alcohol by alcohol dehydrogenase in rat hepatic mitochondrial and 
cytosolic fractions (Boyer & Petersen, 1990; Diliberto et al., 1990). 

2.3.2 Toxicological studies 

(a} Acute toxicity 

Aliphatic acetals have been reported to have little acute toxicity after oral 
administration, with LD50 values;,:: 4300 mg/kg bw. LD50 values have been reported 
for seven of the 10 aliphatic acetals used as flavouring agents and for their 
corresponding metabolites. These values are presented in Table 3. 

In a study designed to evaluate the narcotic effects of acetals, no effects were 
reported in rabbits given a single oral dose of 1800 mg/kg bw (Knoefel, 1934 ). In the 
same study, 1, 1-dimethoxyethane at a single oral dose of 2700 mg/kg bw was 
reported to have no effect in three of four rabbits; the fourth showed semi-erectness 
or staggering. 

(b) Short-term studies of toxicity 

One short-term toxicological study has been reported with citral diethyl acetal 
(No. 948). Although no studies on the other nine aliphatic acetals have been identified, 
studies have been conducted with the component alcohols and aldehydes, and 
these are considered relevant to the safety evaluation of orally administered acetals, 
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Table 3. Acute toxicity of aliphatic aceta Is and their metabolites 

No. Substance Species Sex Route LDso Reference 
(mg/kg bw) 

940 1, 1-Dimethoxyethane Rabbit NR Oral 4 500 Brabec (1981) 
940 1, 1-Dimethoxyethane Rat NR Oral 6 500 Smyth et al. (1949) 
940 1, 1-Dimethoxyethane Rat NR Oral 6 500 Brabec (1981) 

Acetaldehyde Rat NR Oral 1 900 Brabec (1981) 
Acetaldehyde Rat NR Oral 1 900 Smyth et al. (1951) 
Methanoic acid Mouse NR Oral 1 100 Malorny (1969) 

941 Acetal Rat NR Oral 4 600 Brabec (1981) 
941 Acetal Rat NR Oral 4 600 Bar & Griepentrog 

(1967) 
941 Acetal Rat NR Oral 4 600 Smyth et al. (1949) 

Ethanol Rat NR Gavage 20 000 Smyth et al. (1970) 
943 Heptanal dimethyl Mouse NR Oral > 5 000 Levenstein (1975) 

acetal 
Heptanal Rat NR Oral > 5 000 Moreno (1974) 
Heptanol Rabbit NR NR 750 Voskoboinikova (1966) 
Heptanol Rat NR NR 4 900 Voskoboinikova (1966) 
Heptanol Mouse NR Gavage 1 500 Voskoboinikova (1966) 

942 Octanal dimethyl acetal 
Octanal Rat NR Oral 4 600 Smyth et al. ( 1962) 
Octanoic acid Rat NR Oral 10 000 Jenner et al. (1964) 
Octanoic acid Rat NR Oral 1 300 Smyth et al. (1962) 
Octanol Mouse NR Gavage 1 BOO Voskoboinikova (1966) 

946 2,6-Nonadienal Rat NR Oral > 5 000 Moreno (1976) 
diethyl acetal 

945 Decanal dimethyl Rat NR Oral > 5 000 Moreno (1977) 
acetal 
Dec anal Rat M, F Gavage > 33 000 Jenner et al. (1964) 
Decanal Rat NR Oral 3100 Smyth et al. (1962) 
Decanal Mouse NR Gavage > 42 000 Jenner et al. (1964) 
Decanoic acid Rat NR Oral 3 300 Leung & Paustenbach 

(1990) 
Decanoic acid Rat NR Oral 3 300 Smyth et al. (1962) 

944 Citral dimethyl acetal Rat M, F Oral > 5 000 Hart & Wong (1971) 
948 Citral diethyl acetal Rat M Oral > 5 000 Moreno (1980 

Citra I Rat M, F Gavage 5 000 Jenner et al. (1964) 
Citral (refined) Mouse M, F Oral 2 500 HoHman-LaRoche 

(1967) 
Citral (synthetic) Mouse M, F Oral 2 000 HoHman-LaRoche 

(1967) 
943 Acetaldehyde ethyl cis- Rat NR Oral 4 300 Moreno (1979) 

3-hexenyl acetal 
cis-3-Hexen-1-ol Rat M, F Gavage 10 000 (M) Gaunt et al. ( 1969) 

7 300 (F) 
cis-3-Hexen-1-ol Mouse M, F Gavage 7 000 (M) Gaunt et al. (1969) 

7 200 (F) 

NR, not reported; M, male; F, female 
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which are presumed to be readily hydrolysed in gastric juice, intestinal fluid, or the 
liver. The short-term study with citral diethyl acetal and various metabolites of aliphatic 
acetals is summarized in Table 4 and described in detail below. 

Citra/ diethyl acetal (No. 9) 
A blend of equal parts by weight of citral diethyl acetal and citral was administered 

to a group of 21 rats in the diet for 12 weeks, providing an average intake of the 
combination of 11 0 mg/kg bw per day and an average daily intake of citral diethyl 
acetal of 56 mg/kg bw. A control group of 21 rats received an unsupplemented diet. 
The treated animals had normal behaviour and appearance during the study. Growth, 
food intake, and efficiency of food use were reported not to be affected, and gross 
examination revealed no changes in organ weights or haemoglobin concentration. 
The NOEL of 56 mg/kg bw per day for citral diethyl acetal is > 1 00 000 times the 
estimated daily intake ('eaters only") of 0.07 )..l.g/kg bw from its use as a flavouring 
agent in Europe {Trubek Laboratories Inc., 1958a). 

Linear aliphatic, primary, saturated and unsaturated alcohol and aldehyde 
metabolites 
cis-3-Hexen-1-o/: Groups of 15 male and 15 female weanling rats were given 

drinking-water containing cis-3-hexen-1-ol at a concentration of 0, 31 0, 1250, or 
5000 mg/L for 98 days, reported to provide average daily intakes of 0, 30, 130, and 
41 0 mg/kg bw per day for males and 0, 42, 170, and 720 mg/kg bw per day for 
females. Slightly increased relative weights of the kidney and adrenal gland were 
reported in males at 5000 mg/L. The authors reported a NOEL of 1250 mg/L, 
equivalent to average intakes of 130 and 170 mg/kg bw per day for male and female 
rats, respectively (Gaunt et al., 1969). These doses are> 10 000 times the combined 
total daily per capita intake ('eaters only') of 11 )..l.g/kg bw per day for the 1 0 aliphatic 
acetals used as flavouring agents in the USA. This large margin of safety would 
accommodate any anticipated difference in toxicity between the aliphatic acetals 
and their component alcohols. 

No adverse effects were reported in rats given a diet containing 0.5% 1-hexanol 
for 13 weeks, calculated to provide an average daily intake of 420 mg/kg bw. In the 
same study, 1-hexanol in the diet at increasing concentrations from 1 to 6% for 
13 weeks (calculated to provide an average daily intake of 1200 mg/kg bw) also 
produced no adverse effects in rats (Eibert, 1992). No adverse effects were reported 
in dogs given 1-hexanol at a concentration of 0.5% in the diet for 13 weeks, calculated 
to provide an average daily intake of 200 mg/kg bw (Gaunt et al., 1969). 

Acetaldehyde, heptanal, octanal, and decanal: Acetaldehyde was added to the 
drinking-water of rats at concentrations providing a daily intake of 0, 25, 120, or 
680 mg/kg bw for 4 weeks. The only treatment-related effect reported was hyper
keratosis of the forestomach in animals at the high dose. The NOEL of 120 mg/kg 
bw per day for acetaldehyde is > 10 000 times the combined total daily per capita 
intake ("eaters only") of 11 )..l.g/kg bw per day for the 1 0 aliphatic acetals used as 
flavouring agents in the USA. This large margin of safety would accommodate any 
anticipated difference in toxicity between the aliphatic acetals and their component 
aldehydes {lil et al., 1988). 



Table 4. Results of short-term and long-term studies of toxicity and carcinogenicity and reproductive toxicity with aliphatic acetals, (o) 
00 

their metabolites, hydrolysis products and some related substances N 

Flavouring agent (No.) Species, sex No. of test groups• I Route Length NOEL (mg/kg Reference 
no. per groupb (days) bw per day) 

1, 1-Dimethoxyethane (940) 
Acetaldehyde Rat, M,F 6/20 Oral 28 120 Til et al. (1988) 
Acetaldehyde Rat, M,F NR Oral 150-180 0.5 Amirkhanova & Latypova 

(1967) 
Formic acid Rat, M,F 4/11 Oral 730 200 Malorny (1969) 
Formic acid Rat, NR 1/4 Oral 105 90-160 Sol mann (1921) 

2/6 
2/3 

Acetal (941) 
Ethanol Rat, M 1/6 Oral 42 25 000 Fernandez-Checa et al. 

(1987) 
Acetaldehyde Rat, M,F 6/20 Oral 28 120 Til et al. (1988) 
Acetaldehyde Rat, M,F NR Oral 150-180 0.5 Amirkhanova & Latypova 

(1967) 
Heptanal dimethyl acetal (943) 

1-Hexanol Dog, M,F 1/4 Oral 91 200 Eibert (1992) 
Heptanol Rabbit, NR 3/6 Gavage 180 1.4 Voskoboinikova (1966) 
1-Hexanol Rat, M,F 3/10 Oral 91 1 200 Eibert (1992) 

Octanal dimethyl acetal (942) :a:. 
Oct anal Rat, M,F 1/24 Oral 84 12 Trubek Laboratories Inc. r-

=ti (1958) il: 2,6-Nonadienal diethyl acetal (946) :::! 
trans,trans-2,4-Decadienal Rat, M,F 1/30 Oral 90 34 Damske et al. (1980) (") 

1/22 :a:. 
(") 

1/18 Ill 
);! 
r-
(/) 



Table 4 (contd) :r:. ..... 
~ 

Flavouring agent (No.) Species, sex No. of test groups• I Route Length NOEL(mg/kg Reference ~ 
no. per groupb (days) bw per day) ::::! 

() 

Decanal dimethyl acetal (945) 
:r:. 
~ Dec anal Rat, M,F 1/24 Oral 84 7 Trubek Laboratories Inc. );! 

(1958a) ..... 
Decanoic acid Rat, M,F 1/10 Oral 150 5 000 Mori (1953) (/) 

Citral diethyl acetal (948) Rat, M,F 1/21 Oral 84 56 Trubek Laboratories Inc. 
(1958b) 

Citral Rat, M,F 3/20 Oral 91 500 Hagan et al. (1967) 
Citral Rat, F 3/30 Oral 34 50 (Fo) Hoberman et al. (1989) 

160 (F1) 

Geranyl acetate Rat, M,F 5/20 Gavage 721 1 400 National Toxicology 
Program ( 1987) 

Geranyl acetate Mouse, M,F 5/20 Gavage 721 710 National Toxicology 
Program (1987) 

Acetaldehyde ethyl cis-3-hexenyl acetal (943) 
cis-3-Hexen-1-ol Rat, M,F 3/30 Oral 98 130 (M) Gaunt et al. (1969) 

170 (F) 

Related compounds 
Acetaldehyde Rat, M,F 6120 Oral 28 120 Til et al. (1988) 
Acetaldehyde Rat, M,F NR Oral 150-180 0.5 Amirkhanova & Latypova 

(1967) 
cis-3-Hexen-1-ol Rat, M,F 3/30 Oral 98 120-150 Gaunt et al. (1969) 
Citral Rat, M,F 3/20 Oral 91 500 Hagan et al. (1967) 
Geranyl acetate Rat, M,F 5/20 Gavage 91 1 400 National Toxicology 

Program (1987) 

w 
(I) 
w 



Table 4 (contd) (,) 
co ..,. 

Flavouring agent (No.) Species, sex No. of test groupsa I Route Length NOEL (mg/kg Reference 
no. per groupb (days) bw per day) 

Geranyl acetate Mouse, M,F 5/20 Gavage 91 710 National Toxicology 
Program (1987) 

Decanoic acid Rat, M,F 1/10 Oral 150 5 000 Mori (1953) 
Decanal Rat, M,F 1/24 Oral 84 7 Trubek Laboratories Inc. 

(1958a) 
2,6-Dimethylhept-5-en-1-al Rat, M,F 3/30 Oral 90 37 Gaunt et al. (1983) 
Ethanol Rat, M 1/6 Oral 42 25 000 Fernandez-Checa et al. 

(1987) 
Methanoic acid Rat, M,F 4/11 Oral 730 200 Malorny (1969) 
Methanoic acid Rat, NR 1/4 Oral 105 90-160 Solmann (1921) 

2/6 
2/3 

Hexanal Rat, M,F 4/20 Oral 28 120 Komsta et al. (1988) 
Heptanol Dog, M,F 1/4 Oral 91 200 Eibert (1992) 
Heptanol Rabbit, NR 3/6 Gavage 180 1.4 Voskoboinikova (1966) 
Heptanol Rat, M,F 3/10 Oral 91 1 200 Eibert (1992) 
Octanal Rat, M,F 1/24 Oral 84 12 Trubek Laboratories Inc. 

(1958a) 

NR, not reported; M, male; F, female; F0 , dam; F1o offspring 

:t. 
r-
ii 
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Groups of 12 male and 12 female rats were maintained for 86 days on diets 
containing a mixture of aldehydes: C-8, octanal (4 ppm); C-9, nonanal (9 ppm); 
C-10, decanal (2.2 ppm); C-11, (6 ppm); C-12, (6 ppm); C-12 (6 ppm); and methyl 
nonyl acetaldehyde (8 ppm). The diet was calculated to provide an average daily 
intake of 112 mg/kg bw of the aldehyde mixture for 12 weeks. Controls were 
maintained on an unsupplemented diet. After 12 weeks, urine samples were 
examined for the presence of glucose and albumin, and blood was analysed for 
haemoglobin. At necropsy, the liver and kidney were weighed and examined 
histologically. Measurements of growth, food intake, efficiency of food use, 
haematological examinations, urine analyses, liver and kidney weights, and 
histological examination of liver and kidney provided no evidence of toxicity (Trubek 
Laboratories Inc., 1958b). 

No adverse effects were reported in rabbits given 1-heptanol (a metabolite of 
heptanal) at a dose of 1.4 mg/kg bw per day by gavage for 6 months. In the same 
study, a mixture of 1-hexanol, heptanol, octanol (a metabolite of octanal), and IM-68 
(a mixture of these three alcohols) was administered by gavage to mice for 1 month, 
providing doses of 200, 150, 180, and 230 mg/kg bw per day, respectively. No 
cumulative effects were seen (Voskoboinikova, 1966). 

Ten albino male and female rats of mixed strain, weighing 50-80 g, were fed a 
rice diet containing decanoic acid (a metabolite of decanal) at a concentration of 
1 0%, calculated to provide an average daily intake of 5000 mglkg bw, for 150 days. 
After treatment, the animals were killed and their stomachs were examined for gross 
lesions. The author reported no remarkable changes either in the forestomach or 
glandular stomach (Mori, 1953). 

a,f3-Unsaturated aldehyde metabolites 
2,6-Nonadienat. Although no short-term studies of toxicity have been identified 

for the acetal metabolite 2,6-nonadienal, results have been reported for the 
structurally similar compounds, trans,trans-2,4-decadienal, trans-2-cis-6-dodeca
dienal, and trans-2-cis-4-cis-7 -tridecatrienal. No adverse effects were reported when 
rats were maintained for 13 weeks on diets containing trans,trans-2,4-decadienal at 
3.4, 11, or 34 mglkg bw per day (Damske et al., 1980). The dose of 34 mg/kg bw per 
day is > 1 000 times the combined total daily per capita intake ('eaters only') of 
11 11g/kg bw per day for the 10 aliphatic acetals used as flavouring agents in the 
USA. The large margin of safety would accommodate any anticipated difference in 
toxicity between the aliphatic acetals and their component aldehydes. 

Branched-chain aliphatic aldehyde metabolites 
Citra!: No adverse effects were reported when citral was added to the diet of rats 

at concentrations up to 10 000 mg/kg for 13 weeks (Hagan et al., 1967). The 
concentration was calculated to result in an average daily intake of 500 mg/kg bw 
(Food & Drug Administration, 1993). The NOEL of 500 mg/kg bw per day is> 1 0 000 
times the combined total daily per capita intake ("eaters only") of 11 11g/kg bw for the 
10 aliphatic acetals used as flavouring agents in the USA. The large margin of 
safety would accommodate any anticipated difference in toxicity between the aliphatic 
acetals and their component aldehydes. 
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(c) Long-term studies of toxicity and carcinogenicity 

No long-term studies of toxicity and carcinogenicity have been reported for the 
1 0 aliphatic aceta is in this group of flavouring agents. However, a 2-year bioassay 
was performed on a substance structurally related to citra!, an aldehyde formed by 
hydrolysis of its corresponding acetal. Citra! is a mixture of geranial and a minor 
amount of neral. As geraniol and its acetate ester are metabolic precursors of geranial, 
they are structurally related to citra!. The acetate ester of genaniol is expected to be 
hydrolysed rapidly to geraniol (Grundschober, 1977; Langland et al., 1977) and 
then be oxidized to geranial in vivo. A mixture of geranyl acetate (71 %) and citronellyl 
acetate (29%) was administered to groups of mice and rats by gavage at multiple 
doses, 5 days per week for 103 weeks. No significant toxic or carcinogenic effects 
were reported when the mixture was administered at a dose of 1 000 or 2000 mg/kg 
bw per day to mice and rats, respectively, corresponding to calculated doses of 71 0 
and 1400 mg/kg bw per day for geranyl acetate, respectively, representing 71% of 
the administered dose, which is the fraction of geranyl acetate contained in the 
mixture (National Toxicology Program, 1987). 

(d) Genotoxicity 

Although no studies of genotoxicity have been reported with aliphatic acetals, 
several studies were conducted with their component alcohols and aldehydes. The 
results of these tests are summarized in Table 5 and described below. 

(i) In vitro 

Acetaldehyde: Acetaldehyde did not cause reverse mutation in the Salmonella/ 
mammalian microsome assay with S. typhmiurium strains TA97, TA98, TA100, 
TA 1535, and TA 1537 with and without metabolic activation (Mortelmans et al., 1986). 
Acetaldehyde was reported to be mutagenic in mouse lymphoma cells with and 
without metabolic activation (Wangenheim & Bolcsfoldi, 1988). It did not cause 
chromosomal aberrations in normal human lymphocytes, but positive results were 
found in lymphocytes from a patient with Fanconi anaemia (Obe et al., 1979). 
Acetaldehyde increased the frequency of sister chromatid exchange in adult human 
lymphocytes and peripheral lymphocytes (He & Lambert, 1985; Norppa et al., 1985); 
however, aldehydes are rapidly oxidized to the corresponding acids and have a 
short plasma-life, and these important conditions that hold in vivo are difficult to 
establish in vitro. 

Ethanol: Ethanol was not mutagenic in L5178Y mouse lymphoma cells with or 
without metabolic activation (Wangenheim & Bolcsfoldi, 1988). 

Heptanal, octanal, and nonanal: The homologous series of aliphatic aldehydes 
did not induce reverse mutation inS. typhimurium strains (e.g., TA98, TA 100, TA1 02, 
TA104, TA1535, TA1537, and TA1538) with or without metabolic activation (Florin 
et al., 1980; Marnett et al., 1985; Mortelmans et al., 1986; Zeiger et al., 1992) when 
concentrations of up to 3333 ~g/plate were used in standard (Florin et al., 1980) 
and preincubation (Marnett et al., 1985; Mortelmans et al., 1986; Zeiger et al., 1992) 
protocols. No gene mutation was induced in a variation on the standard assay, with 
preincubation and metabolic activation (Mortelmans et al., 1986). 



Table 5. Results of studies of the genotoxicity of metabolites of aliphatic aceta/s ~ ,.... 

Substance End-point Test system Concentration Results Comments Reference 
~ s 
::::! 

In vitro () 

~ 
Acetaldehyde Reverse mutation S. typhimuriumTA97, TA98, 10 mg/plate Negative Assay performed Mortelmans et al. () 

(preincubation) TA100, TA1535,TA1537 with and without S9 (1986) I'll 
);! 

Acetaldehyde Chromosomal aberration Human lymphocytes 0.002% (v/v) Negative Positive results with Obe et al. (1979) ,.... 
lymphocytes from (/) 

patient with Fanconi 
anaemia 

Acetaldehyde Sister chromatid Human lymphocytes 2.4 mmoi/L Positive Cells exposed for He & Lambert 
exchange various times in (1985) 

various phases of 
cell cycle 

Acetaldehyde Sister chromatid Human lymphocytes 2 mmoi/L Positive Abstract Norppa et al. 
exchange (1985) 

Acetaldehyde Mutation L5178Y mouse lymphoma 8.0 x 10-3 moi/L Positive Assay performed Wangenheim & 
cells without S9 Bolcsfoldi (1988) 

Ethanol Mutation L5178Y mouse lymphoma 7.4 x 10-1 moi/L Negative Assay performed Wangenheim & 
cells with and without S9 Bolcsfoldi (1988) 

Heptanal Reverse mutation S. typhimurium TA98, TA100, 3 llmol/plate Negative Assay performed Florin et al. (1980) 
(spot test) TA1535,TA1537 with and without S9 

Heptanal Reverse mutation S. typhimurium TA97, TA98, 1-3300 j.tg/plate Negative Assay performed Zeiger et al. (1992) 
(preincubation) TA100, TA1535, TA1537 with and without S9 

Octanal Reverse mutation S. typhimuriumTA98, TA100, 3 j.tmol/plate Negative Assay performed Florin et al. (1980) 
(spot test) TA1535, TA1537 with and without S9 

Nonanal Reverse mutation S. typhimurium TA98, TA 100, 3j.tmol/plate Negative Assay performed Florin et al. (1980) 
(spot test) TA1535,TA1537 with and without S9 

Nonanal Sister chromatid Female Fischer 344 rat 0.1-100 j.tmoi/L Positive No dose-response Eckl et al. (1993) 
exchange hepatocytes relationship 

Nonanal Unscheduled DNA Adult human and rat 3-1 00 mmoi/L Negative 20-h exposure Martelli et al. (1994) 
synthesis hepatocytes w 

co ...... 



Table 5 (contd) (,) 
CD 
CD 

Substance End-point Test system Concentration Results Comments Reference 

In vitro 
Nonanal Gene mutation S. typhimurium TA98, TA100, 1-670 1-!g/plate Negative Assay performed Mortelmans et al. 

(preincubation) TA1535 with 89 (1986) 
Nonanal Reverse mutation (liquid S. typhimurium TA 102, ::; 1 mg/plate Negative Marnett et al. 

preincubation) TA104 (1985) 
Nonanal Micronucleus formation Female Fischer 344 rat 0.1-1001-!moi/L Negative Esterbauer et al. 

hepatocytes (1990) 
Nonanal Micronucleus formation Female Fischer 344 rat 0.1-1001-!moi/L Negative Eckl et al. (1993) 

hepatocytes 
Nonanal Chromosomal aberration Female Fischer 344 rat 0.1-100 1-1M Negative Esterbauer et al. 

hepatocytes (1990) 
Nonanal Chromosomal aberration Female Fischer 344 rat 0.1-100 1-1M Negative Eckl et al. (1993) 

hepatocytes 
Decanoic acid Reverse mutation S. typhimurium TA97, TA98, 0.05 ml/plate Negative Assay performed Zeiger et al. (1988) 

(preincubation) TA100, TA1535, TA1537 with and without 89 
Octanoic acid Reverse mutation S. typhimurium TA97, TA98, 0.05 ml/plate Negative Assay performed Zeiger et al. (1988) 

(preincubation) TA100,TA1535, TA1537 with and without 89 
Citral Reverse mutation S. typhimurium TA92, 0.1 mg/plate Negative Assay performed lshidate et al. 

(preincubation) TA1535, TA100, TA1537, with and without 89 (1984) 
TA94, TA98 

Citral Reverse mutation S. typhimurium TA 100 NR Negative Assay performed Eder et al. (1982) 
(preincubation) with and without 89 :t. 

Citral Reverse mutation S. typhimurium TA 100 NR Negative Assay performed Lutz et al. (1982) ..... 
=a (preincubation) with and without 89 5; 

Citral Reverse mutation S. typhimuriumTA98, TA100, 160 1-1g/plate Negative Assay performed Zeiger et al. (1987) :::! 
(preincubation) TA1535, TA1537 with and without 89 (") 

Citral Reverse mutation S. typhimurium (strains not NR Negative Assay performed National Toxicology :t. 
(") 

(preincubation) specified) with89 Program (1983) h1 
Citra I Mutation Escherichia coli WP2 uvrA 0.1 mg/plate Negative Japanese article, Yoo (1986) i;! 

(trp-) English summary 
..... 
f/) 

and tables 



Table 5 (contd) :to .... 
Substance End-point Test system Concentration Results Comments Reference 

=ti 
~ 
:::::! 

In vitro (') 

:to 
Citra I Gene mutation Bacillus subtilis M45 and 17 IJ.g/disc Negative Japanese article, Oda et al. (1979) ~ H17 rec English summary );! 

and tables .... 
Citral Gene mutation B. subtilis M45 and H17 rec 2.51J.I/disc Positive Japanese article, Yoo (1986) Cll 

English summary 
and tables 

Citral Chromosomal aberration Chinese hamster fibroblasts 0.03 mg/ml Negative Assay performed lshidate et al. 
with and without S9 (1984) 

Citra I Chromosomal aberration Chinese hamster fibroblasts 30 IJ.g/ml Negative Assay performed lshidate (1988) 
without S9 

In vivo 
Acetaldehyde Reciprocal translocation Drosophila melanogaster 0.05 ml/vial Negative Administered orally Woodruff et al. 

(1985) 
Acetaldehyde Sex-linked recessive D. melanogaster 0.05 ml/vial Negative Administered orally Woodruff et al. 

lethal mutation (1985) 
Acetaldehyde Sex-linked recessive D. melanogaster 0.31J.I Positive Administered by Woodruff et al. 

lethal mutation injection (1985) 
Acetaldehyde Sister chromatid Chinese hamster bone- 0.5 mg/kg bw Positive Administered by Korte & Obe (1981) 

exchange marrow cells intraperitoneal injection 
Acetaldehyde Sister chromatid Mouse bone-marrow cells 20% (v/v) Positive Administered by Obe et al. (1979) 

exchange intraperitoneal injection 
Ethanol Chromosomal aberration Chinese hamster peripheral 10% (v/v) Negative Given in drinking- Korte & Obe (1981) 

lymphocytes water for 46 weeks 
Ethanol Sister chromatid Chinese hamster bone- 10% (v/v) Negative Given in drinking- Korte & Obe (1981) 

exchange marrow cells water for 46 weeks 
Ethanol Sister chromatid Mouse bone-marrow cells 1.0 ml of 1 Q-4% Positive Administered by Obe et al. (1979) 

exchange (v/v) intraperitoneal injection Co) 
a> 
CD 
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There was no evidence of unscheduled DNA synthesis when rat or human 
hepatocytes were incubated with nonanal at concentrations up to 100 mmoi/L (Martelli 
et al., 1994). In standard assays, no significant increase in the frequency of 
chromosomal aberrations was reported when concentrations of nonanal up to 
100 f..lmoi/L (16 200 ug/plate) were incubated with primary hepatocytes from Fischer 
344 rats. No increase in the mitotic index or the frequency of micronuclei was seen 
when nonanal at 16 200 f..lg/plate was incubated with freshly prepared rat hepatocytes 
(Esterbauer et al., 1990; Eckl et al., 1993). Nonanal induced a significant increase 
in the incidence of sister chromatid exchange in rat hepatocytes, but there was no 
dose-response relationship (Eckl et al., 1993). 

Decanal and octanal metabolites: Decanoic acid and octanoic acid (metabolites 
of decanal and octanal, respectively) did not induce reverse mutation in S. 
typhimurium strains TA97, TA98, TA100, TA1535, and TA1537 in the presence or 
absence of an exogenous metabolic activation system from the livers of Aroclor
induced male Sprague-Dawley rats and Syrian hamsters (Zeiger et al., 1988}. 

Citra/: Citral induced mutation in Bacillus subti/is strains M45 and H 17 at a 
concentration of 2.5f..ll (Yoo, 1986); but no effect was seen with a concentration of 
17 f..lg/disc (Oda et al., 1979). Citral was not mutagenic in Escherichia coli when 
tested at concentrations of 0.013-0.1 mg/plate (Yoo et al., 1986). Furthermore, it 
did not induce chromosomal aberrations in a Chinese hamster fibroblast cell line or 
reverse mutations in S. typhimufium strains TA92, TA94, TA98, TA 100, TA 1535, 
and TA1537, with and without metabolic activation (Eder et al., 1982; Lutz et al., 
1982; lshidate et al., 1984; Zeiger et al., 1987; lshidate, 1988). It was also inactive 
inS. typhimurium (strains not specified) with metabolic activation (no further details 
provided) (National Toxicology Program, 1983}. 

(ii) In vivo 

Acetaldehyde: Acetaldehyde did not cause reciprocal translocations or sex-linked 
recessive lethal mutation in germ cells of Drosophila melanogaster after oral 
administration; however, it induced sex-linked recessive lethal mutation when 
administered by injection (Woodruff et al., 1985). 

Acetaldehyde administered by intraperitoneal injection to mice and hamsters 
induced sister chromatid exchange in bone-marrow cells (Obe et al., 1979; Korte & 
Obe, 1981). 

Ethanol: Ethanol provided in the drinking-water of Chinese hamsters for 46 weeks 
at a concentration of 10% (v/v) did not induce chromosomal aberrations or sister 
chromatid exchange in peripheral lymphocytes or bone-marrow cells, respectively 
(Korte & Obe, 1981 ); however, sister chromatid exchange was induced in a study in 
which 1.0 ml ethanol was administered by intraperitoneal injection at a concentration 
of 1Q-4% (v/v) (Obe et al., 1979}. 

(iii) Conclusion 

On the basis of the results of the studies of genotoxicity, the Committee concluded 
that this group of aliphatic acetals is not genotoxic in vivo. 
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(e) Reproductive toxicity 

Citra/ 
Groups of 30 rats were given citral at a dose of 0, 50, 160, or 500 mg/kg bw per 

day for 2 weeks before mating through to day 20 of gestation. The fetuses were 
removed surgically from half of the rats on day 20 of gestation, while the other half 
remained on the citral diet until 21 days after parturition, the offspring thus being 
exposed to citral during lactation. Dose-related increases in maternal mortality rates, 
adverse clinical signs, and reductions in body-weight gain and feed consumption 
were reported at the two higher doses. No effects on estrous cycling, mating, fertility, 
or length of gestation were reported at any dose. A statistically significant decrease 
in pup body weight at birth was found at the highest dose. The NOEL for dams was 
50 mg/kg bw per day, and that for the offspring was 160 mg/kg bw per day (Hoberman 
et al., 1989). 

Citra/ diethyl acetal 
In a screening study, groups of 10 female Sprague-Dawley rats were given the 

acetal orally by gavage at a dose of 120, 250, or 500 mg/kg bw per day for 7 days 
before cohabitation and then throughout cohabitation, gestation, parturition, and a 
4-day lactation postpartum, for a total of 39 days. Measurements of body weight 
and food consumption, clinical observations, and gross examination of dams and 
pups killed at the end of the study gave NOELs of 120 mg/kg bw per day for maternal 
toxicity and 250 mg/kg bw per day for reproductive and developmental toxicity 
(Vollmuth et al., 1990). 

Four groups of 1 0 virgin Crl CD rats were given an acetal formed from ethanol 
and a mixture of geranial (> 90%) and neral (> 1 0%) at a dose of 0, 125, 250, or 
500 mg/kg bw per day by gavage once daily, 7 days before cohabitation and 
throughout cohabitation (maximum of 7 days), gestation, parturition, and a 4-day 
post-partum period, for a total of 39 days. The dams were monitored twice daily, 
and body weights, food consumption, duration of gestation, and fertility parameters 
(mating, fertility, and gestation indexes, number of offspring per litter) were measured. 
The offspring were observed daily for clinical signs, examined for gross external 
malformations, and weighed. The NOEL for both maternal and developmental toxicity 
was 500 mg/kg bw per day (Vollmuth et al., 1990). 
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1. EXPLANATION 

Certain chlorinated propanols occur as contaminants in hydrolysed vegetable 
proteins. Processing of defatted vegetable proteins by traditional hydrochloric acid 
hydrolysis leads to the formation of 3-chloro-1 ,2-propanediol and 1 ,3-dichloro-2-
propanol. These two compounds were evaluated by the Committee at its forty-first 
meeting (Annex 1, reference 107), when it concluded that 3-chloro-1 ,2-propanediol 
is an undesirable contaminant in food and considered that its concentration in 
hydrolysed proteins should be reduced to the lowest level technically achievable. 
Since that time, new data have become available, and the Codex Committee on 
Food Additives and Contaminants asked the Expert Committee to re-evaluate 3-
chloro-1 ,2-propanediol. 

2. BIOLOGICAL DATA 

2. 1 Biochemical aspects 

2. 1.1 Absorption, distribution, and excretion 

3-Chloro-1 ,2-propanediol crosses the blood-testis barrier and the blood-brain 
barrier and is distributed widely in the body fluids (Edwards et al., 1975). The 
compound has been found to accumulate in the cauda epididymis of rats and to a 
lesser extent in that of mice, as observed by autoradiography (Crabo & Appelgren, 
1972). This finding was disputed by Jones et al. (1978), who did not observe tissue
specific retention of radiolabel in rats given [36CI]3-chloro-1 ,2-propanediol 
intraperitoneally at a dose of 100 mg/kg bw. Neither 3-chloro-1 ,2-propanediol nor its 
metabolite ~-chlorolactate accumulated in tissues. 

Male Wistar rats given a single intraperitoneal injection of [1 4C]3-chloro-1 ,2-
propanediol at a dose of 1 00 mg/kg bw exhaled 30% of the dose as 14C02 and 
excreted 8.5% unchanged in the urine after 24 h (Jones, 1978). In another study, in 
which rats received a single intraperitoneal injection of[36CI]3-chloro-1 ,2-propanediol 
at a dose of 100 mg/kg bw, 23% of the radiolabel was recovered in the urine as~
chlorolactate (Jones et al., 1978). 

2.1.2 Biotransformation 

3-Chloro-1 ,2-propanediol is detoxified by conjugation with glutathione, yielding 
S-(2,3-dihydroxypropyl)cysteine and the corresponding mercapturic acid, N-acetyi
S-(2,3-dihydroxypropyl)cysteine (Jones, 1975). The compound also undergoes 
oxidation to ~-chlorolactic acid and further to oxalic acid (Jones & Murcott, 1976). 
An intermediate metabolite, [3-chlorolactaldehyde, may also be formed, as traces 
have been found in the urine in rats (Jones et al., 1978). The intermediate formation 
of an epoxide has been postulated but not proven (Jones, 1975). 

There is ample evidence that the microbial enzymes halohydrin dehalogenases 
can dehalogenate haloalcohols to produce glycidol (van den Wijngaard et al., 1989), 
a known mutagen in Salmonella typhimurium tester strains (Zeiger et al., 1988) and 
a genotoxin in vitro and in vivo (National Toxicology Program, 1990). In a review of 
the metabolism of 3-chloro-1 ,2-propanediol, Lynch et al. (1998) concluded that the 
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main metabolic route in mammals is formation of ~-chlorolactate and oxalic acid, 
while many bacteria metabolize 3-chloro-1 ,2-propanediol primarily via glycidol. 

2.1.3 Effects on enzymes and other biochemical parameters 

The activity of all glycolytic enzymes in the epididymal and testicular tissue of 
rats was reduced when they were given a daily subcutaneous injection of 3-chloro-
1 ,2-propanediol at a dose of 6.5 mg/kg bw tor 9 days (Kaur & Guraya, 1981 a). It has 
been suggested that the mechanism is inhibition of glyceraldehyde 3-phosphate 
dehydrogenase and triosephosphate isomerase by the ~-chlorolactate metabolite 
(Mohri et al., 1975; Suter et al., 1975; Jones & Porter, 1995; Lynch et al., 1998). 

Incubation of ram sperm with 3-chloro-1 ,2-propanediol in vitro inhibited the 
glycolysis of spermatozoa (Brown-Woodman et al., 1975), possibly by indirect 
inhibition of glyceraldehyde-3-phosphate dehydrogenase (Mohri et al., 1975; Suter 
et al., 1975). The decrease in the activity of spermatozoan glycolytic enzymes was 
suggested to be a result of an altered epididymal milieu (Kaur & Guraya, 1981 b). 

The inhibition of spermatozoan glycolysis by 3-chloro-1 ,2-propanediol (and/or 
its metabolites) resulted in reduced sperm motility (Jones, 1983). The inhibition was 
reversible and has been attributed to the S-enantiomer of the substance (Porter & 
Jones, 1982; Stevenson & Jones, 1984; Dobbie et al., 1988; Jones & Porter, 1995; 
Jones & Cooper, 1999). In addition, 3-chloro-1 ,2-propanediol decreased testosterone 
secretion in cultured Leydig cells from rats (Paz et al., 1985). 

Rats receiving 3-chloro-1 ,2-propanediol at a dose of 6.5 mg/kg bw per day for 
9 days had significantly decreased (p < 0.05) levels of RNA and protein in the testis 
and epididymis, and these changes were parallelled by increases in the 
concentrations of proteinase and ribonuclease. The DNA content was unchanged 
(Kaur & Guraya, 1981 c). 

Increased blood urea nitrogen and serum creatinine concentrations, chronic 
progressive nephropathy, and renal tubule-cell lesions-all indicative of overt 
nephrotoxicity-were generally seen at doses somewhat higher than those that 
caused testicular and epidydimal effects. The nephrotoxicity was associated with 
the R-enantiomer of 3-chloro-1 ,2-propanediol (Porter & Jones, 1982; Dobbie et al., 
1988; Jones & Cooper, 1999). 

2.2 Toxicological studies 

2.2.1 Acute toxicity 

The LD50 of 3-chloro-1 ,2-propanediol in rats treated orally was reported to be 
150 mg/kg bw (Ericsson & Baker, 1970). 

2.2.2 Short-term studies of toxicity 

Rats 

Groups of eight male Fischer 344 rats were given a single subcutaneous injection 
of 3-chloro-1 ,2-propanediol at a dose of 75 mg/kg bw and killed after 24 h or 3, 8, 
25, or 75 days. A slight but significant (p< 0.05) increase in liver weight was observed 
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after 24 h but not at later sacrifices. Histologically, the hepatocytes showed mild-to
moderate cytoplasmatic swelling in the periportal area (Kiuwe et al., 1983). 

Intraperitoneal injection of 3-chloro-1 ,2-propanediol to male Sprague-Dawley 
rats at a single dose of 100 mg/kg bw caused increased diuresis for up to 15 days. 
Higher doses (not reported) caused aneuresis and death, and histological 
examination of the kidney showed acute glomerular nephritis. The type of kidney 
lesion was characteristic of oxalic acid poisoning, and crystals of calcium oxalate 
were seen in urine by microscopy. Oral treatment with 3-chloro-1 ,2-propanediol at 
10 mg/kg bw per day for 5 days did not increase diuresis (Jones et al., 1978). 

In another study, intraperitoneal injection of 3-chloro-1 ,2-propanediol at a dose 
of 100 or 120 mg/kg bw caused severe proteinuria and glucosuria in male Wistar 
rats. Oliguria and anuria were obseNed, and four of nine animals died. The five 
suNiving animals had decreased appetite and body weight, proteinuria, dose-related 
diuresis, and increased water intake (Morris & Williams, 1980). 

Testing of the (R)- and (S)-isomers of 3-chloro-1 ,2-propanediol, synthesized under 
laboratory conditions, showed that only the (R)-isomer induced diuresis and gluco
suria in rats (Porter & Jones, 1982; Dobbie et al., 1988; Jones & Cooper, 1999). 

Oxalic acid, a metabolite of 3-chloro-1 ,2-propanediol, appeared to play a important 
role in the development of kidney damage (Jones et al., 1979). Birefringent crystals 
characteristic of calcium oxalate seen in tubules at the cortico-medullary junction of 
rats 1 day after treatment with 3-chloro-1 ,2-propanediol at a single subcutaneous 
dose of 75 mg/kg bw were considered to be early morphological changes. On day 
75, focal tubule necrosis, regeneration, and tubule dilatation were obseNed in the 
kidney (Kiuwe et al., 1983). 

Groups of 20 Sprague-Dawley rats of each sex were given 3-chloro-1 ,2-
propanediol at a dose of 0, 30, or 60 mg/kg bw per day by gavage on 5 days per 
week for 4 weeks. Ten animals of each sex from each group were killed on day 2, 
and their blood was examined for clinical chemical parameters. On day 2, rats at the 
higher dose had increased serum alanine aminotransferase activity (males, p< 0.05; 
females, p < 0.001) and increased concentrations of creatinine (females, p < 0.001 ), 
urea, and glucose (females, p < 0.05). On day 25, the treated rats had increased 
alanine aminotransferase activity (males at the higher dose, p < 0.001; females at 
both doses, p < 0.001) and increased urea concentrations (males at the higher 
dose, p < 0.001; females at the higher dose, p < 0.05). Statistically significantly 
(p:::; 0.05) decreased values for haemoglobin concentration and erythrocyte volume 
fraction were found for both male and female treated rats. Female rats at the higher 
dose had a decreased erythrocyte count (p < 0.001 ). Treated rats had lower body
weight gain, which was statistically significant (statistics not reported) at termination 
of the study. After 2 days of treatment, the relative weight of the kidney was increased 
(p < 0.001) in males at the higher dose and in females at both doses, and on day 25, 
the relative weights of the kidney, liver, and testis (males at the higher dose) were 
significantly increased (p < 0.01 or 0.001) in treated rats. Histopathological 
examination revealed chronic progressive nephropathy in eight females at the higher 
dose and mild tubule dilatation in the testis of three males at the lower dose and 
seven at the higher dose. One male at the higher dose had severe atrophy of both 
testes (Marchesini & Stalder, 1983). 



3-CHLOR0-1,2-PROPANED/OL 405 

Groups of 20 Fischer 344 rats of each sex were given drinking-water containing 
3-chloro-1 ,2-propanediol at a concentration of 0, 1 00, 300, or 500 mg/L for 90 days, 
corresponding to average daily intakes of 9, 27, and 43 mg/kg bw for males and 11, 
31, and 46 mg/kg bw for females. Ten animals of each sex per group were killed 
after 30 days of treatment. Clinical chemical and haematological parameters were 
determined, and histopathological examinations were carried out on controls and 
rats at the highest dose. 

Slight anaemia (p < 0.05 or 0.001) was seen in females at the two higher doses 
after 30 days and in rats of each sex after 90 days of treatment (p < 0.05 or 0.01 ); 
however, there was no morphological evidence of impaired haematopoiesis or 
increased degradation of erythrocytes. A dose-dependent decrease (p < 0.01) in 
plasma creatinine concentration was seen in rats of each sex at the two higher 
doses after 30 days of treatment and in all treated groups at terminal sacrifice 
(p < 0.05 or 0.01 ). Serum phosphate concentrations were increased in male rats at 
the highest dose at the interim (p < 0.01) and terminal sacrifices (p < 0.05). A 
statistically significant (p < 0.01 ), dose-dependent increase in relative weights was 
found for the kidney and liver, and the increase in the relative kidney weight was 
significant at the lowest dose. Histopathological examination showed a lower 
incidence of crystalline precipitation in the kidneys of animals at the highest dose 
than in the controls. The livers of about half of the treated males were found to 
contain single hepatocytes with two or three nuclei after 90 days of treatment, and 
the epididymides of treated rats had an increased number of exfoliated spermatozoids 
(Marchesini et al., 1989). 

Primates 

Three of six male macaque monkeys (Macaca mulatta) given 3-chloro-1 ,2-
propanediol orally at a dose of 30 mg/kg bw per day for 6 weeks showed 
haematological abnormalities including anaemia, leukopenia, and severe 
thrombocytopenia (Kirton et al., 1970). The Committee noted that two of the affected 
monkeys died during the study due to bone-marrow depression. 

2.2.3 Long-term studies of toxicity and carcinogenicity 

Mice 

Fifty female CHR/Ha Swiss mice received 3-chloro-1 ,2-propanediol subcuta
neously at a dose of 1 mg/week for 580 days, and a second group of 50 mice 
received the compound dissolved in acetone by topical application at a dose of 
2 mg three times per week. No changes were observed in the group treated by 
dermal application, but local sarcomas were found at the site of injection in one 
dosed and one control mouse treated subcutaneously (Van Duuren et al., 1974). 

Rats 

Three groups of 26 male and female Charles River CD rats received 3-chloro-
1 ,2-propanediol at a dose of 0, 30, or 60 mg/kg bw by gavage twice weekly. After 
1 0 weeks, the doses were increased to 35 and 70 mg/kg bw. The animals were 
treated for 72 weeks, and the study was terminated after 2 years. Three parathyroid 
adenomas were found in male rats at the higher dose, but this finding was not 
statistically significant with respect to the control group. While the females showed 
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no signs of toxicity, male rats had a higher mortality rate than controls, and all treated 
males had severe testicular degeneration and atrophy (Weisburger et al., 1981 ). 

Four groups of 50 specific pathogen-free Fischer 344 rats of each sex, 5-6 weeks 
old at the start of the study, underwent an 11-day acclimatization period and then 
received drinking-water containing 3-chloro-1,2-propanediol (purity, 98%) at a 
concentration of 0, 20, 1 00, or 500 mg/L, equivalent to mean daily intakes of 0, 1.1, 
5.2, and 28 mg/kg bw per day for males and 0, 1.4, 7.0, and 35 mg/kg bw per day for 
females, for 1 04 weeks. Feed and water were provided ad libitum. The feed was 
certified laboratory chow, with contaminants within an acceptable range according 
to the Environmental Protection Agency of the USA. The test substance was stable 
in water for> 4 days, and it was prepared twice a week and tested once per group 
per week. The water contained a mean of 2. 7 mg/L of 3-chloro-1,2-propanediol, 
equivalent to an intake of 0.15 mg/kg bw per day for males and 0.19 mg/kg bw per 
day for females, determined once per week. 

The animals were examined daily for changes in health or behaviour. Food 
consumption was recorded weekly up to week 19 and body weight weekly up to 
week 20, and then both were recorded monthly; from week 88 to the end of the 
study, body weight was again recorded weekly. Water consumption was recorded 
weekly from start to week 20 of the study and fortnightly thereafter. Ophthalmological 
examinations were performed regularly. Haematological parameters and blood 
chemistry were evaluated in blood samples taken at weeks 1 03-1 05 from all surviving 
animals. All animals found dead, animals killed in extremis, and those killed at the 
end of the experiment were subjected to complete necropsy and histopathological 
examination. The liver, kidneys, spleen, pancreas, heart, adrenals, testis, epididy
mides, and brain were weighed. 

The body weights of rats at the highest dose were significantly (p < 0.05) reduced 
after the first week of treatment. At termination, the body weights of animals at the 
two higher doses were significantly reduced (p :s 0.05), with reductions of 33% in 
males and 35% in females at the highest dose. However, the mortality rate was 
unaffected by treatment: at terminal sacrifice, more than 42% of this group were still 
alive. The food and water intake of rats at the highest dose were significantly (p< 0.05) 
reduced. No treatment-related clinical signs were noted. The haematological and 
blood clinical chemical parameters varied considerably within groups, but no consis
tent, significant, dose-related effects were observed. The reduced body weights of 
rats at the two higher doses obviated a conclusion about an effect on organ weights. 
However, the body weights of animals at the lowest dose were unaffected, and 
males showed a significant (p < 0.05) increase in absolute kidney weight. Treatment
related pathological, hyperplastic and neoplastic findings are listed in Table 1. 

Chronic progressive nephropathy was found in all groups, and the incidence 
increased with dose, being significant at the two higher doses (p :s 0.05). Female 
rats were more severely affected than males. Significant correlations (p < 0.01) 
were found between the severity of nephropathy and the increase in incidence of 
renal tubule hyperplasia and renal adenoma (see below). Advanced chronic 
progressive nephropathy accounted for a significant (males) and dose-dependent 
(both sexes) rate of premature deaths (p < 0.005 for males and p < 0.10 for females). 
The treatment-related distribution of advanced chronic progressive nephropathy in 
rats of each sex was reflected in significant, dose-dependent increases in kidney 
weight (p < 0.05), serum creatinine concentration (p < 0.01 ), and blood urea nitrogen 
concentration (p < 0.01 ). Papilliform hyperplasia of the urothelium covering the renal 
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Table 1. Incidences of treatment-related pathological, hyperplas
tic, and neoplastic lesions in a 2-year study in rats with 3-chloro-
1 ,2-propanediol 

Organ and lesion Dose (mg/kg bw per day) 

Males o• 1.1 5.2 28 

Testis 
Leydig·cell hyperplasia 39/50 27/50* 4/50*** 0/50*** 
Leydig-cell adenoma 38/50 43/50* 50/50*** 4 7 /50* 
Leydig-cell carcinoma 0/50 0/50 0/50 3/50 

Mammary gland 
Glandular hyperplasia 2/45 6/48 24/47*** 43/49*** 
Fibroadenoma 0/45 0/48 2/47 1 0/49** 
Adenoma 0/45 0/48 1/47 1/49 
Adenocarcinoma 0/45 0/48 1/47 1/49 

Kidneys 
Nephropathy 36/50 40/50 45/50* 49/50*** 
Tubule hyperplasia 3/50 6/50 15/50** 34/50*** 
Tubule adenoma 0/50 0/50 1/50 5/50 

Pancreas 
Islet-cell hyperplasia 14/48 8/50 5/50* 1/48*** 
Islet-cell adenoma 16/48 9/50 7/50* 0/48*** 
Islet-cell carcinoma 8/48 0/50** 2/50* 0/48** 
Mixed adenoma 0/48 1/50 0/50 1/48 

Preputial glands b 

Adenoma 1/5 2/13 6/16 5/11 
Carcinoma 0/5 0/13 1/16 2/11 

Females o• 1.4 7.0 35 

Kidneys 
Nephropathy 24/50 23/50 42/50*** 48/50*** 
Tubular hyperplasia 2/50 4/50 20/50*** 31/50*** 
Tubular adenoma 0/50 1/50 0/50 9/50** 

From Sunahara et al. (1993) 
* Statistically significant at p < 0.05; ** statistically significant at p < 0.01; 

••• statistically significant at p < 0.001; pair-wise Fisher's test between 
treated and controls 

• Drinking-water of the control group contained 2.7 mg/L 3-chloro-1 ,2-
propanediol, equivalent to a daily intake of 0.15 mg/kg bw per day for 
males and 0.19 mg/kg bw per day for females 

b The preputial gland was not included in the protocol but was either found 
incidentally on skin sections or was collected at autopsy if it contained a 
visible nodule. As this organ was not examined in all animals, no mean
ingful statistical analysis of the tumour incidence could be conducted. 

407 

papilla was seen almost exclusively in animals at the two higher doses. Both the 
incidence and the severity of the lesions increased in a dose-dependent pattern. 
The incidence of papillary urothelial hyperplasia correlated to the severity of chronic 
progressive nephropathy. A dose-dependent increase in the frequency of epithelial 
single-cell degeneration was obseNed in the epididymides, which was significant at 
the two higher doses (p < 0.001 ). 

Dose-related alterations in the incidence of hyperplasia and/or tumours were 
observed in all groups, with increases in the kidney (tubule hyperplasia and 
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adenomas), the testis (Leydig-cell hyperplasia, adenomas and adenocarcinomas), 
mammary gland (males: fibroadenomas, adenomas, and adenocarcinomas), and 
preputial gland {adenomas and carcinomas), and decreases in the pancreas (males: 
hyperplasia, adenomas, and carcinomas) (see Table 1 ). The increased incidence of 
tubule hyperplasia in the kidneys of animals of each sex was the most sensitive 
end-point, as it was seen even at the lowest dose. Although it did not reach statistical 
significance at this dose (p = 0.073 for males and 0.099 for females), the Committee 
considered that it reflected a treatment-related, dose-dependent increase, which 
was highly significant (p < 0.0001) in a trend analysis. Nodular Leydig-cell hyperplasia 
was present in a high proportion of controls, and the incidence in treated animals 
decreased significantly in a dose-dependent pattern. 

When the incidences of nodular Leydig-cell hyperplasia, adenomas, and carcino
mas were combined for statistical analysis, no significant difference was found 
between groups. The Committee noted that the decreased frequency of hyperplasia 
might be associated with the concomitant increases in the incidences of adenomas 
and carcinomas, so that the effect would not be significant when all three were 
combined. When the incidences of preputial gland adenomas and carcinomas were 
combined for statistical analysis, the resulting increased incidence was significant 
at the two higher doses. The Committee noted that the report clearly stated that the 
preputial gland was not included in the standard protocol and was examined only 
when it was removed incidentally with other tissues or organs. Thus, few were 
investigated. When pancreatic hyperplasia and neoplastic lesions were combined 
for statistical analysis, the decrease in incidence was significant at all doses (p :s; 0.05). 

The authors concluded that treatment with 3-chloro-1 ,2-propanediol increased 
the incidences of renal and testicular Leydig-cell tumours. The renal tumours 
developed in a dose-dependent fashion in animals of each sex and were considered 
to be secondary to the treatment-related increase in the incidence of chronic 
progressive nephropathy. The treatment-related increase in the incidence and 
frequency of Leydig-cell tumours was considered to represent hormone-mediated 
promotion and was suggested to be associated with the treatment-related decrease 
in testosterone concentration and the increase in those of estradiol, prolactin, 
progesterone, and follicle-stimulating and luteinizing hormones. 3-Chloro-1 ,2-
propanediol also caused a dose-related increase in the incidence of mammary 
tumours in males, and this effect was considered to be secondary to the hormonal 
activity of functionally active Leydig-cell tumours, which were suggested to produce 
Jess androgen and more estrogen or progesterone. The Committee noted that the 
hormones mentioned were not measured in the study. In addition, the treatment 
caused a dose-related increase in the incidence of preputial gland tumours, which 
was suggested to be secondary to the disturbed endocrine balance of treated animals 
with large Leydig-cell tumours, analogous to the induction of mammary tumours 
(Sunahara et al., 1993). 

2.2.4 Genotoxicity 

The results of studies of genotoxicity with 3-chloro-1 ,2-propanediol are 
summarized in Table 2. 

A test for micronucleus formation in bone marrow in vivo was performed in 
Cri:HanWistBR rats according to a protocol conforming to OECD 474. The highest 
dose was determined from a range-finding study in which single oral doses of 
20-100 mg/kg bw were administered once daily for 2 days to groups of male and 
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female rats; doses ~ 60 mg/kg bw per day were severely toxic and caused some 
deaths. Male animals were used in the main study, as no substantial sex difference 
in toxicity was seen. Groups of six males were given 3-chloro-1 ,2-propanediol orally 
at a dose of 15, 30, or 60 mg/kg bw per day for 2 days. Piloerection was seen at the 
highest dose and was associated with a clear reduction in the ratio of polychromatic 
to normochromatic erythrocytes, indicating bone-marrow cytotoxicity and hence 
indicating that the substance and/or its metabolites had reached the bone marrow. 
There was no increase in the number of micronucleated polychromatic erythrocyte 
stem cells at any dose (2000 polychromatic erythrocytes scored per animal). 
Cyclophosphamide, used as the positive control, caused a clear increase in the 
number of micronuclei (Marshall, 2000). 

A test for unscheduled DNA synthesis was performed in male Han Wistar rats 
according to a protocol that conformed to OECD 486. The highest dose of 1 00 mg/kg 
bw was chosen on the basis of a study that had shown severe toxicity at an oral 
dose of 150 mg/kg bw. In the main study, a single oral dose of 40 or 1 00 mg/kg bw 
was administered to the animals, and hepatocytes were recovered for analysis of 
unscheduled DNA synthesis by autoradiography after 12-24 h (four animals per 
dose) and 2-4 h (five animals per dose). No signs of toxicity were seen at either 
dose, and no increase in unscheduled DNA synthesis was seen. The two positive 
control compounds, N-2-fluorenylacetamide and N-nitrosodimethylamine, both gave 
clear positive results (Fellows, 2000). 

2.2.5 Reproductive toxicity 

3-Chloro-1 ,2-propanediol has been reported to inhibit male fertility (Gunn et al., 
1969; Helal, 1982), although the effect was reversible (Ericsson & Youngdale, 1970; 
Jones, 1983). The mechanism of this activity of 3-chloro-1 ,2-propanediol is unknown, 
but its metabolites inhibit enzymes involved in spermatozoan glycolysis, reducing 
the motility of the spermatozoa (Jones, 1983). The inhibition of spermatozoan motility 
by 3-chloro-1 ,2-propanediol was suggested to be due in part to alkylation of cysteine 
(Kalla & Bansal, 1977). The compound also affects several enzymes of epithelial 
cells in the testis and caput epididymis, resulting in decreased glycolysis (Gill & 
Guraya, 1980). Only the (S)-isomer, synthesized under laboratory conditions, 
specifically inhibited glycolysis in boar sperm (Stevenson & Jones, 1984 ). 

3-Chloro-1 ,2-propanediol has two specific effects on the reproductive tract of 
male rats. These effects are dose-dependent and have been termed the 'high-dose 
effect' and the 'low-dose effect'. The 'high-dose effect', seen after a single intra
peritoneal injection of 75 mg/kg bw 3-chloro-1 ,2-propanediol, consisted of bilateral 
retention cysts or spermatocoele of the caput epididymis 5-7 days after treatment 
(Cooper & Jackson, 1973). Use of electron microscopy showed that administration 
of 3-chloro-1 ,2-propanediol by gavage at a dose of 140 mg/kg bw specifically affected 
the epithelia in the initial segment of the epididymis 2 h later. The cellular lesions 
were characterized by sloughing of the epithelium, which led to obstruction of the 
epididymal tract (Hoffer et al., 1973). The back-pressure of the testicular fluid caused 
oedema, inhibition of spermatogenesis, and atrophy of the testis (Jones, 1983). 
Histological examination of testes from rats given injections of 40 mg/kg bw per day 
for 20 days revealed total inhibition of spermiogenesis due to degeneration and 
disappearance of the spermiogonia from the tubules. Proliferation of the epithelial 
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Table 2. Results of assays for genotoxicity with 3-ch/oro-1,2-propanedio/ 

End-point Test object Concentration 

In vitro 
Reverse mutation S. typhimurium 2-200 J.Lmol/plate 

TA1535 0.2-22 mg/plate 
Reverse mutation S. typhimurium 2-200 J.Lmol/plate 

TA1537, TA1538, 0.2-22 mg/plate 
TA98 

Reverse mutation S. typhimurium 
TA100,TA1535 

Reverse mutation S. typhimurium 
TA98 

Reverse mutation S. typhimurium 
TA100,TA1535 

Reverse mutation S. typhimurium 
TA97 

Reverse mutation S. typhimurium 
TA98 

Reverse mutation S. typhimurium 
TA100 

Reverse mutation S. typhimurium 
TA100 

10-1 000 J.Lmol/plate 
1.1-110 mg/plate 
1 OQ-1 000 ~-tmol/plate 
11-110 mg/plate 
0.1-10 mg/plate 

0.1-10 mg/plate 

0.1-1 0 mg/plate 

NR 

0.01-1.25 mg/plate 

Reverse mutation S. typhimurium 0.01-1.25 mg/plate 
TA677,TA98 

Mutation E. coli WP2, 2-200 J.Lmol/plate 
TM930, TM1 080 0.2-22 mg/plate 

Mutation E. coli WP2, 2-200 J.Lmol/plate 
TM930, TM1 080 0.2-22 mg/plate 

Forward mutation Schizosaccha- 100-300 mmoi/L 
romyces p/ombe 11-33 mg/ml 

Gene mutation Mouse lymphoma 2-9 mg/ml 
cells, Tk locus 

Mutation Hela cells NR 

Mutation 

Sister chromatid 
exchange 
Gene mutation 

Mouse fibroblasts,0.1-2 mg/ml 
M2 clone 
Chinese hamster 0.7-2.8 mg/ml 
V79 cells 
Chinese hamster 0.3-70 mmoi/L 
V79 cells, hprt 0.033-7.7 mg/ml 
locus 

Results 

Positive• 

Negative• 

Reference 

Silhankova et al. 
(1982) 
Silhankova et al. 
(1982) 

Positive• Stolzenberg & 
Hine (1979, 1980) 

Negativeb Stolzenberg & 
Ouestionablec Hine (1979) 
Positive• 

Negativeb 
Not testedc 
Negativeb 
Positive0 

Negativeb 
Not testedc 
Positive• 

Negativeb 
Positivec 
Negative• 

Negative• 

Negativeb 
Positivec 
Positiveb 
Negativec 
Negative• 

Positive 

Positive• 

Zeiger et al. 
(1988) 
Zeiger et al. 
(1988) 
Zeiger et al. 
(1988) 
Majeska & 
Matheson (1983) 
Ohkubo et al. 
(1995) 
Ohkubo et al. 
(1995) 
Silhankova et al. 
(1982) 
Ohkubo et al. 
(1995) 
Rossi et al. 
(1983) 
Henderson et al. 
(1987) 
Painter & 
Howard (1982) 
Piasecki et al. 
(1990) 
May (1991) 

Ouestionabled Garlitz (1991) 

In vivo 
Dominant lethal 
mutation 

ICR/Ha Swiss 
mice 

125 mg/kg bw intra- Negative 
peritoneally or 20 mg/ 

Epstein et al. 
(1972) 

Somatic mutation 

Dominant lethal 
mutation 

kg bw per day orally 
for 5 days 

Drosophila meta- 0.005-1.1 mg/ml 
nogaster (wing 
spot test) 
Male mice 5, 1 0 mg/kg bw per 

day orally for 5 days 

Negative 

Negative 

Frei & WOrgler 
(1997) 

Jones et al. 
(1969) 
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Table 2 (contd) 

End-point Test object 

Dominant lethal Male Wistar rats 
mutation 

Micronucleus OF1 mice, bone 
formation marrow 

Micronucleus Male Han Wistar 
formation rats 
Unscheduled Male Han Wistar 
DNA synthesis rats 

NR, not reported 

Concentration Results 

5,1 0, 20 mg/kg bw Negative 
per day orally for 5 
days 
40-120 mg/kg bw Negative 

15, 30, 60 mg/kg bw Negative 
per day for 2 days 
40, 100 mg/kg bw Negative 

411 

Reference 

Jones & Jackson 
(1976) 

Jaccaud & 
Aeschbacher 
(1989) 
Marshall (2000) 

Fellows (2000) 

• With and without an exogenous metabolic activation system from rodent liver (89) 
b With 89 
c Without 89 
d Weak mutagenic effect only at toxic concentration of 50 mmoi/L (5.5 mg/ml) 

cells of the ducts in the cauda epididymis was observed, and several blood vessels 
showed thickened walls (Samojlik & Chang, 1970). 

The 'low-dose effect', which was evident a few days after an oral dose of 
5-10 mg/kg bw per day, was directed towards mature sperm contained in the cauda 
epididymis. The spermatozoa were rendered incapable of fertilization but showed 
no visible change in morphology (Jones, 1983). Male rats given 3-chloro-1 ,2-
propanediol by subcutaneous injection at 15 or 40 mg/kg bw per day became infertile 
6 and 3 days after commencement of treatment, respectively. Treatment with 
15 mg/kg bw per day for 30 days, followed by a recovery period of 18 days, resulted 
in recovery of fertility (Samojlik & Chang, 1970). The lowest daily oral doses shown 
to cause infertility in male rats, as determined by mating studies, were 5 mg/kg bw 
for 14 days (Coppola, 1969), 6.5 mg/kg bw for 10 days (Gunn et al., 1969), 2.5 mg/kg 
bw with 'continuous' treatment (Erickson & Bennett, 1971 ), 8 mg/kg bw for 4 days 
(Turner, 1971 ), and 8 mg/kg bw (by subcutaneous injection) for 3 days (Black et al., 
1975). 

Groups of five albino male rats given 3-chloro-1 ,2-propanediol orally at a dose 
of 0.5, 1, 2, 4, or 6 mg/kg bw per day for 1 Q-12 days showed 2.5%, 20%, 45%, 85%, 
and 100% sterility (on the basis of histological degree of spermiogenesis), respectively 
(Helal, 1982). 

As reported in a summary, groups of five male Wistar rats were given 3-chloro-
1 ,2-propanediol in distilled water at a dose of 0, 0.1, 0.5, 1, 2, 3, 4, 5, or 10 mg/kg bw 
per day by gavage for 7 days before and during mating. Each male was mated with 
five virgin females, which were killed on day 14 of gestation and examined for 
pregnancy status. 3-Chloro-1 ,2-propanediol had no adverse effect on male fertility 
at doses~ 3 mg/kg bw per day, with respect to pregnancy rate and total numbers of 
implantations and live embryos; however, the pre-implantation loss was significantly 
greater (p = 0.05) for female rats mated with males given 3 mg/kg bw per day than 
in controls. The NOEL was 2 mg/kg bw per day (Parish, 1989). 
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3-Chloro-1 ,2-propanediol has also been reported to affect the fertility of male 
hamsters (30-1 00 mg/kg bw per day orally for 7 days), gerbils (20 mg/kg bw per 
day orally for 50 days), guinea-pigs (5Q-70 mg/kg bw per day orally or subcutaneously 
for 45 days), dogs (8 mg/kg bw per day subcutaneously for 30 days), rams (25 mg/kg 
bw per day intramuscularly for 4 days), and rhesus monkeys (30 mg/kg bw per day 
orally for 42 days) (Jones, 1978, 1983; Jones & Cooper, 1999). The compound was 
reported to have no effect on fertility in mice, quail, or rabbits (Jones, 1978). 

Groups of 1 0 female rats were given 3-chloro-1 ,2-propanediol subcutaneously 
at a dose of 0 or 1 0 mg (approximately 25 mg/kg bw) every second day for 30 days. 
Significant (p < 0.01) decreases were noted in the relative weights of the ovary, 
uterus, and vagina when compared with controls. Histological examination ahowed 
that the ovary was small and had widespread follicular atresia and degeneration of 
corpora lutea; the uterus was regressed, and the lumen was lined with columnar 
epithelium; atrophic changes were observed in the vaginal epithelium. The protein 
and RNA contents of the uterus and vagina were significantly (p < 0.01) reduced 
when compared with controls. The authors suggested a luteolytic and possibly 
antiestrogenic effect of 3-chloro-1 ,2-propanediol in female rats (Lohika & Arya, 1979). 

In a computer-assisted analysis of sperm motion to determine the relationship 
between dose and effect on sperm glycolysis as evidenced by impaired sperm 
mobility in the epididymis, male Long-Evans rats were given drinking-water containing 
3-chloro-1 ,2-propanediol at concentrations providing a dose of 5, 10, or 20 mg/kg 
bw per day for 8 days. The percentage of motile sperm was significantly reduced at 
the two higher doses. Multivariate analysis of end-points of motion, including curvi
linear velocity, linearity of swim path, velocity, and lateral head displacement, showed 
significant differences from controls at the two higher doses (Toth et al., 1992). 

3-Chloro-1 ,2-propanediol was administered by gavage to groups of 10 adult 
male CD rats at a dose of 0, 1, 5, or 25 mg/kg bw per day for 14 days. The animals 
were killed on day 15 or 29. At necropsy, testis weight, distribution of DNA ploidy in 
testicular cell suspensions, testicular and epididymal histological appearance, and 
epididymal sperm concentration, motility, morphology, and breakage were 
determined. Before the kill at day 15, the males were cohabited with untreated females 
in a 1 :2 ratio. The females were killed on presumed gestational day 13 and examined 
for pregnancy status. At the highest dose, minor decreases in body weight and 
relative food consumption were reported, and testicular and epididymal lesions were 
observed. The distribution of DNA ploidy was found to be predictive of testicular 
damage; however, the effects were more pronounced on day 29 (in the group allowed 
a 2-week recovery) than on day 15. Sperm motion was altered, and the percentage 
of motile sperm was reduced on day 15 at the two higher doses. At the highest 
dose, sperm velocity, amplitude of lateral head displacement, and epididymal sperm 
concentrations were reduced, and the incidence of sperm breakage was increased. 
The NOEL was 1 mg/kg bw per day (Hoyt et al., 1994). 

3-Chloro-1 ,2-propanediol was given orally to male Sprague-Dawley rats at a 
dose of 0, 2, or 8 mg/kg bw per day for 2 weeks. An additional group was given the 
higher dose for 4 weeks. At the end of dosing, the males were mated with untreated 
females. No treatment-related effects were found on body weight, food consumption, 
or the weights of the testis, epididymis, or prostate, and no significant effects were 
found on sperm number, viability, or maturation rate. At the higher dose, sperm 
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motility was decreased after 2 h of incubation, and sperm activity was decreased 
both at the time of initial collection and after 2 h of incubation. At the lower dose, 
sperm activity was decreased only after 2 h of incubation. The group given the 
higher dose and allowed to recover showed no effects on sperm motility or activity. 
None of the females mated with males at the higher dose became pregnant. The 
lower dose had no effect on fertility. After recovery, males at the higher dose copulated 
with and successfully impregnated females (Yamada et al., 1995). 

3-Chloro-1 ,2-propanediol administered orally to male Han rats at a dose of 
20 mg/kg bw per day for at least 5 days caused lesions in the testes and epididymides. 
At doses of 5, 10, and 20 mg/kg bw per day, sperm motility was significantly 
depressed. Females mated with males at any dose failed to become pregnant. No 
effects of treatment were found on sperm morphology (Woods & Garside, 1996). 

Male rats received 3-chloro-1 ,2-propanediol by oral gavage at a dose of 1 , 3, or 
1 0 mg/kg bw per day for 9 days and were then mated with untreated females. At the 
highest dose, no pregnancies resulted from the matings. A decreased pregnancy 
rate and number of implants were reported at 3 mg/kg bw per day. Analysis of sperm 
motility revealed treatment-related decreases in the percentage of motile sperm, 
sperm velocity, and amplitude of lateral head displacement at the highest dose and 
decreased sperm velocity and amplitude of lateral head displacement at the 
intermediate dose. Sperm from males treated at the highest dose did not reach the 
oviducts of females, and few sperm from males treated at the next lowest dose 
reached this location. Similarly, the percentage of fertilized eggs in the oviducts of 
mated females was decreased in a dose-dependent manner. The NOEL was 1 mg/kg 
bw per day (Banet al., 1999). 

2.2.6 Special studies: Neurotoxicity 

Groups of three male BALB/c mice were given racemic 3-chloro-1 ,2-propanediol 
intraperitoneally at a dose of 25, 50, or 100 mg/kg bw per day for up to 5 days. The 
mice given three daily doses of 1 00 mg/kg bw died and were found to have discrete 
widespread lesions in the gray matter, from the cortex to the spinal cord. No signs of 
lesion haemorrhage were observed. Administration of 50 mg/kg bw per day for 5 days 
did not cause deaths; however, mice killed on day 6 showed small vacuolated lesions 
in many brainstem centres. Another group of mice treated with an additional four 
daily doses developed more severe and widespread lesions. Only one spinal cord 
lesion developed in one mouse at the lowest dose administered on day 5. However, 
as with the intermediate dose, additional dosing during the second week resulted in 
severe lesions. The authors attributed the development of central nervous system 
lesions partly to inhibition of glycolysis by the (S) enantiomer of 3-chloro-1 ,2-propane
diol (Cavanagh & Nolan, 1993; Cavanagh et al., 1993). 

Single intraperitoneal injections of 3-chloro-1 ,2-propanediol to female Wistar rats 
at doses of 250-1 000 mg/kg bw resulted in deaths associated with the development 
of neurological lesions within 24 h. Histologically, the lesions appeared as watery 
cytoplasmic swelling of astrocytes, mainly in the brain stem. Lower doses did not 
cause brain lesions. Administration of 1 00 mg/kg bw per day for 2 days was overtly 
toxic and resulted in death, with the formation of large vacuolated lesions at many 
sites within the brain. Treatment at 50 mg/kg bw per day for up to 5 days resulted in 
cumulative central nervous system lesions. For several days after the completion of 
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treatment, regenerative processes rather than necrosis of astrocytes predominated. 
As in the case of mice, the authors attributed the development of central nervous 
system lesions after a high dose of 3-chloro-1 ,2-propanediol in part to inhibition of 
glycolysis by the (S) enantiomer and energy deprivation of the affected brain regions 
(Cavanagh & Nolan, 1993; Cavanagh et al., 1993). 

2.3 Observations in humans 

A synergistic effect of 3-chloro-1 ,2-propanediol and copper ions in decreasing 
the motility of human spermatozoa was observed in vitro (Kalla & Singh, 1981 ). 
When the compound was incubated with ejaculated human sperm, the motility of 
the spermatozoa was inhibited and their metabolic activity was reduced, as measured 
by glucose and oxygen uptake and lactate production (Homonnai et al., 1975). 

3. ANALYTICAL METHODS 

3.1 Chemistry 

In its pure state, 3-chloro-1 ,2-propanediol is a relatively non-volatile liquid with a 
boiling-point of 114-120 oc at the reduced pressure of 14 mm Hg (1.9 kPa). It is 
soluble in a range of solvents, including water, ethanol, and ether. (Windholz, 1976). 
3-Chloro-1 ,2-propanediol is also referred to in the literature as 3-monochloro-1 ,2-
propanediol and a-chlorohydrin. It is an asymmetric molecule that can exist in two 
optically active forms, (R) and (S). 

3.2 Description of analytical methods 

During the 1980s, 3-chloro-1 ,2-propanediol was quantified in acid-hydrolysed 
vegetable protein by gas chromatographic techniques that typically allow 
quantification of concentrations ~ 10 mg/kg. The analytical approach involves 
extraction and concentration, followed by chemical derivatization with a reagent 
such as heptafluorobutyrylimidazole to provide a derivative that is suitably volatile 
and can be readily detected. The application of mass spectrometric detection has 
increased the sensitivity of the analysis, so that more recent reports quote a limit of 
quantification of 0.01 mg/kg. 

As interest has spread from acid-hydrolysed vegetable protein to a wider range 
of foods and ingredients, extraction methods have been developed to deal with a 
wide range of matrices. 

The most widely used analytical method is based on gas chromatography with 
mass spectrometric detection. Samples are prepared by extraction onto a column 
packed with diatomaceous earth and subsequent elution of 3-chloro-1 ,2-propanediol 
with diethyl ether. The concentrated extract is taken for derivatization and analysis 
by gas chromatography. Quantification is achieved by comparing the intensity of a 
characteristic peak with that of the internal standard. 

This method, which allows measurement of 3-chloro-1 ,2-propanediol at 
concentrations down to 0.01 mg/kg, has been validated with a range of foods and 
food ingredients, including acid-hydrolysed vegetable protein, in an international 
collaborative trial. It has been accepted as an official method by AOAC International 
(2000). 
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4. LEVELS AND PATTERNS OF CONTAMINATION OF FOOD 
COMMODITIES 

415 

3-Chloro-1 ,2-propanediol was originally identified as a contaminant of the savoury 
food ingredient acid-hydrolysed vegetable protein, which is produced by treating 
protein-rich extracts from soya beans or other vegetable sources with concentrated 
hydrochloric acid at high temperature (Velisek et al., 1980). The protein extracts 
contain small amounts of fats and oils, which react with the hot acid to form 3-
chloro-1 ,2-propanediol and smaller amounts of other chlorinated propanols. 

The compound has since been found to be present at low concentrations in 
several other foods and food ingredients, including various cereal products whose 
manufacture involves high temperatures (i.e. roasting or toasting). The origin and 
formation of 3-chloro-1 ,2-propanediol in these products is not yet fully understood. 

4. 1 Results of surveys 

4. 1. 1 Acid-hydrolysed vegetable protein 

The concentrations of 3-chloro-1 ,2-propanediol initially reported, in 1980, in acid
hydrolysed vegetable protein were as high as 100 mg/kg (Velisek et al., 1980). It 
has subsequently been shown that the compound occurs in this food as a racemic 
mixture of (R) and (S) isomers (Velisek & Dilezal, 2000). After the initial concern 
about this contaminant, many manufacturers refined their production processes to 
minimize its presence. Surveys of acid-hydrolysed vegetable protein products on 
the market in the United Kingdom, conducted in 1990, 1992, and 1998, showed that 
the median concentration had fallen from> 10 mg/kg in 1990 to 0.01-0.02 mg/kg in 
1998 (Ministry of Agriculture, Fisheries, and Food, 1999a). 

4. 1.2 Soya sauce 

Soya sauce and similar products such as oyster sauce can be manufactured by 
various processes, including treatment of crude soya extracts with strong acid as 
well as the traditional fermentation route. After reports of high concentrations of 3-
chloro-1 ,2-propanediol, surveys of soya sauce were conducted in several countries 
in 1999-2000. These consistently showed that some products contain significant 
concentrations, while others contain concentrations close to or below the limit of 
detection. 

For example, a survey conducted in the United Kingdom in mid-1999 showed 
that nearly one-fourth of the 40 samples contained 3-chloro-1 ,2-propanediol at a 
concentration > 1 mg/kg, the highest being 30 mg/kg (Ministry of Agriculture, 
Fisheries, and Food, 1999b). Unpublished analyses carried out in other European 
countries had found concentrations in the range 6-124 mg/kg in some samples 
(reported in Ministry of Agriculture, Fisheries, and Food, 1999b). Analysis of 
90 products in Canada showed concentrations ranging from not detectable 
(< 0.01 mg/kg) to 330 mg/kg (Health Canada, 2000). A survey of 21 samples of 
soya sauce purchased in the USA showed that the concentration in nine exceeded 
1 mg/kg, the highest being 85 mg/kg (Food & Drug Administration, 2000). 

4.1.3 Food additives 

By analogy with acid-hydrolysed vegetable protein, use of acid treatment in the 
manufacture of food additives could lead to the generation of 3-chloro-1 ,2-propanediol 
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from fats or oils in the starting materials. In a recent survey in the United Kingdom 
(Food Standards Agency, 2001 a), 3-chloro-1 ,2-propanediol was found in two of seven 
samples of modified starch, the highest concentration being 0.49 mg/kg in a sample 
of yellow dextrin. In the same survey, the compound was not detected ( < 0.01 mg/kg) 
in samples of caramel colours. 

4. 1.4 Other food ingredients 

3-Chloro-1 ,2-propanediol can be detected at low concentrations in certain cereal 
products, including malted cereals and malt extracts that are produced with high 
temperature treatment-so-called 'dark' malts and malt extracts that have a 
pronounced flavour and colour. These malts and malt extracts are used in a wide 
range of foods, such as bread, biscuits, breakfast cereals, beers, sauces, and gravies. 
3-Chloro-1 ,2-propanediol has been found at concentrations:::; 0.5 mg/kg in these 
ingredients (Food Standards Agency, 2001 a). Similar concentrations are found in 
roasted barley, which is a characteristic ingredient of certain beers. As these products 
typically make up 1-10% of the final food, the concentration of 3-chloro-1,2-
propanediol will be one or two orders of magnitude lower. 

4. 1.5 Food contact materials 

Some migration of 3-chloro-1 ,2-propanediol may occur from food contact 
materials that contain epichlorohydrin-based 'wet strength' resins, e.g. sausage 
casings, tea bags. and coffee filter paper. Similar resins are also sometimes used in 
the treatment of drinking-water, e.g. as flocculants. However, the significance of 
these sources is likely to decrease with the increasing availability and use of higher
grade resins which contain much lower concentrations of 3-chloro-1 ,2-propanediol 
(Commission of the European Union, 2000). 

4.1.6 Foods 

A range of foods was analysed for the presence of 3-chloro-1 ,2-propanediol in a 
recent survey in the United Kingdom (Food Standards Agency, 2001 b), but most of 
the products tested were those in which fat and chloride are present in acidic 
conditions and which are processed at high temperatures and/or have a long shelf
life at ambient temperature. The results of the survey, covering 300 food products, 
are shown in Table 3. When quantifiable concentrations were found, they were low; 
the concentration in only one sample in this survey exceeded 0.1 mg/kg. 

4.2 Distribution curves 

In surveys of acid-hydrolysed vegetable protein and soya sauce, the distribution 
of concentrations of 3-chloro-1 ,2-propanediol was markedly skewed, a large number 
of products having low or undetectable concentrations and a relatively small number 
having very high concentrations. The results of three surveys in the United Kingdom 
are shown in Figure 1 (Ministry of Agriculture, Fisheries, and Food, 1999a). However, 
the results of these surveys should be interpreted with caution, as sampling depended 
on provision of samples by selected food manufacturers and may not have been 
representative of all the products currently on the market. 

The Canadian survey of 90 samples of soya sauce mentioned above (Health 
Canada, 2000) also showed that the distribution of contamination was markedly 
skewed, the median concentration being 0.5 mg/kg and the mean, 18 mg/kg. 
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4.3 Annual variation in levels of contamination 

3-Chloro-1 ,2-propanediol appears to be formed by the action of heat and/or acid 
during the processing of raw ingredients. It seems unlikely that there would be 
significant annual variation from natural sources. 

5. ESTIMATED DIETARY INTAKE 

5.1 Background 

3-Chloro-1 ,2-propanediol and 1 ,3-dichloro-2-propanol are formed when chloride 
ions react with triglycerides in foods under a variety of conditions, including food 
processing, cooking, and storage. These compounds have been found in a variety 
of foods and food ingredients, most notably in hydrolysed protein products and soya 
sauces. It has been shown that 3-chloro-1 ,2-propanediol is a precursor of 1,3-
dichloro-2-propanol in protein hydrolysates (Collier et al., 1991 ). Their formation 
can be minimized by use of good manufacturing practices. When both compounds 
are found in soya sauces, the concentration of 1 ,3-dichloro-2-propanol is far lower 
than that of 3-chloro-1 ,2-propanediol. 

Information on the concentrations of 3-chloro-1 ,2-propanediol in food, food 
ingredients, and protein hydrolysates was submitted by the United Kingdom, the 
USA, and the International Hydrolyzed Protein Council. A submission from the Czech 
Republic contained information on the reactions of chlorinated propanols and other 
chlorinated compounds but did not include information useful for this assessment. 
Only the USA supplied a national estimate of intake of 3-chloro-1 ,2-propanediol. 

5.2 Calculations of intake 

5.2.1 Relevant period of Intake 

At any level of intake that can reasonably be expected to be encountered, 3-
chloro-1 ,2-propanediol would not show acute toxic effects. This analysis therefore 
addresses only the probable long-term consumption of 3-chloro-1 ,2-propanediol 
from its presence in foods. 

5.2.2 National estimates of Intake 

The data submitted by the United Kingdom showed that 3-chloro-1 ,2-propanediol 
occurs in savoury foods, at above the limit of detection of 0.01 mg/kg in 30% of 
samples; only two samples had a residual concentration > 0.1 mg/kg. While the 
distribution of representative residual concentrations in all food groups could not be 
determined, the mean residual concentration in these savoury foods was 
0.012 mg/kg. In soya sauces, however, concentrations > 300 mg/kg have been 
found, with a mean of 18 mg/kg in a survey of commercially available soya sauces 
in Canada. As the concentrations of residual 3-chloro-1 ,2-propanediol in the soya 
sauces surveyed are so much higher than the background concentration, the intake 
of this compound would be dominated by consumption of contaminated soya sauces. 

Information was received from Australia on the intake of soya sauce and 
hydrolysed vegetable protein. The Committee sought data on soya sauce consump
tion in individual countries from a worldwide producer, and data on per-capita 
consumption of soya sauce in Japan and the United States were received. 
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Table 3. Summary of results of survey of concentrations of 3-chloro-1,2-
propanediol in foods in the United Kingdom 

Food group and sub-class 

Cereal products 
Biscuits 
Malted biscuits 
Bread 
Breakfast cereals 
Corn snacks 
Savoury crackers 
Toasted biscuits 

Dairy 
Cheeses 
Creams 

Meat 
Burgers 
Bacon 
Cooked meat 
Cured fish 
Ham 
Salami 

Miscellaneous 
Battered and breaded fish and meat 
Yorkshire pudding 
Beer 
Vegetable burgers 
Cakes, pastries, fruit pies, etc. 
Confectionery 
Malted drinks 
Pizza 
Pork pies 
Tea bags 

Soups 
Canned soups 
Powdered cup soups 
Fresh soups 
Packaged dry soups 
Sauces 

Total 

Maximum 
concentration 
(mg/kg) 

0.032 
0.021 
0.049 

0.13 
0.088 

0.031 

0.071 
0.047 
0.042 
0.081 

0.069 

0.014 

0.016 
0.011 
0.024 

0.01 

0.13 

No. of samples with 
quantifiable amounV 
No. of samples 
analysed 

4/12 
1/7 
14/30 
0/13 
0/10 
16/17 
14/17 

4/30 
0/5 

5/7 
2/10 
6/15 
4/6 
0/5 
9/20 

1/10 
0/2 
1/5 
1/2 
6/19 
0/5 
0/3 
0/6 
1/5 
0/5 

0/5 
0/6 
0/5 
0/3 
0/15 

89/300 

From Food Standards Agency (2001 b). The limit of quantification in the survey was 
0.01 mg/kg. 

The intake estimate prepared in the USA focused on the presence of 3-chloro-
1 ,2-propanediol in soya sauces and in hydrolysed vegetable protein; low background 
concentrations in other foods were not considered relevant to the overall intake. As 
hydrolysed vegetable protein is used as a flavour and flavour enhancer in many 
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Figure 1. Distribution of concentrations of 3-chloro-1,2-propanediol (3-MCPD) in 
samples of acid-hydrolysed vegetable protein on the United Kingdom market, 
1990-98 
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food products, a large proportion of the American public consumes it daily, although 
many, if not most, people are unaware of its presence in some or all their foods. It 
was deemed appropriate to use 'food disappearance poundage' (the amount of a 
substance reported to be used, or disappear, in the food supply) in order to estimate 
the per-capita intake of hydrolysed vegetable protein, and thus the total poundage 
of reported to be used in food in 1 year was divided by the population of the USA 
and 365 days to determine the daily per-capita intake. The data used were made 
available to the Food & Drug Administration by industry. The reported poundage of 
hydrolysed vegetable protein in 1990 was 40 million pounds (about 18 million kg). 
The International Hydrolyzed Protein Council subsequently reported to the Food & 
Drug Administration that 63 million pounds (about 29 million kg) were produced in 
North America in 1994. Assuming that 63 million pounds of hydrolysed vegetable 
protein were used by the food industry in 1994 and that the population of the USA 
was 260 million (US Census Bureau, 1999), the per-capita daily disappearance of 
hydrolysed vegetable protein was estimated to be approximately 300 mg/person 
per day. An upper-bound residual concentration of 3-chloro-1 ,2-propanediol of 
1 mg/kg (the current voluntary 'specification' for industry in the USA) was then used 
with the estimated intake of hydrolysed vegetable protein to yield an estimated intake 
of 3-chloro-1 ,2-propanediol of 0.3 J.tg/person per day. The report notes that if the 
hydrolysed vegetable protein industry were to adopt a limit for 3-chloro-1 ,2-
propanediol of 1 mg/kg, the actual intake would be lower than that estimated. 

Soya sauces are produced either by natural fermentation of soya or by 
manufacture of hydrolysed soya proteins and flavourings. The analysis from the 
USA noted that some soya sauces surveyed in Canada (Health Canada, 2000) and 
England (Ministry of Agriculture, Fisheries, and Food, 1999a) contained 3-chloro-
1 ,2-propanediol at concentrations> 300 mg/kg. A survey of one brand of soya sauce 
used in Sweden (Backstrom, 1999) showed concentrations ranging from the limit of 
detection (not specified, but probably 0.01 mg/kg) to> 120 mg/kg. In a survey of 90 
commercially available soya sauces analysed in Canada, 50 samples contained 
< 1 mg/kg. The average concentration of 3-chloro-1 ,2-propanediol in the 90 samples 
was 18 mg/kg. The average concentrations in samples from only three countries 
exceeded this. The mean intake of soya sauces in the USA that was used in the 
intake assessment was 8 g/person per day. The estimated intakes of 3-chloro-1 ,2-
propanediol derived by combining the mean residual concentration of the substance 
in soya sauce and the consumption of soya sauce were 140 J.tglperson per day at 
the mean and 290 J.tg/person per day at the 90th percentile of consumption. 

The results for the 90 samples were highly skewed (median, 0.51 mg/kg; mean, 
18 mg/kg; mode, 0.01 mg/kg). Elimination of the two highest concentrations of 3-
chloro-1 ,2-propanediol (180 and 330 mg/kg) would leave an average concentration 
of 13 mg/kg; elimination of the highest 1 0% would leave an average concentration 
of < 5 mg/kg (range, 0.01-46 mg/kg). The report stated that the estimates were 
highly conservative and that only regular consumers of soya sauces would be 
expected to ingest 3-chloro-1 ,2-propanediol at the concentrations noted. 

5.2.3 Consumption of soya sauce in Australia, Japan, and the USA 

Australia submitted information on the intake of soya sauces. The mean intake 
of consumers of soya sauce was approximately 11 g/person per day, with a 95th 
percentile intake of 35 g/person per day. The worldwide producer of soya sauces 
reported that the per-capita consumption of soya sauce in Japan is approximately 
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10 L/year, or 27 ml/day, or 30 g/person per day. In contrast, the per-capita 
consumption in the USA is 1 0 ounces per year or 0. 7 mUday, approximately one
thirtieth of the Japanese intake. The difference between the per-capita intake of 
soya sauce in the USA described here and the value of 8 g/person per day reported 
in the national estimate from the USA is due to use only of data from a food 
consumption survey in the latter. It was noted that the value was likely to be valid 
only for regular consumers of soya sauces. 

In the absence of information on residual concentrations of 3-chloro-1 ,2-
propanediol in soya sauces in Australia and Japan, the intake of this compound in 
those countries could not be estimated. However, if it is assumed that the residual 
concentrations of 3-chloro-1 ,2-propanediol in all soya sauces are similar to those in 
the 90 soya sauces surveyed in the USA for the national estimate, a rough estimate 
can be made. This assumption is not unreasonable, as the data used in the USA 
were for soya sauces produced domestically in Canada and the USA as well as 
soya sauces imported from Asia. The Australian intake of 3-chloro-1 ,2-propanediol 
would be 200 ~-tg/person per day at the mean and 400 ~-tg/person per day at the 90th 
percentile. The Japanese intake would be 540 ~-tg/person per day at the mean and 
11 00 ~-tg/person per day at the 90th percentile, assuming consumption of soya sauce 
at twice the mean. 

5.2.4 International estimates of exposure 

The descriptions of the GEMS/Food regional diets contain limited information 
on consumption of soya sauce: the Far Eastern diet includes soya sauce, at a level 
of 11 g/person per day, and the Middle Eastern diet at 0.1 g/person per day; none is 
reported in the other regional diets, representing consumption of< 0.1 g/person per 
day. The background intake of 3-chloro-1 ,2-propanediol can be estimated roughly 
from the data submitted by the United Kingdom on residual concentrations in savoury 
foods. If it is assumed that approximately one-eighth of the diet, 180 g, consists of 
savoury foods that might contain 3-chloro-1 ,2-propanediol (out of 1500 g/day solid 
food, used as the default level in the USA, and that those foods contain a mean 
residual concentration of 3-chloro-1 ,2-propanediol of 0.012 mg/kg, the background 
intake is approximately 2 ~-tg/person per day. 

5.3 Effects of regulatory limits 

As 3-chloro-1 ,2-propanediol is found infrequently in foods, it is unlikely that a 
regulatory limit would have much effect on overall intake. For example. an enforced 
regulatory limit of 20 ~-tg/kg would lower the mean concentration in savoury foods 
only from 0.012 to 0.006 ~-tg/kg. However, because the distribution of residual 
concentrations of 3-chloro-1 ,2-propanediol in soya sauces is highly skewed and, 
additionally, brand loyalty might result in regular consumption of contaminated brands, 
a regulatory limit on the concentration of 3-chloro-1 ,2-propanediol in soya sauces 
could have a large effect in reducing the intake of this contaminant. For example, in 
the national estimate of intake in the USA, removal of the two highest values (out of 
90) lowered the average concentration of 3-chloro-1 ,2-propanediol from 18 to 
13 mg/kg, while rejecting the highest 1 0% (equivalent to rejecting all samples 
containing >50 mg/kg) reduced the mean to 5 mg/kg. A regulatory limit for 3-chloro-
1 ,2-propanediol of 1 mg/kg would lower the mean of the distribution of residual 
concentrations (and the resulting estimated intake) to 0.13 mg/kg. 
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6. PREVENTION AND CONTROL 

The mechanism of formation of 3-chloro-1 ,2-propanediol in acid-hydrolysed 
vegetable protein is relatively well understood. The protein is manufactured by treating 
protein-rich extracts from soya beans and other vegetable sources with concentrated 
hydrochloric acid at high temperature. The treated product is neutralized and supplied 
either as a liquid suspension containing about 40% solids, as a paste (about 85% 
solids), or as a dry powder. However, the starting materials also contain small amounts 
of fats and oils that react with the hot acid to form 3-chloro-1 ,2-propanediol and, to 
a lesser extent, other chlorinated propanols. 

There are thus several strategies for limiting contamination of the final product: 
• reducing the concentrations of fats and oils in the starting materials, 
• carefully controlling the acid hydrolysis, and 
• removing any chlorohydrins formed during acid hydrolysis, e.g. by alkali treatment. 

Research in the Czech Republic has shown that 3-chloro-1 ,2-propanediol formed 
by the action of acid in the production of acid-hydrolysed vegetable protein is a 
racemic mixture of (R) and (S) isomers and that the decomposition rates of the two 
isomers when treated with alkali are equal (Velisek & Dilezal, 2000). 

The dramatic reduction in the concentrations of 3-chloro-1 ,2-propanediol in acid
hydrolysed vegetable protein on the market in the United Kingdom over the past 
10 years is due to use of revised manufacturing processes. In a survey conducted 
in 1998, 3-chloro-1,2-propanediol could not be quantified(< 0.01 mg/kg) in 21 of 
50 samples; a further 17 samples contained< 0.05 mg/kg, and and only two had 
> 1 mg/kg. In contrast, a similar survey in 1990 showed that the concentration in 31 
of 37 samples exceeded 1 mg/kg. 

The International Hydrolyzed Protein Council (2001 ), which represents manufac
turers of acid-hydrolysed vegetable proteins sold in the USA, confirmed that it is 
technically possible to product acid-hydrolysed vegetable proteins with 3-chloro-
1 ,2-propanediol at concentrations $ 0.1 mg/kg. However, the Council's member 
companies stated that the organoleptic properties of the products would be adversely 
affected if the concentration of 3-chloro-1 ,2-propanediol was reduced below 
0.1 mg/kg. Similarly, German producers have stated that they are unable to produce 
an acceptable product for use containing < 0.1 mg/kg. 

No studies have been reported on the possibility of making similar reductions in 
the concentration of 3-chloro-1 ,2-propanediol in soya sauce. 

The generation of low concentrations of 3-chloro-1 ,2-propanediol in other foods 
is less well understood. Trials were conducted by the brewing and malting industries 
in the United Kingdom to modify their processes for the production of roasted malts 
and dark, highly flavoured, speciality malts. However, they have been unable to 
make significant reductions in the concentrations of 3-chloro-1 ,2-propanediol in these 
products without compromising the flavour, and hence the quality, of the malt. The 
concentrations in foods resulting from use of these ingredients are < 0.01 mg/kg 
(Commission of the European Union, 2000). 

7. RISK ASSESSMENT 

7.1 Pivotal biochemical and toxicological data 

7.1.1 Biotransformation 

Although the metabolism of 3-chloro-1 ,2-propanediol has been studied in a variety 
of test systems, comparisons with human tissue are limited, limiting the possibility 
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of making valid extrapolations in such a way that would allow for quantitative 
adjustments in risk estimates or extrapolations of safety. 

Differences in metabolism between mammals and bacteria form the basis for 
deciding the relevance of genotoxicity in bacterial test systems to mammals, 
particularly humans. Certain authors have concluded that there are likely to be 
important differences between the bacterial and mammalian pathways (Lynch et 
al., 1998). The issue is complicated by the use of mammalian microsomal fractions 
in the bacterial test systems. Moreover, conflicting reports have been made 
concerning the proportion of biotransformation that proceeds by each of the two 
major metabolic pathways in bacterial and mammalian systems (Jones, 1975; Jones 
et al., 1978; Jones & O'Brien, 1980}. Hence, no conclusion can be reached from 
studies of metabolism about the relevance of bacterial systems. The differences in 
metabolism are likely to be quantitative and not in kind. 

7.1.2 Toxicological studies 

The study by Sunahara et al. (1993}, in which 3-chloro-1 ,2-propanediol was 
administered to Fischer 344 rats for 2 years, is the most appropriate study for 
assessing the tumorigenic risk for humans. In this study, the incidences of renal 
tubule adenomas and benign and malignant tumours of the mammary gland in male 
rats and renal-cell adenomas in female rats were associated with treatment. 
Increased incidences of interstitial-cell tumours of the testis were also observed in 
male rats. These tumours are common, variable in incidence, and associated with 
old age in Fischer 344 rats. This thus represents an equivocal finding and should 
not be used for risk assessment in this case. The incidence of renal tubule hyperplasia 
was also increased with treatment in both male and female rats. This lesion is not 
associated with the chronic progressive nephritis observed in these animals but 
represents a unique, treatment-related lesion thought to be part of a proliferative 
process and a precursor to tubule neoplasia. Hence, this observation of treatment
related, dose-dependent tubule hyperplasia strongly corroborates the treatment
related, dose-dependent renal tubule neoplasia in this study. 

3-Chloro-1 ,2-propanediol was mutagenic to bacteria in the standard plate 
incorporation assay (Stolzenberg & Hine, 1979, 1980; Silhankova et al., 1982) and 
the preincubation assay (Zeiger et al., 1988; Ohkubo et al., 1995}. However, these 
observations were made only at extremely high doses which would not be 
recommended today for standard mutagenicity testing. The results are therefore of 
questionable value. Tests with yeast and mammalian cells in culture also resulted in 
positive findings (Rossi et al., 1983; Henderson et al., 1987; Garlitz, 1991; May, 
1991 }, but these studies were compromised by conditions such as excessive doses, 
which seriously detracted from their validity. 

In an attempt to clarify the issue and perhaps to provide data that are more 
relevant to risk assessment, two studies of genotoxicity in mammals were conducted 
in vivo: an assay for micronucleus formation in rat bone marrow and an assay for 
unscheduled DNA synthesis (Fellows, 2000; Marshall, 2000). Both studies were 
well performed, and neither showed genotoxicity. 

The most important information from these studies for risk assessment is on the 
mechanism by which 3-chloro-1 ,2-propanediol induces carcinogenicity and toxicity. 



424 3-CHLOR0-1,2-PROPANED/OL 

Thus, it can cause irreversible changes that will be 'remembered', such as gene 
alterations. The potential to induce irreversible effects in carcinogenesis has given 
rise to the hypothesis that there is no practical biological threshold for such a process. 
This has a profound effect on the procedures used to assess risk or to predict safety. 

What is important in the present context is the insight these studies give to the 
induction of renal and mammary gland neoplasia seen in Fischer 344 rats treated 
with 3-chloro-1 ,2-propanediol. Assays of genotoxicity in vivo may be intrinsically 
less sensitive than those conducted in vitro. Moreover, mouse bone marrow does 
not provide a good metabolic or chromosomal surrogate for rat kidney or mammary 
gland. The rat liver used in the assay of unscheduled DNA synthesis may be a 
somewhat more relevant tissue because of its metabolic capability, but it is not the 
target tissue. Nevertheless, the negative results in these assays of genotoxicity in 
vivo indicate that 3-chloro-1 ,2-propanediol induces neoplasia in rats by a non
genotoxic mechanism. Moreover, the studies conducted in vitro, although with positive 
results, are so significantly flawed that extrapolation of results for the DNA of these 
organisms to that of kidney and mammary gland tissue in rats would be ill-advised. 
Thus, there is no credible evidence that 3-chloro-1 ,2-propanediol induces neoplasia 
by a mechanism involving direct interaction with DNA and that there is a practical 
threshold for this induction. 

7. 1.3 Human data 

No clinical or epidemiological studies or studies with biomarkers that are relevant 
for establishing dose-response relationships or for risk assessment were available. 

7.2 Measurement of response 

The doses administered and the responses in respect of mammary gland 
tumours, renal tubule-cell adenomas, and hyperplasia in male rats and renal tubule
cell adenomas and hyperplasia in female rats in the study of Sunahara et. al. (1993) 
are summarized in Table 1. 

7.3 Selection of model 

The most appropriate approach for including an assumption of a biological 
threshold is the familiar determination of a NOEL for a surrogate biological end
point and the application of factors to ensure safety. The effect used in this approach 
is not necessarily tumour incidence: if precursor lesions such as preneoplastic 
hyperplasia are relevant to the process, they should be used. 

7.4 Estimates of safe dose 

Health Canada (1999) arrived at a provisional TDI for 3-chloro-1 ,2-propanediol 
of 1.1 11g/kg bw per day by applying an uncertainty factor of 1000 to the LOEL of 
1.1 mg/kg bw per day found in the long-term study of toxicity and carcinogenicity of 
Sunahara et al. (1993). 

The Quantitative Risk Assessment Committee (2000) of the Food & Drug 
Administration of the USA determined a unit cancer risk for 3-chloro-1 ,2-propanediol 
of 2.1 x 1 o-3 (mg/kg bw per dayJ-1 on the basis of the same study, citing the occurrence 
of testis carcinoma in 3/50 rats at a dose of 28 mg/kg bw per day and 0/50 controls. 
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This unit risk is equivalent to a dose of 0.5 [.lg/kg bw per day for an excess lifetime 
cancer risk of 1/1 06• The Committee did not state whether it considered 3-chloro-
1 ,2-propanediol to be a genotoxic carcinogen in humans. 

The extrapolation of results in rodents to humans is an exercise in allometry, 
requiring scaling based on some measure of body size or other relevant physiological 
or anatomical feature. Cross-species extrapolations tend to be complex, and there 
are usually no data for achieving the most appropriate result for a specific case. 
Fortunately, dose per body mass has been used extensively for this purpose and 
often serves as a default dose metric. This is generally a successful approach for 
the extrapolation of toxic phenomena. However, other dose metrics have been used 
for pharmacological extrapolations, such as dose per body surface area, and these 
are favoured by some. The prediction of risk for humans even with these two metrics 
can vary by a factor of 5-10 or more when the test species are rodents. This 
uncertainty in cross-species extrapolation should be kept in mind in the overall 
assessment process and before excessive demands are made on the accuracy of 
other parameters. 

The study in Fischer 344 rats reported by Sunahara et al. (1993) provides the 
only appropriate data for a risk assessment based on carcinogenicity for 3-chloro-
1 ,2-propanediol. In this study, the NOEL for tumours of the mammary gland and 
kidney in male rats corresponds to a mean daily intake of 1.1 mg/kg bw per day. The 
value for the precursor, renal tubule hyperplasia, appears to be lower than the lowest 
dose tested, 1.1 mg/kg bw per day. If a strict interpretation were made, this would 
not be considered to be a NOEL but a dose better characterized as a LOEL, even 
though it may be close to a NOEL. A larger uncertainty factor than usual should 
perhaps be used in this case. Similar results were found for female rats, but the 
value is somewhat higher. The factor chosen to account for the uncertainty associated 
with cross-species (not scaling) sensitivity and human variation determines the 'safe' 
dose at which no risk exists for humans. Use of factors of 100 to 500, the latter to 
take into account the uncertainty in the NOEL for tubule hyperplasia, leads to 
'tolerable' concentrations of 2-1 0 1-lQ/kg bw per day. An important consideration is 
that these values represent intake of a chemical that is toxic only after essentially a 
lifetime. Individual daily doses are not of much consequence; it is cumulative intake 
that is important, and this should be kept in mind in making recommendations for 
allowable concentrations in foods. 

8. COMMENTS 

Absorption, distribution, metabolism, and excretion 
3-Chloro-1 ,2-propanediol crosses the blood-testis barrier and the blood-brain 

barrier and is widely distributed in body fluids. The parent compound is partly 
detoxified by conjugation with glutathione, resulting in excretion of the corresponding 
mercapturic acid, and is partly oxidized to ~-chlorolactic acid and further to oxalic 
acid. Approximately 30% is broken down to and exhaled as C02 . In these studies, 
however, much of the administered dose was not accounted for. Intermediate 
formation of an epoxide has been postulated but not proven. There is some indication 
that microbial enzymes can dehalogenate haloalcohols to produce glycidol (a known 
genotoxin in vitro and in vivo). 
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Toxicological studies 
The oral LD50 of 3-chloro-1 ,2-propanediol in rats is 150 mg/kg bw. 
In several studies in which the compound was given to rats at repeated doses in 

excess of 1 mg/kg bw per day, it decreased sperm motility and impaired male fertility. 
At doses;::: 1 0-20 mg/kg bw per day, alterations in sperm morphology and epididymal 
lesions (spermatocoele) were found in rats. 3-Chloro-1 ,2-propanediol reduced fertility 
in males of several other mammalian species at slightly higher doses than in the rat. 

In rats and mice, 3-chloro-1 ,2-propanediol at doses;::: 25 mg/kg bw per day was 
associated with the development of dose-related central nervous system lesions, 
particularly in the brain stem. 

In several short-term studies in rats and mice, the kidney was the target organ 
for toxicity. In a 4-week study in rats treated by gavage at 30 mg/kg bw per day, 
3-chloro-1 ,2-propanediol increased the relative kidney weights. In a 13-week study 
in rats given an oral dose of 9 mg/kg bw per day, a similar effect was seen. 

In the pivotal long-term study in Fischer 344 rats, the absolute weight of the 
kidney was reported to be significantly increased by administration of 3-chloro-1 ,2-
propanediol in drinking-water, at all doses tested. Also at all doses tested, the 
incidence of tubule hyperplasia in the kidneys of animals of each sex was higher 
than in controls. Although the incidence did not reach statistical significance at the 
lowest dose tested (1.1 mg/kg bw per day), the Committee concluded that it 
represented part of a compound-related dose-response relationship. Overt 
nephrotoxicity was seen at higher doses (5.2 and 28 mg/kg bw per day). 

The results of most assays for mutagenicity in bacteria in vitro were reported to 
be positive, although negative results were obtained in the presence of an exogenous 
metabolic activation system from mammalian tissue. The results of assays in 
mammalian cells in vitro were also reported to be generally positive. It should be 
noted, however, that the concentrations used in all these assays were very high 
(0.1-9 mg/ml), raising serious questions about their relevance. The weight of the 
evidence indicates that 3-chloro-1 ,2-propanediol is not genotoxic in vitro at 
concentrations that are not toxic. The results of assays conducted in vivo, including 
a test for micronucleus formation in mouse bone marrow and an assay for 
unscheduled DNA synthesis in rats, were negative. The Committee concluded that 
3-chloro-1 ,2-propanediol was not genotoxic in vivo. 

Altogether, four long-term studies of toxicity and carcinogenicity were available; 
three (two with mice and one with rats) did not meet modern standards of quality. 
Nevertheless, none of the three studies indicated carcinogenic activity. In the fourth 
study, conducted in Fischer 344 rats, 3-chloro-1 ,2-propanediol was associated with 
increased incidences of benign tumours in some organs. These tumours occurred 
only at doses greater than those causing renal tubule hyperplasia, which was selected 
as the most sensitive end-point. 

Occurrence 
3-Chloro-1 ,2-propanediol has been detected at concentrations in excess of 

1 mg/kg in only two food ingredients: acid-hydrolysed vegetable protein and soya 
sauce. In both ingredients, a range of concentrations has been reported, from below 
the limit of quantification (0.01 mg/kg with a method that has been validated in a 
range of foods and food ingredients) up to 1 00 mg/kg in some samples of acid
hydrolysed vegetable protein and more than 300 mg/kg in some samples of soya 
sauce. 
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Formation of 3-chloro-1 ,2-propanediol in acid-hydrolysed vegetable protein has 
been found to be related to production processes, and the concentration can be 
reduced markedly with suitable modifications. The source of 3-chloro-1 ,2-propanediol 
in soya sauce is being investigated; by analogy with hydrolysed vegetable protein, 
however, the contaminant may arise during acid hydrolysis in the manufacture of 
some products. Traditionally fermented soya sauces would not be contaminated 
with 3-chloro-1 ,2-propanediol. 

3-Chloro-1 ,2-propanediol has also been quantified at low concentrations in a 
range of other foods and food ingredients, notably a number of cereal products that 
have been subjected to high temperatures, e.g., roasting or toasting. The concen
trations are generally less than 0.1 mg/kg. Slightly higher concentrations (up to 
0.5 mg/kg) have been found in food ingredients such as malt extracts, but the resulting 
concentrations in finished foods are below 0.01 mg/kg. 

Estimates of dietary intake 
Information on the concentrations of 3-chloro-1 ,2-propanediol in food, food 

ingredients, and protein hydrolysates was submitted by the United Kingdom, the 
USA, and the International Hydrolyzed Protein Council. The USA supplied a national 
estimate of the intake of 3-chloro-1 ,2-propanediol. Information on the consumption 
of soya sauce in Australia, Japan and the USA was also received. 

At any level of intake that might reasonably be expected, 3-chloro-1 ,2-propanediol 
would not have acute effects. This analysis therefore addresses only long-term intake 
of 3-chloro-1 ,2-propanediol from its presence in foods. 

The data submitted by the United Kingdom showed that 3-chloro-1 ,2-propanediol 
is found in some savoury foods, about 30% of samples containing concentrations 
above the limit of detection of 0.01 mg/kg. The mean residual concentration in these 
savoury foods was 0.012 mg/kg. 

In a survey of 90 samples of commercially obtained soya sauces, 50 samples 
contained less than 1 mg/kg; the average concentration in the 90 samples was 18 
mg/kg. The results of this survey were taken as representative of all soya sauces for 
the purpose of the intake assessment. Intake of 3-chloro-1 ,2-propanediol would be 
dominated by consumption of soya sauces contaminated with the compound. 

When estimating the intake of 3-chloro-1 ,2-propanediol from food other than 
soya sauce, it was assumed that about one-eighth of the diet, 180 g (on the basis of 
1500 g/day of solid food), consists of savoury foods that might contain 3-chloro-1 ,2-
propanediol and that the mean residual concentration of the compound in those 
foods is 0.012 mg/kg. On this basis, the intake of 3-chloro-1 ,2-propanediol from 
foods other than soya sauces is approximately 2 ~g/person per day. 

The mean and 90th percentile consumption of soya sauce that were used in the 
intake assessment from the USA were 8 and 16 g/person per day, respectively 
(consumers only), and the resulting estimates of intake of 3-chloro-1 ,2-propanediol 
were 140 ~g/person per day for mean consumption and 290 ~g/person per day for 
consumption at the 90th percentile. The mean consumption of soya sauce in Australia 
(consumers only) was approximately 11 g/person per day, and for consumers at the 
95th percentile it was approximately 35 g/person per day, resulting in intake of 3-
chloro-1 ,2-propanediol of 200 ~g/person per day for mean consumption of soya 
sauce and 630 ~g/person per day at the 901h percentile of consumption. Per-capita 
consumption of soya sauce in Japan (approximating consumption by consumers 
only) was approximately 30 g/person per day, resulting in an intake of 3-chloro-1 ,2-
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propanediol of approximately 540 ).!g/person per day for mean consumption of soya 
sauce. Intake at the 95th percentile in Japan would be 11 00 ).!g/person per day 
assuming consumption of soya sauce that is twice the mean. 

9. EVALUATION 

The Committee chose tubule hyperplasia in the kidney as the most sensitive 
end-point for deriving a tolerable intake. This effect was seen in the long-term study 
of toxicity and carcinogenicity in rats in a dose-related manner, although the effect 
did not reach statistical significance at the lowest dose. The Committee concluded 
that the LOEL was 1.1 mg/kg bw per day and that this was close to a NOEL. 

The Committee established a provisional maximum tolerable daily intake (PMTDI) 
of 2 ).!g/kg bw for 3-chloro-1 ,2-propanediol on the basis of the LOEL of 1 .1 mg/kg bw 
per day and a safety factor of 500, which included a factor of 5 for extrapolation from 
a LOEL to a NOEL. This factor was considered to be adequate to allow for the 
absence of a clear NOEL and to account for the effects on male fertility and for 
inadequacies in the studies of reproductive toxicity. Data available to the Committee 
indicated that the estimated mean intake of 3-chloro-1 ,2-propanediol by consumers 
of soya sauce would be at or above this PMTDI. 

As 3-chloro-1 ,2-propanediol is found infrequently in foods, a regulatory limit would 
be unlikely to have much effect on the overall intake of non-consumers of soya 
sauces. However, because the distribution of residual 3-chloro-1 ,2-propanediol in 
soya sauce is highly skewed and because it is likely that brand loyalty could result in 
regular consumption of highly contaminated brands, a regulatory limit on the 
concentration of 3-chloro-1 ,2-propanediol in soya sauce could markedly reduce the 
intake by consumers of this condiment. 
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1. EXPLANATION 

Certain chlorinated propanols occur as contaminants in hydrolysed vegetable 
proteins. Processing of defatted vegetable proteins by traditional hydrochloric acid 
hydrolysis leads to the formation of 3-chloro-1 ,2-propanediol and 1 ,3-dichloro-2-
propanol. These two compounds were evaluated by the Committee at its forty-first 
meeting (Annex 1, reference 107), when it concluded that 1 ,3-dichloro-2-propanol 
is an undesirable contaminant in food and considered that its concentration in 
hydrolysed proteins should be reduced to the lowest level technically achievable. 
Since that time, new data have become available, and the Codex Committee on 
Food Additives and Contaminants asked the Expert Committee to re-evaluate 1 ,3-
dichloro-2-propanol. 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2.1.1 Biotransformation 

The metabolites identified in the urine of rats treated orally with 1 ,3-dichloro-2-
propanol at a dose of 50 mg/kg bw per day for 5 days were ~-chlorolactate 
(approximately 5% of the dose), N,N-bis-acetyi-S,S-(1 ,3-bis-cysteinyl)propan-2-ol 
(1 %), and N-acetyi-S-(2,3-dihydroxypropyl)cysteine. The authors proposed that 
epoxy-chloropropane ( epf.chlorohydrin) is formed as an intermediate, and may either 
undergo conjugation with glutathione to form mercapturic acid or be hydrolysed to 
3-chloro-1 ,2-propanediol. The latter undergoes oxidation to ~-chlorolactate, which 
is further oxidized to oxalic acid. Formation of other epoxides was postulated, but 
epoxides are formed from a-chlorohydrins only at high pH, and this is unlikely to 
occur under physiological conditions (Jones & Fakhouri, 1979). 

Ethylacetate-extractable metabolites were found in the 24-h urine of male Wistar 
rats given a single subcutaneous injection of about 62 mg/kg bw of 1 ,3-dichloro-2-
propanol. The parent compound accounted for 2.4% of the dose, 3-chloro-1 ,2-
propanediol for 0.35%, and 1 ,2-propanediol for 0.43%. 2,3-Dichloro-1-propanol was 
also found (0.16% of the dose), but the authors attributed this to its presence as an 
impurity (1.7%) in the preparation of 1 ,3-dichloro-2-propanol administered to the 
rats. Metabolites that were not extractable in ethylacetate were not analysed (Koga 
et al., 1992). 

Alcohol dehydrogenase might be able to oxidize 1 ,3-dichloro-2-propanol to 
dichloroacetone, a metabolite that can also be formed by rearrangement of the 
epichlorohydrin intermediate (Eder & Dornbusch, 1988; Weber & Sipes, 1992). 

The Committee noted that only small percentages of the doses were accounted 
for as identified metabolites, probably because of selective extraction procedures 
and limited attempts to identify metabolites. 
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2.1.2 Effects on enzymes and other biochemical parameters 

1,3-Dichloro-2-propanol has been reported to deplete glutathione both in vitro 
and in vivo (Hammond et al., 1996; Garle et al., 1997; Fry et al., 1999; Garle et al., 
1999; Hammond & Fry, 1999) and to induce and/or be metabolized by the cytochrome 
P450 enzyme isoform CYP 2E1 (Garle et al., 1997; Hammond & Fry, 1997; Fry et 
al., 1999). Oxidation of 1,3-dichloro-2-propanol probably produces intermediates 
that react rapidly with and deplete cellular glutathione stores in the liver. 

2.2 Toxicological data 

2.2. 1 Acute toxicity 

The LD50 of 1,3-dichloro-2-propanol given orally was reported to be 120 mg/kg 
bw in rats, and that by intraperitoneal application was 11 0 mg/kg bw (Pallade et al., 
1963). In another study, the LD 50 in rats treated orally was 140 mg/kg bw (Smyth et 
al., 1962). In rabbits, the LD50 after dermal application was 800 mg/kg bw (Smyth et 
al., 1962). In mice, the LCso over 1-15 days was 1.7-3.2 mg/L of air (Pallade et al., 
1963); in rats, an LC50 value of 0.66 mg/L of air after exposure for 4 h was reported 
(Smyth et al., 1962). When tested on rabbit eyes, 1,3-dichloro-2-propanol caused 
irritation and moderately severe damage (Smyth et al., 1962; Grant, 1974). It was 
slightly irritating to rabbit skin (Smyth et al., 1962). 

Groups of male Wistar rats were given 1,3-dichloro-2-propanol by intraperitoneal 
injection at a dose of 18, 36, 73, 140, or 290 mg/kg bw {17-275% of the LD50) in 
20% ethanol; controls received 20% ethanol alone. Rats given the two lowest doses 
showed no histological abnormalities or any alterations in clinical chemical 
parameters. At 73 mg/kg bw, irregular zonal hepatocellular necrosis was reported, 
and at 140 or 290 mg/kg bw diffuse massive hepatocellular necrosis and a marked 
elevation in serum alanine aminotransferase activity were seen. These high doses 
also caused degeneration of the tubular epithelium of the kidneys and erosion of 
the gastrointestinal tract mucosa (Katoh et al., 1998). 

Three groups of eight male Wistar rats were given 1 ,3-dichloro-2-propanol as a 
single subcutaneous injection at a dose of 50 mg/kg bw and killed 6, 24, or 72 h 
after injection, when blood was collected for haematological and clinical chemical 
analyses. At 6 and 24 h after dosing, the platelet counts were decreased and the 
activity of serum aspartate aminotransferase increased. The activity of serum alanine 
aminotransferase was also increased, but only at the 6-h sacrifice time. At 72 h, no 
significant changes in haematological or serum chemical end-points were observed 
(Fujishiro et al., 1994). 

A single intraperitoneal injection of 1 ,3-dichloro-2-propanol at a dose of 50 mg/kg 
bw to male Wistar rats produced histological evidence of liver injury. Serum alanine 
aminotransferase activity was increased after treatment, with a peak 24 h after dosing; 
the values had returned to baseline by the end of 1 week. Histological examination 
revealed zonal necrosis of the centrilobular space, with a peak 24-48 h after injection. 
By 48 h after dosing, the centrilobular spaces had collapsed and there was active 
phagocytosis by macrophages. Evidence of perisinusoidal cell proliferation and 
accumulation of collagen fibrils was also found. By 72 h after treatment, numerous 
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regenerating sinusoidal structures and hepatocytes were present. One week after 
treatment, healing with slight perivascular fibrosis was observed, with scattered 
granulomas (Haratake et al., 1994). 

2.2.2 Short-term studies of toxicity 

Rats 

The study summarized below was reported only in an abstract, and the findings 
could not be evaluated critically. 1 ,3-Dichloro-2-propanol was given to groups of 
1 0 male and 10 female Sprague-Dawley rats at a dose of 0, 0.1, 1, 1 0, or 1 00 mg/kg 
bw per day by gavage in distilled water on 5 days/week for 13 weeks. Decreases in 
body-weight gain and feed consumption, altered haematological parameters, 
increased liver and kidney weights, alterations in serum chemistry and urinary 
parameters, gross pathological changes in the stomach and histopathological 
changes in the stomach, kidney, liver, and nasal tissue were observed in males and 
females at the highest dose. The changes in serum chemistry were considered 
secondary to the renal and hepatic changes. At 10 mg/kg bw per day, increased 
liver weights were found in males and females and histopathological changes in the 
stomach, kidneys, and liver of males. The treatment related-effects observed at this 
dose were less frequent and/or less severe than those observed at the highest 
dose. No effects were observed at 0.1 or 1 mg/kg bw per day (Jersey et al., 1991 ). 

2.2.3 Long-term studies of toxicity and carcinogenicity 

Rats 

Groups of 80 male and 80 female Wistar KFM/Han rats, 4 weeks of age were 
acclimatized for 10 days and then received 1 ,3-dichloro-2-propanol (purity, 99%; 
stability confirmed at 6-month intervals) in their drinking-water at a concentration of 
0, 27, 80, or 240 mg/L, corresponding to intakes of 0, 2.1, 6.3, and 19 mg/kg bw per 
day for males and 0, 3.4, 9.6, and 30 mg/kg bw per day for females, for up to 
104 weeks. The drinking-water was prepared daily, and the stability, concentration, 
and homogeneity of 1 ,3-dichloro-2-propanol were determined regularly. The animals 
were given a pelleted diet, which was tested regularly for contaminants and found to 
contain low, biologically insignificant levels of aflatoxin, estrogen, pesticides, and 
heavy metals, and provided ad libitum. Ten rats of each sex per group were killed 
after 26, 52, and 78 weeks of treatment. 

The treatment-related pathological, hyperplastic, and neoplastic findings are 
shown in Table 1 for all animals, including those killed ad interim. The mortality rates 
of the groups of 50 animals that were exposed throughout the study were higher for 
males (32/50) and females (27/50) at the high dose than for controls (males, 18/50; 
females, 13/50) (statistics not reported). The rates were 11/50 males and 9/50 females 
at the low dose and 16/50 males and 14/50 females at the intermediate dose. 

There were no treatment-related signs of toxicity or changes in food and water 
consumption; however, statistically significant (p $ 0.05) reductions in mean body 
weight were observed for males at the high dose after 74 weeks and for females at 
this dose after 78 weeks. Dose-related increases in relative weights were observed 
for a number of organs, in particular the liver and kidney. Thus, increases were seen 
after 26 weeks for the liver in all treated males and females (p < 0.05), and for the 
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Table 1. Treatment-related pathological, hyperplastic, and neoplastic findings in 
a 2-year study with 1 ,3-dich/oro-2-propanol in rats 

Organ and finding Dose (mg/kg bw per day; males/females) 

0 2.1/3.4 6.3/9.6 19/30 

Males 
No. of deaths 20/80 11/80 16/80 32/80* 
Liver 

Hepatocellular adenoma 1/80 0/80 1/80 0/80 
Hepatocellular carcinoma 0/80 0/80 2/80 11 /80**** 
Haemangiosarcoma 0/80 0/80 0/80 1/80 

Kidneys 
Tubule adenoma 0/80 0/80 3/80 1 0/80**** 
Tubule carcinoma 0/80 0/80 0/80 1/80 

Tongue 
Papilloma 0/80 1/80 0/79 6/80***** 
Carcinoma 0/80 0/80 1/79 6/80***** 

Thyroid 
Follicular adenoma 0/80 0/80 3/80* 3/78* 
Follicular carcinoma 0/80 0/80 2/80 1/78 

Females 
No. of deaths 14/80 10/80 14/80 30/80*** 
Liver 

Hepatocellular adenoma 1/80 1/80 1/80 6/80*** 
Hepatocellular carcinoma 0/80 0/80 1/80 44/80***** 
Haemangiosarcoma 0/80 0/80 0/80 1/80 

Kidneys 
Tubule adenoma 0/80 0/80 0/80 1/79 
Tubule carcinoma 0/80 0/80 0/80 0/79 

Tongue 
Papilloma 0/80 0/80 0/80 7/79***** 
Carcinoma 0/80 1/80 1/80 4/79** 

Thyroid 
Follicular adenoma 1/79 0/80 3/80 4/79 
Follicular carcinoma 0/79 0/80 0/80 . 2/79* 

Data include results for the 10 animals per dose group killed at weeks 26, 52, and 78. 
* Statistically significant at p < 0.05; ** statistically significant at p < 0.01; *** statistically 
significant at p < 0.005; **** statistically significant at p < 0.001; ***** statistically significant 
at p < 0.0005 (one-tailed analysis for positive trend) 

kidney in males at the intermediate and high doses (p < 0.05) and in females at the 
high dose (p < 0.05); after 52 weeks for the livers of males and females at the 
intermediate and high doses (p < 0.05) and for the kidney in females at the high 
dose (p < 0.05); after 78 weeks for the liver and kidney in males and females at the 
high dose (p < 0.01 ); and after 104 weeks for the liver, kidney, and brain in males 
and females at the high dose (p < 0.01 ). 

At the end o( the study (1 04 weeks), the following non-neoplastic, treatment
related hepatic lesions were found: an increased incidence of fatty changes in males 
at the intermediate and high doses, a dose-dependent incidence of sinusoidal peliosis 
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in all treated groups, eosinophilic foci in animals at the intermediate and high doses, 
and glycogen-free foci in animals at the highest dose. After 52 weeks of treatment, 
peliosis and fatty changes were present in all treated groups. After 78 weeks of 
treatment, the incidence of peliosis was greater than that obseNed after 52 weeks, 
and the frequency of lipidosis was greater in groups at the intermediate and high 
doses than that after 52 weeks of treatment. Eosinophilic foci occurred in males at 
the high dose. In addition, at the end of the study, follicular hyperplasia was evident 
in the thyroid glands of males at the high dose. 

Female rats at the high dose in particular showed statistically significantly 
(p < 0.05) decreased haemoglobin concentration and erythrocyte volume fraction 
at 26 and 104 weeks and red blood cell count at 104 weeks. Clinical biochemical 
and urine analyses suggested hepatotoxicity, primarily in females at the high dose, 
and statistically significantly (p < 0.05) increased activities of aspartate and alanine 
aminotransferases (at 78 and 104 weeks), alkaline phosphatase (at 104 weeks), 
and y-glutamyltransferase (at 104 weeks) in female rats. Statistically significant 
(p < 0.05) increases in urinary concentrations of protein and amylase were seen in 
females at the high dose after 52, 78, and 104 weeks of treatment, suggesting 
nephrotoxicity. 

Histopathological examination revealed several tumours in various organs, 
including dose-related neoplastic lesions in male and female rats at the two higher 
doses. Statistically significant positive trends were found (see Table 1) for 
hepatocellular adenoma in females, hepatocellular carcinoma in males and females, 
renal tubule adenoma in males, lingual papilloma and carcinoma in males and 
females, thyroid follicular adenoma in males, and thyroid follicular carcinoma in 
females. These neoplastic lesions occurred in the treated animals after 26 weeks 
(hepatocellular adenoma), 52 weeks (hepatocellular adenoma and carcinoma, lingual 
papilloma and carcinoma), and 78 weeks (hepatocellular carcinoma, renal tubule 
adenoma, lingual papilloma and carcinoma, thyroid follicular adenoma). In addition, 
one stomach papilloma was found in a female at the high dose after 78 weeks; and 
one stomach carcinoma was found in a female at the low dose and carcinomas in 
the oral cavity were found in one female at the intermediate dose and two males at 
the high dose at terminal sacrifice. The neoplastic lesions found in control rats were 
two hepatocellular adenomas (in a male and a female) and one thyroid follicular 
adenoma (in a female). 

The results strongly suggest a carcinogenic effect of 1 ,3-dichloro-2-propanol on 
the liver, kidney, oral epitheliium and tongue, and thyroid gland in rats at the 
intermediate and high doses. The significance of the sinusoidal peliosis obseNed in 
all treated groups was not clear, but peliosis has been suggested to represent a pre
neoplastic stage of vascular hepatic neoplasia (Wayss et al., 1979). The increased 
incidences of hepatic fatty change and haemosiderin-storing Kupffer cells in the 
liver in animals at the intermediate and high doses were suggested to reflect metabolic 
disturbance of the liver by 1 ,3-dichloro-2-propanol (Research & Consulting Co. AG, 
1986). 

2.2.4 Genotoxicity 

The results of studies on the genotoxicity of 1 ,3-dichloro-2-propanol are 
summarized in Table 2. Only one study in vivo, a test for induction of wing spots in 
Drosophila melanogaster, was available. Investigations on the mechanisms of 
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Table 2. Results of assays for genotoxicity with 1,3-dichloro-2-propano/ 

End-point Test object Concentration Results Reference 

In vitro 
Reverse mutation S. typhimurium 2-200 !-!mol/plate Positive• Silhankova et al. 

TA1535 0.26-26 mg/plate (1982) 
Reverse mutation S. typhimurium 2-200 !-!mol/plate Negative• Silhankova et al. 

TA1537, TA1538, 0.26-26 mg/plate (1982) 
TA100 

Reverse mutation S. typhimurium 10-1 000 !-!mol/plate Positive• Stolzenberg & 
TA100 1.3-130 mg/plate Hine (1980) 

Reverse mutation S. typhimurium 3-300 !-!mol/plate Positivea Nakamura et al. 
TA100,TA1535 0.39-39 mg/plate (1979) 

Reverse mutation S. typhimurium Positive at s Majeska & 
TA100 500 !lg/plateb Matheson (1983) 

Reverse mutation S. typhimurium 100-6700 Jlg/plate Positivea Zeiger et al. 
TA100, TA1535 (1988) 

Reverse mutation S. typhimurium 100-6700 Jlg/plate Positiveb Zeiger et al. 
TA97, TA98 Negativec (1988) 

Reverse mutation S. typhimurium 0.13-8.1 mg/plate Positivea Hahn et al. 
TA100 (1991) 

Reverse mutation S. typhimurium 0.13-10 mg/plate Positivea Hahn et al. 
TA1535 (1991) 

Reverse mutation S. typhimurium s 1.2 mg/plate Positivea Ohkubo et al. 
TA100,TA1535 (1995) 

Reverse mutation S. typhimurium s 0.1 mg/plate Positivea Ohkubo et al. 
TM677 (1995) 

Reverse mutation S. typhimurium s 1 .2 mg/plate Negatived Ohkubo et al. 
TA98 (1995) 

Reverse mutation E. coli TM930 2-200 !-!mol/plate Positivec Silhankova et al. 
0.26-26 mg/plate (1982) 

DNA repair E. coli PM21; 2.5-30 Jlmol/sample Positivec Hahn et al. 
GC4798 (SOS) 0.3-3.9 mg/sample (1991) 

Gene mutation Mouse lymphoma 2-9 mg/ml Positivea Henderson et al. 
cells, Tklocus (1987) 

Sister chromatid Chinese hamster 0.12-3.3 mmoi/L Positivea,e von der Hude et 
exchange V79 cells 16-430 Jlg/ml al. (1987) 
Mutation Hela cells 2.5 mmoi/L1 Positive9 Painter & 

320 Jlg/ml Howard (1982) 
Mutation Mouse fibroblasts, 0.1-1 mg/ml Positive9 Piasecki et al. 

M2 clone (1990) 

in vivo 
Somatic mutation Drosophila me/a- 0.05-10 mmoi/L Negative Frei &WOrgler 
(wing spot test) nogaster 0.006-1.3 mg/ml (1997) 

a Positive in the presence and absence of an exogenous metabolic activation system (S9) 
b Positive in the presence of S9; not tested in the absence of S9 
c Positive in the presence of S9; negative in the absence of S9 
d Not tested in the presence of S9; negative in the absence of S9 
• Almost inactivated by metabolic activation 
1 Effective concentration 
9 Positive in the presence of S9 
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genotoxicity of 1 ,3-dichloro-2-propanol (Hahn et al., 1991) indicated that it depends 
on the chemical formation of epichlorohydrin, which has mutagenic activity (Rossi 
et al., 1983). 

2.2.5 Reproductive toxicity 

In a study reported only in an abstract cited in the Hazardous Substances Data 
Base, which could not be evaluated critically, groups of 20, 10, and 10 male Wistar 
rats were given either water (controls) or 1 ,3-dichloro-2-propanol at 15 or 60 mg/kg 
bw per day by gavage for 14 days, respectively. The treated rats showed 
spermatocoele or sperm granuloma formation in the epididymides (Tunstall 
Laboratories, 1979). 

Groups of eight or nine male Wistar rats were given 1 ,3-dichloro-1 ,2-propanol at 
a single intraperitoneal injection of 44 mg/kg bw and then observed for 6 weeks. 
The animals were then killed and the left and right testes and epididymes were 
weighed and examined histologically. Sperm from the right epididymis was removed, 
counted, and analysed morphologically. No statistically significant effects of treatment 
were found on body-weight gain, the weights of the testes or epididymis, or the 
results of the histological evaluations. A significant decrease in the number of sperm 
in the body and tail (combined) of the epididymis was reported (Omura et al., 1995). 

2.3 Observations in humans 

Severe irritation of the throat and stomach has been reported after ingestion of 
1 ,3-dichloro-2-propanol (Gosselin, 1976). 

Twelve workers involved in the cleaning of a saponification tank used in the 
manufacture of 1 ,3-dichloro-2-propanol were exposed by inhalation to the compound 
at an unknown concentration. No data were available on potential exposure to other 
chemicals that may have been present. Of the 12 workers, five developed acute 
hepatitis, and two of them died. Autopsy of one of the cases revealed sub-massive 
hepatocellular necrosis. In this subject, serum alanine and aspartate amino
transferase activities, total bilirubin concentration, plasma ammonia concentration, 
and lactate dehydrogenase activity were markedly increased, and prothrombin time 
was sharply decreased before death. The plasma concentration of 1 ,3-dichloro-2-
propanol was reported to be 200 ng/ml about 48 h after exposure (Shiozaki et al., 
1994). In another worker exposed to lower concentrations, the only evidence of 
hepatic injury was increased activity of serum aspartate aminotransferase (Haratake 
et al., 1993; lwasa et al., 1993; Shiozaki et al., 1994). 

3. ANALYTICAL METHODS 

3.1 Chemistry 

In its pure state, 1 ,3-dichloro-2-propanol is a liquid with a boiling-point of 174 °C. 
It is soluble in 1 0 parts of water and miscible with solvents such as ethanol and 
ether (Windholz, 1976). 
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3.2 Description of analytical methods 

During the 1980s, 1 ,3-dichloro-2-propanol was quantified in acid-hydrolysed 
vegetable protein by gas chromatographic techniques that were typically capable of 
quantifying concentrations ~ 1 mg/kg. The analytical approach involves extraction 
and concentration, followed by chemical derivatization with a reagent such as 
heptafluorobutyrylimidazole to provide a derivative that is suitably volatile and can 
be readily detected. The application of mass spectrometric detection has increased 
the sensitivity of the analysis, so that limits of quantification of 0.025 mg/kg (Food & 
Drug Administration, 2000) and < 0.005 mg/kg (Crews et al., 2000) have been 
reported more recently. 

Less work has been published on 1 ,3-dichloro-2-propanol than on 3-chloro-1 ,2-
propanediol in recent years. The method developed for measurement of the latter 
compound in foods and food ingredients (Brereton et al., 2000) cannot automatically 
be used, as 1 ,3-dichloro-2-propanol is considerably more volatile than 3-chloro-1 ,2-
propanediol and significant amounts are lost during concentration. However, a 
modification of the method has been successfully used to quantify 1 ,3-dichloro-2-
propanol at concentrations~ 0.025 mg/kg in soya sauce (Food & Drug Administration, 
2000), which involves partitioning the ether:hexane extract with acetonitrile, which 
can then be concentrated without losing the extracted 1 ,3-dichloro-2-propanol. The 
compound is derivatized with heptafluorobutyrylimidazole before gas chromato
graphy and mass spectrometric detection. 

An alternative method has been reported that is capable of detecting 1 ,3-dichloro-
2-propanol in soya sauce at concentrations < 0.005 mg/kg (Crews et al., 2000). 
This methods involves headspace gas chromatography with mass spectrometric 
detection and a deuterated internal standard. Full details of the method and its 
validation are reported to be in preparation. 

4. LEVELS AND PATTERNS OF CONTAMINATION OF FOOD 
COMMODITIES 

4.1 Results of surveys 

In a recent survey of soya sauces in the USA, 1 ,3-dichloro-2-propanol was 
detected (at > 0.025 mg/kg) in six of 21 samples at concentrations between 0.07 
and 1.9 mg/kg. All the samples also contained 3-chloro-1 ,2-propanediol at 
concentrations> 1 mg/kg (Food & Drug Administration, 2000). 

4.2 Distribution curves 

Few data were available from recent surveys. The survey of soya sauces in the 
USA showed a direct relationship between the concentrations of 1 ,3-dichloro-2-
propanol and 3-chloro-1 ,2-propanediol, the latter being approximately 50 times higher. 
However, this observation was based on a relatively small number of samples. 

In another report of the results of analyses of soya sauces, 1 ,3-dichloro-2-propanol 
was found only in samples with high concentrations of 3-chloro-1 ,2-propanediol 
(Crews et al., 2000). In this study, 1 ,3-dichloro-2-propanol was detected in five of 
the 14 samples tested at concentrations between 0.01 and 4.3 mg/kg. These five 



442 1 ,3-D/CHLOR0-2-PROPANOL 

samples also had the highest concentrations of 3-chloro-1 ,2-propanediol, ranging 
from 15 to 100 mg/kg. When one sample containing 0.01 mg/kg of 1 ,3-dichloro-2-
propanol was eliminated, the ratio of 3-chloro-1 ,2-propanediol to 1 ,3-dichloro-2-
propanol varied between 16:1 and 78:1. 

5. ESTIMATED DIETARY INTAKE 

5.1 Background 

1 ,3-Dichloro-2-propanol and 3-chloro-1 ,2-propanediol are formed when chloride 
ions react with triglycerides in foods under a variety of conditions, including food 
processing, cooking, and storage. These compounds have been found in various 
foods and food ingredients, most notably in hydrolysed protein products and soya 
sauces. The mechanisms of formation have not been completely elucidated. It has 
been shown, however, that 3-chloro-1 ,2-propanediol is a precursor of 1 ,3-dichloro-
2-propanol in protein hydrolysates (Collier et al., 1991 ). Their formation can be 
minimized by use of good manufacturing practices. When both compounds are found 
in a food or a food ingredient, the concentration of 1 ,3-dichloro-2-propanol is far 
lower than that of 3-chloro-1 ,2-propanediol. 

Information on the concentrations of 1 ,3-dichloro-2-propanol in food ingredients 
was submitted by the United Kingdom, the USA, and the International Hydrolyzed 
Protein Council. A submission from the Czech Republic contained information on 
the reactions of chlorinated propanols and other chlorinated compounds but did not 
include information useful for preparing this assessment. Information on the 
consumption of soya sauce was received from Australia, Japan, and the USA. 

5.2 Calculations of intake 

5.2.1 Relevant period of intake 

1 ,3-Dichloro-2-propanol would not show acute toxic effects at any level of intake 
that might reasonably be expected. This analysis therefore addresses only the 
probable long-term consumption of the compound owing to its presence in foods. 

5.2.2 Soya sauce consumption in Australia, Japan, and the USA 

The mean consumption of soya sauce by Australian consumers was 
approximately 11 g/person per day, and the consumption by consumers at the 95th 
percentile was approximately 35 g/person per day. In Japan, the per-capita 
consumption of soya sauce was approximately 30 g/person per day. In the absence 
of information on the residual concentration of 3-chloro-1 ,2-propanediol, and thus 
1 ,3-dichloro-2-propanol, in soya sauces in Australia and Japan, the Committee was 
unable to estimate the intake of 1 ,3-dichloro-2-propanol in those countries. However, 
the residual concentrations can reasonably be assumed to be similar to those used 
in the estimate from the USA, below, as the data used were for soya sauces produced 
domestically in Canada and the USA as well as for soya sauces imported from Asia. 
The Australian intake of 1 ,3-dichloro-2-propanol would be 10 f.lQ/person per day at 
the mean and 30 f.lQ/person per day at the 95th percentile of consumption. The 
Japanese intake would be approximately 27 f.lg/person per day at the mean and 
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55 J..lg/person per day at the 90th percentile, assuming that consumption of soya 
sauce is twice the mean. 

The report from the USA contained information on the relationship between 
concentrations of 1 ,3-dichloro-2-propanol and 3-chloro-1 ,2-propanediol. Additional 
information available in the literature was combined with this information and analysed 
graphically. A linear relationship was found, with a ratio of at least 20:1. This ratio 
was used with the available data on the concentrations of 3-chloro-1 ,2-propandiol 
from the evaluation of the Committee contained in this volume to estimate the intake 
1 ,3-dichloro-2-propanol from its presence in soya sauces. 

The mean consumption of soya sauce in the USA was 8 g/person per day, and 
that at the 90th percentile was estimated to be 16 g/person per day. The mean 
concentration of 1 ,3-dichloro-2-propanol, based on the 20:1 ratio of 3-chloro-1 ,2-
propanediol to 1 ,3-dichloro-2-propanol and a mean concentration of 3-chloro-1 ,2-
propanediol of 18 mg/kg found in a survey of commercially available soya sauces in 
the USA, was 0.9 mg/kg. Combination of the consumption of soya sauce with the 
mean residual concentration yielded a mean intake of 1 ,3-dichloro-2-propanol of 
7 J..lg/person per day and intake at the 90th percentile of 14 J..lg/person per day. 

5.2.3 International estimates of intake 

The descriptions of the GEMS/Food regional diets contain limited information 
on consumption of soya sauce: the Far Eastern diet includes soya sauce, at a level 
of 11 g/person per day and the Middle Eastern diet at 0.1 g/person per day; none is 
reported in the other regional diets, representing consumption of< 0.1 g/person per 
day. The background intake of 1 ,3-dichloro-2-propanol can be estimated roughly 
from the data submitted by the United Kingdom on residual concentrations of 3-
chloro-1 ,2-propanediol in savoury foods and the 20:1 ratio of this compound with 
1 ,3-dichloro-2-propanol. If it is assumed that approximately one-eighth of the diet, 
180 g, consists of savoury foods that might contain 1 ,3-dichloro-2-propanol (out of 
1500 g/day solid food, used as the default level in the USA) and that those foods 
contain a mean residual concentration of 0.0006 mg/kg 1 ,3-dichloro-2-propanol, 
the background intake is approximately 0.1 J..lg/person per day. 

6. PREVENTION AND CONTROL 

No information was available on studies specifically of the control of the formation 
of 1 ,3-dichloro-2-propanol in foods or food ingredients. However, it seems likely that 
any steps taken to prevent or minimize contamination of acid-treated foods with 3-
chloro-1 ,2-propanediol will also result in reductions in the concentration of 1,3-
dichloro-2-propanol. 

7. RISK ASSESSMENT 

7. 1 Pivotal biochemical and toxicological studies 

7. 1.1 Biotransformation 

The metabolism of 1 ,3-dichloro-2-propanol has been studied in mammalian 
systems (Jones & Fakhouri, 1979; Koga et al., 1992) but not in humans or human 
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preparations that would allow assessment of risk or determination of safety to 
humans. Likewise, no evidence was available to evaluate the degree or extent of 
any differences in metabolism between mammals and the bacteria used in assays 
of genotoxicity. Hence, the relevance of the results of the in-vitro assays for predicting 
the potential interaction of 1 ,3-dichloro-2-propanol with genetic material in humans 
is largely predicated on their reputation for predicting the outcomes of studies of 
carcinogenicity in mammals. The reliability of such predictions is good, particularly 
when the test systems are combined with mammalian metabolizing preparations. 
Therefore, keeping in mind the limitations of such extrapolations, the results of in
vitro tests for genotoxicity can be used to assess the genotoxicity of 1 ,3-dichloro-2-
propanol to humans. 

7. 1.2 Toxicological studies 

The most appropriate study for assessing the carcinogenic risk of 1 ,3-dichloro-
2-propanol to humans was performed by the Research & Consulting Co. AG {1986), 
ltingen, Switzerland. In this study, male Wistar (KMF/Han) rats given 1 ,3-dichloro-2-
propanol for 2 years showed increased incidences of benign and malignant 
neoplasms of the kidney, liver, and tongue, and female rats had increased incidences 
of benign and malignant neoplasms of the liver and tongue. An increase in the 
incidence of thyroid follicular cell neoplasms in treated rats of each sex was probably 
not reliable enough to be included in a risk assessment or safety evaluation. As 
reported for the renal tumours induced by 3-chloro-1 ,2-propanediol in a different 
strain of rats, Fischer 344 (see monograph, this volume), the tumours appeared 
concurrently with chronic progressive nephritis, which is commonly observed in aging 
rats. However, the incidence of renal tubule hyperplasia, considered to be a precursor 
of neoplasia and not generally associated with chronic progressive nephritis, was 
also associated with treatment, supporting the conclusion that these tumours were 
compound-induced and not toxic manifestations of chronic progressive nephritis. 

No studies in humans or studies with biomarkers that are relevant for evaluating 
dose-response relation ships or risk were available. 

The studies of genotoxicity performed with 1 ,3-dichloro-2-propanol are reviewed 
above and in Table 2. The compound caused point mutations in bacteria and 
mammalian cells in culture in standard test systems, but there were no studies to 
evaluate its genotoxicity in intact mammalian organisms or in humans. The results 
of the in-vitro studies were nevertheless sufficiently robust to conclude that 1 ,3-
dichloro-2-propanol can readily interact with chromosomal material in cells and can 
be expected to do so in target tissues in vivo. 

7.2 General modelling considerations 

7.2. 1 Measurement of response 

The doses administered and the incidences of renal neoplasia and hyperplasia, 
liver neoplasia, and neoplasia of the tongue in male and female Wistar rats are 
presented in Table 1. 
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7.2.2 Selection of model for extrapolation 

The strength of the data from the study of Research & Consulting Co. AG (1986), 
showing induction by 1 ,3-dichloro-2-propanol of neoplasia at multiple sites, and the 
relatively unequivocal findings of genotoxicity in vitro suggest use of an extrapolation 
technique in which no practical biological threshold is assumed. Another approach 
would be to express the estimated human dose as a fraction of the dose that was 
consumed by the animals in the study, to provide a clear notion of the degree of 
safety provided by current levels of exposure. It would also allow for a judgement of 
whether the risk associated with such an exposure is significant. 

One extrapolation approach that is transparent, accommodates the requirement 
for no practical threshold and does not require computer programs is the model 
proposed by Gaylor & Kodell (1980). With this model, a dose-response curve can 
be established from the data in the observable region of the dose-response 
relationship with any model. Graphical techniques may often suffice. A decision is 
then made about the point at which the study data can no longer be considered to 
be reliable for predicting the dose-response curve. A default linear extrapolation is 
subsequently made from that region to zero, and the risk corresponding to a given 
dose can be determined. This value is described as a plausible upper bound on 
risk, not an actuarial risk, even for the test species. This approach is similar to the 
familiar no-effect-level approach for biological thresholds. One superior feature is 
that the data describing the observable dose-response relationship can be 
incorporated into the assessment. 

7.3 Estimates of potency 

No suitable epidemiological studies or studies incorporating biomarkers were 
available to assess potency in humans. 

The assessment of risk with no practical threshold was based on the findings of 
the study by Research & Consulting Co. AG (1986). The response, renal tubule 
neoplasia in male rats, was essentially linear with dose in the observable region of 
the curve, rendering trivial any decision about where to convert to linearity at low 
doses. Hence, a simple linear proportion derived from the lowest dose at which 
there was a response (6.2 mg/kg bw per day; three renal tumour-bearing rats out of 
50 rats in the group) and the response in the control group (no renal tumour-bearing 
animals out of 50) provides the slope of a linear line that defines the potency of the 
response, as follows: 

(3/50- 0/50) + 6.2 mg/kg bw per day = 0.009 (mg/kg bw per day)exp-1. 

Extrapolating from other points on the dose-response curves in this simple 
fashion gives a value for the potency, or unit risk, of about 0.01 per mg/kg bw per 
day. The upper bound on the risk provided by this procedure can be estimated by 
multiplying this potency, or unit risk, by the estimated daily exposure expressed in 
mg/kg bw. 

An alternative way of expressing the margin of safety-a procedure for deciding 
whether the risk associated with a given exposure is significant or not-is to compare 
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the estimated dose that produced tumours in experimental animals by estimated 
human consumption. The corresponding dose to rats in the relevant study was 
19 mg/kg bw per day, which can be compared with the intake of consumers of soya 
sauce at a high percentile of < 1 J.tg/kg bw per day, providing a margin of safety of 
about 20 000. The Committee concluded that this expression of the margin of safety 
was the preferred way of judging the safety of this compound. 

B. COMMENTS 

Absorption, distribution, metabolism, and excretion 
Approximately 5% of an oral dose of 1 ,3-dichloro-2-propanol was excreted in · 

the urine of rats as ~-chlorolactate, and about 1% of the dose was excreted as 2-
propanol-1 ,3-dimercapturic acid. In another experiment, the urine of rats contained 
the parent compound (2.4% of the dose), 3-chloro-1 ,2-propanediol (0.35% of the 
dose), and 1 ,2-propanediol (0.43% of the dose). Epoxy-chloropropane 
(epichlorohydrin) was postulated to be an intermediate; it may either undergo 
conjugation with glutathione to form mercapturic acid or be hydrolysed to 3-chloro-
1 ,2-propanediol. The latter undergoes oxidation to ~-chlorolactate, which is further 
oxidized to oxalic acid. 

Toxicological studies 
The oral LD50 of 1 ,3-dichloro-2-propanol in rats is 120-140 mg/kg bw. 
In several short-term studies in rats, 1 ,3-dichloro-2-propanol at doses 2: 1 0 mg/ 

kg bw per day and higher caused significant hepatic effects. These were associated 
with oxidative metabolism, which yielded intermediates that reacted with and depleted 
glutathione. 

In a 13-week study in rats, overt hepatotoxicity, including increased liver weights, 
histological changes, and/or increased activity of serum alanine and aspartate 
transaminases, was seen after oral administration of 1 ,3-dichloro-2-propanol at doses 
;:: 1 0 mg/kg bw per day. These doses also caused histopathological changes in the 
kidney, increased kidney weights, and alterations in urinary parameters. The NOEL 
was 1 mg/kg bw per day. 

The results of the one long-term study of toxicity and carcinogenicity in rats 
confirmed the hepatotoxicity and the nephrotoxicity seen in the 13-week study. 
Furthermore, it demonstrated a clear carcinogenic effect of 1 ,3-dichloro-2-propanol 
at the highest dose tested, 19 mg/kg bw per day. The tumours (adenomas and 
carcinomas) occurred in liver, kidney, the oral epithelium and tongue, and the thyroid 
gland. No increase in tumour incidence was seen at the lowest dose tested, 2.1 mg/kg 
bw per day. Treatment-related non-neoplastic lesions of the liver were observed, 
sinusoidal peliosis being found in all treated groups. 

1 ,3-Dichloro-2-propanol has been reported to be hepatotoxic in humans exposed 
occupationally. 

1 ,3-Dichloro-2-propanol was clearly mutagenic and genotoxic in various bacterial 
and mammalian test systems in vitro. The only available study in vivo showed no 
effect in a wing spot test in Drosophila melanogaster. 

Occurrence 
Information on the concentrations of 1 ,3-dichloro-2-propanol in soya sauce was 

submitted by the USA. Additional information was derived from a published report 
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on the concomitant occurrence of 3-chloro-1 ,2-propanediol and 1 ,3-dichloro-2-
propanol in soya sauces, which showed that 1 ,3-dichloro-2-propanol may be present 
in samples of hydrolysed vegetable protein and soya sauce that contain 3-chloro-
1 ,2-propanediol at concentrations> 1 mg/kg. In those products in which 1 ,3-dichloro-
2-propanol was quantifiable, the ratio of the concentrations of 3-chloro-1 ,2-
propanediol to 1 ,3-dichloro-2-propanol was at least 20. 

Estimates of dietary intake 
A report from the USA was used by the Committee to estimate the intake of 

1 ,3-dichloro-2-propanol from its presence in soya sauces. Information about the 
consumption of soya sauce was received from Australia, Japan, and the USA. 

At any level of intake that might reasonably be expected, 1 ,3-dichloro-2-propanol 
would not have acute effects. The analysis therefore addressed only long-term intake 
of the compound from its presence in foods. 

The intake of 1 ,3-dichloro-2-propanol from food other than soya sauce can be 
estimated roughly from data on residual concentrations of 3-chloro-1 ,2-propanediol 
in savoury foods and the upper-bound 20:1 ratio of 3-chloro-1 ,2-propanediol: 1 ,3-
dichloro-2-propanol. If it is assumed that about one-eighth of the diet, 180 g (on the 
basis of 1500 g/day of solid food), consists of savoury foods that might contain 1,3-
dichloro-2-propanol and that the mean residual concentration of the compound in 
those foods is 0.0006 mg/kg, the background intake is approximately 0.1 )lg/person 
per day. 

The upper-bound 20:1 ratio of 3-chloro-1 ,2-propanediol:1 ,3-dichloro-2-propanol 
was used by the Committee to estimate the intake of 1 ,3-dichloro-2-propanol from 
consumption of soya sauce. The average concentration of 3-chloro-1 ,2-propanediol 
in a survey of 90 commercially obtained soya sauce samples was 18 mg/kg; the 
residual concentration of 1 ,3-dichloro-2-propanol was therefore assumed to be 
0.9 mg/kg. 

The mean and 90th percentile consumption of soya sauce in the USA (consumers 
only) were reported to be 8 and 16 g/person per day, respectively. The resulting 
estimate of the intake of 1 ,3-dichloro-2-propanol would be 7 )lg/person per day at 
the mean level of consumption and 14 )lg/person per day at the 90th percentile of 
consumption. The values for the mean and 95th percentile consumption of soya 
sauces in Australia are 11 and 35 g/person per day, respectively, resulting in estimates 
of intake of 1 0 and 30 )lg/person per day for consumers, respectively. Per-capita 
intake of soya sauce in Japan (approximating the intake of consumers only) was 
reported to be 30 g/person per day, resulting in an estimate of the intake of 1 ,3-
dichloro-2-propanol of 27 )lg/person per day. An upper percentile intake of 
55 )lg/person per day was estimated by assuming consumption of soya sauce of 
two times the mean. 

9. EVALUATION 

Although only a few studies of kinetics and metabolism and few short- and long
term studies of toxicity and of reproductive toxicity were available for evaluation, 
they clearly indicated that 1 ,3-dichloro-2-propanol was hepatotoxic, induced a variety 
of tumours in various organs in rats, and was genotoxic in vitro. The Committee 
concluded that it would be inappropriate to estimate a tolerable intake because of 
the nature of the toxicity. Thus: 



448 1,3-D/CHLOR0-2-PROPANOL 

• The results of the long-term study of toxicity and carcinogenicity showed 
significant increases in the incidences of both benign and malignant neoplasms 
in at least three independent tissues. 

• It has been shown unequivocally that this contaminant can interact with 
chromosomes and/or DNA; however, the tests were confined to bacterial and 
mammalian test systems in vitro, and there were no data on intact mammalian 
organisms or humans. 
The Committee noted that the dose that caused tumours in rats (19 mg/kg bw 

per day) was about 20 000 times the highest estimated intake of 1 ,3-dichloro-2-
propanol by consumers of soya sauce (1 J.lg/kg bw per day). 

The available evidence suggests that 1 ,3-dichloro-2-propanol is associated with 
high concentrations of 3-chloro-1 ,2-propandiol in food. Regulatory control of the 
latter would therefore obviate the need for specific controls on 1 ,3-dichloro-2-
propanol. 
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1. EXPLANATION 

1. 1 Introduction 

Polychlorinated dibenzodioxins (PCDDs) and polychlorinated dibenzofurans 
(PCDFs) are by-products of combustion and of various industrial processes, and 
they are widely present in the environment. Polychlorinated biphenyls (PCBs) were 
manufactured in the past for a variety of industrial uses, notably as electrical insulators 
or dielectric fluids and specialized hydraulic fluids. Most countries banned 
manufacture and use of PCBs in the 1970s; however, past improper handling of 
PCBs constitutes a continuing source of these compounds in the environment, and 
disposal of equipment now in use poses some risk of further contamination. 

Neither PCDDs nor PCDFs have been evaluated previously by the Committee. 
PCBs were evaluated at the thirty-fifth meeting, when a provisional tolerable weekly 
intake (PTWI) could not be established because of the limitations of the available 
data and the ill-defined nature of the materials that were used in feeding studies 
(Annex 1, reference 88). 

PCDDs, PCDFs and coplanar PCBs were evaluated at the present meeting on 
the basis of a request by the Codex Committee on Food Additives and Contaminants 
(CCFAC) to evaluate the risks associated with their presence in food. 

The Committee evaluated the PCDDs, PCDFs and coplanar PCBs for which 
toxic equivalency factors (TEFs) for mammals have been derived by WHO (Ahlberg 
et al., 1994). Table 1 lists the compounds that were considered and their assigned 
TEF values. The TEF approach relates the toxicity of all chemicals in the series to 
that of 2,3, 7 ,8-tetrachlorinated dibenzodioxin (TCDD), one of the most potent of the 
chemicals on which most toxicological and epidemiological information was available. 
Use of the TEF concept rests on the assumption that PCDDs, PCDFs and coplanar 
PCBs have a common mechanism of action, which involves binding to the aryl 
hydrocarbon (Ah) receptor, an intracellular receptor protein. This binding is considered 
to be the necessary first, but not sufficient, step in expressing the toxicity of these 
compounds. Many uncertainties exist in use of the TEF approach for human risk 
assessment, but pragmatically it is the most feasible approach available. 

Two documents were particularly important in this evaluation. A WHO consultation 
held in 1998 (van Leeuwen & Younes, 2000) established a tolerable daily intake 
(TO I) of 1-4 pg/kg bw, which was applied to the toxic equivalents of PCDDs, PCDFs 
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Table 1. Compounds considered and the toxic equivalency factor assigned by WHO 

Compound Abbreviation Toxic equivalency 
factor 

Polychlorinated dibenzodioxins 
2,3,7,8-Tetrachlorodibenzodioxin TCDD 1 
1 ,2,3,7 ,8-Pentachlorodibenzodioxin 1 ,2,3,7,8-PeCDD 1 
1 ,2,3,4,7,8-Hexachlorodibenzodioxin 1 ,2,3,4,7,8-HxCDD 0.1 
1 ,2,3,6,7,8-Hexachlorodibenzodioxin 1 ,2,3,6,7,8-HxCDD 0.1 
1 ,2,3,6,7,9-Hexachlorodibenzodioxin 1 ,2,3,6,7,9-HxCDD 0.1 
1 ,2,3,4,6,7,8-Heptachlorodibenzodioxin 1 ,2,3,4,6,7,8·HpCDD 0.01 
Octachlorodibenzodioxin OCDD 0.0001 

Polychlorinated dibenzofurans 
2,3,7,8-Tetrachlorodibenzofuran 2,3,7,8-TCDF 0.1 
1 ,2,3,7,8-Pentachlorodibenzofuran 1 ,2,3,7,8-PeCDF 0.05 
2, 3,4, 7 ,8-Pentachlorodibenzofuran 2,3,4, 7 ,8-PeCDF 0.5 
1 ,2,3,4,7,8-Hexachlorodibenzofuran 1 ,2,3,4,7,8-HxCDF 0.1 
1 ,2,3,6, 7,8-Hexachlorodibenzofuran 1 ,2,3,6,7,8-HxCDF 0.1 
1 ,2,3, 7,8,9-Hexachlorodibenzofuran 1 ,2,3,7,8,9-HxCDF 0.1 
2, 3,4,6, 7 ,8-Hexachlorodibenzofu ran 2,3,4,6,7,8-HxCDF 0.1 
1 ,2,3,4,6, 7 ,8-Heptachlorodibenzofuran 1 ,2,3,4,6,7,8-HpCDF 0.01 
1 ,2,3,4,7,8,9-Heptachlorodibenzofuran 1 ,2,3,4,7,8,9-HpCDF 0.01 
Octochlorodibenzofuran OCDF 0.0001 

'Non-ortho' polychlorinated biphenyls 
3,3 ·,4,4 • -Tetrachlorobiphenyl (poly- 3,3',4,4'-TCB 0.0001 

chlorinated biphenyl #77) 
3,4,4',5,-Tetrachlorobiphenyl (poly- 3,4,4',5-TCB 0.0001 

chlorinated biphenyl #81) 
3,3 ',4,4 ',5-Pentachlorobiphenyl (poly- 3,3. ,4,4 ',5-PeCB 0.1 

chlorinated biphenyl #126) 
3,3',4,4 ',5,5 • -Hexachlorobiphenyl (poly- 3,3 ',4,4 ',5,5 '-HxCB 0.01 

chlorinated biphenyl #169) 

'Mono-ortho' polychlorinated biphenyls 
2,3,3 ',4,4 • -Pentachlorobiphenyl (poly- 2,3,3 ',4,4 '-PeCB 0.0001 

chlorinated biphenyl #1 05) 
2,3,4,4 ',5-Pentachlorobiphenyl (poly- 2,3,4,4',5-PeCB 0.0005 

chlorinated biphenyl #114) 
2,3 ',4,4 ·,5-Pentachlorobiphenyl (poly- 2,3',4,4',5-PeCB 0.0001 

chlorinated biphenyl #118) 
2,3 ',4,4 ',5'-Pentachlorobiphenyl (poly- 2,3 ',4,4 ',5. -PeCB 0.0001 

chlorinated biphenyl #123) 
2,3,3 • ,4,4 ',5-Hexachlorobiphenyl (poly- 2,3,3',4,4 ',5-HxCB 0.0005 

chlorinated biphenyl #156) 
2,3,3',4,4 ',5' -Hexachlorobiphenyl (poly- 2,3,3 ',4,4 ',5 '-HxCB 0.0005 

chlorinated biphenyl #157) 
2,3 • ,4,4 • ,5,5 · -Hexachlorobiphenyl (poly- 2,3 ',4,4',5,5 '-HxCB 0.00001 

chlorinated biphenyl #167) 
2,3,3 · ,4,4 ',5,5 · -Heptachlorobiphenyl 2,3,3 ',4,4 ',5,5 '-HpCB 0.00001 

(polychlorinated biphenyl #189) 
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and coplanar PCBs. The TDI was based on the results of a number of studies of 
developmental toxicity, in which pregnant rats were given TCDD by gavage, and 
immunological toxicity. The present Committee used this assessment as the starting 
point for its evaluation, taking into account newer studies that provided information 
on: 

• toxicokinetics in a comparison of the fetal transfer of TCDD after bolus and 
repeated dosing; 

• two new studies of developmental toxicity; and 
• new information on the study in rhesus monkeys that placed its results in question. 

The second is a position paper on dioxins, developed for the CCFAC at its thiry
third session (Codex Alimentarius, 2001 ), which summarizes levels of exposure 
and values derived in safety assessments and explores the arguments for and against 
setting maximum limits. In addition, comprehensive evaluations have been conducted 
by several organizations, including IARC (1997), the Agency for Toxic Substances 
and Disease Registry (1998) in the USA, the European Union (1999, 2000a,b,c) 
and the Environmental Protection Agency (2000a) in the USA. 

1.2 Compounds considered 

The 29 compounds listed in Table 1 are covered by the assessment. These 
compounds have similar resistance to environmental and metabolic degradation 
and solubility in body fat, and they share a unique spectrum of toxic responses 
initiated by interaction with the Ah receptor found in many tissues in the body. 

PCDDs and PCDFs are by-products of combustion and of various industrial 
processes, and they are widely present in the environment. The subset of these 
compounds considered in this assessment comprises those with chlorine 
substitutions at the 2, 3, 7 and 8 positions. The prototypical member of this group, 
TCDD, is generally regarded as one of the most potent toxins known. 1 ,2,3,7,8-
Pentachlorodibenzodioxin is of a similar potency, while the other members of the 
subset are 10-10 000 times Jess toxic. 

The 12 PCBs included in this assessment are considered to share dioxin-like 
properties and have either one or no chlorine substitutions in the ortho positions. 
Non-ortho- and mono-ortho-substituted PCBs in the environment and in foods 
generally comprise a small percentage of the total PCB contamination. The dioxin
like toxicity of these 12 PCBs is 1 0-1 00 000 less than that of TCDD. 

1.3 Toxic equivalents 

The assumption made throughout this document is that the 29 compounds have 
a common mechanism of action and all the compounds act through this mechanism. 
This assumption allows consideration of a broader range of data on toxicity, 
particularly in the case of human poisoning incidents. The larger benefit of the 
assumption is that it allows data on exposure to the 29 compounds to be summarized 
in a single description. In the absence of this assumption, individual effects, potency, 
and the sufficiency of data would have to be considered for each compound. Use of 
toxic equivalents to broaden the database on toxicity and to simplify the descriptions 
of risk comes, however, at the cost of reducing the possibility of projecting the 
uncertainty in the evaluations of toxicity and risk into the risk characterization. For 
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example, use of data on the effects of exposure to furans alone to estimate risk 
relies on the validity and accuracy of the TEF for the furans (see section 2.1.4), but 
the uncertainty of the TEFs for individual furans is not explicitly taken into 
consideration. 

The accuracy of estimates of toxic equivalents is uncertain for similar reasons 
and for the additional reason that other compounds present in the environment may 
affect the biological response through the assumed common mechanism. Thus, 
compounds such as brominated and chlorobrominated analogues of PCDDs, PCDFs, 
naphthalenes, diphenyl ethers, diphenyl toluenes, phenoxyanisoles, biphenyl 
anisoles, xanthenes, xanthones, anthracenes, fluorenes, dihydroanthracenes, 
biphenyl methanes, phenylxylylethanes, dibenzothiophenes, quaterphenyls, quater
phenyl ethers and biphenylenes could all affect the 'true' toxic equivalents of food. 

Furthermore, toxic equivalence is assumed to be simply additive in all cases, 
despite evidence that the effects of some compounds in environmental mixtures 
are less than additive, greater than additive (synergistic), or antagonistic (reduce 
the adverse biological response). There is essentially no information on the accuracy 
of estimates of toxic equivalents in predicting the true adverse biological response 
to the various mixtures found in food, nor is there an adequate basis for estimating 
the uncertainty of the estimate. 

Most of the evidence for the toxicity of the 29 compounds comes from studies of 
TCDD. The toxic equivalents method is based on the assumption that the toxicity of 
TCDD is equal to or greater than that of any of the other 28 compounds. In the TEF 
scheme, a dose of TCDD of 1 pg/kg bw is considered to be equivalent to a toxic 
equivalence of 1 pg/kg bw. The contribution of TCDD to the estimated toxic 
equivalents of a food is typically less than 1 0%. Nonetheless, the Committee used 
the toxic equivalents method to allow inclusion of data such as that from the Yusho 
and Yu-cheng incidents of rice oil poisoning (see section 2.3.2), for which the toxic 
equivalence was due entirely to furans and PCBs. Toxic equivalence was also used 
to describe intake from food and as a basis for estimating tolerable intake. 

1.4 General considerations on exposure to dioxins 

Persons can be expossed to PCDDs, PCDFs and coplanar PCBs occupationally, 
accidentally, or in the environmental (background). Exposure to background 
contamination can occur by inhalation, ingestion, or contact with contaminated soil. 
Assessments of exposure by the European Commission (2000a) and the EPA (2000a) 
in the USA showed that> 90% of the exposure of a typical person to PCDDs, PCDFs 
and coplanar PCBs came from food and predominantly from animal fat (Bund/Uinder 
Arbeitsgruppe Dioxine, 1993; European Union, 1999; Environmental Protection 
Agency, 2000a; European Union, 2000a,b; van Leeuwen & Younes, 2000). The 
contamination of animal fat is thought to be derived largely from feed (rather than, 
for example, soil contact or inhalation of air by food animals), and therefore animal 
feed is a potential control point for reduction of the intake of PCDDs, PCDFs and 
coplanar PCBs from the food chain (European Union, 2000c). 

1.4.1 Sources of PCDDs, PCDFs and coplanar PCBs that contaminate food 

Dioxins and furans are released into the air during combustion processes such 
as industrial and municipal waste incineration (including burning of household waste 
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in some areas), metal recycling and refining (smelting) and burning of fuels like 
wood, coal, gasoline, or oil. Dioxins and furans can also be formed from natural 
sources (for example, during forest fires). Chlorine bleaching of pulp and paper, 
certain types of chemical manufacture and processing and other industrial processes 
all can create small quantities of dioxins and furans. 

The sources of PCBs are different from those of PCDDs and PCDFs, in that 
there was substantial commercial production of PCBs. PCBs have been released to 
the environment over the past 70 years from PCB-containing equipment in industrial 
discharges and by improper use and disposal of equipment containing PCBs. 
Because their manufacture and use has been banned in most countries, the 
predominant source of PCBs now is the environmental reservoir from past releases. 

Federal governments, industry and environmental interest groups have worked 
together for over a decade to reduce emissions of PCDDs, PCDFs and coplanar 
PCBs. However, because these compounds are extremely persistent, past releases 
remain in the environment as contaminated soils and sediments and will take decades 
to decline. The contribution of these 'environmental reservoirs' to food contamination 
has not been quantified; however, on the basis of the volumes of past release and 
the persistence in the environment, environmental reservoirs will become the single 
largest source of these compounds to food, as industrial and waste-stream 
emmissions are reduced. As the environment is in some sense the 'proximal' source 
of many if not most foods, both proximal and release sources should be considered 
in efforts to find the most effective means for reducing exposure. 

The relative contribution of PCDDs, PCDFs and coplanar PCBs to the total 
environmental load from various sources has changed substantially over the past 
decades. Furthermore, the relative importance of sources varies from one country 
to another. In the past and in industrialized countries, the chemical industry was the 
main source of releases of PCDDs and PCDFs into the environment. Today, the 
main (quantified) releases are from combustion processes. 

UNEP (1999) has started to collect data from national and regional inventories 
of dioxin. It became evident that there were no harmonized methods for establishing 
inventories. As the Stockholm Convention on POPs will require continuous 
minimization of releases of these compounds, UNEP (2001) has offered a standar
dized toolkit for establishing inventories of PCDDs, PCDFs and coplanar PCBs. 
Most inventories cover emissions to the air only; less information is available on 
releases of residues and products to land and water. Most of the information comes 
from the Northern Hemisphere, and the sources in developing countries have not 
been quantified. Changes in techniques for waste incineration have reduced exposure 
in industrialized countries, but the role of reservoirs remains to be evaluated. Iron 
and steel manufacture is an important contributor in many countries, but not all 
industrialized countries include this important sector in their inventories. 

1.4.2 Pathways to food 

Transfer of environmental contamination into animal feed commonly results in 
the appearance of PCDDs, PCDFs and coplanar PCBs as contaminants in fat
containing animal products, meat and milk. Feed, food-producing animals and food 
products may become contaminated in various ways, including deposition of 
emissions from various sources on farmland, burning of contaminated raw material 
for direct drying, blending of feedstuffs with contaminated products, application of 
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contaminated pesticides, detergents, or disinfectants, contact with wooden materials 
treated with wood preservatives, application of sewage sludge to fields, flooding of 
pastures, contamination of water with wastewater and effluents, food processing, or 
migration from chlorine-bleached packaging material. 

(a) Environmental contamination 

Widespread environmental contamination with PCDDs, PCDFs and coplanar 
PCBs remains after past releases. As the half-lives of some of these compounds in 
the environment are decades or longer, the environmental contamination is likely to 
persist for some time. As a result, most of the contamination of food by PCDDs, 
PCDFs and coplanar PCBs is due to their occurrence in the environment and is not 
easily traced to the original source. 

Food may become contamined via many pathways, including direct deposition 
from the air onto leafy plants used in feed and ingestion of contaminated soil by 
herbivores (e.g. the roots of grass pulled during grazing). In general, PCDDs, PCDFs 
and coplanar PCBs do not accumulate in plant matter other than by external 
deposition from the air; for example, most plants do not take up PCDDs, PCDFs 
and coplanar PCBs from the soil but can carry them on their surfaces to differing 
degrees. Potatoes and carrots can take up these compounds from contaminated 
soil into their outer layers. The only plants for which a mechanism for uptake and 
distribution has been demonstrated are courgette and pumpkin. Feed may also be 
contaminated (European Union, 2000c). Owing to the ubiquity of contamination with 
PCDDs, PCDFs and coplanar PCBs and the low limits of detection required to identify 
biologically relevant concentrations, there is substantial uncertainty about the 
predominant pathways by which these compounds enter the food supply. 

(b) Accidents 

During the past few decades, heavy exposure to dioxins and furans has occurred 
in isolated incidents of contamination or release. Well-studied examples of 
environmental releases include the exposure of the local population at Seveso, Italy 
(Pocchiari et al., 1979; Bertazzi & di Domenico, 1994), and from fires in PCB-filled 
electrical equipment, such as in the Binghamton State Office Building in New York 
State, USA (Fitzgerald et al., 1986, 1989). Heavy exposure, with toxic effects, has 
also been caused by contaminated foods. Known examples are the contamination 
of edible oils, such as in the Yusho (Japan) and Yu-cheng (Taiwan) food poisoning 
episodes (Rogan et al., 1988; Kuratsune et al., 1996; see section 2.3.2), which 
involved exposure to concentrations of dioxin or furan at least three to four orders of 
magnitude higher than the highest normally found in foods. 

Incidents of lighter contamination, with no known toxic effects, have been reported, 
which include ingestion of a naturally contaminated feed additive (a form of clay) 
which led to elevated concentrations of dioxin in catfish and poultry (Rappe et al., 
1998; Ferrario et al., 1999; Holcomb et al., 1999; Eljarrat et al., 2000; Jobst & Aldag, 
2000; Malisch, 2000a); ingestion of a feed additive heavily contaminated with PCB 
waste that led to contaminated poultry, eggs, milk and meat in Belgium (Broeckaert 
& Bernard, 2000; Belgian Federal Government, 2001 ); and three incidents of 
agricultural practices that led to contamination of animal feeds and food: 
contamination of citrus pulp pellets as a result of use of heavily contaminated lime 
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for direct drying (European Union, 2000c) and contamination of choline chloride as 
result of use of contaminated wood as a carrier (European Union, 2000c). 

These cases show that food can become contaminated in a variety of ways. 
After the successful reduction of emissions of PCDDs, PCDFs and coplanar PCBs 
into the environment in the 1970s, 1980s and 1990s, attention must now be focused 
on animal feed and the pathways to feed in order to reduce the amounts of these 
compounds entering the food supply. 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2. 1.1 Absorption, distribution, biotransformation and excretion 

(a) Absorption 

As fat is efficiently absorbed from the gastrointestinal tract, dioxin-like compounds 
administered in a fatty matrix can be expected to pass easily into the blood. 
Experiments in rats showed approximately 90% absorption of 2,3,7,8-TCDF after 
oral administration of a single dose in a 1:1 ethanol:vegetable oil mixture (Birnbaum 
et al., 1980) and 70-85% absorption of 2,3,4, 7,8-PeCDF (Yoshimura et al., 1986; 
Brewster & Birnbaum, 1987; Kanimura et al., 1988). Similarly, (mean) absorption 
fractions of 0.84 (range, 0.66-0.93) after oral administration in corn oil (Rose et al., 
1976)) and 0.88 (standard deviation, 1.7) after oral administration in a 1:1:3 solution 
of vegetable oil, ethanol and water (Diliberto et al., 1996) have been reported for 
TCDD in rats. 

In contrast to TCDD and 2,3,7,8-TCDF, OCDD is poorly absorbed, 2-15% of a 
single dose being absorbed after administration by gavage in a 1:1 ortho
dichlorobenzene:corn oil mixture (Birnbaum & Couture, 1988; Couture et al., 1988). 
Furthermore, the absorption of a single oral dose of 1 ,2,3,7,8-PeCDD was found to 
vary from 19 to 71% (Wacker et al., 1986). 

Little may be absorbed from more complex matrices such as the diet. As little as 
50-60% of a dose of TCDD in the diet was absorbed (Fries & Marrow, 1975). 

In a study in which TCDD was given orally in corn oil to a volunteer,> 87% was 
absorbed (Poiger & Schlatter, 1986). This figure is comparable with the near complete 
absorption of dioxins, furans and PCBs by nursing infants from mother's milk 
(Mclachlan, 1993; Dahl et al., 1995). 

(b) Uptake and distribution in the body 

(i) Distribution in the blood 

After absorption from the gastrointestinal tract, TCDD enters the lymph in the 
form of chylomicrons (Lakshmanan et al., 1986). Once in the blood, TCDD-containing 
chylomicrons are quickly (within 1 h) cleared from the blood. Cleared TCDD appeared 
mainly in the liver and the adipose tissue (74-81% of the administered dose). After 
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clearance of chylomicrons, dioxin-like compounds remain mainly in serum lipoproteins 
(very low-, low- and high-density lipoproteins) and bound to serum proteins. In serum, 
the distribution of TCDD between lipoproteins and serum proteins is determined by 
their lipid content. However, higher-substituted dioxins and furans do not partition 
only in accordance with the lipid content of serum components: whereas the lipid 
content of serum lipoproteins is twofold higher than that of serum proteins, about 
80% of TCDD resides are in serum lipoproteins and 20% in serum proteins. For 
OCDD, almost the opposite situation was observed, i.e. 40% in lipoproteins and 
60% in serum proteins (Patterson et al., 1989). Furthermore, substantial partitioning 
of 1 ,2,3,6,7,8-HeCDD and 1 ,2,3,4,6,7,8-HpCDD between the serum and erythrocytes 
has been found, again indicating substantial binding of higher-chlorinated congeners 
to blood proteins. 

(ii) Exchange between blood and organs 

As in blood, the distribution of dioxins and furans between serum and organs is 
determined by lipid partitioning and protein binding. The concentrations of dioxins 
and furans in blood and adipose tissue correlate well (Papke et al., 1989; lida et al., 
1999a). TCDD is distributed between plasma/blood and adipose tissue by lipid 
partitioning (Patterson et al., 1988; Gochfeld et al., 1989). However, in the case of 
HeCDD/HeCDF and OCDD/OCDF, the distribution between plasma and adipose 
tissue is determined by both lipid partitioning and plasma protein binding (Patterson 
et al., 1989; Schecter et al., 1991, 1998). 

(iii) Hepatic sequestration in rodents 

In the liver, protein binding plays an important role in the uptake of dioxin-like 
compounds from the blood, even for lower-chlorinated congeners. When rodents 
are exposed to increasing doses of TCDD, preferential accumulation occurs in the 
microsomal fraction of the liver, such that the concentration exceeds that in adipose 
tissue by many fold (Allen et al., 1975; Kociba et al., 1978a,b; Gasiewicz et al., 
1983; Abraham et al., 1988; Leung, 1990a,b; Weber et al., 1993; Diliberto et al., 
1996; Santastefano et al., 1996; Viluksela et al., 1996; Diliberto et al., 1999). The 
biochemical mechanism behind this phenomenon is as follows. After entering the 
liver cells, TCDD may dissolve in hepatic lipid, bind to an intracellular Ah receptor 
protein, or bind to cytochrome P450 (CYP) proteins, in particular CYP 1 A2 (Poland 
et al., 1989a,b; Santastefano et al., 1996; Diliberto et al., 1997, 1998, 1999). As the 
amount of cellular CYP proteins is regulated by formation of the TCDD-Ah-receptor 
complex, exposure to increasing amount of TCDD triggers the cascade of events 
(protein induction) comprising increased entry of TCDD into the cell, increased 
formation of the TCDD-Ah-receptor complex, increased formation of CYP 1 A2 mRNA 
and CYP 1 A2 protein and increased binding of TCDD to the induced CYP 1 A2 
proteins (Whitlock et al., 1997). 

Hepatic sequestration has also been observed with 2,3,7,8-TCDF and higher
chlorinated PCDDs and PCDFs (Yoshimura et al., 1984; Wacker et al., 1986; Couture 
et al., 1988; Abraham et al., 1989; Poiger et al., 1989a; DeVito et al., 1998; Diliberto 
et al., 1999) and PCBs (van Birgelen et al., 1994a,b). In the case of PCBs, hepatic 
sequestration depends on substitution at the ortho position, greater substitution 
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resulting in decreasing sequestration. For example, 2,2',4,4 ',5,5 '-HxCB, 2,3,3 ',4,4 ·
PeCB, 2,3',4,4',5-PeCB and 2,3,3',4,4',5-HxCB are preferentially deposited in 
adipose tissue and not in liver (van Birgelen et al., 1994a, 1995a; DeJongh et al., 
1995; van Birgelen et al., 1996a; DeVito et al., 1998; Diliberto et al., 1999). In contrast, 
3,3',4,4',5,5'-HxCB and 3,3',4,4',5-PeCB reached relatively high concentrations in 
the liver and interfered with hepatic sequestration of TCDD (van Birgelen et al., 
1994b). 

The hepatic sequestration of dioxins, furans and PCBs markedly affects the 
relative amounts of these compounds in the body (body burden). For example, 
whereas the liver and adipose tissue contain 10% and 60% of the body burden of 
TCDD, respectively, in mice that have only constitutive hepatic CYP protein levels, 
the fractions may increase and decrease to 67% and 23%, respectively, in mice 
with induced hepatic CYP protein (Diliberto et al., 1995) and to 30% and 42% in rats 
(Diliberto et al., 1996). 

Binary mixtures of dioxins, furans and PCBs show clear interactions with respect 
to hepatic sequestration. Co-administration of 2,2',4,4 ',5,5 · -HxCB with 2,3,3 ',4,4 ',5-
HxCB doubled the hepatic disposition of the latter congener. A similar effect was 
found with co-administration of 2,2',4,4',5,5'-HxCB and 3,3',4,4',5,5'-HxCB (De 
Jongh et al., 1993a). The hepatic disposition of 1 ,2,3,7,8-PeCDD increased when 
administered with 2,2',4,4',5,5'-HxCB, 1 ,2,3,6,7,8-HxCDD and 2,3,4,7,8-PeCDF (De 
Jongh et al., 1993b). 

(iv) Hepatic sequestration in humans 

Preferential sequestration of dioxins and furans in liver rather than adipose tissue 
has also been observed in persons exposed to background concentrations of these 
compounds (Figure 1 ). The observed hepatic sequestration is probably due to binding 
to constitutive rather than induced CYP 1 A2 proteins, as, in humans, CYP 1 A2 is 
primarily expressed constitutively and induced in the liver (Diliberto et al., 1999). 
Furthermore, although Ah receptor-dependent CYP induction has been observed in 
vitro in human liver cells exposed to TCDD (Schrenk et al., 1995; induction starting 
at 1 pmoi/L; median effective concentration, 100 pmoi/L), it occurred at concentrations 
that were several orders of magnitude higher than those observed in human blood, 
the mean TCDD concentration in human blood being 0.016-0.078 pmoi/L (Papke et 
al., 1989; I ida et al., 1991 a,b; Scheckter et al., 1991; Papke et al., 1996; Scheckter 
et al., 1998a). A physiologically based pharmacokinetics model showed that induction 
of Ah receptor-dependent CYP proteins is unlikely to occur in the liver of persons 
who have been exposed for long periods to background concentrations of TCDD 
(Zeilmaker et al., 1999). 

(c) Elimination 

Rodents excrete dioxins and furans almost exclusively via the bile, the urine 
being only a minor route of elimination (Gasiewicsz et al., 1983; Birnbaum, 1986; 
Poiger & Schlatter, 1986; Pohjanvirta et al., 1990; Diliberto et al., 1999). Whereas 
only the parent compound is found in the organs of rodents (Brewster & Birnbaum, 
1987; Kedderis et al., 1991 ), mainly dioxin and furan metabolites occur in the bile 
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Figure 1. Ratio of concentrations of dioxins and furans in human liver and adipose 
tissue 
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hexachlorodibenzodioxins; H?cdd, sum of heptachlorodibenzodioxins; Ocdd, 
octachlorodibenzodioxin; T4cdf, sum of tetrachlorodibenzofurans; P5cdf, sum of 
pentachlorodibenzofurans; H6cdf, sum of hexachlorodibenzofurans; H?cdf, sum of 
heptachlorodibenzofurans; Ocdf, octachlorodibenzofuran 

(Birnbaum et al., 1980; Decad et al., 1981 ). The metabolism includes dechlorination, 
hydroxylation and conjugation (Koshakji et al., 1984; Wroblewsky & Olson, 1985; 
Pluess et al., 1987; Poiger et al., 1989a; van den Berget al., 1994). Similar reactions 
have been found in human liver in vitro, with CYP 1 A 1 metabolism of 2,3, 7,8-TCDF 
(Tai et al., 1993) and CYP 2B metabolism of 2,2',5,5'-TCB (Ishida et al., 1991). 

Excretion of unmetabolized dioxins and furans in faeces is an important route of 
elimination in humans, the contribution of faecal elimination to total elimination ranging 
from 14% (1 ,2,3,4,6,7,8-HpCDD) to 90% (OCDD) (Rohde et al., 1999). These findings 
suggest that some PCDDs and PCDFs are eliminated through metabolism in humans 
(van der Molen, 1998, 2000). 

In rodents, the terminal half-life of TCDD is 8-24 days in mice (Gasiewicz et al., 
1983; Birnbaum, 1985) and 16-28 days in rats (Rose et al., 1976; Koshakji et al., 
1984; Abraham et al., 1988; Pohjanvirta et al., 1990; Weber et al., 1993). Humans 
eliminate dioxins and furans much more slowly than rodents. In one volunteer, the 
half-life of TCDD ranged from 5.8 to 9.7 years (Poiger & Schlatter, 1986; Schlatter, 
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1991 ). A half-life of 8.2 years was found in victims of the Seveso accident (Needham 
et al., 1994), and a half-life of 8.6 years was found in former chemical plant workers 
(Rohde et al., 1999). 

Longitudinal, relatively extensive data showed a mean half-life for TCDD of 
8.7 years in veterans of the Viet Nam war (Michalek et al., 1996) and 7.2 years in 
former workers in a herbicide plant (Fiesch-Janys et al., 1996). In these analyses, 
first-order kinetics was used to estimate the half-lives from the time-dependent 
decrease in its concentration in blood. This approach is based on the assumptions 
that the body composition of individuals is constant during the observation period, 
that elimination is independent of body composition, and that individuals have a 
constant (background) rate of intake. Both groups of authors found that these 
assumptions were false. In order to correct for them, van der Molen (1998) and van 
der Molen et al. (2000) used a physiologically based pharmacokinetics model to 
calculate the half-life of TCDD from the data sets. This analysis resulted in in a half
life of 5 years in young adults, 11 years in elderly men and 8 years in 45-year-old 
men from the data of Michalek et al. (1996) and 4 years in young adults, 8.5 years 
in elderly men and 6.3 years in 45-year-old men from the data of Flesch-Janys et al. 
(1998). Thus, Michalek et al. (1996) found a value of 8.7 years compared with 8 
years in the model, and Flesch-Janys et al. (1996) found a value of 7.2 years 
compared with 6.3 in the model. The mean half-life of TCDD in middle-aged men is 
thus 7.6 years. The reported half-lives of PCDDs, PCDFs and PCBs other than 
TCDD are shown in Table 2. 

Coplanar PCBs may induce their own metabolism. In rodents exposed to relatively 
high doses of 2,3,4,7,8-TCDF and TCDD, a twofold induction of their metabolism 
was observed (Brewster & Birnbaum, 1987; Leung et al., 1990b; McKinley et al., 
1993). Similarly, clear biphasic elimination of 2,3,4,7,8-PeCDF and 1 ,2,3,4,7,8-
HxCDF was observed in Yu-cheng and Yusho patients, indicating that they had 
been exposed to concentrations well above background for induction of metabolism 
(Ryan et al., 1993a). The metabolism ofTCDD was found to be substantially induced 
in two patients with TCDD poisoning, the half-lives being 200 and 230 days (Geusau 
et al., 1999). 

{d) Transport across the placenta 

TCDD readily crossed the placenta of pregnant Long-Evans rats given a single 
oral dose of TCDD at 1.2~-Lg/kg bw in corn oil on day 8 of gestation. The concentrations 
of TCDD found in the fetal compartment (fetuses plus their placentae) were 39 pg/g 
(0.01% of the administered dose) on day 9 of gestation, when the maternal blood 
concentration was 15 pg/g; 26 pg/g (0.11% of the administered dose) on day 16, 
with a maternal blood concentration of 18 pg/g; and 21 pg/g (0. 7% of the administered 
dose on day 21, with a maternal blood concentration of 8 pg/g. In individual embryos, 
the TCDD concentrations were 40, 18 and 22 pg/g on days 9, 16 and 21. The 
embryo/fetal compatment may therefore be considered a nonsequestering maternal 
compartment (Hurst et al., 1998). 

Pregnant Long Evans rats received a single oral dose of TCDD at 0.05, 0.2, 0.8, 
or 1 1-lg/kg bw in corn oil on day 15 of gestation. On day 16, these doses resulted in 
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Table 2. Elimination half-lives for polychlorinated dioxins, furans, and coplanar 
polyclorinated biphenyls 

Compound• Half-time 
(range of 
means) 

References 

Polychlorinated dibenzodioxins and polychlorinated dibenzofurans 
TCDD 4.0b-11 Poiger & Schlatter (1986), Schlatter (1991 ), Flesch

Janys et al. (1 994), Needham et al. (1994), Flesch
Janys et al. (1996), Michalek et al. (1996), van der 

1 ,2 ,3, 7 ,8-PeC DO 

1 ,2,3,4,7,8-HxCDD 

1 ,2,3,6,7,8-HxCDD 

1 ,2,3, 7,8,9-HxCDD 

1 ,2,3,4,6,7,8-HpCDD 

OCDD 

2,3,7,8-TCDF 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 

1 ,2,3,4,7,8-HxCDF 

1 ,2,3,6,7 ,8-HxCDF 

2,3,4,6,7,8-HxCDF 

1 ,2,3,4,6, 7 ,8-HpCDF 

1 ,2,3,4,7,8,9·HpCDF 
OCDF 

5.3b -16 

3.5-14 

1.Sb-3.2 
2.Sb- 5.3 
2.1° 
5.0b·19.6 
2.6° 
3.6b-8.1 
4.6b-9.5 

2.3° 
1.8b-3.8 
3.2b-6.9 
1.0b·2.1 

'Non·ortho' polychlorinated biphenyls 

Molen (1998), van der Molen et al. (2000) 
van der Molen et al. (2000), Flesch-Janys et al. 
(1996), Rohde et al. (1999) 
van der Molen et al. (2000), Flesch·Janys et al. 
(1996), Rohde et al. (1999) 
van der Molen et al. (2000), Flesch-Janys et al. 
(1996), Rohde et al. (1999), Gorski et al. (1984) 
van der Molen et al. (2000), Flesch-Janys et al. 
(1996), Rohdeetal. (1999) 
van der Molen et al. (2000), Flesch-Janys et al. 
(1996), Rohde et al. (1999), Gorski et al. (1984) 
van der Molen et al. (2000), Flesch-Janys et al. 
(1996), Rohde et al. (1999), Gorski et al. (1984) 
van der Molen et al. (2000) 
van der Molen et al. (2000) 
van der Molen et al. (2000), Flesch-Janys et al. 
(1996), Rohde et al. (1999), Ryan et al. (1993a) 
van der Molen et al. (2000), Flesch-Janys et al. 
(1996), Rohde et al. (1999), Ryan et al. (1993a) 
van der Molen et al. (2000), Flesch-Janys et al. 
(1996), Rohde et al. (1999) 
van der Molen et al. (2000), Flesch-Janys et al. 
(1996), Rohde et al. (1999) 
van der Molen et al. (2000), Rohde et al. (1999), Ryan 
et at. (1993a) 
van der Molen et al. (2000), Flesch·Janys et al. (1996) 
van der Molen et al. (2000) 

3,3'.4.4',5,5'-HxCB 10d Ryan etal. (1993a) 

'Mono-ortho' polychlorinated biphenyls 
2,3,3',4,4'-PeCB 0.6-3.9 Brown et al. (1 989), Chen et al. (1982) 
2,3',4,4',5-CB 0.3-5.8 Ryan et al. (1993a), Brown et al. (1989), Chen et al. 

(1982), Buhler et al. ( 1988) 
2,3,3',4,4 ',5-CB 4.2 Ryan et al. (1993a) 

• For abbreviations, see Table 1. 
b Young adults 
o Yu·Cheng patients, probably induced metabolism 
d Based on only one case 
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concentrations of 6.8, 15, 50 and 61 pg/g in the fetal compartment and 5.3, 13, 39 
and 56 pg/g in single, whole fetuses, with associated maternal body burdens of 31, 
97, 520 and 580 pg/g. On day 21 of gestation, the concentration ofTCDD were 4.3, 
14, 32 and 37 pg/g in the fetal compatment, 4.3, 15, 32 and 36 pg/g in single, whole 
fetuses and 27, 76, 330 and 430 pg/g in the maternal body. On day 16 of gestation, 
there was a good correlation between the fetal and maternal body burden and the 
fetal body burden and maternal blood concentration, suggesting that, at a critical 
time, maternal blood concentrations provide an estimate of the concentrations of 
dioxin in the developing fetus. On day 16, 60% of the administered dose was 
recovered in the dams (Hurst et al., 2000a). 

Long-Evans rats were given TCDD repeatedly before (5 days/week for 13 weeks) 
and during gestation at a dose of 1, 10, or 30 ng/kg bw in corn oil. On day 16 of 
gestation, the concentration of TCDD in single fetuses was 1.4, 7.8 and 16 pg/g, 
and the associated maternal body burdens were 19, 120 and 300 ng/kg bw, 
respectively (Hurst et al., 2000b). 

2.1.2 Physiologically based pharmacokinetics modelling 

As described above, the toxicokinetics of dioxin-like compounds involves the 
complex interaction of absorption, transport via the blood, distribution in the lipid 
and protein fractions of the blood and organs, Ah receptor-dependent induction of 
hepatic CYP proteins and elimination from the body by metabolism and/or transfer 
to faecal lipid. These concomitant processes can be quantified by physiologically 
based pharmacokinetics modelling, in which the toxicokinetics of chemicals is 
described mathematically within a physiological context, i.e. organs connected by 
the bloodstream and organ-specific responses after exposure to a chemical 
(Figure 2). 

The first physiologically based pharmacokinetics models of dioxin-like compounds 
(2,3,7,8-TCDF, King et al., 1983; TCDD, Leung et al., 1988) allowed for only linear 
kinetics, i.e. they described the accumulation of dioxin-like compound in the body 
as a process which depends linearly on the administered dose. However, these 
models could not describe the hepatic sequestration of dioxin-like compounds, in 
particular the binding of TCDD to induced hepatic CYP 1 A2. This deficiency was 
overcome by introducing Ah receptor-dependent CYP induction and subsequent 
binding of TCDD to induced CYP 1 A2 in the model. The latter model was found to 
describe well the non-linear kinetics of TCDD, as observed in rodents exposed to 
TCDD at doses that induce Ah receptor-dependent CYP proteins in the liver (Leung 
et al., 1990a,b; Andersen et al, 1993; Kahn et al., 1993, 1994, 1996; Andersen et al, 
1997a,b; Wang et al., 1997a,b; Zeilmaker & van Eijkeren, 1997). 

Physiologically based pharmacokinetics modelling has also been used to describe 
the kinetics of dioxin-like compounds in humans. Assuming that the body burden of 
dioxin-like compounds is composed mainly of the amounts in the liver and adipose 
tissue, Carrier et al. (1995a,b) modelled the non-linear kinetics of dibenzo-para
dioxins and dibenzofurans resulting from their preferential accumulation in human 
liver. The model was used to describe the kinetics of 2,3,4,7,8-PeCDF in Yu-Cheng 
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Figure 2. Physiologically based pharmaco~inetics model for dioxins and furans 
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patients (see section 2.3.2). van der Molen (1998) developed a generic physiologically 
based pharmacokinetics model to describe the accumulation of dibenzo-para-dioxins 
and dibenzofurans in the blood and maternal milk of persons who had been exposed 
to background concentrations of these compounds. Kreuzer et al. ( 1997) and Pollitt 
(1999) used this type of modelling to evaluate the effect of exposure to these 
compounds in mother's milk on the long-term body burden. In both cases, the 
exposure was found to have only a limited effect on the long-term body burden. 
Zeilmaker and van Eijkeren (1997; 1998) and Zeilmaker et al. (1999) used a slightly 
different approach: a physiologically based pharmacokinetics model of TCDD in 
rodents was scaled to humans. Figures 3, 4 and 5 show typical simulations made 
with this model of the accumulation of TCDD in the human body as expected after a 
variety of exposure scenarios. 
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2.1.3 Biochemical effects 

Cells exposed to chemicals may respond by increasing the activity of metabolizing 
enzymes, in particular phase I and phase II enzymes (enzyme induction). Although 
this mechanism can lead to the removal of chemicals with deleterious effects, enzyme 
induction also has clear disadvantages. As the induced enzymes often have broad 
substrate specificity, increased activity may increase the metabolism of chemicals 
other than the inducing compound. In particular, exposure to persistent chemicals 
like PCDDs, PCDFs and PCBs can lead to sustained, unwanted changes in chemical 
metabolism. Examples of the latter effect are the increased metabolism of thyroid 
hormones after induction of UDP-glucuronosyl transferase (UGT1) activity (see 
section on Thyroid hormones) and increased estrogen metabolism in the liver (see 
section on TGF-a/EGF pathway). 

The following working model prevails for enzyme induction by TCDD (Whitlock 
et al., 1997). After TCDD has diffused into the cell, it binds to the intracellular Ah 
receptor protein, which is maintained in its ligand inactivated state by complexation 
with heat shock protein (hsp)-90. After binding of TCDD, the TCDD-Ah receptor 
complex dissociates from the hsp-90 protein. This complex than translocates to the 
nucleus, where it combines with the Ah receptor nuclear translocator (Arnt) to a 
transcription factor, which may bind to a specific DNA enhancer site, the so-called 
xenobiotic responsive element. Concurrently, transcription factors bind to gene
specific promotor sites, thereby increasing gene transcription. In this way, TCDD 
may modulate the transcription of CYP 1 A 1 (Kedderis et al., 1991; Tritscher et al., 
1992; DeVito et al., 1996), CYP 1A2 (DeVito et al., 1996), CYP 181, NAD(P)H: 
quinone oxidoreductase, gluthathione A-transferase Ya subunit and UGT (Whitlock 
et al., 1997).1ncreased concentrations of protein may manifest as increased enzyme 
activities, the activity of ethoxyresorufin 0-deethylase (EROD) relating mainly to 
CYP 1 A 1 and that of acetanilide-4-hydroxylase and methoxyresorufin O-de methylase 
mainly to CYP 1 A2 (De Jongh et al., 1995; DeVito et al., 1996). 

(a) Induction of GYP 1A 1 and GYP 1A2 

In vivo 

TCDD efficiently induced CYP 1 A 1 and CYP 1 A in rats, in which constitutive and 
inducible expression of CYP 1 A2 is observed only in the liver. After administration of 
a single dose of TCDD ranging from 1 to 3000 ng/kg bw per day, :;:; 50-fold induction 
of hepatic EROD activity was observed. Statistically significant induction was 
observed even at 3 ng/kg bw per day (Abraham et al., 1988). In concordance with 
this result, single doses of 0.1-1 ng of TCDD led to significant induction of CYP 1 A 1 
mRNA in rat liver. A good correlation was found between hepatic CYP mRNA and 
EROD activity (r2 = 0.93) (van den Heuvel et al., 1994). 

Similarly, CYP 1 A 1 and CYP 1 A2 were induced by 23- and 5-fold, respectively, 
in rats given repeated doses of 3.5-125 ng of TCDD (Tritscher et al., 1992). As 
shown in Figure 6, whereas the hepatic TCDD concentration increased linearly as a 
function of the administered dose, the induced protein concentrations increased 
non-linearly as a function of the hepatic concentration of TCDD, until a maximum 
was reached. 
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Figure 3. Physiofogicafly based pharmacokinetics model of accumutatfon of TCDD 
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Figure 3 (contd) 

Age (years) 

First two panels: Life-long intake function of TCDD in women, absolute amount (pg) and relative 
amount (pg/kg bw oer day), 1 pg/kg bw per day 
Third panel: Accompanying time-course of blood concentration (pg/g lipid, blood concentration 
of TCDD being equal to the concentration in the lipid fraction of adipose tissue). The effect of 
a single bolus oral dose of 100 (middle line) or 1000 (upper line) pg/kg bw administered at the 
age of 30 years on the blood concentration of TCDD in women exposed for life to 1 pg/kg bw 
per day. Extra Y-axis: TCDD concentration in blood lipid. 
Fourth panel: Accompanying time-course of TCDD half-life (years) in body 
Model as in Zeilmaker & van Eijkeren (1998) (fraction absorbed: 1) 

Figure 4. Physiologically based pharmacokinetics model of accumulation of TCDD 
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Figure 4 (contd) 
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First panel: Effect of transplacental exposure on the body burden alter life-long exposure to 
TCDD (see first two panels, Figure 3). Y-axis: Body burden of TCDD expressed in pg/kg bw. 
Upper curve: transplacental transport, lower curve: no placental transport. 
Second panel: Effect of a single dose of 100 or 1000 pg/kg bw on body burden of TCDD in 
women exposed for life to TCDD (see first two panels, Figure 3). Extra bolus oral dose 
administered at age of 30 years. Y-axis: Body burden of TCDD expressed in pg/l<g bw. 
Third panel: As in second panel, effect of both doses on ratio of area under the curve (AUC) of 
concentration- time 
Fourth panel: Effect of lactation on body burden of mother. Lactation started at age 25 years 
and lasted 6 months. Milk production: 600 ml/day; fat, 4%. The lower line shows the body 
burden when the partition coefficients of adipose tissue and of milk fat are the same. i.e. 800, 
the line in the middle when the partition coefficient of milk fat is about one quarter of the 
adipose tissue partition coefficient, i.e. 160, resulting in a milk fat concentration of TCDD of 
about 2.4 pg/g milk fat, and the upper line shows no lactation. 
Filth panel: Combined effects of transplacental exposure and lactation on body burden of 
infant. Lactation as in fourth panel. 
Model as in Zeilmaker & van Eijkeren (1998) (fraction absorbed: 1) 
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Figure 5. Physiologically based pharmacokinetics model of accumulation of TCDD 
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First panel: Dose- response relationship of the daily dose of TCDD up to age 30 years and the 
resulting blood lipid concentration. Lower curved line: model as in Zeilmaker & van Eljkeren 
(1998), i.e. a model of Inducible metabolism. Upper straight line: model without inducible 
metabolism. 
Bottom panel. Accompanying metabolic induction factor with respect to basal metabolism. 
Note the absence of induction of metabolism at background exposure. 

TCDD-induced EROD activity is not limited to the liver. When 86C3F1 mice were 
given TCDD orally at a dose of 1.5-150 ng/kg bw per day on 5 days per week for 
13 weeks, the activities of both enzymes were induced in the lungs and the skin at 
the lowest dose, being 30 times higher than the basal hepatic EROD activity in the 
lungs and 140 times higher in the skin. The dose-response characteristics of EROD 
induction were similar in the two organs. The lowest dose also significantly increased 
the phosphorylation of Cdc2 cyclin-dependent kinase, a protein associated with the 
G2 toM phase transition of cells, in the liver but not in skin (DeVito et al., 1994). 

Whereas induction of acetanilide 4-hydroxylase is limited to the liver (DeVito et 
al., 1994 ), a single dose of TCDD at 0.1, 1 . or 1 0 1-1g/kg bw to mice induced EROD 
activity in a dose-dependent fashion in liver, lungs and skin, the EROD activity in the 
lungs and skin being 6% and 0.6% of the corresponding hepatic activity (Diliberto et 
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Figure 6. Physiologically based pharmacokinetics model simulation of the 
concentration of cytochrome P450 (CYP) 1A1 and CYP 1A2 in the liver of rats 
exposed tor 30 weeks to TCDD at a dose of 50, 150, 500, or 1750 ng/kg bw twice a 
week 
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al., 1995). Similar observations were made in rats, in which dose-dependent induction 
of EROD activity and the amount of CYP 1 A 1 was observed in the liver, lungs and 
kidneys of rats given a single dose of 0.1, 1, or 10 11g/kg bw. As in mice, the induced 
EROD activity in the lungs and kidneys represented only a small fraction of the 
corresponding hepatic activity (lungs, 0.8%; kidneys, 2.5%). In all three organs, a 
strong correlation was found between induced EROD activity and the amount of 
CYP 1 A 1 protein. Similar observations were made for hepatic methoxyresorufin o
demethylase activity, with a dose-dependent increase in activity in the liver, which 
correlated well with induced CYP 1 A2 protein levels. As expected, hardly any CYP 
1 A2 protein was observed in the lungs or kidneys (Santastefano et al., 1996). 

CYP 1A1 and CYP 1A2 can also be induced by compounds other than TCDD. 
Administration of 2,3,4,7,8-PeCDF at single a dose of 300 J.l.Qikg bw to C57BU6N 
and 129/Sv mice caused marked induction of EROD and acetanilide 4-hydroxylase 
activity in the liver and of EROD activity in the lungs. Similar effects were not found 
after administration of 2,2',4,4 · ,5,5 · -HxCB at a dose of 36 mg/kg bw (Diliberto et al., 
1999). Hepatic EROD and acetanilide 4-hydroxylase activities were induced in 
B6C3F1 mice treated orally on 5 days per week for 4 weeks with TCDD at 0.15 J.lg/kg 
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bw per day, with 2,3,7,8-TCDF at 1.5 )lg/kg bw per day, with OCDF at 150 )lg/kg bw 
per day, with 3,3',4,4'-TCB at 15 mg/kg bw per day, with 2,3,4',4,4',5-HxCB at 
30 )lg/kg bw per day or with 3,3',4,4',5-PeCB at 1.5 )lg/kg bw per day. No induction 
was found with 1 ,2,3,7,8-PeCDF at 9 )lg/kg bw per day or with the PCBs 2,3,3',4,4'
PeCB at 3 mg/kg bw per day, 2,3,3',4,4',5'-HxCB at 300 )lg/kg bw per day, or 
3,3',4,4',5,5'-HxCB at 3 )lg/kg bw per day. Although the absolute activity of EROD 
in the liver was 15-fold higher than that in the lungs, similar dose-response 
relationships were found in these organs. In skin, increased EROD activity was 
found only with TCDD, OCDF and the PCBs 3,3',4,4'-TCB and 2,3,3',4,4',5-HxCB 
(DeVito et al., 1993). Administration of OCDD on 5 days/week for 13 weeks at a 
dose of 50 )lg/kg led to significant induction of EROD in the livers of Fischer 344 rats 
(Couture et al., 1988). 

Significant EROD induction was found in the liver and skin of B6C3F1 mice 
given 2,3,7,8-TCDF at 1500 ng/kg bw for 4 and 13 weeks (DeVito & Birnbaum, 1995). 

After administration of a single oral dose of 2,2',4,4',5,5'-HxCB at 91 mg/kg bw 
to C57BU6J mice, no EROD induction was obseNed in the liver, but induction was 
obseNed with the PCBs 2,3,3',4,4',5-HxCB at 17 mg/kg bw and 3,3',4,4',5,5'-HxCB 
at 2.1 mg/kg bw. The induction was potentiated by concomitant administration of 
2,3,3',4,4',5-HxCB and 2,2',4,4',5,5'-HxCB, whereas no such potentiation was found 
with 3,3',4,4',5,5'-HxCB, 1 ,2,3,7,8-PeCDD, 1 ,2,3,6,7,8-HxCDD, or 2,3,4,7,8-PeCDF 
(DeJongh et al., 1993). A single dose of 1000 )lmol of 2,2',4,4',5,5'-HxCB doubled 
hepatic EROD and acetanilide 4-hydroxylase activity in C57BU6J mice (De Jongh 
et al., 1995). Similarly, B6C3F1 mice given 2,2',4,4',5,5'-HxCB at a single dose of 
360 mg/kg bw had a 2.5-fold increase in hepatic EROD and MROD and 17-fold 
increase in that of pentoxyresorufin-0-depentylase (van Birgelen et al., 1996c). 

Dietary administration ofTCDD (14-1024 ng/kg bw per day), 3,3',4,4',5-PeCB 
(0.47-10.1 )lg/kg bw per day), or 2,3,3',4,4',5-HxCB (81-729 )lg/kg bw per day) to 
Sprague-Dawley rats clearly induced EROD activity. No such induction was obseNed 
with 2,2',4,4',5,5'-HxCB at 0.7-6 mg/kg bw per day (van Birgelen, 1995b). The 
95% Cis for the NOELs were 0.35-0.89 forTCDD-induced EROD activity and 0.55-
3.8 ng/kg bw per day for that of acetanilide 4-hydroxylase (van Birge len et al., 1995a). 

Oral administration of 3,3',4,4',5-PeCB to B6C8F1 mice at a dose of 
0.015-1.5 )lg/kg bw per day induced EROD and acetanilide 4-hydroxylase activity 
in the liver and EROD activity in the skin and lungs (LOEL, 0.045-1.5 )lg/kg bw per 
day). The activities of liver-specific enzymes were induced by 2,3,3',4,4 ',5-HxCB at 
450 )lg/kg bw per day, and the activity of EROD in skin and lung was induced by 
doses> 1500 )lg/kg bw per day. 3,3',4,4',5,5'-HxCB at doses up to 3 )lg/kg bw per 
day did not induce enzyme activity. The LOEL for the induction of hepatic EROD 
activity was 3900 )lg/kg bw per day with the PCB 2,3,3',4,4'-PeCB and 300 )lg/kg 
bw per day with 2,3',4,4',5-PeCB, whereas that with TCDD was 0.0015 )lg/kg bw 
per day (DeVito et al., 2000). 

In vitro 

Induction of EROD by PCDDs and PCDFs in primary hepatocytes has been 
found to be a sensitive end-point. Half-maximum EROD activity was achieved by 
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incubating the cells with 16 pmol/1 of TCDD, 90 pmol/1 of 1 ,2,3,7,8-PeCDD, 184 pmol/1 
of 1 ,2,3,4,7,8-HeCDD, 329 pmol/1 of 1 ,2,3,7,8,9-HeCDD, 441 pmol/1 of 1 ,2,3,6,7,8-
HeCDD, 702 pmol/1 of 1 ,2,3,4,6,7,8-HpCDD, or 3859 pmol/1 of OCDD (Schrenk et 
al., 1991 ). TCDD also induced EROD activity in primary human hepatocytes, although 
with very different dose-response characteristics. Half-maximum EROD activity was 
observed in cells exposed to - 100 pmol of TCDD (Schrenk et al., 1995). 

(b) Induction of GYP 1 B 1 

Like CYPs 1 A 1 and 1 A2, CYP 181 is induced by TCDD. When C578U6J and 
D8A/2J mice were given single intraperitoneal doses of TCDD ranging from 0.001 
to 50 llg/kg bw, dose-dependent accumulation of CYP 181 mRNA was observed in 
the liver. C578U6J mice showed a significant increase in mANA at doses as low as 
0.1 llg/kg bw, and maximum induction (200 times background) was found at 10 llg/kg 
bw. A much steeper dose-response curve was observed with CYP 1 A 1 mANA than 
with CYP 181 mRNA (increase from 0.01 llg/kg; maximum induction at 1 llg/kg). 
The estimated effective doses at which half the maximum inducibility of CYP 1 A 1 
and CYP 181 was observed (ED50) were 0.08 and 1.31-lg/kg bw. Similarly, in D8A/2J 
mice, significant induction of CYP 1 A 1 and 181 mANA was found at doses of 1 and 
10 llg/kg bw, respectively. Again, the dose-response curve of CYP 1 A 1 induction 
was much steeper than that forCYP 181, the ED50 values forCYP 1A1 and CYP 181 
induction being 1.5 and 3.4 llg/kg bw, respectively. The differences in susceptibility 
of C578U6J and D8A/2J mice are due to several mutations in the Ahr<l allele of the 
Ah receptor, resulting in lower ligand binding affinity: C578U6J mice carry the Ahrb-1 

allele, conferring relative high susceptibility to TCDD, and D8A/2J mice carry the 
Ahr<l allele, conferring relatively low susceptibility to TCDD (Abel et al., 1996). 

(c) UGT1, PA/2 and TGF-a 

In rat liver, the induction of UGT1, PAI2 and transforming growth factor (TGF)-a 
mANA clearly deviated from that of CYP 1 A 1 mRNA. Although the dose required to 
increase UGT1 mRNA (1 llg/kg) was much higher than that required to induce 
CYP 1 A 1 mRNA (1 ng/kg), doses of TCDD up to 100 llg/kg did not induce PAI2 or 
TGF-a mRNA (Van den Heuvel et al., 1994). 

(d) TGF-a and EGF pathway 

Epidermal growth factor (EGF) is a plasma membrane receptor which, after 
binding a specific ligand, functions as a signal tranducer regulating cellular 
proliferation. This effect is mediated by internalization of the ligand-receptor complex 
and then phosphorylation of intracellular targets by tyrosine kinase. The effects of 
TCDD on hepatic EGF and their relationship to hepatic carcinogenesis are as follows. 
TCDD is a known inducer of liver tumours in female, but not male, rats (Kociba et 
al., 1978). It also induces proliferation of hepatocytes and preneoplastic foci in intact, 
but not ovariectomized, female rats (Lucier et al., 1991 ), indicating an important role 
of estrogens in hepatocarcinogenesis. Furthermore, treatment with TCDD results in 
a dose-dependent decrease in the number of EGF binding sites in the liver (Lucier 
et al., 1991; Kohn et al., 1993, short-term exposure to 3.5-125 ng/kg bw per day), 
indicating internalization of the receptor after TCDD binding (Kohn et al., 1993) and 
induction of TGF-a, a ligand of the EGF receptor. 
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The interactions of TCDD, EGF, TGF-a and inducible CYP enzymes in the liver 
are shown schematically in Figure 7. The hepatic TCDD-Ah receptor induces not 
only CYP 1 A 1 and 1 A2 but also expression of the TGF-a gene and/or post
transcriptional or post-translational TGF-a modifications. This expression may be 
enhanced by the estrogen receptor-estrogen complex. As a consequence, more 
TGF-a is secreted into the interstitial space in the liver, where it may combine with 
EGF on the liver cell membrane. The TGF-a-EGF receptor complex may then be 
internalized to exert its biochemical signalling function. The TCDD-Ah receptor 
complex inhibits synthesis of the estrogen receptor. Finally, estrogen metabolism 
(estradiol-2-hydroxylase activity) is catalysed by CYP 1A2. 

(e) Thyroid hormones 

PCDDs, PCDFs and PCBs may affect plasma thyroid hormone levels in one of 
three ways: 
(1) By induction of hepatic microsomal enzymes, resulting in accelerated metabolism 

and excretion in the bile (Bastomsky, 1977). The stimulation of thyroid metabolism 
may be compensated by increased amounts of thyroid-stimulating hormone (TSH) 
in the blood. When sustained, such compensation may result in chronic 
stimulation of the thyroid and, ultimatally, thyroid cancer (Kohn et al., 1996; 
Whitlock et al., 1997). 

The main pathway is glucuronidation of thyroxine (3,5,3',5'-tetra
iodothyronine, T 4) by UGT1, which catalyses the formation ofT 4 glucuronides, 
which are excreted in the bile. At least two forms of glucuronosyltransferase 
contribute to the activity of T 4 UGT: UGT 1 A 1 (known to be induced by 3-
methylcholantrene) and UGT 1A2 (known to be induced by phenobarbital). 

Decreased plasma T4 levels were found after exposure of rats to 
phenobarbital, 3-methylchlolanthrene or the PCB mixture Aroclor 1254. This 
decrease correlated well with increased T4 UGT activity (Barter & Klaassen, 
1992). Furthermore, PCBs and phenobarbital caused increased biliary clearance 
ofT4 (Bastomsky, 1974; McClain et al., 1989; Beetstra et al., 1991). Short-term 
dietary intake of TCDD (14-1 000 ng/kg bw per day) by rats lowered the 
concentrations of total T 4 and free T 4 in plasma at doses~ 47 ng/kg bw per day. 
No effect was found on total triiodothyronine (T3) (van Birgelen et al., 1995b). 
Furthermore, short-term dietary intake of TCDD (14-1 000 ng/kg bw per day), 
3,3',4,4',5-PeCB (0.47-10 J.!glkg bw per day) or 2,3,3',4,4',5-HxCB (81-730 
j.!g/kg bw per day) resulted in dose-dependen increases in the activity of hepatic 
UGT 1 A 1, T 4 UGT and CYP 1 A 1 and concomitant decreases in free and total 
T4 in plasma. Total T4 in plasma and hepatic T4 UGT activity were negativily 
correlated, whereas UGT 1 A 1 and CYP 1 A 1 activities were positivily correlated. 
This suggests involvement of the Ah receptor in inducing hepatic T 4 glucuroni
dation and, consequently, in modulating thyroid hormone metabolism (van 
Birgelen et al., 1994a,b, 1995a). 

(2) By binding of hydroxy metabolites of PCBs to transthyretin, thereby affecting the 
binding of T 4 (and retinol) to transthyretin, its major transport protein in blood 
(Brouwer & van den Berg, 1986) 

(3) By a direct effect of PCBs on the functioning of the thyroid gland. For example, 
Aroclor 1254 inhibits proteolysis of thyroglobulin, the protein responsible for 
release of thyroid hormones from the gland (Collins & Capen, 1980). Furthermore, 
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Figure 7. Interaction of TCDD, CYP 1A1, CYP 1A2, TGF-a and EGF receptors 
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From Kohn et at. (1993). E. estrogen; EpH, hydroxylated estrogen; ER, estrogen receptor; 
Ah, aryl hydroxylase receptor; TGF, transforming growth factor; ER-E

2
, complex of estrogen 

receptor and estrogen; EGF, epidermal growth factor 

exposure to TCDD results in an increase in serum TSH concentration and, after 
long-term exposure, to an increased volume of thyroid follicular cells, increased 
thyroid weight and thyroid hyperplasia (Bastomsky, 1977; Andrae & Greim, 1992; 
Hill et al., 1989). 

(f) Retinoids 

In rats, short-term dietary intake of TCDD (14-1000 ng/kg bw per day) reduced 
the hepatic concentrations of retinol and retinylpalmitate at the lowest dose tested. 
The concentration of plasma retinol was increased concomitantly. The mechanism 
behind this effect consists of induction of CYP enzymes, which oxidize retinol and 
reduce the activity of acyl coenzyme A:retinyl acyltransferase and lecithin:retinol 
acyltransferase. Both enzymes participate in the esterification of retinol. In a short
term study in Sprague-Dawley rats treated in the diet, the NOEL of 2,3,3',4,4',5-
HxCB for depletion of hepatic retinoids was 81 J,tg/kg bw per day (van Birgelen et 
al., 1994a). In a similar study, the LOEL of 3,3',4,4',5-PeCB for this effect was 
0.47 f.lg/kg bw per day (van Birgelen et al., 1994b). 
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(g) Hepatic porphyria 

Disturbed biosynthesis of haem may lead to porphyria, a condition in which 
precursors of haem accumulate in blood and are hence excreted in the urine. 

Short-term intake by rats of diets containing TCDD (14-1 000 ng/kg bw per day), 
3,3',4,4',5-PeCB (0.47-10 Jlg/kg bw per day), 2,3,3',4,4',5-HxCB (81-730 Jlg/kg 
bw per day) or 2,2',4,4',5,5'-HxCB (0.7-6 mg/kg bw per day) maximally induced a 
twofold increase in hepatic porphyrin concentration (lowest effect doses: TCDD, 
4 7 ng/kg bw per day; 3,3 ',4,4 ',5-PeCB, 3.2Jlg/kg bw per day; 2,3,3',4,4 ',5-HxCB, 
360 mg/kg bw per day). Concomitant administration of TCDD and 3,3',4,4 ',5-PeCB 
or 2,3,3',4,4 ',5-HxCB resulted in an additional twofold increase in porphyrin 
concentration. When these compounds were administered with a non-inducing dose 
of TCDD (33 ng/kg bw per day), however, an 800-fold increase in accumulation of 
porphyrins was seen, in particular uroporphyrin Ill and heptacarboxylic porphyrin, in 
the liver, indicating a strong synergistic action. Furthermore, induced acetanilide 4-
hydroxylase activity correlated well with induction of accumulation of porphyrins in 
the liver. The mechanism behind these effects consisted of CYP 1 A2-mediated 
oxidation of uroporphyrinogen Ill to uroporphyrin Ill and induction of the activity of 8-
aminolaevulinic acid synthetase, the rate-limiting enzyme in haem biosynthesis, by 
2,2',4,4',5,5'-HxCB (van Birgelen et al., 1996a). 

Short-term intake of TCDD (0.15-450 ng/kg bw per day), 1 ,2,3, 7 ,8-PeCDD (90-
9000 ng/kg bw per day), 2,3, 7,8-tetrabromodibenzo-para-dioxin (30-3000 ng/kg bw 
per day), 2,3,7,8-TCDF (15-1500 ng/kg bw per day), 1,2,3,7,8-PeCDF, 90-
9000 ng/kg bw per day), 2,3,4,7,8-PeCDF, 9-900 ng/kg bw per day), OCDF (1.5-
150 Jlg/kg bw per day), 3,3',4,4 ',5-PeCB (0.3 and 15 Jlg/kg bw per day), 2,3,3',4,4 ·
PCB (390-39 000 Jlg/kg bw per day), 2,3',4,4',5-PeCB (3000-30 000 Jlg/kg bw per 
day) or 2,3,3',4,4 ',5-HxCB (45-4500 Jlg/kg bw per day) by mice resulted in hepatic 
porphyria in all cases (van Birgelen et al., 1996b). The relative potencies of these 
compounds to induce hepatic porphyrin accumulation were TCDD > PeCDD = 
tetrabromodibenzo-para-dioxin = 4-Pe-CDF ~ TCDF > 3,3 · ,4,4 · ,5-PeCB ~ 1-PeCDF 
> OCDF > 2,3,3 ',4,4 ',5-HxCB > 2,3 ',4,4 ',5-PeCB ~ 2,3,3 ',4,4 '-PeCB. Again, hepatic 
CYP 1 A2 enzyme activity and total hepatic porphyrin accumulation correlated well. 

The Ah receptor appears to play an important role in dioxin-like porphyria, as 
hepatic porphyria is associated with the inducibility of Ah hydroxylase after 
administration of TCDD to Ah-responsive C57BI/6 and Ah-nonresponsive DBA mice 
(Jones & Sweeney, 1980). Furthermore, non-coplanar PCBs, such as 2,2',4,4 ',5,5'
HxCB and 2,2',3',4,4',5,5'-HpCB do not induce porphyria (Stonard & Greig, 1976; 
Van Birge len et al., 1996b; Koss et al., 1993). Finally, hepatic porphyrin accumulation 
and Ah-receptor dependent benzo[a]pyrene hydroxylation (a well known Ah-receptor 
response) are increased by 2,2',3,3',4,4'-HxCB and 2,2',3,4,4:,5'-HxCB (Stonard 
& Greig, 1976). 

2.1.4 Toxic equivalency factors 

Exposure to PCDDs, PCDFs and coplanar PCBs actually consists of exposure 
to a mixture of congeners with toxic effects (dermal toxicity, immunotoxicity, 
carcinogenicity, reproductive and developmental toxicity, disruption of endocrine 
functions) similar to those of TCDD, the most toxic congener of this class of 
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compounds. This finding led to the development of the concept of toxic equivalency 
factors (TEFs). In this concept, the toxic potency of a congener, i.e. its toxicity as 
described in all studies in vivo and in vitro, is expressed relative to that of a reference 
compound, in this case TCDD (for which the TEF is arbitrarily set at 1 ). 

Application of the TEF concept rests on the following assumptions (van den 
Berg et al, 1998), noting that the TEF concept does not apply to toxicity that is not 
mediated by the Ah receptor and does not take into account modulation of Ah 
receptor-dependent responses by non-Ah-receptor ligands: 

• PCDDs, PCDFs and (some) PCBs have a common mechanism of action. In this 
case, the mechanism consists of binding to the Ah receptor. This binding is 
considered to be the first, necessary though not sufficient, step in the toxicity of 
dioxins. 

• Congeners exert their combined (dose or concentration) effect additively; i.e. in 
a mixture of congeners, each congener exerts its toxicity independently of the 
other congeners in the mixture. 

Derivation of congener-specific TEFs is based on evaluation and interpretation 
of the results of all available studies of toxicity on the basis of expert judgement. 
The first consultations on TEF concluded that the concept can be applied to PCDDs 
and PCDFs (international TEFs; NATO/CCMS, 1988) and non-ortho and mono
ortho PCBs (Ahlberg et al., 1994). The TEF concept was re-evaluated in 1998 (van 
den Berget al., 1998, 2000). 

In attributing a TEF to a compound, the following criteria were used: 
• The compound shows a structural relationship to PCDDs and PCDFs. 
• The compound binds to the Ah receptor 
• The compound elicits Ah receptor-mediated biochemical and toxic effects. 
• The compound is persistent and accumulates in the food chain. 

Furthermore, TEFs in mammals were derived mainly from studies conducted in 
vivo, in preference to data generated in vitro and/or quantitative structure-activity 
relationships. Studies of toxicity were placed in the following order of priority: long
term > short-term > acute. Similarly, Ah receptor-dependent toxic end-points were 
given priority over biochemical end-points such as enzyme induction. TEFs for 
mammals were considered to apply to humans too. 

Currently, there is consensus on the TEFs for mammals listed in Table 1 (van 
den Berget al., 1998, 2000; Scientific Committee on Food, 2000). When combined 
with data on residues in matrices such as tissue, soil and water, TEFs allow 
determination of the toxic equivalents concentration of the residue. For a particular 
residue containing a mixture of i PCDDs, j PCDFs and k PCBs, the toxic equivalence 
is calculated according to the following equation: 

TEQ= '2:,(PCDD; xTEF;)+ '2:,(PCDF; xTEF;)+ '2:,(PCBk xTEFk) 
i j k 

In using the TEF concept, it should be kept in mind that non-Ah receptor-mediated 
toxicity (decreased dopamine concentration, effects on retinoid and thyroid hormone 
concentrations and estrogen receptor binding), shown by some PCBs, is not covered. 
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Similarly, the TEF concept does not apply to halogenated compounds other than 
PCDDs, PCDFs and PCBs which show Ah receptor-dependent toxicity (brominated 
and chloro or bromo analogues of PCDDs, PCDFs, naphthalenes, diphenyl ethers, 
diphenyl toluenes, phenoxyanisoles, biphenyl anisoles, xanthenes, xanthones, 
anthracenes, fluorenes, dihydroanthracenes, biphenyl methanes, phenylxylyl
ethanes, dibenzothiophenes, quaterphenyls, quaterphenyl ethers and biphenylenes). 
Furthermore, non-additivity was found with mixtures of PCDDs, PCDFs and PCBs. 
For example, antagonistic effects of non-coplanar PCBs have been described on 
Ah receptor-dependent effects like induction of EROD and fetal cleft palate in mice. 
However, synergistic interactions between PCBs and PCDDs/PCDFs have also been 
reported for effects such as those on CYP 1 A 1 and thyroid hormone concentrations 
(van den Berg et al., 1998). Whereas the currently agreed TEFs are based on 
toxicological evaluations of dose-response relationships between external exposure, 
i.e. the levels of intake of congeners, and toxicity in organs, future TEFs will be 
based on the dose-response relationship between internal exposure, i.e. the actual 
concentrations of congeners in tissues, and toxicity in organs (van den Berg et al., 
1998). 

2.2. Toxicological studies 

2.2.1 Acute toxicity 

The acute toxicity of TCDD and related dioxins and furans substituted in at least 
the 2, 3, 7 and 8 positions can vary widely between and among species (Table 3). 
For example, in guinea-pigs, an LDso of 0.6 llg/kg bw was recorded after oral 
administration, as compared with an LD50 of > 5000 llg/kg bw in Syrian hamsters. 
Explanations for this variation include differences in the Ah receptor, such as size, 
transformation and binding to the dioxin response element, pharmacokinetics 
(metabolic capacity, tissue distribution) and body fat content (Geyer et al., 1990; 
van den Berg et al., 1994; Pohjanvirta et al., 1998). While data on acute toxicity 
were available for various commercial PCB mixtures (LD50 values usually> 1 00 mg/kg 
bw), few data were available on the acute toxicity of the individual coplanar PCB 
congeners in mammals. In Ah-responsive rodent species, it is thought that lethality 
correlates to Ah receptor binding affinity. 

One of the commoner symptoms associated with dioxin-induced death is 
generalized delayed wasting syndrome, characterized by inhibition of gluconeo
genesis, reduced feed intake and loss of body weight. Although some differences 
exist between species, other toxic responses observed after single doses of dioxins 
include haemorrhage in a number of organs, thymic atrophy, reduced bone-marrow 
cellularity and loss of body fat and lean muscle mass. For example, in groups of five 
or six golden Syrian hamsters of each sex given a single oral or intraperitoneal dose 
of TCDD at 0, 5, 25, 100, 250, 500, 750, 1000, 2000 or 3000 llg/kg bw, deaths 
occurred at doses ~ 500 llg/kg bw, oral administration generally being more toxic. 
At the highest dose, 33% of males treated intraperitoneally and 80% of those treated 
orally died. The consistent pathological findings included gradual loss of adipose 
and muscle tissue (wasting syndrome), thymic atrophy and gastrointestinal lesions. 
The estimated LD50 values were > 3000 llg/kg bw for intraperitoneal administration 
and 1200 Jlg/kg bw for oral dosing (Olson et al., 1980). 
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Table 3. Acute toxicity of TCDD 

Species and strain Sex Route LDso Reference 
(~g/kg bw) 

Mouse, 86 Male Oral 180 Chapman & Schiller 
Mouse/D2A/2J Male Oral 2600 (1985) 
Mouse/B6D2F1 Male Oral 300 

Rat, Sprague-Dawley Male Oral 43 Stahl et al. ( 1992) 

Rat, Sprague-Dawley Male Intraperitoneal 60 Beatty et al. (1978) 
Female 25 
Weanling male 25 

Rat, Hartley and Male Intraperitoneal > 3000 Pohjanvirta & Tuomisto 
Wistar (1987); Pohjanvirta et al. 

(1998) 

Rabbit, New Zealand Male Oral 120 Schwetz et al. (1973) 
white Female Dermal 280 

Hamster, golden Male Oral 1200 Henck et al. (1981) 
Syrian Female Oral 5100 

Guinea-pig, Hartley Male Oral 0.6-2.1 McConnell et al. (1978); 
Schwetz et al. (1973) 

Mink Male Oral 4.2 Hochstein et al. (1988) 

Chicken Not reported Oral < 25 Greig et al. (1973) 

Rhesus monkey Female Oral 50-70 McConnell et al. (1978) 

Groups of 11 male C57BU6J mice that were responsive or sensitive to TCDD 
{Ahb/b) were given a single oral dose of TCDD at 0, 5, 100, 200, 300 or 400 j..tg/kg 
bw, and a congenic non-responsive strain (Ahd/d) was given a single oral dose of 0, 
400, 800, 1600, 2400 or 3200 j..tg/kg bw. All mice were observed for 35 days before 
necropsy. Significant mortality occurred in groups of the Ahb/b strain given doses 
e: 200 j..tg/kg bw, 100% of animals at the two higher doses dying by about 21 days 
after dosing; an LD50 value of 160 j..tg/kg bw was estimated by probit analysis. 
Conversely, few deaths were seen in the Ahd/d strain, only 33% of those at the high 
dose dying; an LD50 value of 3400 j..tg/kg bw was estimated. Decreased body-weight 
gain, increased liver weight and thymic and splenic atrophy were observed in both 
strains of mice (Birnbaum et al., 1990). 

Groups of 30-60 female Sprague Dawley rats were given 1 ,2,3,4,6,7,8-HpCB 
at a total dose of 0, 2.5, 2.8, 3.1, 3.4, 3.8, 4.1, 5 or 1 0 mg/kg bw by gavage (four 
doses over 2 days) and then observed for deaths. Many deaths due to lethal wasting, 
haemorrhage and/or anaemia were observed at the four higher doses, 83-100% of 
the animals dying within 25 days after dosing. None of the animals at the lowest 
dose died, while 8.3%, 31% and 66% of those at the next higher doses, respectively, 
died by day 44 after dosing. The author noted that 30% (9/30) of animals at the 
lowest dose died from squamous-cell carcinoma of the lungs (Rozman, 1999). 
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2.2.2 Short-term studies of toxicity 

The toxicity of TCDD and related coplanar chemicals in short-term studies is 
characterized, depending on the route and species, by similar biological and 
toxicological effects. 

Mice 

In studies of the porphyrinogenic potential of various chlorinated dioxins, furans 
and coplanar PCBs, groups of five female B6C3F1 mice were treated on 5 days per 
week for 13 weeks by gavage with concentrations related by TEFs to doses of 
TCDD of 0, 0.15, 0.45, 1.5, 4.5, 15, 45, 150 or 450 ng/kg bw per day: 1,2,3,7,8-
PeCDD, TEF, 0.05; 2,3,7 ,8-tetrabromodibenzo-para-dioxin, TEF, 0.15; 2,3,7 ,8-TCDF, 
TEF, 0.3; 1 ,2,3,7,8-PeCDF, TEF, 0.05; 2,3,4,7,8-PeCDF, TEF, 0.5; OCDF, TEF, 0.003; 
2,3,3 ',4,4 '-PeCB, TEF, 0.00001; 2,3',4,4',5-PeCB, TEF, 5 x 1 0--6; 2,3,3',4,4 ',5-HxCB, 
TEF, 0.0001; 3,3',4,4',5-PeCB, TEF, 0.03. Analysis of hepatic tissue for highly 
carboxylated porphyrins and CYP 1 A 1 and 1 A2 induction indicated that the binding 
affinity of the congeners to the Ah receptor in vivo was related to CYP 1 A2 induction, 
which was in turn correlated to hepatic porphyrin accumulation. The LOELs 
associated with significant increases in total hepatic porphyrin content were: 15 ng/kg 
bw per day for TCDF; 45 ng/kg bw per day for TCDD; 300 ng/kg bw per day for 
PeCDD, 2,3,4,7,8-PeCDF and 3,3',4,4',5-PeCB, 900 ng/kg bw per day for 
tetrabromodibenzo-para-dioxin and 1 ,2,3,7,8-PeCDF; 45 11glkg bw per day for OCDF; 
1500 11g/kg bw per day for 2,3,3',4,4',5-HxCB; 7500 11glkg bw per day for 2,3',4,4',5-
PeCB; and 13 000 11g/kg bw per day for 2,3,3',4,4'-PeCB. Induction of hepatic 
porphyrins by the mono-ortho-substituted PCBs was greater than that estimated 
from the TEFs assigned to them, which was considered to be related in part to non
Ah receptor-dependent induction of CYP 2B1 and 8-aminolaevulinic acid synthetase 
(van Birgelen et al., 1996b). 

Rats 

Groups of 12 Sprague-Dawley rats of each sex given TCDD at 0, 0.001, 0.01, 
0.1 or 1 11g/kg bw per day by gavage on 5 days/week for 13 weeks had decreased 
organ and body weights, haematological effects and deaths at the two higher doses. 
The deaths occurred only at the highest dose, four females dying during the 13 
weeks of treatment and two males and two females dying between 14 and 49 days 
during the 13-week post-dosing observation period. Minor increases in relative liver 
weight (5-8%) observed in animals at 0.01 11g/kg bw per day were considered to be 
an adaptive response, as no corresponding histopathological changes were seen. 
The NOEL was thus 0.01 1-!g/kg bw per day (equivalent to 0.007 11glkg bw per day 
when averaged over the 13 weeks), which resulted in TCDD concentrations in the 
liver of 2.6-3.71-!g/kg (Kociba et al., 1976). 

Groups of six male and six female rats of the same strain were fed diets containing 
a variety of penta- and hexachlorinated dioxins and dibenzofurans, separately and 
in a mixture, for 13 weeks: TCDD at 0.2, 2 or 20 11glkg bw per day; 2,3,4,7,8-PeCDF, 
1 ,2,3,7,8-PeCDF and 1 ,2,3,6,7,8-HxCD at 2, 20 or 200 11g/kg bw per day; or a mixture 
ofTCDD at 0.2 or 21-!g/kg bw per day, 1 ,2,3,7,8-PeCDD at 1 or 10 ~Aglkg bw per day, 
2,3,4,7,8-PeCDF at 2 or 20 11g/kg bw per day and 1 ,2,3,6,7,8-HxCD at 1 or 10 11g/kg 
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bw per day. On the basis of decreases in body weight, histological changes in the 
liver and thymus and deaths, the relative toxicity of each congener was seen to be 
related to its binding affinity to the Ah receptor, while the toxicity of the mixture 
concurred with an additivity concept (TCDD > 2,3,4,7,8-PeCDF > 1 ,2,3,6,7,8-HxCDF 
> 1 ,2,3,7 ,8-PeCDF > 1 ,2,3,4,8-PeCDF) (Poiger et al., 1989b). 

Male and female Fischer 344 rats were given oral doses of TCDD designed to 
generate a liver concentration of 0.03, 30 or 150 ng/g. After an initial loading dose of 
0.005, 2.5 or 12 J.!glkg bw, three maintenance doses of 0.0009, 0.60 or 3.5 )lg/kg bw 
were given every fourth day, and the animals were killed at various times up to day 
14. The terminal body weights of males and females at the highest dose were 
significantly reduced by approximately 11 %, while the relative liver weights were 
increased on average by 30% and 43% at the two higher doses, respectively. 
Induction of hepatic CYP 1A1 (all doses) and CYP 1A2 (two higher doses) was 
determined by northern blot hybridization, and dose-dependent induction of a human 
TCDD-responsive CYP gene was detected in the livers of rats of each sex. Induction 
of this gene has not been associated with various treatments designed to induce 
hepatocellular proliferation (Fox et al., 1993). 

Two weeks after receiving a protocol designed to initiate preneoplastic lesions 
(N-nitrosomorpholine at 80 mg/1 of drinking-water for 25 days), female Wistar rats, 
were given subcutaneous injections of various dioxins every 2 weeks for 13 weeks, 
at approximate daily doses as follows: TCDD, 0, 2, 20 or 200 ng/kg bw; 1 ,2,3,4,6, 7,8-
HpCDD, 0, 0.2, 2 or 20 J.!g/kg bw; or a defined mixture of 49 dioxin congeners, 0, 
0.2, 2 or 20 )lg/kg bw. At the end of treatment, the body weights of animals at the 
highest doses of all three treatments were decreased by 5-7%, and the relative 
liver weights of animals were increased at the two higher doses of TCDD and the 
highest doses of the other compounds. Hepatic EROD activity was significantly 
increased in all treated groups when compared with controls, with similar induction 
at the low, intermediate and high doses. Linear regression analysis of hepatic EROD 
activity and measured toxic equivalents (ng/g liver) revealed slight differences in 
the slope of the regression lines (m = 0.87, 0.76, 0.67 for TCDD, HpCDD and the 
dioxin mixture, respectively; all r2 = 0.92). When the tumour promoting ability of the 
three treatments was assessed (relative focal volume of ATPase-deficient 
preneoplastic liver tissue), similar results were obtained after modelling the toxic 
equivalents for liver with TCDD and the dioxin mixture; however, the response to 
the latter was about twofold lower at the highest dose. The authors concluded that 
TEFs based on enzyme induction in vitro provide only an approximation of the tumour 
promoting ability of dioxin congeners and gave an overestimate of the response to 
the HpCDD (Schrenk et al., 1994). 

Groups of six male and six female Sprague-Dawley rats were treated by gavage 
with total doses of 1 ,2,3,6,7,8-HxCDF of 0, 18, 220, 1300, 4000 or 6000 )lg/kg bw 
for females and 0, 31, 370, 2200, 6700 or 10 000 )lg/kg bw for males over 13 weeks; 
the total dose was divided into four daily loading doses, each comprising about 13% 
of the total dose, and was followed by six maintenance doses given every 2 weeks, 
each equivalent to 7.8% of the total dose. Treatment induced a variety of biochemical 
and toxic effects similar to those seen with TCDD in a group of rats given a total 
dose of 42 )lg/kg bw for females and 70 )lg/kg bw for males by the same dosing 
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regimen. On the basis of the measured end-points (deaths, hepatic EROD induction, 
decreased plasma T4 concentration, haematological indices), the TEF for this 
congener was estimated to be 0.007, in close agreement with the WHO-assigned 
TEF of 0.01 (Viluksela et al., 1997). 

In an experiment of a similar design, groups of 20 rats of the same strain were 
given total toxic equivalents of 0, 0.14, 1.7, 1 0, 31 or 4 7 11g/kg bw for females and 0, 
0.22, 2.6, 16, 47 or 70 11g/kg bw for males, with contributions of similar toxic 
equivalents from TCDD (TEF, 1 ), 1 ,2,3,7,8-PeCDD (TEF, 0.2), 1 ,2,3,4,7 ,8-HeCDD 
(TEF, 0.05) and 1 ,2,3,4,6,7,8-HeCDD (TEF, 0.007). The same regimen of four daily 
loading doses (each comprising about 10% of the total toxic equivalents) followed 
by six maintenance doses (each comprising about 10% of the total toxic equivalents) 
every 2 weeks for 13 weeks. Whereas there was a significant, dose-dependent 
increase in hepatic EROD activity even at the lowest toxic equivalents (0.14 and 
0.22~-ig/kg bw for females and males, respectively), most of the additional biochemical 
end-points (decreased hepatic phosphoenolpyruvate carboxykinase activity, serum 
glucose and serum total T4) were affected only by total toxic equivalents> 10 11g/kg 
bw. Overall, the effects seen with the toxic equivalent mixture, TCDD or 1 ,2,3,6,7,8-
HxCDD alone were comparable (mortality rate, growth reduction, hepatic enzyme 
induction, haematological effects), providing support for the TEF and additivity 
concept for chlorinated dioxins (Viluksela et al., 1998a,b). 

In an experiment designed to identify the lowest effective doses and body burdens 
of TCDD in rats, groups of eight female Sprague-Dawley rats were fed diets 
formulated to deliverTCDD at a dose of 0, 14, 26, 47, 320 or 1000 ng/kg bw per day 
for 13 weeks. The most sensitive effects, seen at the lowest dose, included hepatic 
CYP 1 A 1 and 1 A2 induction and significant decreases in thymus weights and hepatic 
retinol concentration. At the higher doses, differences in liver, kidney and spleen 
weights and decreases in plasma T3 and free T 4 concentrations were seen. The 
estimated NOEL (by sigmoidal curve fitting) for hepatic EROD induction was 
0.35 ng/kg bw per day, which corresponds to a liver TCDD content of 0.037 ng/g 
(van Birgelen et al., 1995a,b). 

Thyroid hormone status was assessed in rats in a short-term assay for tumour 
promotion. After initiation with N-nitrosodietheylamine at 70 days of age, female 
Sprague-Dawley rats were treated with TCDD by gavage every 2 weeks for 30 weeks 
at doses designed to deliver 0, 0.1, 0.35, 1, 3.5, 11, 36 or 125 ng/kg bw per day. The 
rats were necropsied 1 week after the last TCDD dose, and serum samples were 
analysed for T3, T4 and TSH. T 4 concentrations were significantly reduced at doses 
of TCDD 2: 11 ng/kg bw per day in the initiated rats and 2:36 ng/kg bw per day in the 
uninitiated animals (maximum reduction, 42%). While there was no effect on T3 
concentration, that of serum TSH was increased by about 2.5-fold in uninitiated rats 
at the highest dose (3.3 ng/ml, with 1.3 ng/ml in controls). Histological changes in 
the thyroid included diffuse follicular hyperplasia; in rats at 3.5 ng/kg bw per day, the 
ratio of parenchymal to follicular area was significantly increased. Hepatic CYP 1 A 1 
and UGT1 mRNA levels were increased at doses 2: 0.35 ng/kg bw per day and 
2: 3.5 ng/kg bw per day, respectively (Sewall et al., 1995). 
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Guinea-pigs 

Groups of 1 0 Hartley guinea-pigs of each sex were given diets containing TCDD 
at a concentration of 0, 2, 10, 76 or 430 ng/kg of diet for 13 weeks (equal to 0, 0.12, 
0.61, 4.9 and 26 ng/kg bw per day for males and 0, 0.14, 0.68, 4.9 and 31 ng/kg bw 
per day for females). The effects induced were similar to those in rats, including 
deaths at the highest dose. The NOEL for changes in organ and body weights and 
clinical effects was 0.61 ng/kg bw per day, confirming the greater sensitivity of this 
species to TCDD (DeCaprio et al., 1989). 

Rhesus monkeys 

When eight female rhesus monkeys were given a diet containing TCDD at a 
concentration of 500 pg/g for 9 months, dermatological effects were seen by 3 months 
and changes in haemoglobin and erythrocyte volume fraction by 6 months, which 
persisted and increased in severity up to the end of treatment. One animal died 
after 7 months on the diet, and four further deaths occurred within 2 months after 
removal from the diet, after total TCDD intakes estimated to be 19 and 12 !Lg/kg bw 
per day (Allen et al., 1977). Similar effects were seen when three male rhesus 
monkeys were fed diets containing 2,3,7,8-TCDF at 5 or 50 !Lglg for up to 6 months, 
except that the animals that survived to the end of treatment tended to recover 
quickly after being removed from the diets (McNulty et al., 1981 ). 

2.2.3 Long-term studies of toxicity and carcinogenicity 

Previous WHO expert groups have evaluated the carcinogenicity of PCDDs, 
PCDFs and PCBs (IARC 1987, 1997; van Leeuwen & Younes, 2000). Most of the 
long-term experiments designed to determine the toxicity of dioxin and coplanar 
chemicals were conducted with various rodent species or non-human primates. 
The carcinogenic effects assessed in long-term studies are summarized in Table 4. 

Mice 

Groups of 45 male Swiss mice were given TCDD by gavage at a dose of 0, 
0.007, 0.7 or 7 !Lg/kg bw per week, equal to 0.001, 0.1 and 1 !Lg/kg bw per day, for 
up to 1 year. Dose-dependent increases in the incidence of both ulcerative skin 
lesions and amyloidosis were observed at the two lower doses and a decreased 
lifespan in mice at the highest dose. An increased incidence of liver tumours 
(hepatomas and hepatocellular carcinomas) was observed at the intermediate dose, 
but a similar increase at the highest dose was not significant (T6th et al., 1979). 

In a study of the carcinogenicity of TCDD in two rodent species, groups of 50 
Osborne-Mendel rats and 50 86C3F1 mice of each sex were given TCDD by gavage 
twice a week for 104 weeks at a dose of 0, 0.01, 0.05 or 0.5 !Lg/kg bw per week for 
rats and male mice (equal to 0, 0.0014, 0.0071 and 0.071 !Lg/kg bw per day) and 0, 
0.04, 0.2 or 2 !Lg/kg bw per week for female mice (equal to 0, 0.006, 0.03 and 
0.3 !Lg/kg bw per day). Decreased body-weight gain was seen in male and female 
rats at the highest dose, and an increased incidence of hepatic lesions described as 
'toxic hepatitis' was seen in both species at the highest dose. Increased incidences 
of follicular-cell adenomas or carcinomas of the thyroid were found in male rats at 



Table 4. Results of bioassays for carcinogenicity -l>o 
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Species, strain No. Doses Route Duration NOEL LOEL Tumours observed Reference 
(!lg/kg bw per day) 

Mouse, Swiss 45 M 0, 0.001' 0.1' 1 Gavage 1 year, 0.001 0.1 Hepatocellular carcinoma T6th et al. (1979) 
1 day/week 

Mouse, B6C3 43-50 M, 0, 0.36, 0.72 Gavage 52 weeks, 0.36 Hepatocellular adenoma or Della Porta et al. 
42-49 F 1 day/week carcinoma (1987) 

Mouse, B6C3F1 50-75 M 0, 0.0014, 0.0071' Gavage 104 weeks, 0.0071 0.071 Increased incidence of hepato- National Toxicology 
0.071 2 days/week cellular adenoma or carcinoma Program (1982) 

5Q-75 F 0, 0.006, 0.03, 0.3 0.006 0.03 Increased incidence of thyroid 
follicular-cell adenoma and 
histiocytic lymphoma 

Rat, Osborne- 50-75 M 0, 0.0014, 0.0071' Gavage 104 weeks, 0.0014 0.0071 Increased incidence of thyroid National Toxicology 
Mendel 0.071 2 days/week follicular-cell adenoma or Program (1982) 

~ carcinoma 
50-75 F 0.0071 0.071 Increased incidence of neoplastic 

0 
0 

nodules in liver or hepatocellular ,!ll 

1:1 carcinoma (") 
0 

Rat, Sprague- 10M 0, 0.00004, 0.00014, Diet 78 weeks, 0.00004 0.00014 Renal adenocarcinoma, skin Van Miller et ~ 
Ill 

Dawley 0.0014, 0.014, 0.057, 7 days/week and lung carcinoma, leukaemia al. (1977) ::I 
Q. 

0.29, 3.4, 34, 71 (") 
0 

Rat, Sprague- 50 M, 50 F 0, 0.001, 0.01, 0.1 Diet 2 years, 0.1 Hepatocellular carcinoma, Kociba et al. ~ 
Dawley 7 days/week squamous-cell carcinoma in lung (1978b) 

):, 

i; and hard palate ::0 
1:1 

M, male; F, female @ 
Cl) 
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the two higher doses (16% and 22%, respectively), with a non-significant increase 
(13%) in female rats. Furthermore, 24% of female rats at the highest dose had 
neoplastic nodules in the liver and 6% had hepatocellular carcinoma. The incidence 
of hepatocellular carcinoma was also increased in male (34%) and female (13%) 
mice at the highest dose. Females at this dose had an increased incidence of 
follicular-cell adenomas of the thyroid (11 %) and an increased incidence (with a 
dose-related trend) of histiocytic lymphomas in the haematopoietic system (National 
Toxicology Program, 1982). 

Rats 

Groups of 1 0 male Sprague-Dawley rats were maintained on diets containing 
TCDD at a concentration of 0, 0.001, 0.005, 0.05, 0.5, 1, 5, 50, 500 or 1000 ng/kg 
for up to 78 weeks, equal to weekly doses of 0, 0.0003, 0.001, 0.01, 0.1, 0.4, 2, 24, 
240 and 500 1-1g/kg bw or daily doses of 0.00004, 0.00014, 0.0014, 0.014, 0.057, 
0.29, 3.4, 34 and 71 J,.lg/ kg bw. All animals at the five higher doses died, the time to 
1 00% mortality ranging from week 3 for animals at 24 J,.lg/kg bw per week to week 
31 for animals at 0.4 J,.lg/kg bw per week. Further deaths (40-50% of animals) 
occurred at 0.001, 0.01 and 0.1 1-1g/kg bw per week before the end of the study. 
Neoplasms were found at multiple sites in 57% of animals at doses ~ 0.0001 J,.lg/kg 
bw per week. Among those reported were ear-duct carcinoma, renal adenocarcinoma, 
skin angiosarcoma, Leydig-cell adenoma, fibrosarcoma, squamous-cell carcinoma 
of the skin and lung, glioblastoma, astrocytoma, cholangiocarcinoma and lymphocytic 
leukaemia. No tumours were found at the lowest dose (Van Miller et al., 1977). The 
Committee noted that the small number of animals used and the high mortality rates 
limit interpretation of this study. 

Groups of 50 Sprague-Dawley rats of each sex (86 rats of each sex as vehicle 
controls) were fed diets formulated with TCDD to provide a dose of 0, 0.001, 0.01 or 
0.1 1-1g/kg bw per day for 2 years. Body weight and food consumption were measured 
throughout the study; haematological examinations and urinary analyses were 
performed on eight rats of each sex per group after 3, 12 and 23 months. Serum 
samples were collected twice during the study. The biochemical and histopathological 
examinations were extensive. Increased incidences of hepatocellular carcinoma, 
squamous-cell carcinomas of the lung, hard palate and tongue were observed at 
the highest dose. TCOD not only affected the incidence rates of cancer but had 
additional toxicological effects, particularly at the highest dose, which included 
increased mortality (females only), decreased body-weight gain, splenic and thymic 
atrophy, hepatic degeneration and necrosis. On the basis of increased urinary 
excretion of porphyrins and 0-aminolaevulinic acid and hyperplastic nodules in the 
liver in females at 0.01 1-1g/kg bw per day, the NOEL was 1 ng/kg bw per day, which, 
at termination, resulted in a concentration of TCDD of 540 ng/kg in fat and liver 
(Kociba et al., 1978b). 

Rhesus monkeys 

As part of a study of reproductive toxicity, groups of female rhesus monkeys 
were given diets containing TCDD at 5 or 25 pg/g diet for 3.5-4.0 years, providing 
doses of 0.15 and 0.67 ng/kg bw per day. Animals at the higher dose showed marginal 
signs of toxicity (Bowman et al., 1989; see section 2.2.5 for details). 
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2.2.4 Genotoxicity 

Previous WHO expert groups have evaluated the genotoxicity of PCDDs, PCDFs 
and PCBs (IARC, 1987, 1997; van Leeuwen & Younes, 2000). Several short-term 
assays for genotoxicity with TCDD covering various end-points gave primarily 
negative results. Furthermore, TCDD did not bind covalently to mouse liver DNA. 

In vitro 

TCDD did not induce mutations in Salmonella typhimurium strain TA98, TA 100, 
TA 1535, TA 1537 or TA 1538 with or without the addition of an exogenous metabolic 
activation system (Geiger & Neal, 1981; Mortelmans et al., 1984). Assays for Tk+1-

mutation in mouse lymphoma L5178Y cells gave variable results, the outcome 
depending on the mutant selection protocol used, methotrexate or thymidine selection 
leading to a positive response and ouabain or arabinose C selection leading to a 
negative response. Thioguanine selection resulted in a weakly positive response 
(Rogers et al., 1982; McGregor et al., 1991). 

Sister chromatid exchange and micronuclei were found in human lymphocytes 
treated with TCDD, in the absence or presence of a-naphthoflavone (Nagayama et 
al., 1993, 1994). 

In assays for cell transformation in C3H1 OT1/2 mouse and rat tracheal epithelial 
cells, TCDD increased the formation of foci in cells initiated with N-methyi-N-nitro
N-nitrosoguanidine (Abernethy et al., 1985; Tanaka et al., 1989). TCDD also 
transformed Ad12-SV40-immortalized cells but not primary human epidermal 
keratinocytes, as revealed by growth in soft agar, and increased foci formation, cell 
density and the carcinogenic response in nude mice. The transformed cells caused 
a 100% incidence of squamous-cell carcinomas when injected into nude mice and 
0% in control mice (Yang et al., 1992). 

TCDD did not induce unscheduled DNA synthesis in normal mammary epithelial 
cells (Eldridge et al., 1992). 

OCDD did not induce mutations in S. typhimurium (Zeiger et al., 1988), and 
1 ,2,3,6,7,8-HeCDD and 1 ,2,3,7,8,9-HeCDD did not transform C3H10T1/2 mouse 
cells (Abernethy & Boreiko, 1987). 

In vivo 

TCDD did not bind to mouse liver DNA (Turteltaub et al., 1990), but it induced 
DNA single-strand breaks in the liver and in peritoneal lavage cells in rats (Wahba 
et al., 1988, 1989; Alsharif et al., 1994). 

When administered concomitantly with 12-0-tetradecanoylphorbol 13-acetate, 
TCDD increased the cell transforming capacity of peritoneal macrophages in mice 
in a dose-dependent manner (Massa et al., 1992). 

TCDD enhanced a-naphthoflavone-induced sister chromatid exchange frequency 
in cultured rat lymphocytes (Lundgren et al., 1986). It did not induce sister chromatid 
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exchange, micronuclei or chromosomal aberrations in mouse bone marrow (Meyne 
et al., 1985) or in lymphocytes of persons who had been exposed to high 
concentrations of TCDD (Reggiani, 1980; Tenchini et al., 1983; Zober et al., 1993). 

TCDD increased the mutagenic and recombinogenic activity of N-ethyi-N
nitrosourea in the mouse spot test by twofold (Fahrig, 1993). 

In tact transgenic rats, TCDD increased neither the mutation frequency nor the 
mutation spectrum in the liver (Thornton et al., 2001 ). Similarly, TCDD did change 
the spontaneous spectrum of H-ras codon 61 point mutations in mouse liver, nor did 
it affect the mutation spectrum of H-ras mutations in hepatocellular adenomas and 
carcinomas after treatment of mice with vinyl carbamate (Watson et al., 1995). 

2.2.5 Reproductive toxicity 

(a) Multigeneration studies 

Rats 

In a three-generation study of reproductive toxicity, male and female Sprague
Dawley rats (16 males and 32 females in the control and high-dose groups; 10 
males and 20 females at the low and intermediate doses) were maintained on diets 
containing TCDD designed to deliver a dose of 0, 0.001, 0.01 or 0.1 !J.g/kg bw per 
day. After 90 days on diet, F0 rats were bred to produce the F1a generation and then 
again, 33 days after weaning, to produce the F1b generation. The F1b and F2 litters 
were mated when the animals were about 130 days of age to produce the F2 and F3 
generations, respectively. Fertility, litter sizes and neonatal survival were severely 
decreased for animals at the highest dose at the Fo matings and in ensuing 
generations at the intermediate dose. Although slight effects were seen on pup 
survival and renal morphology at the low dose, they did not occur consistently across 
all generations. The NOEL was 0.001 !J.g/kg bw per day (Murray et al., 1979). The 
steady-state body burdens of TCDD of the rats at the two lower doses were estimated 
to have been 0.029 !J.g/kg bw and 0.29 !J.g/kg bw, respectively (Peterson et al., 1993). 

Groups of 30 pregnant Wistar rats were given a single dose of 3,3',4,4',5,5'
HxCB at 0, 0.2, 0.6 or 1.8 mg/kg bw by gavage on day 1 of gestation, and their pups 
were followed through to breeding about 1 year later. In the F1 generation, fecundity 
and fertility were decreased at the highest dose, only 2/16 pairs resulting in a 
pregnancy, in comparison with 15/17 and 11/17 at 0.2 and 0.6 mg/kg bw, respectively. 
After a second breeding, in which 14 treated males and seven treated females at 
1.8 mg/kg bw were mated to control animals, fertility was again reduced, with no 
pregnancies and possible effects on unspecified aspects of male reproductive 
behaviour (Smits-van Prooije et al., 1993). 

(b) Single-generation studies 

Mice 

Groups of 10-12 female B6C3F1 mice were treated by gavage with various 
dioxin, furan and PCB congeners once every 3 weeks for five dosing periods to 
assess the survival of autotransplanted endometrial lesions. The doses used were 
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0, 1, 3 and 10 ).!g/kg bw forTCDD; 0, 3 and 30 mg/kg bw for 2,2',4,4',5,5 '-HxCB; 0, 
100, 300 and 1000 ).!g/kg bw for 3,3',4,4',5-PeCB; 0, 10, 30 and 100 ).!g/kg bw for 
2,3,4,7,8-PCDF; and 0, 2 and 20 mg/kg bw for 1 ,3,6,8-TCDD. Endometrial tissue 
was transplanted during the second dosing period. Hepatic EROD activity was 
induced in a dose-dependent manner at the two highest doses of TCDD and at all 
doses of 3,3',4,4',5-PeCB and PCDF. The diameter of the endometrial lesions was 
significantly increased only at 1 and 3 ).!g/kg bw of TCDD and 100 ).!g/kg bw of 
PCDF. Whereas the weights of the lesions appeared to decrease with increasing 
dose of TCDD, the weights were still higher than those of controls. No significant 
effects were seen on ovarian or uterine horn weights, but the thymus weights were 
decreased and the liver weights increased at the two higher doses of PCDF. 
Examination of ovarian tissue showed the absence of active corpora lutea and 
increased numbers of regressive corpora lutea in mice at 1 0 ).!g/kg bw TCDD and 
100 and 1000 ).!g/kg bw 3,3',4,4',5-PeCB (Johnson et al., 1997). In a study of similar 
experimental design with TCDD only, a dose of 1 0 ).!g/kg bw significantly increased 
the diameter of the endometriotic site in female Sprague-Dawley rats, and doses of 
3 and 10 ).!g/kg bw decreased the ovarian weight by 15% and 27%, respectively 
(Cummings et al., 1996). 

Rats 

Groups of 25 female Wistar rats were given an initial subcutaneous loading 
dose of [14C]TCDD at 0, 25, 60 or 300 ng/kg bw, followed by weekly maintenance 
doses of 0, 5, 12 or 60 ng/kg bw, beginning 2 weeks before the beginning of mating 
and continually through mating, gestation and lactation. The size of the maintenance 
doses was based on a reported elimination half-life of 3 weeks for adult rats. The 
dams were killed after weaning, and 20 male pups per group were either assessed 
at 70 or 170 days of age for sexual development (sex organ weights, sperm analysis) 
or bred to untreated females on postnatal day 170. The only reproductive or 
pregnancy outcome that was significantly affected was the pregnancy index (16% 
reduction from that of controls) and only at the highest dose (300 ng/kg bw loading 
plus 60 ng/kg bw maintenance). The numbers of sperm from the cauda epididymis 
and daily sperm production were decreased (the latter by up to 50%) and the 
epididymal sperm transit rates and per cent abnormal sperm increased at all doses 
on postnatal day 170. No effects were seen on reproductive performance (mating, 
pregnancy, fertility). At the highest dose, the serum testosterone concentration was 
decreased at adulthood, and permanent changes in the testicular tubuli were found, 
including pyknotic nuclei and the occurrence of cell debris in the lumen. Mounting 
and intromission latencies were significantly increased at the lowest and highest 
doses. The LOEL was 25 ng/kg bw loading plus 5 ng/kg bw maintenance, equivalent 
to 0.8 ng/kg bw per day, which, by the end of weaning corresponded to 0.24 ng/g 
liver in male pups (Faqi et al., 1998). 

Groups of 5-1 0 immature female Sprague-Dawley rats were given TCDD at a 
single dose of 0, 0.3, 1, 3, 10, 30 or 60 ).!g/kg bw by gavage, and ovarian follicular 
maturation was induced 24 h later by a single intraperitoneal dose of 20 IU of equine 
chorionic gonadotropin. The rats were killed 24, 48, 56 and 72 h later (study 
termination), and body weight, ovarian weights, ovulation status and serum prolactin, 
luteinizing hormone and follicle-stimulating hormone were measured. In a separate 
experiment, rats were hypophysectomized before dosing with TCDD at 0, 3, 1 0 or 
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60 J..Lg/kg bw, equine chorionic gonadotropin (same schedule) and a single dose of 
1 0 J..Lg bovine luteinizing hormone. Reduced body-weight gain and ovarian weights 
were seen in rats at doses ~ 10 J..LQ/kg bw, and ovarian weights were reduced by 
about 50% in rats at the high dose at termination. Ovulation, as defined by the 
number of ova per rat, was also significantly reduced at doses ~ 10 J..Lg/kg bw 
(maximum reduction, about 80% at 30 and 60 J..Lg/kg bw). The serum concentrations 
of estradiol were significantly increased over control values at 1 0 and 60 J..Lg/kg bw 
48-56 h after administration of equine chorionic gonadotropin, the concentrations 
in rats at the high dose being more than four times higher than that of controls at 
termination. Treatment at 1 0 J..Lg/kg bw also resulted in a 13-15-fold increase in the 
serum concentrations of luteinizing and follicle-stimulating hormone and suppression 
of the preovulatory surge induced in control animals 54 h after administration of 
equine chorionic gonadotropin. Similar decreases in body and ovarian weight and 
inhibition of ovulation were seen in the hypophysectomized animals treated with 
TCDD at 10 and 60 J..Lg/kg bw (Li et al., 1995). 

Non-human primates 

Experiments in which rhesus monkeys where fed diets containing TCDD at 50 
or 500 pg/g for 7 months resulted in reproductive failure: only two of eight monkeys 
at 50 pg/g and one of eight at 500 pg/g carried their infants to full term. It was 
estimated that the monkeys at 50 pg/g group had consumed 1.8J..Lg of TCDD during 
the 7 months before the initiation of breeding, equivalent to 1.5 ng/kg bw per day 
(Allen et al., 1979). 

In relevant studies involving nonhuman primates, groups of eight female rhesus 
monkeys were fed diets containing TCDD at 0, 5 or 25 ng/kg for 3.5 or 4.0 years, 
respectively. After 7 months of treatment, the monkeys were bred to untreated males, 
produced the F1 generation and were bred again after 27 months on diet. While 
reproduction was not affected at 5 ng/kg, only 20% of the combined breedings of 
animals at 25 ng/kg diet produced viable offspring, while an average of 75-80% of 
breedings of controls and animals at 5 ng/kg succeeded (Bowman et al., 1989). The 
concentration of TCDD detected in mesenteric fat samples from weaned F1 infants 
of mothers at 5 ng/kg of diet at 5 months of age was 380 ± 140 pg/g tissue. The total 
amount of TCDD ingested by the mothers was estimated to have been 370 ng after 
16.2 months on diet (Schantz et al., 1992). The body burdens of the maternal animals 
were estimated to be 25-42 ng/kg bw. 

While there was no indication of maternal toxicity at the time, analysis of the 
monkeys 1 0 years after termination of the study revealed a dose-dependent increase 
in the frequency and severity of endometriosis, and three monkeys at the higher 
dose died due to severe peritoneal endometriosis. Endometrial lesions were detected 
in 33% of control monkeys and 71% and 86% of those at 5 and 25 ng/kg of diet, 
respectively (Rier et al., 1993). Moderate-to severe disease was seen only in TCDD
treated animals (43% and 71% at 5 and 25 ng/kg of diet, respectively). As there was 
a high concentration of coplanar PCBs in the blood of monkeys in which endometriosis 
was originally diagnosed, there may have been an unknown source of exposure to 
PCBs that caused the reported lesions (Rier et al., 2001 a). The average dietary 
concentration of PCBs was reported to be 7.8J..Lg/kg (Schantz et al., 1992), which, 
on the basis of the values for TCDD intake, would represent an average intake of 
0.2J..Lg/kg bw per day. 
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Groups of five or six female cynomolgus monkeys were given TCDD-containing 
gelatin capsules 5 days/week for 12 months after surgical auto-implantation of 
endometrial strips at multiple abdominal sites. The average doses of TCDD delivered 
were 0, 0.71, 3.6 and 18 ng/kg bw per day. Laparoscopic examinations were 
conducted on all monkeys at 1, 3, 6 and 12 months (study termination). At necrospy, 
significantly more endometrial strips were found to have survived in monkeys at the 
two higher doses than in controls (27% and 33% vs. 16%, respectively), while the 
size of the implants was increased only at the highest dose (maximum and minimum 
length and width measured). The surviving endometrial strips in animals at the lowest 
dose actually regressed in size. The serum concentrations of interleukin (IL)-6 were 
significantly decreased, while those of IL-6 soluble receptor were increased in 
monkeys at the highest dose at termination, with a 2.5-fold change for both cytokines 
(Yang et al., 2000). 

(c) Developmental toxicity 

Dioxins, and specifically TCDD, induce a distinct series of developmental effects, 
including fetal mortality, structural malformations and postnatal functional alterations, 
in a variety of species at doses below those associated with maternal toxicity. These 
effects are thought to be due in part to interactions with the Ah receptor and its 
related transcriptional factor, ARNT, the expression of which appears to be involved 
in aspects of normal embryonic development (Kozak et al., 1997; Abbott et al., 
1999). 

In most species tested to date, TCDD can induce significant embryolethality 
(early or late resorptions, abortions, stillbirths), which is usually associated with 
indications of maternal toxicity. The timing of dosing and the age of the embryo or 
fetus have been shown to be major determinants of TCDD-induced prenatal mortality. 
Characteristic, sensitive indications of the teratogenicity of TCDD in responsive strains 
of mice include induction of cleft palate and hydronephrosis at doses not associated 
with maternal toxicity. Various strains of pregnant mice treated with TCDD at doses 
of 1-10 11g/kg bw per day during days 6-15 of gestation (organogenesis) produced 
litters with these effects in a dose-dependent fashion (Neubert et al., 1973; for review, 
see Environmental Protection Agency, 2000a, Part II, Chapter 5). While cleft palate 
in the absence of fetal or maternal toxicity usually occurs only in mice, common 
effects in rats and hamsters include renal malformations, oedema and gastrointestinal 
haemorrhage. The ability of most coplanar chemicals to induce frank developmental 
effects is related to their binding affinity to the Ah receptor. 

Female C5781/6N mice were given a single oral dose of TCDD at 0, 6, 12, 15 or 
18!lg/kg bw on day 10 of gestation or 0, 6, 9, 12 or 15 11g/kg bw on day 12 and then 
killed before parturition on day 18. For comparison, mice were treated with retinoic 
acid at 0, 10, 20, 30, 40, 50 or 60 mg/kg bw on day 10 of gestation or at 0, 40, 80, 
1 00, 120, 160 or 200 mg/kg bw on day 12. Groups of mice were also treated with 
various combinations of TCDD (at 0, 3, 6, 12 or 15!lg/kg bw) and retinoic acid (0, 5, 
10, 20, 30, 40 or 80 mg/kg bw) on day 10 or 12 of gestation. Decreased maternal 
body-weight gain was seen only in mice treated with TCDD on day 10 of gestation, 
whereas the relative liver weight was increased at all doses of TCDD. There was a 
trend towards a decrease in maternal body-weight gain in mice treated with retinoic 
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acid on day 10 and increased relative liver weight after treatment on both days 10 
and 12. The increase in relative liver weight seen in mice treated with both chemicals 
was similar to that seen with TCDD alone. No effects were seen on the mortality 
rate or body weight of fetuses of TCDD-treated mice, while the body weights of 
fetuses of mice at the two higher doses of retinoic acid given on day 12 of gestation 
were reduced by 6-10%. All treated groups had 6-20 litters. Hydronephrosis was 
seen in all groups treated with TCDD, with a dose-dependent increase in severity. 
The median effective dose (ED 50) for this lesion was estimated to be 3.9 J.!Q/kg bw 
for both times of treatment. The incidence of cleft palate was also increased by 
TCDD at the three higher doses at both times of treatment, with approximate ED5o 
values of 12J.Lg/kg bw for treatment on day 12 and 16 J.!Q/kg bw for treatment on day 
10. Major defects observed in the mice treated with retinoic acid consisted of skeletal 
abnormalities and cleft palate, with ED 50 values for the latter of 42 mg/kg bw for 
treatment on day 1 0 and 190 mg/kg bw for treatment on day 12. Combined treatment 
with the two chemicals had no effect on either TCDD-induced hydronephrosis or 
retinoic acid-induced skeletal anomalies, but they had an interactive effect on cleft 
palate induction. For example, at doses of retinoic acid that induced no cleft palate 
(5 and 10 mg/kg bw), concomitant administration of TCDD at 12J.Lg/kg bw increased 
the incidence by approximately 2.4- and 4.2-fold, respectively (21% per litter as 
compared with 50% and 88%) (Birnbaum et al., 1989). 

Groups of 7-10 pregnant C57BI/6 mice were given a single oral dose of 
3,3',4,4',5-PeCB at 0, 130, 260 or 520 J.Lg/kg bw on day 10 of gestation and were 
killed on day 17. Significant increases in relative liver weights were seen in maternal 
animals at all doses, but there were no effects on litter size, litter weight or fetal 
mortality. Dose-dependent increases in the incidence of both hydronephrosis and 
cleft palate were seen, with ED50 values of 160 J.Lg/kg bw and 360 J.Lg/kg bw, 
respectively (Mayura et al., 1993). 

Various structural end-points associated with the developing urogenital system 
of rodents have been shown to be extremely sensitive to perturbation by TCDD and 
coplanar chemicals. In males in particular, indices of delayed puberty (rats and 
hamsters), reductions in prostate growth and development (rats and mice), decreased 
epididymal and cauda epididymal weights (rats), decreased testicular and epididymal 
sperm numbers (rats, mice, hamsters) and decreased numbers of ejaculated sperm 
(rats and hamsters) have been observed (Roman & Peterson, 1998). In certain 
strains of rat (Holtzman and Long Evans), TCDD given as single doses as low as 
0.05-0.064 11g/kg by gavage on day 15 of gestation has been associated with reduced 
ventral prostate weights and reduced epididymal and ejaculated sperm counts (Mably 
et al., 1992a,b,c; Gray et al., 1995, 1997a,b). 

Pregnant Holtzman rats were given a single oral dose of TCDD at 0 or 1.0 J.Lg/kg 
bw on day 15 of gestation, and the litters were collected at various times up to day 
21 or the pups were collected after parturition up to postnatal day 5. Additional 
maternal rats were treated with a single oral dose of 0, 0.064, 0.16, 0.4 or 1 J.Lg/kg 
bw on day 15 of gestation, and the postnatal physical and sexual development of 
the offspring was followed up to postnatal day 120. While no maternal toxicity was 
seen, fetal survival was decreased by 6-15% and neonatal body weight was 
decreased by 7-22% at the highest dose. When the food intake of male offspring 
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was assessed after lactation, it was found to be decreased at the two higher doses, 
by 13-21% from that on postnatal day 28-56. This contributed to a decrease in 
body weight of 8-19% in the same groups up to postnatal day 70 (post-pubertal). 
After this time and until sexual maturity (postnatal day 120), no significant differences 
were seen for either parameter. 

With regard to physical development, eye opening was accelerated by 
approximately 1 day in animals at the highest dose when compared with controls, 
while testis descent (androgen-dependent) was delayed in a dose-dependent manner 
at doses~ 0.16 Jlg/kg bw (maximum delay, 2 days). A decreased relative anogenital 
distance were seen on day 4 in male pups of dams at doses ~ 0.16 Jlg/kg bw. 
Treatment at 1 Jlg/kg bw also caused a significant decrease (53%) in the post
parturition testosterone surge normally seen in male pups within 2-4 h after birth. 
Although there was a trend towards decreased plasma testosterone and 
dihydrotestosterone concentrations in male offspring from postnatal day 32-120, 
none of the changes was significant. The plasma concentration of luteinizing hormone 
in males at the highest dose was significantly reduced by about 95% on postnatal 
day 32. The weights of the seminal vesicle and ventral prostate were reduced in 
male offspring of dams at doses ~ 0.16 Jlg/kg bw throughout sexual development, 
but at the highest dose only the latter effect persisted at sexual maturity (postnatal 
day 120) (Mably et al, 1992a). 

Male offspring from litters in the above study, standardized on postnatal day 1 to 
five pups of each sex per litter from dams treated with graded doses of TCDD on 
day 15 of gestation, were also assessed for sexual behaviour on postnatal days 
56-63, 70-77 and 112-119. The latencies to mounting and to ejaculation were 
significantly increased in pups of dams at doses~ 0.16 Jlg/kg bw at all times. While 
the number of intromissions required before ejaculation was not significantly affected, 
the number of mounts required before ejaculation was slightly increased in all groups 
during testing on postnatal days 112-119. The copulatory rate (mounts plus 
intromissions per minute) was significantly decreased in a dose-dependent manner 
from that of controls at all times (maximum reduction, about 53%) in male offspring 
of dams at the three higher doses. Feminine sexual behaviour (lordosis) was also 
significantly increased in castrated male offspring of dams at doses ~ 0.16 Jlg/kg 
bw, while a feminized pattern of luteinizing hormone surge after progesterone 
treatment was seen in castrated males after treatment of dams at the two higher 
doses. Hepatic EROD activity, when determined on postnatal day 120, was not 
significantly increased at any dose (Mably et al., 1992b). 

Male pups isolated after lactation were assessed for various aspects of the 
development of the reproductive system on postnatal day 32, 39, 63 and 120 Uuvenile, 
pubertal, postpubertal and sexually mature, respectively). Although slight decreases 
in paired testis weights were observed at all doses except 0.16 Jlg/kg bw on postnatal 
day 32, no significant difference was apparent by postnatal day 120. The weight of 
the right epididymis was decreased in a dose-dependent manner at a maternal 
dose as low as 0.064 Jlg/kg bw on postnatal days 49 and 120 and 0.16 Jlg/kg bw on 
postnatal days 32 and 63, with a 22-30% decrease at the highest dose. The weights 
of the cauda epididymis were lower than those of controls at all doses after puberty 
(postnatal days 63 and 120). Daily sperm production and cauda epididymal sperm 
numbers were also decreased at all doses on postnatal days 63 and 120, those of 
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pups of dams at the highest dose being as little as 74% and 44% of control values 
on postnatal day 120. No significant effects were seen on cauda epididymal sperm 
motility or morphology. The plasma concentration of follicle-stimulating hormone 
was slightly reduced only on postnatal day 32 at all maternal doses except 0.16j.lg/kg 
bw. When the male offspring were mated with control females on postnatal day 70, 
no effects were observed on fertility, gestation index, litter size or pup survival (Mably 
et al., 1992c). 

Groups of 12 pregnant Long Evans rats were given TCDD at a single dose of 0, 
0.05, 0.2 or 0.8 11g/kg bw by gavage on day 15 of gestation, and maternal and pup 
development and viability were followed until postnatal day 63. Some male pups 
were retained for assessment of reproductive organ weights and sperm counts at 
15 months of age. Both pup survival and body-weight gain by the end of lactation 
were significantly decreased (15-17%) in the group at the highest dose, and eye 
opening was accelerated by 1 day at all doses in comparison with controls. On 
postnatal days 49 and 63, most of the developmental affects in male offspring 
occurred at the highest dose and included decreased numbers of epididymal sperm 
(postnatal day 49 and 63) and decreased weights of the cauda epididyma (postnatal 
day 63), ventral prostate and seminal vesicle (postnatal day 49). The onset of puberty 
was delayed by about 2 and 4 days at the two higher doses, respectively. In males 
at 15 months of age, significant reductions in the weight of the glans penis (8%) and 
the numbers of epididymal and cauda epididymal sperm (11-17%) were seen at the 
two higher doses. The number of ejaculated sperm was decreased (47%) only at 
the highest dose. However, when the results were combined with those of a previous 
study (Gray et al., 1995), animals at both 0.05 and 0.2 mg/kg bw also showed a 
significant decrease (25-26%) (Gray et al., 1997a). 

These effects of low doses of dioxin and coplanar chemicals on the developing 
male reproductive system are usually not paralleled by decreased reproductive 
capacity or androgen status. Also, in general, the effects of TCDD and related 
coplanar chemicals on the urogenital tract during fetal and neonatal development of 
rodents, although dependent on the timing and age of the fetus, can be achieved by 
low doses in utero alone. 

Not only male reproductive tract development but also various aspects of male 
sexual behaviour can be affected by perinatal exposure to low doses ofTCDD and 
coplanar PCBs. In the experiments by Mably et al., assessment of the sexual 
behaviour of male Holtzman rats on postnatal days 60, 75 and 115 showed increased 
latency for intromission, mounting and ejaculation in offspring of dams given doses 
of TCDD as low as 0.064 and 0.16 11g/kg bw, respectively. Similarly, in Long Evans 
rats (Gray et al., 1995), partial demasculinization of male sexual behaviour, as 
determined by an increased total number of mounts, mounts with intromissions 
before ejaculation and latency before ejaculation, was observed. Increased numbers 
of mounts with intromissions before ejaculation were also observed in male Wistar 
rats after maternal exposure to 3,3',4,4',5-PeCB at a dose of 10 11g/kg bw (Faqi et 
al., 1998). While demasculinization of sexual behaviour was reproducible in three 
strains of rat, it was not seen in hamster offspring. Feminization of male sexual 
behaviour, as assessed by increased intensity and duration of lordosis, was also 
observed in male Holtzman rats at maternal doses of TCDD as low as 0.16 11g/kg 
bw (Mably et al., 1992c) but not in Long Evans rats. Alteration of defeminization of 
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sexual behaviour by TCDD has been shown to require exposure during lactation or 
after parturition. 

In rats and hamsters, single maternal doses as low as 0.2 and 2 j.Lg/kg bw on 
days 15 and 11.5 of gestation, respectively, also increased the frequency of female 
pups with cleft phallus and vaginal threads, the latter condition being specific to 
coplanar chemicals (Gray et al., 1997b; Wolf et al., 1999). However, in ICR mice, a 
single maternal dose of TCDD at:::.; 60 j.Lg/kg on day 14 of gestation was not associated 
with genital malformations in female offspring (Theobald & Peterson, 1997). 

Female offspring from the study of Gray et al. (1997a) were isolated after weaning 
and followed for sexual development until postnatal day 70. Additional females were 
mated to control males on postnatal day 1 00 for assessment of fertility. On postnatal 
day 70, the age of onset of vaginal opening was delayed in pups of dams at 0.8 j.!g/kg 
bw by approximately 2 days when compared with controls, and pups of dams at 0.2 
and 0.8 j.Lg/kg bw had decreased distance between urethral and vaginal openings 
(by 40% at the highest dose). After mating on postnatal day 100, no significant 
differences were seen in treated animals with respect to fertility, but the time to 
pregnancy of offspring of dams at the highest dose was increased by three estrous 
cycles when compared with controls (4.1 days and 14.4 days, respectively). 
Significantly increased numbers of female offspring at 0.2 and 0.8 j.Lg/kg bw had 
urogenital anomalies (vaginal thread, cleft phallus). For example, 92% of females at 
the highest dose and 2.5% of controls had permanent vaginal threads. A cross
fostering experiment with the group at 1 j.Lg/kg bw indicated that exposure in utero 
was necessary for the induction of vaginal and external genitalia anomalies. Cleft 
phallus and changes in the urethral opening position have also been observed in 
rats given other estrogen-like chemicals (diethylstilbestrol, RU 2858, estradiol) (Gray 
et al., 1997b). 

An increase in the severity of urogenital malformations was seen in groups of 
eight pregnant Long Evans rats given TCDD at 1 1-lQikg bw on day 15 of gestation as 
compared with day 8 of gestation. After parturition, the litters were standardized to 
four pups of each sex, and the female offspring were monitored for sexual 
development, estrous cycle and fertility. Although no maternal toxicity or effect on 
litter size were noted, the body weights of pups were significantly reduced (average, 
17%) from postnatal day 3 throughout the study in the group treated on day 15 of 
gestation but only on postnatal day 3 for the group treated on day 8; pup survival 
was decreased by 11% in the group treated on day 15. Both treatments resulted in 
a variety of malformations in the external genitalia of female offspring, including 
complete or partial clefting of the phallus and the presence of a vaginal thread; the 
severity and/or frequency were usually greater in offspring treated on day 15 of 
gestation. For example, a vaginal thread was present in 79% of progeny treated on 
day 15 and 14% (nonsignificant) of those treated on day 8. When estrus was 
assessed throughout the reproductive lifespan, from postnatal day 125, more 
offspring treated on day 8 (47%) were in constant estrus at about 1 year of age than 
either controls (16%) or those treated on day 15 (16%). This effect was thought to 
be related to the decreased fertility rate of female progeny treated on day 8 when 
they were entered into a continuous breeding phase (five successive litters). Whereas 
the fertility rates of females treated on day 15 were similar to those of controls up to 
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the fourth litter (but significantly reduced by the fifth litter), the fertility rate of females 
treated on day 8 was reduced by the second litter and throughout the duration of the 
breeding phase. Although overall fertility and fecundity in the first litter produced by 
females treated on day 15 were not affected, the high prevalence of vaginal threads 
caused greater difficulty in mating with control males, as illustrated by the increased 
number of mounts without intromission and increased ejaculation latency. Similar 
genital malformations (83% of offspring with vaginal threads) and suppressed body 
weight were seen in female offspring of Holtzman rats treated with TCDD at 1 ~-tg/kg 
bw on day 15 of gestation, except that neonatal survival was decreased by 50% by 
postnatal day 16. Owing to the low pup survival, reproduction was not assessed in 
Holtzman rats, although the ovarian weights were reduced by about 47% in 
comparison with controls at necropsy (Gray & Ostby, 1995). 

Pregnant Syrian hamsters, about 4 months old, were given a single dose of 
TCDD at 0 (n = 9) or 2 ~-tg/kg bw (n = 1 0) on day 11.5 of gestation by gavage. The 
dose reflected the higher LD50 seen with this species than with rats (1200 ~-tg/kg bw 
and 20 11g/kg bw, respectively). After parturition and lactation, the female offspring 
were monitored for various developmental landmarks until maturity (postnatal day 
152-166). Although TCDD treatment had no effect on the body-weight gain or litter 
size of dams, pup body weights were reduced by up to 30% by the end of lactation, 
and the reduction persisted until postnatal day 140. Eye opening was accelerated 
by about 1 day in the pups treated with TCDD, while vaginal opening was delayed 
(1 00% of control pups by postnatal day 13 and 100% of TCDD-treated pups by 
postnatal day 19). After mating of the female offspring on postnatal day 152-166, a 
variety of parameters, including fertility, weaning index, number of implants, litter 
size and pup survival, were significantly reduced in the treated animals. TCDD 
treatment also increased the frequency of F1 female offspring with mild hypospadias 
or cleft phallus (0.78% in controls, 92% with TCDD) (Wolf et al., 1999). 

Pregnant ICR mice (CO-derived) were treated by gavage on day 14 of gestation 
with TCDD at a single oral dose of 0, 15, 30 or 60 11g/kg bw (n = 17, 16, 19 and 14, 
respectively). The litters were standardized on postnatal day 1 to four of each sex, 
and development was assessed after interim sacrifices on postnatal days 23 (males 
only), 44, 65, 113-114, 128 (males only) and 142 (females only). Duration of gestation, 
prenatal mortality, litter size and dam weight were not affected by TCDD, and no 
effect was seen on postnatal pup mortality or pup weight gain throughout the 
experiment. Assessment of male reproductive organs during development indicated 
no effects on anogenital distance, onset of puberty, serum testosterone concentration, 
growth of the testis, epididymis, dorsal prostate or seminal vesicle, while the weights 
of the ventral prostate and coagulating gland (anterior prostate) were decreased at 
most doses from postnatal day 44 and continuing throughout the assessment (36% 
and 27% decrease at the highest dose, respectively, on postnatal day 114 or 128). 
While the epididymal sperm counts of mice at 30 and 60 11g/kg bw were reduced by 
about 30% on postnatal day 65, no effect was seen on postnatal day 114 or 128, 
and there were no effects on daily sperm production. The weight of the pituitary 
gland was reduced in male offspring only at all doses but not in a dose-dependent 
manner (maximum reduction, 42-52% at the lowest dose). TCDD also accelerated 
the average time to eye opening by about 1 day and decreased thymus weights (not 
dose-dependent) on postnatal day 44 in male but not female offspring. No urogenital 
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tract malformations were seen in female offspring, and the time to vaginal opening 
was not affected. The uterine weights of mice both in and out of estrus were 
significantly reduced by about 34% at the highest dose only. Ovarian weights were 
not affected at any time (Theobald & Peterson, 1997). 

In pregnant Long Evans rats, single doses of TCDD at 0.05-1 ~g/kg bw per day 
on day 15 of gestation, which are associated with a variety of genital malformations 
in male and female pups, resulted in fetal concentrations on day 16 that were 0.51-
0.17% of the maternal dose (13 pg/kg at 0.2 ~g/kg dose) (Hurst et al., 2000b). 
Similar fetal concentrations of TCDD have been reported after exposure of adult 
animals to 10 ng/kg bw per day for 90 days before breeding. For comparison, the 
single dose of 0.05 ~g/kg on day 15 of gestation resulted in a maternal body burden 
on day 21 of 27 ng/kg bw (Hurst et al., 1998a). 

In a preliminary study, pregnant Wistar rats were treated on day 15 of gestation 
with a single oral dose of 3,3',4,4'-TCB at 100 ~g/kg bw (n = 17), 3,3',4,4',5-PeCB 
at 10 ~g/kg bw (n = 23) or solvent (n = 20), and male pups were assessed for 
developmental end-points during lactation, on postnatal day 65 (puberty) and on 
postnatal day 140 (adult). At birth, the offspring of females given 3,3 ',4,4 '-TCB were 
slightly heavier than controls, the weight difference increasing to about 15% by the 
end of lactation; however, by postnatal days 65 and 140, the male pups were 8-
12% lighter than controls. Whereas pups of dams given 3,3',4,4',5-PeCB weighed 
slightly less than controls at birth, no further significant effects on body weight were 
observed during the remainder of the experiment. 3,3',4,4'-TCB treatment also 
induced slight increases in the weights of pup testis and epididymis and in daily 
sperm production, but the weight of the seminal vesicle and serum testosterone 
concentration (only on postnatal day 140) were reduced. The effects observed in 
pups of dams given 3,3 ',4,4 ',5-PeCB included a reduced ratio of anogenital 
distance:body length (postnatal day 22), a delay of 8 days in vaginal opening, slight 
reductions in ventral prostate weights and an increased number of mounts with 
intromission when compared with either controls or dams given 3,3 ',4,4 '-TCB. The 
serum testosterone concentrations on postnatal day 140 were also reduced in male 
pups of dams given 3,3',4,4',5-PeCB by up to 64%, but reproductive performance 
was not affected in either group treated with PCBs (Faqi et al., 1998). 

In a study designed to determine the most sensitive effect of TCDD on the rodent 
male reproductive system, groups of six pregnant Holtzman rats were given a single 
oral dose of TCDD at 0, 12.5, 50, 200 or 800 ng/kg bw on day 15 of gestation, and 
the male offspring were assessed for reproductive development on postnatal days 
49 and 120. TCDD had no effect on the body-weight gain of dams during gestation 
or on the weight of male pups during the assessment period. Maternal treatment 
with TCDD also had no effect on the relative testis or epididymal weights, daily 
sperm production, cauda epididymal sperm reserve or serum luteinizing hormone, 
follicle-stimulating hormone or testosterone concentrations of male offspring. At 
postnatal day 120, the maternal dose of 800 ng/kg bw resulted in TCDD 
concentrations of 24 pg/g of adipose tissue and 0.49 pg/g of testis in male offspring. 
Although the anogenital distance was not affected on postnatal day 49, it was 
significantly reduced at doses > 50 ng/kg bw on postnatal day 120 (maximum 
decrease, about 18%). In addition, on postnatal day 120 the weight of the ventral 
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prostate was significantly reduced in pups of dams at 200 and 800 ng/kg bw, by 
27% and 39%, respectively. Semi-quantitative reverse transcription polymerase chain 
analysis indicated that the levels of androgen receptor mRNA in this organ were 
significantly reduced in all treated groups on postnatal day 49 but not on postnatal 
day 120. Administration of TCDD at any dose resulted in a dose-dependent increase 
in 5a-reductase type 2 mRNA and a decrease in androgen receptor mRNA in the 
ventral prostate of rats killed on day 49 but not in those killed on day 120, with no 
adverse sequelae at the lowest dose of 12.5 ng/kg bw. Although the authors 
postulated that the decreased size of the ventral prostate was due to the decrease 
in androgen receptor mRNA, previous results (Gray et al., 1995) with Long Evans 
rats indicated that maternal exposure to TCDD at doses up to 0.81-J.g/kg bw did not 
affect the number of androgen receptors in the ventral prostate of male offspring 
(Ohsako et al., 2001 ). 

2.2. 7 Special studies 

(a) Neurotoxicity 

There is currently limited experimental evidence for an Ah receptor-based 
mechanism of action for dioxin-induced neurotoxicity. Central nervous system 
functioning and neurobehaviour have been assessed in some animal models. 

Pregnant Wistar rats were treated by subcutaneous injection with a loading and 
maintenance dosing regime designed to approximate human perinatal exposure. 
After an initial dose of TCDD at 0, 1 or 0.3 IJ.g/kg bw on day 19 of gestation, the 
animals were given a weekly maintenance dose of 0, 0.4 or 0.121-J.g/kg bw throughout 
lactation, and the weaned pups were given the same doses until postnatal week 11. 
Offspring of dams at the highest dose had significantly reduced body weight (by 
about 15%) throughout lactation, but not after postnatal day 31. After a slight initial 
decrease in body weight on postnatal day 7, the body weights of pups of dams on 
the low-dose regimen were comparable to those of controls. Greater percentages 
of the TCDD-treated offspring than controls acquired a righting reflex on postnatal 
day 5 or 6, but they showed a delayed ability to remain on a rotating rod. The activity 
of 3-month-old female offspring was significantly reduced after treatment with TCDD 
in comparison with controls after an amphetamine challenge. The authors concluded 
that TCDD may induce neurobehavioural changes (Thiel et al., 1994). 

Groups of three viable rhesus offspring, born after groups of eight maternal 
animals had ingested a diet containing TCDD at 5 ng/kg bw for 16.2 months, were 
tested for aspects of peer-group interactive behaviour at 8.6 months of age. Monkeys 
treated with TCDD showed an increased overall level of behavioural arousal, including 
increased self-directed behaviour, when compared with controls. No significant 
relationship was observed between any of the behavioural parameters and the 
concentration of TCDD in the body fat of the infants. Similar effects were not seen 
when a second cohort of offspring obtained after the maternal animals had been on 
control diet for 16 months were tested. At that time, the mean concentration of TCDD 
in the adipose tissue of the offspring was about 50% less (188 pg/g) than that of the 
first cohort (Schantz et al., 1992). 

A further group of infant rhesus monkeys (one female, four males) was obtained 
after the maternal animals had been on the TCDD-containing diet for 36.3 months. 
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The total TCDD consumption of the monkeys was estimated to have been 880 ng, 
and the concentrations of TCDD in mesenteric fat obtained when the offspring were 
5 months of age were similar to that in the first cohort (320 pg/g). Cognitive testing 
of the monkeys in both groups was conducted when they were about 14 months of 
age. Monkeys exposed peri natally to TCDD took a significantly longer time to learn 
the first reversal of a shape discrimination-reversal problem than controls (47 versus 
27 trials). No significant effect of TCDD was seen for subsequent reversals (up to 
eight). In addition, no significant effect was seen on learning of spatial or colour 
reversal problems or in the ability to respond to a delayed spatial alternation test. 
The performance of offspring on a shape discrimination-reversal problem was not 
correlated to the concentration ofTCDD in their adipose tissue. The authors reported 
that similar cognitive effects were observed in rhesus infants that had been exposed 
during development to lead (Schantz & Bowman, 1989). 

(b) lmmunotoxicity 

TCDD-induced immunosuppression has been observed in several experimental 
animal species, including rodents, guinea-pigs, rabbits and non-human primates 
(reviewed by Kerkvliet & Burleson, 1994; Holsapple, 1995). Several tissues and 
cells of the immune system are targeted by TCDD (Kerkvliet & Burleson, 1994). 

TCDD-induced thymic atrophy has been observed after perinatal exposure in all 
species examined (Holladay et al., 1991; Blaylock et al., 1992; Gehrs & Smialowicz, 
1997; Gehrs et al., 1997; Gehrs & Smialowicz, 1999). TCDD-induced thymic atrophy 
is probably of less clinical significance in adult animals, as no correlation has been 
established between effects on the thymus and functional immune suppression. 
The reported acute ED 50 values for thymic atrophy in adult animals vary considerably 
among species: 26 ).lg/kg bw in Sprague-Dawley rats, 0.8 ).lg/kg bw in Hartley guinea
pigs, 280 ).lg/kg bw in C57BI/6 mice and 48 ).lg/kg bw in Syrian hamsters (Hanberg 
et al., 1989). Several hypotheses have been proposed to explain the mechanism by 
which TCDD induces thymic atrophy. Apoptosis induced by TCDD and changes in 
molecules encoded by the major histocompatibiity complex (MHC) may contribute 
to the thymic atrophy seen after exposure to TCDD (McConkey et al., 1988; 
Gerschenson & Rotella, 1992). Rhile et al. (1996) investigated the role of Fas (CD95), 
an important molecule involved in the induction of apoptosis, on TCDD-mediated 
immunotoxicity in mice bearing a homozygous /prmutation, which leads to failure of 
expression of Fas. TCDD administered orally at 0.0, 0.1, 1 or 5 ).lg/kg bw for 11 days 
was less toxic to thymocytes from C57BI/6 lp/lpr mice (Ah-responsive, Fas-) than to 
C57BI/6 +I+ mice (Ah-responsive, Fas+). Similar results were obtained when T-cell 
responsiveness was tested with an antigenic challenge with conalbumin, suggesting 
that TCDD acts at a time when T cells are in the process of differentiating in response 
to antigenic challenge, as TCDD had no effect on na'ive or resting T cells that had 
not been challenged with an antigenic stimulus. When mice that differed only at the 
MHC locus were compared for immunotoxic effects of TCDD, it was observed that 
B10.D2 (Ah-responsive, H-2d) mice were more sensitive to TCDD-induced thymic 
atrophy and altered peripheral T-cell function than B1 0 mice (Ah-responsive, H-2b). 
Thymic atrophy in all TCDD-sensitive strains was accompanied by depletion in T 
cell subsets (CD4+, CD4+ CDS+, CD4- CDS- and COB+). On the basis of these results, 
the authors suggested that the observed immunotoxic effects of TCDD may be 
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mediated partly through the presence of the Fas molecule in activated T cells and 
that MHC phenotype may also play an important role {Rhile et al. 1996). 

TCDD affects both cellular and humoral immunity. Its effects on T-cell function 
are characterized by changes in several end-points, including delayed-type 
hypersensitivity (DTH) responses, rejection of skin allografts, generation of cytotoxic 
T lymphocytes and lymphoproliferative responses of lymphocytes to mitogens and 
specific antigens in vitro. The effects on T-cell function occur at concentrations three 
orders of magnitude lower than those that affect thymus cellularity. Species differ in 
their sensitivity to TCDD, guinea-pigs being more sensitive than rodents. For example, 
the DTH response to tuberculin was decreased in guinea-pigs after eight weekly 
doses of 40 ng/kg bw TCDD, whereas in rats the DTH response to tuberculin was 
unaffected by six weekly doses of 5 ~-tg/kg bw (Vos et al., 1973). 

Differences in DTH response have also been observed in the same species 
challenged with different antigens. In C57BI/6 mice given TCDD as four weekly 
intraperitoneal doses of 0, 0.4, 4 or 40 11g/kg bw, the DTH response to sheep red 
blood cells (SRBC), footpad swelling, and to oxazolone, ear thickness, was measured. 
TCDD at doses of 4 and 40 ~-tg/kg bw suppressed the DTH response to oxazolone, 
whereas the DTH response to SRBC was not significantly affected by any of the 
doses tested {Clark et al., 1981). 

TCDD-induced effects on the cytotoxic T lymphocyte response of spleen cells 
have been found less consistently. Clark et al. {1981) treated C57BI/6 mice with 
TCDD as four weekly intraperitoneal doses of 0, 0.4, 4 or 40 11g/kg bw and examined 
the generation of cytotoxic T lymphocytes. Generation was inhibited at all doses. 
Mechanistic studies by the same group indicated that generation of allospecific 
cytotoxic T cells in C57BI/6 mice was significantly impaired after exposure to doses 
as low as 4 ng/kg bw {Clark et al., 1981). On the basis of mechanistic studies in 
vitro, the authors concluded that the cellular basis for suppression of the cytotoxic T 
lymphocyte response was induction ofT-suppressor cells in the thymus which act 
selectively against the cytotoxic T lymphocyte response {Clark et al., 1983). Dooley 
et al. (1990) found, however, that the number ofT-suppressor cells in splenocytes 
of B6C3F1 mice treated with TCDD by gavage at 1 119/kg bw for 5 days was not 
increased. The mechanism by which TCDD affects the cytotoxic T lymphocyte 
response therefore remains to be elucidated. 

Immunosuppression, indicated by suppression of the anti-SRBC humoral immune 
response, has been observed by several investigators (reviewed by Kerkvliet & 
Burleson, 1994). The dose-response relationships for the immunosuppressive effects 
of TCDD, 2,3,4,7,8-PeCDF, 1 ,2,3,7,9-PeCDF, 2,3,7,8-TCDF and 1.3.6.8-TCDF on 
the splenic plaque-forming cell response to SRBC in C57BI/6 mice, measured as 
the ED50, were 2.4 nmol/kg bw for TCDD, 3 nmol/kg bw for 2,3,4,7,8-PeCDF, 
14 nmol/kg bw for 2,3,7,8-TCDF, 710 nmol/kg bw for 1,2,3,7,9-PeCDF and 
36 000 nmol/kg bw for 1 ,3,6,8-TCDF (Davis & Safe, 1988). Mice of different strains 
had different susceptibility to aryl hydrocarbon hydroxylase induction and different 
levels and/or affinity for a specific cytosolic binding protein; they also differed in their 
response to SRBC. Specifically, TCDD at a dose as low as 1.2~-tg/kg bw significantly 
inhibited the plaque-forming cell response to SRBC in C57BI/6 and C3H/HeN mice, 
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which are representative of more susceptible strains, while a dose of at least 6 )lg/ 
kg bw was required for partial suppression in DBA/2 and AKR strains. Exposure for 
up to 8 weeks did not increase the sensitivity of DBA/2 mice to treatment (Vecchi et 
al., 1983). The plaque-forming cell and immunoglobulin M responses of C57BI/6 
and DBA/2 mice to the T cell-independent antigen trinitrophenyl-lipopolysaccharide 
also varied with different congeners, with ED50 values in C57BI/6 mice of 2.8 and 
1.6 )lg/kg bw for TCDD, 11 and 14 )lg/kg bw for 3,3',4,4 ',5-PeCB and 25 and 20 )lg/ 
kg bw for 3,3',4,4',5,5'-HxCB, and values in the lessAh-responsive DBA/2 mice for 
the same congeners of 8.5 and 10 )lg/kg bw, 61 and 69 )lg/kg bw and 73 and 71 )lg/ 
kg bw, respectively (Harper et al., 1994). 

Differences among species in the primary response to antigens have also been 
observed. B6C3F1 mice and Fischer 344 rats were given a single intraperitoneal 
injection of TCDD in corn oil at a dose of 1, 3, 1 0 or 30 )lg/kg bw on 7 days before 
immunization with SRBC for induction of a humoral response. The plaque-forming 
cell response in mice was significantly suppressed, with an ED50 value of 0.7 )lg/kg 
bw, while the response in rats was unaffected at doses up to 30 )lg/kg bw. The 
apparent inability of TCDD to suppress humoral immunity in rats was unrelated to 
induction of hepatic CYP 1 A 1 and CYP 1 A2. Furthermore, in rats but not in mice, 
the splenic CD4- CDS+ T-cell sub-population was reduced in a dose-related manner, 
and this reduction was accompanied by a dose-related increase in immunoglobulin 
M+ splenocytes (Smialowicz et al., 1994). In a similar experiment with the same 
doses of TCDD, the response of B6C3F1 mice to the T cell-independent, B cell
dependent antigen trinitrophenyl-lipopolysaccharide was reduced at 10 and 30 )lg/kg 
bw dose, and a similar reduction was seen in rats at 30 )lg/kg bw, with no significant 
changes in splenic lymphocyte subsets. The mechanism responsible for the observed 
differences between the two species in their response to T cell-dependent and T 
cell-independent antigens remains to be elucidated (Smialowicz et al., 1996). 

Differences in the response to various antigens after exposure to TCDD have 
also been observed within the same species. Antibody responses to three antigens, 
SRBC, DNP-Ficoll and trinitrophenyl-lipopolysaccharide,were compared in C57BI/6 
mice after treatment with 1 ,2,3,4,6,7,8-HpCDD. The median inhibitory doses were 
53, 130 and 520 )lg/kg for the three antigens, respectively, indicating that higher 
doses of TCDD are required to suppress the T cell-independent, B cell-dependent 
humoral immune response (Kerkvliet & Brauner, 1987). 

The effects of TCDD on host resistance to various infectious agents, including 
bacteria, viruses and parasites, has been well documented. Four-week-old male 
C57B1/6J (J67) mice received TCDD by gavage at a dose of 0.5-20 )lg/kg bw once 
a week for 4 weeks and were challenged 2 days after the fourth dose with either 
Salmonella bern or Herpesvirus suis. Increased mortality in response to S. bern 
was seen at 1 )lg/kg bw and a shorter latency before death at 5 )lg/kg bw. None of 
the doses compromised the ability of mice to combat infection by H. virus suis 
(Thigpen et al., 1975). Compromised resistance to Salmonella was also shown in 
mice given feed containing TCDD at 50 or 100 ng/kg for 8 weeks (Hinsdill et al., 
1980). 
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Increased parasitic infestation has been reported after administration of TCDD. 
A single dose of 5 or 10 )lg/kg bw administered by gavage increased the susceptibility 
of 6-8-week-old female B6C3F1 mice to Plasmodium yoelii 17 XNL, which causes 
malaria (Tucker et al., 1986). A dose of 10 or 30 )lg/kg bw administered intraperi
toneally 7 days before infection of B6C3F1 mice with Trichinella spiralis resulted in 
delayed onset of parasite elimination, while a dose of 1 )lg/kg bw suppressed the 
proliferative response of splenocyte and mesenteric lymph node cells stimulated 
with T spiralis antigen (Luebke et al., 1994). In contrast, the same doses of TCDD 
given to adult Fischer 344 rats 7 days before infection with T. spiralis had no effect 
on the rate of elimination of the parasite or the number of encysted larvae in muscle, 
and the dose of 30 )lg/kg bw enhanced the proliferative response of lymphocytes 
after stimulation with the parasite antigen (Luebke et al., 1995). 

The ability of hosts to combat viral infection was compromised at doses of TCDD 
lower than those that affected resistance to bacteria and parasites. Mice given an 
intraperitoneal injection of TCDD at 0.04, 0.4 or 4 )lg/kg bw once a week for 4 weeks 
and challenged 7-22 days later with Herpes simplex type II strain 33 virus had a 
significantly enhanced death rate from viral infection (Clark et al., 1981 ). In female 
B6C3F1 mice, 6-8 weeks of age, given TCDD at 10, 1 or 0.1 )lg/kg bw intraperitoneally 
and challenged with A/Taiwan/1/64 (H2N2) virus 7-10 days later, the LOEL for 
decreased resistance to virus was 0.1 )lg/kg bw, the lowest dose tested (House et 
al., 1990). 

An even lower LOEL of 0.01 )lg/kg bw was seen for enhanced mortality from 
influenza due to A/Hong Kong/8/68 (H3N2) virus. Eight-week-old female B6C3F1 
mice were given a single dose of TCDD at 0.1, 0.05 or 0.01 )lg/kg bw in corn oil by 
gavage. Seven days later, the mice were infected intranasally with a concentration 
of Influenza A/Hong Kong/8/68 (H3N2) virus calculated to result in 30% mortality in 
mice untreated with TCDD, and the animals were observed for 22 days. The mortality 
rates of mice given TCDD was statistically significantly higher than that of controls, 
but the rate at doses of 0.001 and 0.005 )lg/kg bw was not significantly different 
from that of controsl. TCDD did not alter the replication or clearance of the virus in 
these mice (Burleson et al., 1996). 

Young animals are reported to be highly sensitive to prenatal or neonatal exposure 
to TCDD. Pregnant B6 or B6C3F1 mice were given TCDD oraly at a dose of 1, 2, 5 
or 15 )lg/kg bw on days -7, 0, +7 and +14 relative to parturition. The LOEL for an 
increased incidence of PYB6 tumours was 1 )lg/kg bw, the lowest dose tested. The 
LOAEL for increased allograft rejection time was 2 )lg/kg bw and that for decreased 
mortality from L. monocytogenes infection, T-cell blastogenesis, thymus and spleen 
weights, bone-marrow cellularity and bone-marrow colony forming units was 5 )lg/kg 
bw. The LOEL for lipopolysaccharide blastogenesis and anti-SRBC serum titres 
was> 15 )lg/kg bw (Vos & Moore, 1974; Luster et al., 1980). 

Pregnant Swiss Webster mice were fed diets containing TCDD at 1, 2.5 or 5 )lg/kg 
for 7 weeks before and after parturition. The LOEL for increased mortality of offspring 
due to endotoxin was the lowest dose, that for decreased thymus weight was 
2.5 )lg/kg, and that for decreased plaque-forming cell response to SRBC and DTH 
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responses was 5 ~g/kg. The LOEL for increased mortality due to L. monocytogenes, 
T and B cell blastogenesis and anti-SRBC serum titres was> 5 ~g/kg of diet (Thomas 
& Hinsdill, 1979). 

When pregnant Fischer 344 rats were given TCDD at 1 or 5 ~g/kg bw per day 
orally on days -3, 0, +7 and +14 relative to parturition, the LOEL for increased 
allograft rejection time, for decreased T cell blastogenesis, DTH response and body 
and thymus weight and for increased L. monocytogenes-induced mortality was 
5 ~g/kg bw per day (Vos & Moore, 1974; Faith & Moore, 1977). 

A single dose of TCDD at 0.1, 0.3, 1 or 3 ~g/kg bw given by gavage to pregnant 
Fischer 344 rats on day 14 of gestation resulted in suppression of the DTH response 
to bovine serum albumin in both male and female pups. The suppression persisted 
for up to 19 months in the male offspring of dams given 3 ~g/kg bw. Exposure during 
both gestation and lactation was required for suppression of the DTH response 
(Gehrs et al., 1997; Gehrs & Smialowicz, 1999). 

Further experiments with TCDD at 0, 0.1, 0.3 or 1 ~g/kg bw indicated that doses 
as low as 0.1 ~g/kg bw given to dams on day 14 of gestation could suppress the 
DTH response in males up to 14 months of age, while a maternal dose of 0.3 ~g/kg 
bw was necessary to cause suppression that continued to 14 months in female 
offspring. The DTH response to a second antigen, keyhole lympet haemocyanin, 
was also reduced in the 4-month-old male offspring of dams dosed at 3 ~g/kg bw on 
day 14 (Gehrs & Smialowicz, 1999). Thus, doses of TCDD as low as 0.1 ~g/kg bw 
administered orally to dams on day 14 of gestation caused significant, long-lasting 
effects on the DTH response of offspring, males being more sensitive to treatment 
than females. 

Groups of six male Wistar rats were maintained on diets containing TCDD at 0, 
0.34 or 5 ~g/kg for 30 or 180 days. The TCDD-containing diets were given on 
5 days/week and the control diet on 2 days/week. The total intake of TCDD was 
about 3 ~g/kg bw or 100 ng/kg bw per day for 30 days or 17 ng/kg bw per day for 
180 days. All rats were killed 3 days after the last feeding. No significant effects 
were seen on body-weight gain or relative spleen or liver weight, while the relative 
thymus weight was reduced by about 27% in rats treated for 30 days. The mitogenic 
proliferative response of spleen cells to lipopolysaccharide in vitro was enhanced in 
the group treated for 30 days to lipopolysaccharide, and the response to concanavalin 
A stimulation was slightly decreased in the group treated for 180 days, in comparison 
with controls. Production of IL-1 by spleen macrophages in vitro was significantly 
decreased in both groups, by 38% in those treated for 30 days and by 52% in those 
treated for 180 days. Stimulation of IL-2 production by spleen cells was also reduced, 
but only in the group treated for 180 days. Both groups showed decreased 
concanavalin A-induced expression of IL-2 receptors by splenic T-cells in vitro 
(Badesha et al., 1995). 

In summary, immunotoxic effects of TCDD have been observed in several species 
at multiple targets in the immune system. The severity ofTCDD-induced immunotoxic 
effects varies among species and depends largely on the end-point investigated. 
On the basis of the above review, the LOEL for suppressed DTH responses in 
offspring of perinatally exposed Fischer 344 rats was 0.1 ~g/kg bw, and the LOEL 
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for increased susceptibility of adult B6C3F1 mice to H2N2 virus was 0.01 J.Lg/kg bw, 
with a NOEL of 0.005 J.Lg/kg bw. 

(c) Effects on the thyroid 

The effects on the thyroid observed in experimental animals after exposure to 
dioxins or coplanar chemicals usually involve decreases in free and total T 4 in serum, 
with no compensatory effects on TSH or T3 (Brucker-Davis, 1998). Dose-dependent 
decreases in plasma T4 concentration were observed in groups of eight female 
Sprague-Dawley rats given diets supplemented with TCDD at a concentration of 0, 
0.2, 0.4, 0.7, 5 or 20 J.Lg/kg for 13 weeks, with estimated daily intakes of 0, 14, 26, 
47, 320 and 1000 ng/kg bw per day. The concentration of total T4 in plasma was 
significantly reduced at doses~ 47 ng/kg bw per day (van Birgelen et al., 1995b). 
Similar effects were observed in groups of eight female rats of the same strain given 
diets containing 3,3',4,4',5-PeCB at a concentration of 0, 7, 50 or 180 J.Lg/kg for 
13 weeks, providing daily intakes of 0, 0.47, 3.2 and 10 J.Lg/kg bw per day. The 
lowest dose of 3,3 ',4,4 ',5-PeCB that induced a significant decrease in free or total 
T4 in plasma was 3.2 J.Lg/kg bw per day. The LOEL was 0.047 J.Lg/kg bw per day (van 
Birgelen et al., 1995a). 

Thyroid hormone status was assessed in rats from a short-term assay for tumour 
promotion. After initiation with N-nitrosodiethylamine at 70 days of age, female 
Sprague-Dawley rats were treated by gavage every 2 weeks for 30 weeks with 
TCDD at doses designed to deliver 0, 0.1, 0.35, 1, 3.5, 11, 36 or 120 ng/kg bw per 
day. The rats were necropsied 1 week after the last dose of TCDD, and serum 
samples were analysed forT3, T4 and TSH. The concentration ofT4 was significantly 
reduced at doses of TCDD ~ 11 ng/kg bw per day in the initiated rats and~ 36 ng/kg 
bw per day in the uninitiated rats; the maximum reduction was by 42%. While there 
was no effect on T3 concentration, that ofTSH in serum was increased approximately 
2.5-fold in uninitiated rats at the highest dose when compared with controls; 3.3 ng/ml 
and 1.3 ng/ml, respectively. Histological changes in the thyroid, including diffuse 
follicular hyperplasia, were also seen in TCDD-treated rats, and, at doses~ 3.5 ng/kg 
bw per day, the ratio of parenchymal to follicular area was significantly increased. 
Hepatic CYP 1A1 and UGT1 mRNA levels were increased at doses~ 0.35 ng/kg bw 
per day and 3.5 ng/kg bw per day, respectively (Sewall et al., 1995). 

Whereas other related polyhalogenated aromatic hydrocarbons, including some 
coplanar PCBs, can interact directly with the thyroid gland and/or thyroid hormone 
transport mechanisms, dioxins and furans appear to function primarily through 
hormone metabolism (Brouwer et al., 1998). Significant positive correlations have 
been observed between TCDD-induced decreases in plasma T4 concentration and 
concomitant induction of hepatic UGT1, indicating that TCDD functions predominantly 
at an extrathyroidallevel (Schuur et al., 1997). Further evidence for a mechanism of 
action that does not directly involve the thyroid gland was obtained in the long-term 
bioassay in which male and female Sprague-Dawley rats were given TCDD at doses 
of 0.001-0.1 J.Lg/kg/bw per day for up to 2 years, with no increase in the incidence of 
non-neoplastic lesions in the thyroid, parathyroid, adrenal or pituitary glands (Kociba 
et al., 1978b). 

On the basis of TEFs (in parentheses), a mixture comprising TCDD (1 ), 1 ,2,3,7,8-
PeCDD (3.3), 2,3,4,7,8-PeCDF (17), 3,3',4,4',5-PeCB (61), 2,3',4,4',5-PeCB 
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(12 800) and 2,3,3',4,4',5-HxCB (1888) was more potent than TCDD in reducing 
the total plasma concentration of T 4 in groups of 10-12 female Sprague-Dawley 
rats after subcutaneous injection of a toxic equivalent of 1 Jlg/kg bw per week (van 
der Plas et al., 2001 ). TCDD at 1 Jlg/kg bw per week reduced the total plasma T4 
concentration by 38%, while a toxic equivalent of the mixture reduced it by 54%. 
Indications of reduced T 4 protein binding (decreased ratio of total:free T 4) suggested 
competitive displacement of T 4 from the major rodent thyroid hormone transport 
protein, transthyretin, possibly due to the presence of hydroxylated PCB metabolites 
from the mixture. Various hydroxylated metabolites of PCBs have been shown to 
competitively displace T 4 binding to human transthyretin but not toT 4-binding globulin 
(Lans et al., 1994). 

Groups of six or seven male Sprague-Dawley rats treated by gavage with TCDD 
at a dose of 0, 0.02, 0.23, 1.2, 3.5, 7 or 12 Jlg/kg bw per week for 1 0 weeks showed 
dose-dependent decreases in total serum T4 at doses> 0.23 Jlg/kg bw per week. 
Four of seven rats at the highest dose died, and decreased body-weight gain was 
seen at the three higher doses. After a 6-week recovery period, at which time it was 
estimated that about 75% of the administered TCDD would have been eliminated, 
the total T 4 concentration in serum continued to be reduced in groups with a 
cumulative total dose of TCDD > 35 Jlg/kg bw (Li & Rozman, 1995). 

Groups of 10-14 pregnant Sprague-Dawley rats were given 3,3',4,4'-TCB at 2 
or 8 mg/kg bw per day, 3,3 ',4,4 ',5-PeCB at 0.25 or 1 Jlg/kg bw per day, TCDD at 
0.025 or 0.1 Jlg/kg bw per day or solvent orally on days 1 0-16 of gestation. Treatment 
had no effect on the weight gain of dams during gestation, on litter size or on pup 
survival or growth during lactation. When selected pups were necropsied on postnatal 
day 21, the absolute thymus weights were decreased only at the higher doses of 
3,3',4,4'-TCB and TCDD, by 15% and 23%, respectively, while the liver weights 
were significantly increased at both doses of 3,3',4,4',5-PeCB, by 13% and 17%, 
respectively. Perinatal treatment had no effect on the thyroid hormone status (T3, 
T4, TSH) of male pups, and only the serum T4 concentration was decreased in 
female pups, by 15-20% at the higher doses of 3,3',4,4'-TCB and TCDD. Hepatic 
UGT1 and EROD activity were increased by all treatments except the lower dose of 
3,3',4,4'-TCB; UGT1 activity was increased by up to threefold and EROD activity 
by up to 24-fold with the higher doses of 3,3',4,4',5-PeCB and TCDD. No sex
specific differences were seen with respect to enzyme induction (Seo et al., 1995). 

(d) Vitamin A status 

Characteristic symptoms of vitamin A deficiency have been observed in 
experimental animals and wildlife species after exposure to TCDD and various 
coplanar chemicals. In rats given single oral doses of TCDD at 1-1 0 Jlg/kg bw, the 
hepatic stores of retinol were reduced and those in serum, kidney, urine and faeces 
were increased (excretion). The mechanism of action appears to be persistent 
impairment of the ability of liver stellate cells to store vitamin A due to inhibition of 
lecithin:retinol acyltransferase. Treatment of male Sprague-Dawley rats with a single 
oral dose of 1 0 Jlg/kg bw resulted in a significant decrease in the activity of this 
enzyme in the non-parenchymal liver cell fraction 7 days later (Nelson et al., 1996). 
The initial kinetic effects after exposure to TCDD involve increased mobilization of 
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vitamin A from hepatic storage sites, probably by retinal ester hydrolysis (Kelley et 
al., 2000). 

Guinea-pigs, rats, Ah-responsive and Ah-unresponsive strains of mice (C57BI/6 
and 0/A/2, respectively) and hamsters were given a single intraperitoneal dose of 
TCOD representing 9-67% of their respective LD50 value (0.5-400 !J.glkg bw) and 
killed at various times up to 112 days after treatment. Hepatic and pulmonary vitamin 
A stores were decreased in all species except C57BI/6 mice (liver only), the degree 
of change being related to obvious signs of toxicity (lethality, decreased growth rate, 
liver hypertrophy, thymic involution) (Hawkinston et al., 1979). 

Male Sprague-Oawley rats were given a single oral dose of TCDD at 0, 0.1, 1, 
10, 30, 100 or 300 nmol/kg bw (approximately 0, 0.032, 0.32, 3.2, 9.6, 32 and 961J.g/kg 
bw), and three rats at each dose were killed 12 days later for analysis of retinol, 
retinal palmitate, retinal palmitate hydrolase and acyl coenzyme A:retinol acyltrans
ferase activity in kidney and liver. Additional control groups consisted of rats 
maintained on a vitamin A-free diet for 12 or 26 days. The relative liver weights were 
significantly increased in a dose-dependent manner in rats at doses ;:;: 0.32 IJ.g/kg 
bw, except those at the highest dose, which had an approximately 50% loss of body 
weight. The relative kidney weights were significantly increased only at the lowest 
dose. Rats fed the vitamin A-free diet for 12 days had increased relative liver weight 
similar to that observed in rats given the three lower doses of TCDD (1 0-22%). The 
concentrations of hepatic retinal palmitate were decreased at all doses of TCDD 
when compared with controls, with a maximum reduction of 75% in the group at the 
highest dose. The concentrations of hepatic retinal palmitate levels were also reduced 
in the rats fed the vitamin A-free diet for 12 days to an extent similar to that of rats 
given the three lower doses of TCDD (about 40%). The concentrations of retinol 
and retinal palmitate in kidney were increased at doses of TCDD of 3.2, 9.6 and 
32 IJ.g/kg bw and in the rats fed the vitamin A-free diet for 26 days. The activity of 
acyl coenzyme A:retinol acyltransferase in kidney was increased only at 9.6 and 
32 !J.glkg bw and in rats fed the vitamin A-free diet for 26 days (Jurek et al., 1990). 

Groups of six male and six female Sprague-Dawley rats were fed diets containing 
various concentrations of dioxins and furans for 13 weeks, and hepatic retinol 
concentrations were determined at sacrifice. The estimated median effective dietary 
concentrations of TCDD for reducing hepatic retinol were 0.51J.g/kg of diet for females 
and 0.81J.glkg of diet for males, equivalent to 50 and 80 ng/kg bw per day, respectively, 
while the values for the next most potent congener, 1 ,2,3,7,8-PeCOD, were 0.91J.g/kg 
and 1.2 !J.glkg of diet, respectively. The ranking of potency was TCDD > 1 ,2,3,7,8-
PeCDD > 2,3,4,7,8-PeCDF > 1 ,2,3,6,7,8-HxCDF > 1 ,2,3,7,8-PeCDF > OCDF > 
OCDD > 1 ,2,3,4,8-PeCDF. The estimated relative potency factors for hepatic vitamin 
A depletion corresponded to the values for indices of toxicity in short-term tests 
(thymic atrophy, body-weight reduction, liver lesions). Dietary intake of a variety of 
chlorinated dioxins and furans for 13 weeks thus reduced hepatic vitamin A 
concentrations in a dose-dependent manner (Fattore et al., 2000). 

As retinol is transported in blood bound to a complex of retinol binding protein 
and transthyretin, destabilization of this complex could reduce the binding ability of 
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retinol, with subsequent elimination by renal glomerular filtration. In the study of van 
der Plas et al. (2001 ), a mixture of coplanar PCBs caused a decrease in hepatic 
retinal palmitate concentration similar to that induced by an equivalent dose of TCDD 
alone. However, only the mixture reduced plasma retinol concentrations, presumably 
by the generation of hydroxylated PCB metabolites and effects on retinol binding 
protein-transthyretin binding. 

When groups of six male weanling Sprague-Dawley rats were given a single 
intraperitoneal injection of 3,3',4,4 · -TCB or 3,3 · ,4,4 ',5-PeCB at a dose of 150 )-tmol/kg 
and killed 7 days later, significant decreases in the concentrations of hepatic retinyl 
palmitate and serum retinol were observed. Both PCBs significantly increased the 
relative liver weights and decreased the relative thymus weights, while 3,3',4,4',5-
PeCB induced a 2.7-fold increase in hepatic lipid accumulation, when compared 
with controls. 3,3',4,4',5-PeCB-treated rats also lost approximately 20 g of body 
weight. 3,3',4,4'-TCB treatment caused a significant increase (approximately 10-
fold) in the renal stores of retinyl palmitate over that of controls, and both PCBs 
decreased the serum retinol binding protein concentration (Chen et al., 1992a). 
Various hydroxylated metabolites of coplanar PCBs have been shown to bind with 
high affinity to transthyretin, resulting in inhibition of T 4 binding to this protein and 
disruption of the transthyretin-retinol binding protein complex (Brouwer et al., 1998). 

2.3 Observations in humans 

The epidemiological studies on dioxins include studies of the exposure of workers 
producing phenoxy herbicide and chlorophenols, studies of the population exposed 
in the industrial accident in Seveso, Italy, studies of persons exposed during 
application of herbicides and particularly cohorts of personnel in the US Air Force in 
Viet Nam, commercial applicators and case-control studies of exposure of 
communities. 

The most informative epidemiological studies are those of the population of 
Seveso who were accidentally exposed to dioxins in 1976, those of workers producing 
chlorophenols and chlorophenoxy herbicides contaminated with dioxins and US Air 
Force applicators. Considerable effort has been made to characterize the exposure 
of these populations to TCDD, which was 10-1000 times higher than that of the 
general population. The populations included in these studies are shown in Table 5. 

2.3.1 Cancer 

This section is based largely on a review of the carcinogenicity of dioxins by a 
working group convened by the I ARC ( 1997) and a WHO evaluation for a tolerable 
daily intake conducted in 1998 (Kogevinas, 2000). 

(a) Cancer incidence and mortality in the population of Seveso 

The incidence of and mortality from cancer were investigated in the population 
of Seveso that was exposed during the industrial accident in 1976. The contaminated 
area was subdivided into three zones (zone A, zone Band zone R), according to the 
average concentration of TCDD measured in soil samples. The concentrations in 
serum in 1976 in 19 non-randomly selected persons from zone A ranged from 



Table 5. Populations included In the most informative epidemiological studies of the el'fects of exposure to dioxin 

Country (reference) 

Seveso, Italy, industrial accident 
(Bertazzi et al., 1993; Mocarelli et al., 
1996; Bertazzi et al., 1997; Landi et 
al. , 1997) 

Germany, accident at BASF plant 
{Zober et al., 1990; Ott & Zober, 1996) 

Germany, other plants, including Boehrin
ger (Manz et al. , 1991; Nagel et al. , 1994; 
Flesch.Janys et al., 1995; Becher et al., 
1996) 

Number of subjects 

Population residing in Seveso area; 
zone A (most heavily contaminated), 
750 persons; zone B. 5000 persons: 
zone R, 30 000 persons 

247 {243 men, 4 women) directly 
involved in accident or clean-up 

2479 male workers employed in 
four German plants; Boehringer 
cohort included women 

Concentration of TCDD in blood Outcomes examined 

Geometric mean in 1996: zone A, Mortality, cancer incidence, 
7 individuals, 53; pg/g; zone 8, morbidity, biochemical 
11 pg/g; non-A, non-B. non- parameters in adults and 
reference zone. 4.9 pg'g children 

Geometric mean in 1988-92, 
15 pg/g; very hi!Jh concentra
tions in worl<ers with chloracne 

Mortality, morbidity, 
biochemical parameters 

Boehringer plant, 1985-94: Mortality 
mean, 140 pg/g;; lower in another 
plant; bacl<ground concentra-
tions in remaining two plants 

Netherlands, plants (Bueno de Mesquita 2074 men employed in two plants Mean, 1993: 53 pg/g in one Mortality 
et al., 1993; Hooiveld et al., 1998) 

United States, plants (Fingerhut et al. , 
1991: Steenland et al., 1999; Egeland et 
al., 1994; Calvert et al., 1999) 

IARC, multi-country study (Saracci 
et al., 1991; Kogevinas et al. , 1997; 
Vena et al. , 1998) 

plant; bacl<ground concentration 
in second 

5172 men in 12 herbicide production Average in 198/': 230 pg/g lipid Mortality in full cohort; morbidity 
plants and biochemical parameters 

for small subsample 

21 863 male and female workers 3-390 pgfg (5741 measurements Mortality, cancer incidence 
employed in 36 plants, 12 countries; in 10 cohorts, 7 countries) 
includes all above-mentioned cohorts 
except BASF (Zober et al., 1990) 

VietNam, US Army herbicide applicators 1261 men 1984-85: mean, 46 pg/g; 
geometric mean. 16 pgfg 

Mortality, morbidity, 
biochemical parameters {Michalek et al., 1990; Henriksen et al., 

1996, 1997; Michalel< et al., 1998) 
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830 pg/g to 56 000 pg/g, and the geometric mean serum concentrations measured 
20 years after the accident (Landi et al., 1997) were 53 pg/g in seven randomly 
selected residents of zone A (the most heavily contaminated zone), 11 pg/g in 
55 persons in zone B (the second most heavily contaminated zone) and 4.9 pg/g in 
59 persons in the uncontaminated area (zone non-ABR). The populations of 
11 municipalities surrounding the contaminated area were used as a reference 
(zone R). 

The mortality rate during 1976-91 and cancer incidence rates for the period 
1977-86 have been reported (Bertazzi et al., 1989, 1993, 1997), and follow-up of 
the exposed population for deaths was extended to 1996 (Bertazzi et al., 2001). 
The rate of death from cancer in general was not increased over the period of 
observation. However, 15 years after the accident, the mortality rate from cancer 
was increased in men among the 804 inhabitants of zone A and the 5941 inhabitants 
of zone B, with a rate ratio of 1.3 and a 95% confidence interval (CI) of 1.0-1.7. 
Increases were also seen in the rate of death from rectal cancer (rate ratio, 2.4; 
95% Cl, 1.2-4.6) and lung cancer (rate ratio, 1.3; 95% Cl, 1.0-1.7), but with no 
definite pattern of latency. Lymphohaematopoietic neoplasms occurred at an excess 
rate in males and females (rate ratio, 1.7; 95% Cl, 1.2-2.5). The mortality rate from 
Hodgkin disease was high during the first 1 0-year observation period (rate ratio, 
4.9; 95% Cl, 1.5-16), whereas the greatest increases in the rates of death from 
non-Hodgkin lymphoma (rate ratio, 2.8; 95% Cl, 1.1-7.0) and myeloid leukaemia 
(rate ratio, 3.8; 95% Cl, 1.2-12) were seen after 15 years. No cases of soft-tissue 
sarcoma were observed in zones A and B, although 0.8 was expected. 

(b) Exposure in chemical plants 

The study populations considered overlap in many instances. Figure 8 shows 
the relationships among the various publications considered relevant to this 
evaluation. 

(i) Germany, BASF plant 

In an accident at a BASF plant producing trichlorophenol in Ludwigshafen, 
Germany, in 1953, a total of 247 employees (243 men, 4 women) were identified as 
having been involved directly or in subsequent clean-up, repair or maintenance 
activities (Zober et al., 1990; Ott & Zober, 1996). Measurements of TCDD in serum 
were available for 138 of these persons (Ott et al., 1993). The geometric mean 
concentration was 15 pg/g (range,< 1-550 pg/g). The cumulative dose ofTCDD at 
the time of exposure was calculated from a model for each person. The mean 
concentrations were 38 pg/g for a subgroup with no chloracne, 420 pg/g for a 
subgroup with moderate chloracne and 1000 pg/g for a group with severe chloracne. 
The cohort was observed for deaths and cancer incidence until 1992, and the rate 
of mortality from cancer was found to increase with increasing exposure (Figure 9). 
Mortality rates from cancers of the digestive system and respiratory tract also tended 
to increase with increasing exposure. Similar results were obtained for cancer 
incidence. A joint analysis of dose of TCDD and cigarette smoking showed a 
relationship between the dose and the occurrence of all cancers combined among 
current cigarette smokers but not among non-smokers. 
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Figure 8. Relationships among various studies of Industrial cohorts exposed to 
TCDD and higher chlorinated PCDDs and PCDFs 
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Figure 9. Rates of death from all cancers in relation to exposure to TCDD, BASF 
plant, Germany 
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(ii) Germany, other plants 

Becher et al. (1996) reported on the mortality rates among 2479 male workers 
employed in four German plants involved in the production of phenoxy herbicides 
and chlorophenols or who were likely to have been in contact with these substances 
and with their contaminants, PCDDs (often including TCDD) and PCDFs. The study 
did not include the persons involved in the BASF accident. It included workers from 
a Boehringer-lngelheim plant in Hamburg, for whom results have been reported in 
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several publications (Manz et al., 1991; Nagel et al., 1994; Flesch-Janys et al., 
1995, 1996). The concentrations of TCDD were measured in the blood of workers in 
three of the four plants (Kogevinas et al., 1997). The mortality rate was increased in 
the whole cohort from all cancers combined (138 deaths; standardized mortality 
ratio [SMR], 1.2; 95% Cl, 1.0-1.4), cancer of the oral cavity and pharynx (nine deaths; 
SMR, 3.0; 95% Cl, 1.4-5.6), lung cancer (47 deaths; SMR, 1.4; 95% Cl, 1.1-1.9), 
lymphatic and haematopoietic neoplasms (13 deaths; SMR, 1.7; 95% Cl, 0.9-2.9) 
and non-Hodgkin lymphoma (six deaths; SMR, 3.3; 95% Cl, 1.2-7.1 ). 

Several reports have been published on workers at a chemical plant operated 
by Boehringer-lngelheim in Hamburg, Germany, that produced herbicides heavily 
contaminated with TCDD and other PCDDs and PCDFs (Manz et al., 1991; Nagel 
et al., 1994; Flesch-Janys et al., 1995). An outbreak of chloracne in 1954 led to a 
halt in the production of trichlorophenol and 2,4,5-trichlorphenoxyacetic acid. In 1957, 
production was resumed, with a new process that reduced the formation of TCDD. 
The vital status of all persons who had been permanent employees at the plant for 
at least 3 months between 1 January 1952 and 31 December 1984 (1184 men, 399 
women) was investigated through to 1989 (Manz et al., 1991 ). The causes of death 
were ascertained from medical records or, when medical records were not available, 
from death certificates. The concentrations of TCDD were measured in samples of 
serum or adipose tissue from workers in various production departments, mainly 
after the plant had closed in 1984. 

The rate of mortality from all cancers combined among men was increased in 
comparison with the rate for the general population (93 deaths; SMR, 1.2; 95% Cl, 
1.0-1.5). The increase was greatest for men who had started work at the plant 
before 1954, who had the heaviest exposure to TCDD on the basis of the history of 
the plant and subsequent serum measurements, and who had remained employed 
at the plant for many years. The mortality rates of female workers were further 
investigated by Nagel et al. (1994). The rate of death from breast cancer was higher 
than expected (1 0 cases; SMR, 2.4; 95% Cl, 1.1-4.4) and increased with duration 
of employment. 

The mortality rates of 1189 male workers were investigated through 1992 (Fiesch
Janys et al., 1995, 1996). The concentrations of various PCDD and PCDF congeners 
were measured in adipose tissue or whole blood from 190 workers, and the values 
for each worker at the end of exposure were calculated on the basis of a one
compartment first-order kinetics model. The mean estimated concentration of TCDD 
for the whole cohort was 140 ng/kg of lipid (median, 38 ng/kg). In some departments, 
workers had been exposed to other carcinogens, such as dimethyl sulfate and 
benzene. The mortality rate from all cancers was increased in all categories of 
exposure to TCDD and showed a significant trend (p = 0.01) with increasing intensity 
of exposure (Figure 1 0). No data were reported on deaths from cancers at specific 
sites. 

(iii) The Netherlands 

Mortality rates among workers employed between 1955 and 1986 in the synthesis 
and formulation of phenoxy herbicides and chlorophenols in The Netherlands were 
examined (Bueno de Mesquita et al., 1993). In one of the plants, where the main 
compound produced was 2,4,5-trichlorphenoxyacetic acid and its derivatives, an 
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Figure 10. Rates of mortality from all causes, all cancers and ischaemic heart 
disease (IHD) in relation to exposure to dioxins, Boehringer plant, Germany 
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accident in 1963, which caused a release of PCDDs, including TCDD. In a second 
factory, (4-chloro-ortho-toloxy)acetic acid, 4-chloro-2-methyl phenoxypropionic acid 
and 2,4-D were produced. The study involved 2074 men working in manufacture at 
the two plants (963 exposed to phenoxy herbicides, 1111 not exposed); in addition, 
145 workers who had probably been exposed to TCDD during the industrial accident 
and clean-up were examined. The study was later extended to 1991 and enlarged 
(2298 persons, including 191 women) (Hooiveld et al., 1998). Exposure was assessed 
from job histories and on modelled concentrations of TCDD in serum, measured in 
1993 in a subset of 31 exposed (mean concentration, 53 ng/kg of lipid; range, 1.9-
190 ng/kg) and 16 unexposed (mean concentration, 8 ng/kg of lipid) persons. 
Fourteen persons who had been exposed during the accident in 1963 had the highest 
mean concentration (96 ng/kg of lipid; range, 16-190 ng/kg). In this factory, the 
mortality rates from all causes (139 deaths; SMA, 1.3; 95% Cl, 1.1-1.5) and all 
cancers (51 deaths; SMA, 1.5; 95% Cl, 1.1-1.9) were significantly increased. Excess 
numbers of deaths from cancers of the urinary bladder (four deaths; SMA, 3.7; 95% 
Cl, 1.0-9.5) and kidney (four deaths; SMA, 4.1; 95% Cl, 1.1-10) and from non
Hodgkin lymphoma (three deaths; SMA, 3.8; 95% Cl, 0.8-11) were observed. When 
the workers were subdivided into three categories of low, medium and high exposure 
according to the serum concentrations ofTCDD predicted from a model, the relative 
risks for death from all causes, all cancers and lung cancer were significantly 
increased for workers with medium and high exposure and were highest for the 
group with the heaviest exposure (Figure 11 ). 

(iv) United States 

A study of workers in 12 plants in the USA was designed by the National Institute 
for Occupational Safety and Health (Fingerhut et al., 1990, 1991; Steen land et al., 
1999). The cohort comprised 5172 men and included most workers in the USA 
likely to have been exposed to TCDD during manufacture principally of trichlorophenol 
and 2,4,5-trichlorphenoxyacetic acid. The average concentration of TCDD in serum 
from 253 workers at two plants in 1987 was 230 ng/kg of lipid, whereas that in 79 
unexposed workers was 7 ng/kg. The concentration increased to 420 ng/kg in serum 
from 119 workers who had been exposed for more than 1 year. Extrapolation to the 
date at which these workers had been employed, assuming a half-life of 7.1 years, 
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Figure 11. Mortality rates from all causes, all cancers and ischaemic heart disease 
in relation to exposure to TCDD predicted from a model, The Netherlands 
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indicated a mean serum concentration at that time of 2000 ng/kg of lipid (highest 
concentration, 32 000 ng/kg). In the latest update, of mortality rates through 1993 
(Steenland et al., 1999), the cohort was restricted to 3538 workers from eight plants 
for whom a detailed occupational history was available. An exposure matrix was 
used to estimate the degree of exposure to TCDD in the whole cohort. The SMR for 
all cancers combined was 1.1 (95% Cl, 1.0-1.2). A statistically significant, positive, 
linear trend in risk for all cancers combined and for lung cancer was found with 
increasing exposure (Figure 12). The SMR for all cancers combined for the group 
with the heaviest exposure was 1.6 (95% Cl, 1.2-1.8). The excess cancer risk was 
limited to the workers with the heaviest exposure, which was likely to have been 
1 00-1 000 times higher than that experienced by the general population and similar 
to the doses of TCDD used in studies in experimental animals. 

(v) /ARC multi-country study 

An international cohort of workers exposed to phenoxyacetic acid herbicides 
and chlorophenols was set up by the I ARC (Saracci et al., 1991 ). The cohort 

Figure• 12. Mortality rates from all causes in relation to cumulative exposure to 
TCDD with a 15-year lag time in an exposure matrix, National lnstitule for 
Occupational Safety and Health, USA 
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comprised 16 863 men and 1527 women who had been employed in production or 
spraying, distributed among 20 cohorts in 1 0 countries. The cohort was updated 
and expanded with the data of Fingerhut et al. (1991) and Becher et al. (1996) 
(Kogevinas et al., 1997). The length of follow-up differed by plant, but workers at 
most of the European plants were followed through 1991-92, and those in the USA 
through 1987. Current concentrations of TCDD were measured in 574 workers in 
10 plants in seven countries ranged from 3 to 390 nglkg of lipid. This study represents 
the largest cohort of TCDD-exposed workers and includes groups with heavy 
exposure to TCDD and cohorts with little or very little exposure. Among the workers 
who had been exposed to TCDD or higher chlorinated PCDDs, the mortality rate 
was increased for soft-tissue sarcoma (six deaths; SMA, 2.0; 95% Cl, 0.8-4.4), and 
the rates of mortality from all cancers combined (71 0 deaths; SMA, 1.1; 95% Cl, 
1.0-1.2), non-Hodgkin lymphoma (24 deaths; SMA, 1.3; 0.9-2.1) and lung cancer 
(225 deaths; SMA, 1.1; 95% Cl, 1.0-1.3) were slightly elevated. The risks for all 
cancers combined and for soft-tissue sarcomas and lymphomas increased with time 
since first exposure. In a direct comparison of persons exposed to higher chlorinated 
PCDDs and those exposed to lower chlorinated PCDDs or none, the rate ratio for all 
cancers combined was 1.3 (95% Cl, 1.0-1.8). Increased risks were found for breast 
cancer in both women and men, endometrial cancer and testicular cancer (Table 6). 
The increased mortality rate from breast cancer was confined to female workers in 
the Boehringer plant in Germany (nine deaths; SMA, 2.8; 95% Cl, 1.3-5.4). Two of 
three deaths from endometrial cancer similarly occurred among women who had 
worked in this plant. An excess risk was also seen for cancer of 'other endocrine 
organs', both deaths being from tumours of the suprarenal glands. 

Two nested case-control studies of soft-tissue sarcoma (11 incident cases, 
55 controls) and non-Hodgkin lymphoma (32 incident cases, 158 controls) were 

Table 6. Standardized mortality ratios (SMRs) for selected tumours in the 21 863 
workers in the /ARC international cohort study who had been exposed to phe
noxy acetic acid herbicides or chlorophenols, by exposure to TCDD or higher 
chlorinated dioxins, 1939-92 

Cause of death (ICD-9) Exposed workers Unexposed workers 

No. of SMR 95%CI No. of SMR 95% Cl 
deaths deaths 

All causes 2728 1.0 0.97-1.0 1367 0.91 0.86-0.96 
All malignant neoplasms 710 1.1 1.0-1.2 398 0.96 0.87-1.1 
Breast, female (174) 9 2.2 0.99-4.1 3 0.53 0.11-1.6 
Breast, male (175) 2 2.6 0.31-9.3 0 0 0.00-7.7 
Endometrium and uterus 3 3.4 0.70-10 1 1.2 0.03-6.5 

(179, 181, 182) 
Ovary (183) 0 0 0.00-2.6 1 0.45 0.01-2.5 
Prostate (185) 43 1.1 0.81-1.5 25 1.1 0.71-1.6 
Testis (186) 4 1.3 0.36-3.4 3 1.3 0.28-3.9 
Thyroid (193) 2 1.4 0.16-4.9 2 2.2 0.26-7.8 
Other endocrine organs (194) 2 2.2 0.27-8.1 3 6.4 1.3-19 

From Kogevinas et al. (1997); ICD-9, International Classification of Diseases, Ninth Revi-
sian; Cl, confidence interval 
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conducted by Kogevinas et al. {1995) within the IARC cohort. A panel of three 
industrial hygienists estimated the exposure of the workers to 21 chemicals or 
mixtures, and a cumulative exposure score was calculated for each person and 
chemical, on the basis of estimated intensity and duration of exposure (in years). An 
excess risk for soft-tissue sarcoma was associated with exposure to any phenoxy 
acetic acid herbicide (odds ratio, 10; 95% Cl, 1.2-91). Soft-tissue sarcoma was 
also associated with exposure to TCDD (odds ratio, 5.2; 95% Cl, 0.9-32). The odds 
ratio for non-Hodgkin lymphoma and exposure to TCDD was 1.9 (95% Cl, 0.7- 5.1). 
A monotonic increase in risk was observed with cumulative exposure to TCDD 
(Figure 13). 

(c) Exposure of the general population and commercial pesticide and 
herbicide applicators 

This review does not cover studies of phenoxy acetic acid herbicide applicators, 
including US Air Force personnel who applied Agent Orange, numerous community 
based case-control studies on soft-tissue sarcoma, malignant lymphoma and other 
neoplasms, and studies of persons exposed to unspecified combinations of pesticides 
and herbicides or to herbicides not contaminated by PCDDs (e.g. Axelson et al., 
1980; Hardell et al., 1981; Blair et al., 1983; Coggon et al., 1986; Michalek et al., 
1990; Coggon et al., 1991; Lynge, 1993). The available information indicates that, 
in these studies, the concentrations of TCDD were lower and, in most cases, 
considerably lower than that to which industrial workers and the population of Seveso 
were exposed. In one Swedish case-control study (Nygren et al., 1986), the mean 
serum concentration was 2 pg/g in 13 exposed persons and 3 pg/g in 18 unexposed 
persons. In a study of the most heavily exposed commercial sprayers in New Zealand 
(Smith et al., 1992), the concentration of TCDD was near the background level in 
serum of sprayers with 5-1 0 years of experience. A higher mean concentration of 
TCDD {53 pg/g) was found for sprayers who had first been employed before 1960 
and with a mean duration of spraying 2,4,5-trichlorphenoxyacetic acid of 16 years. 
Lower values were observed among commercial sprayers in Australia (Johnson et 
al., 1992) and in US Air Force personnel who had sprayed phenoxyacetic acid 
herbicides in Viet Nam (Ketchum et al., 1999), the latter being near background. 

Figure 13. Risk for non-Hodgkin lymphoma and soft-tissue sarcoma, with exposure 
to TCDD (from an exposure matrix), nested case-control study within the /ARC 
cohort study 
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The findings of studies of cancer risk among persons evaluated in community
based studies and of applicators are contradictory (Figure 14). The large 
discrepancies are probably due to misclassification of exposure, as most of the 
persons classified as exposed in these studies probably had TCDD burdens very 
similar to or only slightly higher than those of persons classified as unexposed. 

One case-control study on liver cancer was conducted in Hanoi, VietNam. An 
increased risk for hepatocellular carcinoma (OR, 8.8; 95% Cl, 1.9-4.1) was observed 
among persons who had been in military service in southern Viet Nam for 1 0 years 
or more during the time of spraying of Agent Orange by the US Air Force (Cordier et 
al., 1993). 

(d) Cancer in children 

The incidence of cancer among persons aged 0-19 years in Seveso, Italy, was 
analysed separately (Pesatori et al., 1 993). Given the small number of cases, the 
three contaminated zones and the two sexes were grouped. Seventeen cases were 
observed (relative risk, 1.2; 95% Cl, 0.7-2.1 ). Two cases of ovarian cancer were 
found, with none expected. Two thyroid gland cancers among girls gave a relative 
risk of 4.6 (95% Cl, 0.6-33). The incidence of lymphatic and haematopoietic 
neoplasms was increased (nine cases; relative risk, 1.6; 95% Cl, 0.7-3.4), and 
particularly those of Hodgkin lymphoma (three cases; RR, 2.0; 95% Cl, 0.5-7.6) 
and myeloid leukaemia (three cases; relative risk, 2.7; 95% Cl, 0.7-11). 

(e) Conclusions 

Low excess risks of the order of 50% were found for all neoplasms combined, in 
all studies of industrial cohorts in which exposure had been assessed adequately 
(Table 7). These excess risks were highly statistically significant, and any effect of 
chance can be excluded. The risk tended to be higher for workers with the heaviest 
exposure. Increased risks with time since first exposure were observed in those 
studies in which latency was evaluated (Kogevinas et al., 1 997; Steenland et al., 
1 999). The risks for certain cancers were increased in some studies (lymphomas, 

Figure 14. Relative risks in 15 case-control studies of soft-tissue sarcoma and 
exposure to phenoxyacetic acid herbicides, chlorophenols and dioxins 
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Table 7. Mortality rates from all neoplasms in selected industrial cohorts with 
heavy exposure to polychlorinated dibenzodioxins and furans 

Cohort (reference) 

IARC International cohort, 20 years since first exposure 
(Kogevinas et al., 1997) 

Industrial populations: groups with heavy exposure 
Workers with highest septile of exposure (Steenland 

et al., 1999)a 
Cohorts I and II (Becher et al., 1996) 
Cohort in plant with accident (Hooiveld et al., 1997) 

Workers with chloracne 20 years after BASF accident 
(Ott & Zober, 1996) 

SMR, standardized mortality ratio; Cl, confidence interval 
a SMR for whole cohort, 1.1 (95% Cl, 1.0-1.2; 377 deaths) 

No. of SMR (95% Cl) 
deaths 

394 1.2 (U-1.3) 

40 1.6 (1.2-1.8) 

105 1.3 (1.0-1.5) 
51 1.5 (1.1-1.9) 

18 1.9 (1.1-3.0) 

multiple myeloma, soft-tissue sarcoma, lung cancer, liver cancer, breast cancer, 
testicular cancer, endometrial cancer), but, overall, the results were not consistent 
among studies, and no particular cancer appears to predominate. 

In examining the findings on cancer risk in the most informative epidemiological 
studies, a number of issues should be noted. The excess risks observed were highly 
statistically significant, and any effect of chance could be excluded. In addition, the 
studies were prospective and were well conducted. Nevertheless, the results must 
be evaluated with caution, given that the overall risks are not very high and that the 
strongest evidence is for industrial populations. Furthermore, there are very few 
precedents of carcinogens that affect the risk for all cancers with no clear excess for 
any specific cancer (IARC, 1997). Finally, the strongest evidence comes from studies 
of persons whose exposure was two to three orders of magnitude higher than that 
of the general population. In order to extrapolate to the general population, models 
must be used, with the assumption of similar effects at high and low doses. At present, 
the real dilemma is not whether dioxins are or are not carcinogenic but, rather, the 
size of the risk associated with the very low exposure of the general population. 

2.3.2 Effects other than cancer 

Exposure to dioxins has been associated with a variety of adverse effects 
(Table 8), including chloracne and related skin lesions, meibomian gland dysfunction, 
peripheral neuropathy, developmental deficits and coughing and other symptoms of 
respiratory irritation. Most of the responses observed are biologically plausible, in 
the sense that experimental evidence also indicated such effects (Birnbaum & 
Tuomisto, 2000). Most of the available epidemiological studies, however, focused 
on mortality from cancer and were not designed to evaluate morbidity, e.g. 
neuropsychological effects, or transient effects such as changes in reproductive 
hormones. Epidemiological evidence exists for only few of these effects and, in 
contrast to the experimental evidence, is inconsistent for most effects other than 
cancer. The evidence in humans is currently conclusive only for dermatological effects 
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Table 8. Strength of epidemiological evidence for effects of TCDD other than 
cancer 

Effect 

Dermatological effects (chloracne) 
Gastrointestinal effects and liver 

enzymes 
Cardiovascular disease and changes 

in lipid concentrations 

Diabetes 

Reproductive hormones and 
reproductive outcome 

Thyroid function 

Neurological and psychological effects 

Respiratory system 

Urinary system 
Immunological effects 

Epidemiological evidence 

Proven association 
Temporary increases in liver enzymes proven 

Positive associations in most studies of heavy 
exposure, but results not entirely consistent: dose
response relationships in some studies 
Overall, results not consistent; increased risks in 
population of Seveso and US Army herbicide 
sprayers in Viet Nam 
Inconsistent results for reproductive hormones; 
altered sex ratio of infants of heavily exposed 
couples in Seveso; no data on effects in women, 
e.g. endometriosis, fertility 
Some (small), inconsistent differences reported in 
T4, TSH, T4-binding globulin and T3 uptake 
Inconsistent effects reported in US Army herbicide 
sprayers and Seveso population (polyneuropathy, 
abnormal coordination); no association with 
depression 
Inconsistent evidence; irritation, reduced FEV1 and 
FVC in some studies. 
No major renal or bladder dysfunction observed 
Inconsistent 

T4, thyroxine; TSH, thyroid-stimulating hormone; T3, tri-iodothyronine; FEV,, forced expira
tory volume in 1 s; FVC, forced vital capacity 

and temporary increases in liver enzyme concentrations, and there is increasing 
evidence for an association with cardiovascular disease. 

(a) Reproductive effects 

While there was clear evidence that dioxins and coplanar chemicals can cause 
a variety of adverse reproductive effects in experimental animals, the evidence for 
human populations was limited, except for the two episodes of rice oil poisoning in 
South-East Asia. Accidental consumption of rice oil contaminated with heat-degraded 
PCBs occurred in two separate episodes, in Japan in 1968 and in Taiwan (Province 
of China) in 1979. These incidents are referred to as 'Yusho' and 'Yu-cheng', which 
mean 'oil poisoning' in Japanese and Chinese, respectively. Large numbers of 
persons were exposed. In the Yusho incident, the average intake of the rice oil 
contaminated with PCBs, PCDFs and polychlorinated quaterphenyls was estimated 
to have been 150 ng/kg bw per day (as toxic equivalents), which is five orders of 
magnitude higher than the reported average background intake in several countries. 
Analysis of the rice oils in question showed that other chlorinated compounds, 
including polychlorinated terphenyls, naphthalenes, quarterphenyls and furans, were 
present, in addition to the PCBs Chen et al., 1985; Masuda et al., 1985). 
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A number of attempts have been made to determine whether US Air Force 
personnel involved in spraying TCDD-contaminated herbicides during the VietNam 
War had higher rates of adverse reproductive outcomes (for a review, see 
Environmental Protection Agency, 2000a). While there have been no strong 
indications of decreased fertility rates or an increased risk for adverse birth outcomes, 
such as spontaneous abortion, stillbirths or intrauterine growth retardation, some 
results suggest higher rates of birth defects, both total and specific (Centers for 
Disease Control, 1 988; Michalek et al., 1 998a). A number of the studies lack 
consistency and may have involved reporting bias or exposure misclassification 
(Wolfe et al., 1995). 

When all birth outcomes (total, 2900) of women from the affected areas in Seveso 
in 1977-82 were reviewed, no significant increase in the frequency of total or specific 
birth defects was observed (Mastroiacovo et al., 1 988). The authors noted that most 
of the participants were from outside the two zones with the heaviest TCDD 
contamination. 

Both US Air Force personnel involved in spraying in VietNam and workers in the 
USA employed in factories producing TCDD-contaminated herbicides (chloro
phenoxyacetic acid derivatives) have undergone assessment for circulating 
gonadotropins and sperm characteristics. In the former group, current serum 
concentrations of testosterone, follicle-stimulating hormone and luteinizing hormone 
and testicular abnormalities, sperm count, sperm abnormalities and testicular volume 
were not associated with current or back-extrapolated serum TCDD concentrations 
(Henriksen et al., 1996). In 1987, the median serum TCDD concentration in this 
group was 13 pg/g of lipid (up to 620 pg/g) (Roegner et al., 1991). However, in the 
more heavily exposed group of herbicide production workers, linear regression 
analysis indicated that serum TCDD concentrations> 20 pg/g of lipid (upper quartile, 
244-3400 pg/g) were positively associated with high serum concentrations of 
luteinizing and follicle-stimulating hormones and negatively associated with a low 
serum concentration of testosterone (Egeland et al., 1 994). 

In addition to the variety of developmental abnormalities observed in children 
born to mothers who consumed poisoned rice oil (Yusho and Yu-Cheng; see below), 
about twice as many women affected in the Yu-Cheng incident reported abnormal 
menstrual flow 14 years after poisoning when compared with neighbourhood control 
women (Yu et al., 2000). More Yu-Cheng-affected women also reported having had 
a stillbirth after 1979 (4.2%, with 1.7% in controls), although the overall fertility rates 
appeared to be aimilar. 

Since the initial report that long-term exposure to low doses of TCDD was 
associated with endometriosis in non-human primates (Rier et al., 1993), attempts 
have been made to investigate the situation in humans. It has been pointed out 
(Bois & Eskenazi, 1 994) that the level of exposure to dioxin of women in Seveso 
was comparable to the dose that caused endometriosis in rhesus monkeys. A 
retrospective study is under way to examine these effects in women in Seveso. 
Among 79 women attending an infertility clinic in Jerusalem, detectable 
concentrations of TCDD were found in the blood of eight of 44 with endometriosis 
(0.6-1.2 pg/g) and only one of 35 with mechanical infertility (0.4 pg/g) (Mayani et al., 
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1997). In Belgium, endometriosis was diagnosed by laparoscopy in 42 of 1 01 women 
who were undergoing treatment for infertility in 1995-98. Coplanar compounds were 
found in the blood (toxic equivalents, > 100 pg/g of serum lipid) of seven of these 
42 women and only two patients who were infertile for mechanical reasons (Pauwels 
et al., 1999). After that initial report, an adjusted odds ratio for high serum toxic 
equivalents (presumably > 1 00 pg/g of lipid) and risk for endometriosis of 4.6 was 
reported (i.e. 4.6 times as many women with endometriosis would have high serum 
toxic equivalent values as determined by the chemical-activated luciferase gene 
expression, CALUX, bioassay in vitro) (Pauwels et al., 2000). 

Further evidence for a link between TCDD and endometriosis is provided by 
experimental studies. Groups of eight ovariectomized nude mice injected 
intraperitoneally with human proliferative phase endometrial tissue which had been 
treated in vitro with 1 o-B mol/1 of estradiol and 1 o-6 mol/1 of TCDD for 24 h developed 
more than twice as many lesions as tissue treated with 1 o-B mol/1 of estradiol alone 
(42 and 20, respectively). Furthermore, treatment of human endometrial tissue with 
TCDD completely blocked the antiproliferative effect seen when the tissue was 
pretreated with 5 x 10-7 mol/1 of progesterone and estradiol (Bruner-Tran et al., 
1999). 

An initial report from Seveso indicated that the sex ratio of children born to parents 
who had lived in zone A, with the highest level of TCDD contamination, was altered 
in favour of females (Mocarelli et al., 1996). Of the births that occurred from 9 months 
after the accident to 7 years later, about twice as many children were female (26 
males, 48 females). In nine highly exposed families (maternal and paternal serum 
TCDD concentrations > 100 pg/g of lipid), no male children were born (O males, 
9 females). During 1985-94, the sex ratio apparently reverted to normal (60 males, 
64 females).ln a follow-up study (Mocarelli et al., 2000), evidence was reported that 
a paternal serum concentration of TCDD > 80 pg/g of lipid and a body burden of 16-
20 ng/kg bw was a significant predictor of a female birth. The most extreme 
modification of the sex ratio was obseNed among fathers who had been exposed 
when they were< 19 years of age (sex ratio, 0.38; 95% Cl, 0.30-0.47). A biological 
explanation of this phenomenon has not yet been provided. General decreases in 
the normal male:female sex ratio of 1.06:1.0 have been obseNed in a number of 
industrialized countries since 1950 but not to the extent temporarily obseNed in 
Seve so (Davis et al., 1998). 

Comparable analyses in other populations exposed to dioxins, PCBs or PCDFs 
(in studies of oil poisoning and herbicide spraying in Viet Nam) have not provided 
support for these findings (Michalek et al., 1998b; Rogan et al., 1999). However, the 
exposure of these populations to TCDD was considerably lower than that in Seveso. 
Of 137 births between 1978-85 to women who were identified from the Yu-Cheng 
registry, approximately equal numbers of males and females (68 and 69) were born 
(Rogan et al., 1999). Although women who had estimated body burdens of toxic 
equivalents of 2-3Jlg/kg (up to two orders of magnitude higher than that of the 
background population) delivered children with a variety of developmental and 
neurological abnormalities, the heavy maternal (and presumably paternal) exposure 
to PCBs and coplanar contaminants appears to have had a limited effect on the sex 
ratio of their children. 
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(b) Developmental effects 

Neurodevelopmental effects in children have been examined mainly in relation 
to exposure to mixtures of organochlorinated compounds, predominantly PCBs 
(Ribas et al 2001 ). 

(i) Yusho and Yu-Cheng rice oil poisoning episodes 

The most characteristic symptoms observed at birth in the infants of mothers 
certified as Yusho patients was a gray-dark-brown skin and gingival pigmentation, 
which usually resolved within 2-5 months. Other clinical features included natal 
teeth, abnormal skull calcification, 'rocker-bottom' heels and intrauterine growth 
retardation (Yamashita & Hayashi, 1985). Although limited follow-up has been 
reported of infants exposed in this incident perinatally, one group of 13 children has 
been described as being apathetic and hypotonic, with lower lOs, 7 years after the 
event (Harada, 1976). 

In the larger Yu-Cheng episode of poisoning, children born up to 6 years after 
the outbreak (1979-85) weighed on average 0.5 kg less than age-matched 
neighbourhood controls. While the weight difference had resolved by the time the 
children were 6-13 years of age, they continued to be shorter (3.1 em) than the 
control group (Guo et al., 1995). Behavioural and developmental assessment of 
this cohort has shown them to be hyperactive, with lower mean lOs and delayed 
cognitive and psychomotor development. Recent assessment of boys affected by 
the episode indicated they have short penises and alterations in spermatozoa, 
12 youths aged 16-18 years having reduced sperm motility and increased abnormal 
sperm morphology when compared with 23 controls (Guo et al., 2000). A variety of 
adverse developmental deficits seen in the Yu-Cheng children were associated with 
maternal body burdens of:::; 2 11g/kg toxic equivalents, which were about two orders 
of magnitude higher than those of control populations. 

The children exposed in the Yu-Cheng incident were assessed continuously 
from the age of 6 months to 15 years with one of four tools for measuring cognitive 
development (Lai et al., 2001 ). In comparison with a control group matched for age, 
residence and socio-economic status, Yu-Cheng children scored lower on a 
psychomotor development index at 2 years of age. At 4-5 years of age, the Yu
Cheng children had lower lOs (2-7-point difference on the Stanford-Binet test) than 
the controls, and they had lower scores on tests designed to evaluate general 
intelligence factors at 7, 8, 11 and 12 years of age. When the children reached 
13 years of age, there was no significant difference in the test scores from those of 
the control group. 

(ii) PCBs and dioxins in breast milk in The Netherlands 

In a study of 418 mother-infant pairs enrolled in 1990-92, 209 infants were to 
be breastfed for at least 6 weeks and 209 infants were to be fed exclusively with 
formula. The median total toxic equivalents in the breast milk was 63 ng/kg of lipid 
(range, 25-160 ng/kg). The physical and neurological developmental of the infants 
was assessed from 2 weeks after birth to the present (42 months completed). 
Previous findings had indicated that prenatal exposure to dioxins and PCBs was 
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associated with lower birth weight and reduced infant growth up to the age of 
3 months, subtle alterations in thyroid hormone concentrations and immunological 
parameters and poorer neurological condition at 18 months of age (Cuijpers et al., 
1997; Patandin et al., 1998, 1999; Boersma et al., 2000). The childrens' intellectual 
functioning was assessed with the Dutch version of the Kaufman Assessment Battery 
for Children up to 42 months of age. Although higher PCB concentrations in maternal 
plasma (> 3.0 )..Lg/1) were associated with lower cognitive scores in the entire cohort 
and in the formula-fed group, no effects on performance were seen of prenatal or 
lactational exposure (Patandin et al., 1999). All the scores for cognitive ability were 
within the range of those of the normal population. The immunological status of the 
children was also assessed at 42 months of age by administering a health 
questionnaire, measuring plasma antibodies and conducting lymphocyte marker 
analyses (Weisglas-Kuperus et al., 2000). The contributions of mono-ortho (14 ng/kg 
of lipid) and planar PCBs (15 ng/kg of lipid) toxic equivalents in breast milk were 
associated with a 10-17% higher incidence of recurrent(~ six episodes) middle-ear 
infections, while the toxic equivalent of dioxin (36 ng/kg of lipid) was associated with 
a slightly (6%) higher prevalence of coughing, chest congestion or phlegm lasting 
for 10 or more days. There was no association between antibody titres, leukocyte 
counts and immunological markers and dioxin and/or PCB toxic equivalents. 

(iii) Dental effects 

In a study designed to investigate the causes of enamel defects in teeth, children 
born in Finland in 1987 underwent dental examinations at the age of 6-7 years and 
were classified according to the extent of changes in mineralization in their teeth. 
Although the duration of breastfeeding and breast milk toxic equivalents at 4 weeks 
of age (mean, 49 pg/g of lipid) were not associated with the changes in teeth 
mineralization, exposure to dioxin or furan toxic equivalents was associated with 
these changes (Aialuusua et al., 1996, 1999). In a related study, 202 children in a 
PCB contaminated area of Slovenia underwent a dental examination to assess 
developmental defects of the enamel (Jan & Vrbi, 2000). The tooth dentine of these 
children had more than five times more PCB than that of children in a control group 
(38 and 7 ng/g, respectively). On the basis of an analysis of maternal serum and 
milk samples and representative foods from the same region, the children were 
estimated to have been exposed to toxic equivalents at a rate of 39 pg/kg bw per 
day. About twice as many exposed children as controls were found to have permanent 
teeth with enamel defects on the labial surface (22% and 13%, respectively). 

(c) Chloracne 

Chloracne is the best recognized dermal effect of exposure to TCDD. Chloracne 
was reported in at least a few of the workers involved in the reported accidents at 
trichlorophenol production facilities. Chloracne has also been reported among 
workers involved in daily production of TCDD-contaminated products (Suskind & 
Hertzberg, 1984), such as phenoxyacetic acid herbicide workers, and in three 
laboratory technicians exposed to pure TCDD. Chloracne was diagnosed in at least 
193 (0.6%) Seve so residents, mostly children, exposed during the accident (Table 9; 
Bertazzi et al., 1998). It is not clear whether the children were more susceptible or 
whether they had heavier exposure to TCDD. Of the populations with known exposure 
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Table 9. Cases of chloracne diagnosed in children aged 3-14 years in an 8-
month period after the Seveso accident 

Contamination zone Total population Chloracne cases Prevalence (%) 

A 214 42 20 
Part of zone A closest to factory 54 26 48 
B 1 468 8 0.5 
A 8 680 63 0.7 
Non-A, -B or -A 48 263 51 0.1 

Adapted from Bertazzi et al. (1998a) 

to TCDD, US Air Force personnel in Viet Nam and persons in Missouri, USA, who 
were accidentally exposed were not reported to have chloracne, but the latter were 
examined 10 years after exposure. 

Chloracne persisted in a few workers in plants in Germany and the USA many 
years after exposure. In Seveso residents, the condition disappeared after 
discontinuation of exposure, despite very high initial serum concentrations of TCOD, 
ranging from 820 to 56 000 pg/g, measured within 1 year of the accident. 

Although chloracne is associated with the intensity of exposure to TCDD, there 
is no direct correlation between exposure and the occurrence of chloracne. Persons 
with severe chloracne are often found, on a group level, to have had heavier average 
exposure than those with moderate or no chloracne. This can clearly be seen in the 
analysis of TCCD concentrations of BASF workers exposed during the accident 
(Zober et al., 1997). However, an absence of chloracne is not equivalent to an 
absence of exposure, and the presence of chloracne is not necessarily equivalent 
to very heavy exposure. 

Various other dermal effects other than chloracne have been described among 
persons exposed to TCDD, including red, irritated eyes, conjunctivitis and blepharitis, 
eyelid cysts, hyperpigmentation and hirsutism. These findings have been reported 
less frequently than chloracne. 

(d) Gastrointestinal effects and effects on hepatic enzymes 

Increased liver size was reported in workers in two trichlorophenol production 
plants, one in the former Czechoslovakia and the other in the USA. Temporary 
hepatomegaly was reported in five of 22 Seveso residents with severe chloracne 
(Reggiani, 1980), but hepatomegaly has not been observed in other populations of 
workers or in US Air Force personnel in Viet Nam. 

Increased activity of y-glutamyl transferase was observed in children in Seveso 
shortly after the accident, but this declined during the 5 subsequent years (Mocarelli 
et al., 1986). Persistently high y-glutamyl transferase activity has been observed in 
trichlorophenol production workers in various plants, and significantly high activity 
was observed in the US Air Force personnel (Roegner et al., 1991 ). 
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Increased serum activity of alanine and aspartate aminotrasferases is probably 
a transient effect of exposure. No increases were found in studies of persons 
1 0-30 years after exposure. Clinical evidence of liver disease was not found in any 
of the studies in which increases were identified. 

Increased concentrations of D-glucaric acid were found in adults and children in 
Seveso in 1976 (Ideo et al., 1985). By 1981, however, the concentrations were 
within the normal range. No increases were found in US Air Force personnel in Viet 
Nam (Roegner et al., 1991 ). 

The metabolism of porphyrins was examined in two studies. In one study of 
trichlorophenol production workers (Bieiberg et al., 1964), porphyria cutanea tarda 
was reported in 11 of 29 persons with chloracne. In a study of industrial cohorts in 
the USA, no association was found between exposure to TCDD and the prevalence 
of porphyria cutanea tarda (Calvert et al., 1994). 

(e) Effects on thyroid function 

Thyroid function was associated with exposure to dioxin in some cohorts of 
production workers and in US Air Force personnel in Viet Nam, but most of the 
results were not statistically significant or consistent among studies (Sweeney & 
Mocarelli, 2000). In a study in a trichlorophenol production factory, no significant 
difference in T 4 and T 4-binding globulin concentrations was found between exposed 
and unexposed workers (Suskind & Hertzberg, 1984). In workers exposed in the 
BASF accident, the concentrations of TSH, T 4 and T 4-binding globulin were within 
normal levels; the concentrations of the latter two were positively correlated with 
that of TCDD (Ott et al., 1994). In the industrial cohort in the USA, no significant 
differences were found between exposed and unexposed persons, although the 
free T4 index and T4 concentration were increased in trichlorophenol production 
workers (Calvert et al., 1999). US Air Force personnel spraying herbicides in Viet 
Nam showed a slight, nonsignificant increase in TSH concentrations which was 
associated with TCDD concentration (Grubbs et al., 1995). 

(f) Diabetes 

Higher mean glucose concentrations were found among TCDD-exposed than 
among unexposed persons in the industrial cohort in the USA (Calvert et al., 1999), 
in US Air Force personnel in VietNam (Henriksen et al., 1997) and in workers exposed 
at the BASF facility at the time of the study, but not when the concentration was 
estimated at the time of last exposure (Ott et al., 1994). No association was found in 
workers in Nitro, West Virginia, USA (Suskind & Hertzberg, 1984). Among US Air 
Force personnel exposed in Viet Nam (Henriksen et al., 1997), the prevalence of 
diabetes and use of oral medication to control diabetes increased with increasing 
exposure to TCDD, while the time to onset of diabetes decreased with the intensity 
of exposure to dioxin (Figure 15). Among trichlorophenol production workers in the 
USA, the prevalence of diabetes was not associated with serum concentrations of 
TCDD. Men with very high TCDD concentrations (> 1500 pg/g), however, tended to 
have a high prevalence of diabetes (Calvert et al., 1999). In the industrial cohort in 
the USA (Steenland et al., 1999), any mention of diabetes on the death certificate 



526 CHLORINATED PCDDs, PCDFs and COPLANAR PCBs 

Figure 15. Serum concentration of dioxin and prevalence of indicators of diabetes 
among veterans of the US Air Force defoliation operation in Viet Nam 
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was negatively associated with exposure. An increased rate of mortality from diabetes 
was seen among women who had been in zone A or B in Seveso (rate ratio, 24; 
95% Cl, 1.2-4.6), but no excess was observed among men (Pesatori et al., 1998). 

(g) Cardiovascular effects and lipid concentrations 

In the BASF accident cohort and the industrial cohort in the USA, no relationship 
was found between the concentration of total cholesterol or high-density and low
density lipoproteins and increasing serum concentrations of TCDD (Ott et al., 1994; 
Calvert et al., 1996). Similar results were found for Seveso residents (Mocarelli et 
al., 1986; Assennato et al., 1989). In contrast, a positive relationship between serum 
TCDD and total cholesterol concentration was found among US Air Force personnel 
in VietNam (Roegner et al., 1991 ). This association was less strong in a later follow
up study (Grubbs et al., 1995). 

No or very small differences in concentrations of triglycerides were found in 
TCDD-exposed workers in the BASF accident cohort and the industrial cohort in the 
USA when compared with unexposed persons (Ott et al., 1994; Calvert et al., 1996), 
with similar results in Seveso (Mocarelli et al., 1986; Assennato et al., 1989). TCDD 
concentrations were consistently associated with triglyceride concentrations in US 
Air Force veterans of Viet Nam (Roegner et al., 1991; Grubbs et al., 1995). 

Exposure to dioxins has been associated with an excess risk for heart disease. 
Excess mortality from ischaemic heart disease was found in several industrial cohorts 
(Table 1 0) and in zone A at Seveso. The study of non-flying US Air Force personnel 
gave mainly negative results, but there was an excess risk for personnel with the 
heaviest estimated exposure to TCDD. No excess risk was observed in an analysis 
of cardiovascular morbidity in a subset of the US industrial cohort. An increased risk 
with increasing exposure was observed in the Dutch production cohort (Figure 11) 
and the Boehringer cohort (Figure 1 0). In the US industrial cohort, the rate of mortality 
from heart disease showed a weak increasing trend with heavier exposure. 

(h) Neuropsychological effects 

Numerous case reports have been made of an association between short- or 
long-term exposure to TCDD and headache, insomnia, nervousness, irritability, 
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Table 10. Mortality rates from ischaemic heart disease in subgroups of occupa
tional cohorts, US Air Force personnel in Viet Nam and the population of Seve so 
with heavy exposure to dioxins 

Cohort (reference) 

BASF accident (Ott & Zober, 1996) 
IAAC international cohort (Vena et al. (1998) 
Dutch cohort (Hooiveld et al., 1998) 
Boehringer cohort (Fiesch-Janys et al., 1995) 

SMA (95%CI) 

US Air Force non-flying personnel (Michalek et al., 1998c) 
US industrial cohort (Steenland et al., 1999) 

0.6 (0.2-1.3) 
1.7 (1.2-2.3) 
1.9 (0.9-3.6) 
1.4 (0.7-2.8) 
1.5 (1.0-2.2) 
1.8 (1.1-2.9) 
1.6 (1.2-2.5) Seveso, 15-year follow-up (Pesatori et al., 1996) 

SMA, standardized mortality ratio; Cl, confidence interval 

depression, anxiety, loss of libido and encepalopathy. There have been some reports 
of persistent symptoms. Effects were described in US Air Force personnel in Viet 
Nam (abnormal coordination), workers at the plant in Seveso (polyneuropathy in 
lower limbs) and in Seveso residents (neuropathy) (Pocchiari et al., 1979; Filippini 
et al., 1981; Roegner et al., 1991 ). No association was found between exposure to 
TCDD and depression in the US industrial cohort or in the US Air Force personnel 
(Roegner et al., 1991; Alderfer et al., 1992). 

(i) Conclusions 

The results of epidemiological studies on most health outcomes other than cancer 
are still inconsistent. The evidence is currently conclusive only for dermatological 
effects and temporary increases in liver enzyme activity, and there is increasing 
evidence for as association with cardiovascular disease, particularly among the most 
heavily exposed workers. Experimental data indicate that endocrine and reproductive 
effects should be among the most sensitive effects in both animals and humans. 
Only a few of these effects have been evaluated in epidemiological studies. 

3. ANALYTICAL METHODS 

3. 1 Chemistry 

PCDDs and PCDFs are tricyclic aromatic compounds with similar physical and 
chemical properties, and the two classes are structurally similar. In simplified terms, 
congeners of both classes are called 'dioxins', although they are differentiated 
chemically as dioxins and furans. The PCDDs comprise 75 individual compounds 
and the PCDFs comprise 135 compounds. Figure 16 shows the chemical structures 

Figure 16. Chemical structures of polychlorinated dibenzo-para-dioxins (PCDDs) 
and polychlorinated dibenzofurans (PCDFs) 
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of these classes. Of the 210 theoretically possible congeners, a subset of 17 has 
chlorine substitutions at the 2, 3, 7 and 8 positions. The most toxicologically potent 
dioxin is TCDD (Figure 17). Table 1 lists all17 congeners with chlorine substitution 
in the 2,3,7,8 position, and all these congeners are included in this assessment. 

The most important properties of PCDDs and PCDFs are their chemical stability 
and high solubility in fat and organic solvents, with low solubility in water. Because 
of these properties, PCDDs and PCDFs are primarily associated with particulate 
and organic matter in environmental samples, and they accumulate in the food chain. 
PCBs have been manufactured as technical products, which are liquids with variable 
viscosity. These liquids are mixtures of dozens of different compounds ('congeners') 
depending on the degree of chlorination. 

A total of 209 congeners are theoretically possible. Following IUPAC rules, 
Ballschmiter & Zell (1980) developed systematic numbering of all congeners, which 
is now used worldwide for identification of a specific congener. Four octachloro
biphenyls were numbered incorrectly and corrected subsequently (Schulte & Malisch, 
1983; Deutsche Forschungsgemeinschaft, 1988). 

The physical and chemical properties of each congener vary according to the 
degree and position of chlorine substitution. Figure 18 shows the chemical structure 
of PCBs. 

From a chemical and toxicological point of view, PCBs can be divided into three 
groups: with no chlorine substitution in the ortho position (non-ortho PCBs, coplanar 
PCBs), with one chlorine in the ortho position (mono-ortho PCBs) and di-ortho
substituted congeners. A WHO consultation (van Leeuwen & Younes, 2000) included 
12 of the 209 PCBs in the set of coplanar compounds (see Table 1). The PCBs 
considered to have coplanar properties are those with either one or no chlorine 
substitution in the ortho position. The toxicity of these congeners is different from 
that of other PCBs. Figure 19 shows the planar structure of 3,3',4,4"-TCB as an 

Figure 17. Chemical structure of 2,3,7,8-tetrachlorodibenzodioxin (TCDD) 
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Figure 18. Chemical structure of polychlorinated biphenyls (PCBs) 
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Figure 19. Structure of a non-ortho (coplanar) PCB 
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example of a non-ortho PCB, which is coplanar, as both rings are in the same plane. 
Figure 20 shows the twisted structure of di-ortho-substituted PCBs. 

The mono-ortho PCB 2,4,4'-trichlorobiphenyl and the di-ortho PCBs 2,2',5,5'
tetrachlorobiphenyl, 2,2 · ,4,5,5 · -pentachlorobiphenyl, 2,2 ·, 3,4,4 · ,5 · -hexachloro
biphenyl, 2,2 ',4,4 · ,5,5 · -hexachlorobiphenyl and 2,2 · ,3,4,4 ',5,5 · -heptachlorbiphenyl 
(and also sometimes the mono-ortho PCB 2,3',4,4',5-PeCB) are called 'marker PCBs' 
and are used as decisive congeners in determining tolerances for PCBs in various 
matrices in some countries. They represent the subsets of low- and high-chlorinated 
PCBs, as they are indicative congeners that can be determined readily. However, 
coplanar PCB content cannot be derived by determination of these marker PCBs. A 
variety of PCB products was available with an unknown range of contamination with 
coplanar PCBs. Except in the case of accidents, food samples are contaminated 
with PCBs from different sources as a result of various transport and bioaccumulation 
processes. For these reasons, information on the occurrence of PCBs in general 
(e.g. estimatates of total PCBs or of marker PCBs) is not sufficient to describe 
exposure to the coplanar PCBs. Similarly, it is not known whether regulations for 
total PCBs adequately address coplanar PCBs. 

As with PCDDs and PCDFs, the most important properties of PCBs are their 
chemical stability and high lipophilicity. Because of these properties, PCBs are also 
primarily associated with particulate and organic matter in environmental samples 
and accumulate in the food chain. 

3.2 Description of methods 

3.2. 1 Congeners to be determined 

PCDDs and PCDFs are usually found as complex mixtures of variable 
composition in various matrices. Their identification and quantification require highly 
sophisticated analysis, as the 17 toxic congeners with 2,3,7,8-chlorine substitution 
must be separated from the less toxic congeners. Usually, PCDDs and PCDFs are 
determined by capillary gas chromatography (GC) with mass spectrometry (MS). 

In the past, analyses of PCBs focused mainly on determination of total PCBs or 
the marker congeners 2,4,4'-trichlorobiphenyl, 2,2',5,5'-TCB, 2,2',4,5,5'-PeCB, 
2,2',3,4,4',5'-HxCB, 2,2',4,4',5,5'-HeCB and 2,2',3,4,4',5,5'-HpCB, which are the 
predominant PCB congeners in humans and foods of animal origin. However, these 
PCB congeners appear to have relatively little toxicity. On the basis of the available 
toxicological information, the non-ortho PCBs 3,3',4,4'-TCB, 3,4,4',5-TCB, 
3,3',4,4',5-PeCB and 3,3',4,4',5,5'-HxCB and the mono-orthocongeners 2,3,3',4,4'
PeCB, 2,3,4,4',5-PeCB, 2,3',4,4',5-PeCB, 2',3,4,4',5-PeCB, 2,3,3',4,4',5-HxCB, 
2,3,3',4,4',5'-HxCB, 2,3',4,4',5,5'-HxCB and 2,3,3',4,4',5,5'-HpCB were assigned 
TEFs by a WHO expert group in 1997 and are therefore analysed to determine their 
PCB toxic equivalent. Data on these coplanar PCB congeners are still scarce. As 

Figure 20. Structure of a di-ortho-substituted PCB 
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non-ortho PCBs occur in a much lower range of concentrations, mono-ortho and 
non-ortho PCBs must be determined separately. Reliable determinations of non
ortho PCBs in food have been performed by high-resolution MS, as demonstrated 
in interlaboratory studies. 

3.2.2 A vai/ability of official methods 

In contrast to methods for the determination of food additives, residues (pesticides, 
veterinary drugs) and many contaminants, there are no standardized or harmonized 
methods ('official methods') for the determination of dioxins or coplanar PCBs in 
food. Reliable results can be obtained in the absence of official methods if the method 
used is shown to fit the purpose and to fulfill analytical quality criteria developed in 
other fields of residue analysis. 

3.2.3 Upper- and lower-bound concentrations 

For comparison of analytical results with regulatory limits and, in general, with 
results from other laboratories, the limit of detection (LOD; lowest limit for qualitative 
identification) and/or the limit of quantification (LOQ) must be taken into account. 
For analysis of PCDDs and PCDFs, all17 congeners with 2,3,7,8-substitution must 
be determined. To calculate toxic equivalents, the results for each congener are 
multiplied by the specific TEF and then added up. In most cases, the concentrations 
of a few of the 17 congeners are below the LOD and/or the LOQ. The situation can 
become critical if many congeners cannot be determined or if the toxicologically 
important congeners are not found. 

Various approaches are used to address this problem: 
• calculate the contribution of each undetected congener to the toxic equivalents 

as zero {lower-bound concentrations); 
• calculate the contribution of each undetected congener to the toxic equivalents 

as the LOD or LOQ (upper-bound concentration); 
• calculate the contribution of each undetected congener to the toxic equivalents 

as half the LOD or LOQ; 
• replace an undetected congener in a data set by the minimum of the usual 

contribution to the toxic equivalents and the LOD; 
• make multiple imputations, with censoring of data. 

The LOD or LOQ can become a critical factor in decisions based on analytical 
results if many congeners are not determined or if congeners representing the higher 
TEFs are not found. This is because the value of 'undetected' congeners is needed 
in order to estimate the overall toxic equivalents. For example, TCDD and 1 ,2,3,7,8-
PCDD have a TEF of 1, while other, more prevalent congeners have TEFs of 0.1 or 
0.01. If analysis of a sample results in detection of large quantities of TCDD or 
1 ,2,3,7,8-PCDD, the resulting toxic equivalents will be affected by the method used 
to estimate the values. Some laboratories calculate the contribution of undetected 
congeners to toxic equivalents as zero, whereas others use the full LOD or the full 
LOQ to estimate toxic equivalents. Thus, estimates of dioxin content may have low 
or high bias. The effect of these biases is obscured by the reporting of a single value 
for toxic equivalents. 

An example of the effect of using replacement values for undetected congeners 
in samples is shown in Table 11. It is clear that the method used to estimate a value 
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Table 11. Variation in estimated toxic equivalents according to method of analy
sis and method of imputation, selected food samples collected in the USA in 
1999 (values in pg of toxic equivalents per gram in whole food) 

Food lon trap mass spectrometry High-resolution mass spectrometry 

NO equal to Ratio NO equal to Ratio 
--------- high/low high/low 
0 L00/2 LOO LOQ estimate 0 L00/2 LOO LOQ estimate 

Cream cheese 0.15 0.23 0.30 0.59 4 0.081 0.099 0.12 0.19 2 
Cheddar cheese 0.17 0.25 0.33 0.65 4 0.14 0.15 0.16 0.21 2 
Frankfurters 0.086 0.22 0.34 0.34 4 0.14 0.18 0.21 0.86 6 
Corn chips 0.0013 0.15 0.29 0.87 669 0.0012 0.037 0.07 0.22 183 
Beef Stroganoff, 0.00006 0.058 0.12 0.35 5833 0.023 0.031 0.039 0.072 3 

homemade 
English muffin, 0.029 0.12 0.20 0.55 19 0.045 0.080 0.11 0.25 6 

plain 

NO, not detected; LOO, limit of determination; LOQ, limit of quantification 

for undetected congeners can dramatically affect the reported toxic equivalents value 
for a food. If 0 is used, low estimates of dioxin content may result, owing either to 
truly low concentrations in the sample or to high LODs/LOQs that did not allow 
quantification of the congeners with higher TEFs. For example, Table 11 shows that 
the imputation method has little effect on the estimated toxic equivalents for beef 
Stroganoff when high-resolution MS is used. However, with ion trap MS, with which 
the LOD is 5-1 0 times higher, use of 0 to equate to nondetection results in an 
artificially low estimate of toxic equivalents when compared with that achieved with 
high-resolution MS. 

Table 11 illustrates the importance of using analytical methods with low LODs 
when making decisions about tolerances. Even with the more sensitive high
resolution MS, however, the estimate of toxic equivalents for corn chips in Table 11 
was strongly influenced by the choice of replacement value for undetected 
compounds, with a 183-fold difference when zero and the LOQ are used. Thus, it is 
important not only to be able to use high-resolution MS for determination but also to 
use an appropriate amount of sample for extraction and clean-up to obtain a sufficient 
concentration in the final sample for use in GC-MS. The explanations, conclusions 
and recommendations in sections 3.2.4 and 3.2.5 below indicate the analytical 
requirements to avoid using methods with insufficient sensitivity. 

To ensure that a finding of low concentrations of dioxin is really the result of low 
concentrations in the sample, the concept of tolerances as upper-bound concentra
tions has been developed in some countries and for some uses of estimates of 
concentrations. This concept requires use of the full LOD or LOQ instead of zero for 
undetectable substances: Upper-bound concentrations are calculated on the basis 
of the assumption that all the values for various congeners that are below the LOD/ 
LOQ are equal to the LOD/LOQ. 

When the LOQs are high relative to the decision criteria for congeners, therefore 
adding significantly to the estimated toxic equivalents, use of the upper-bound LOQ 
can result in artificially high toxic equivalents. This should be considered in defining 
background contamination, monitoring tolerances or estimating intake. In methods 
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with insufficient sensitivity, the difference between lower-bound and upper-bound 
concentrations may be 1 o-1 00 or, in extreme cases, even higher. For example, if 
the sensitivity of a method is inappropriate for monitoring a tolerance, use of the 
concept of upper-bound LOD leads to estimates of toxic equivalents that are 'false
positive' results. This is a clear indication that a more sensitive method is needed. In 
particular, use of low-resolution MS in analysing food or samples of low weight or 
quantity (for a quick, easy analysis) can result in relatively high values for dioxin 
content as the upper-bound LOD. This bias cannot be seen in reported toxic 
equivalents, unless results for individual congeners are available. Thus, in defining 
background contamination or evaluating exposure, published data must be reviewed 
critically to eliminate relatively high values that are the result simply of inadequate 
LODs. 

For setting and monitoring tolerances on the basis of toxic equivalents, the 
closeness of the LOQ to the appropriate tolerance must be evaluated as part of a 
decision to accept or reject a food. High LODs relative to the tolerance should lead 
to rejection of an analytical result for a sample on the basis of poor quality assurance, 
and consequently poor reliability of the estimate of toxic equivalents. Therefore, 
some governments may choose to apply upper-bound estimates of toxic equivalents, 
with a preference for the upper-bound LOO rather than the upper-bound LOD, as a 
screening method in order to remove questionable foods from the marketplace. In 
the absence of these steps, there is a risk that foods in which a maximum level of a 
toxicant is exceeded will reach consumers. It is the responsibility of laboratories to 
achieve the required sensitivity in order to avoid unnecessary rejection of analytical 
results or of foods. 

In risk assessment, use of upper-bound concentrations leads to overestimes of 
intake and use of lower-bound concentrations to underestimates. For this purpose, 
imputation of half the LOD for undetected congeners yields an acceptable estimate 
of both toxic equivalents and its associated standard deviation of uncertainty 
(Hoogerbrugge & Liem, 2000). 

The Committee therefore recommended that, in future, laboratories report their 
results in relation to the lower-bound, upper-bound and half the LOD. In that way, all 
the necessary information is available for interpretation of the results according to 
specific requirements. As a minimum, it must be clear from a report which concept 
was applied. 

3.2.4 Required sensitivity and analytical approaches 

Whereas many environmental samples (such as soil and sewage sludge) can 
be analysed by low-resolution MS, feed, food and human milk or tissue samples 
should be analysed for 'ultra-trace' concentrations (usually, 0.1-1 pg/g of lipid in 
milk and meat and in eggs of caged chickens, as toxic equivalents; mean, 10 pg/g 
of lipid in wild and farmed freshwater fish or~ 1 00 pg/g of lipid in cases of (highly) 
elevated concentrations, as toxic equivalents; 0.1-0.5 pg/g dry matter for food of 
vegetable origin, as WHO toxic equivalents). As the fat content of foods of animal 
origin varies widely, a wide range of values for PCDD/PCDF is calculated on a fresh 
weight basis. Therefore, lipid-adjusted toxic equivalents are used for dioxins in animal 
foods, in order to provide a uniform basis for setting tolerances. For fish, dioxin 
content should be reported on the basis of both the fat content and on fresh weight, 
in view of the extremely wide range of fat contents of various kinds of fish. 
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For reliable analysis of food samples with contamination in the range of that of 
the normal background, high-resolution MS has been shown to have the required 
sensitivity and specificity. In collaborative studies for the determination of PCDDs/ 
PCDFs in various foods, use of high-resolution MS was successful (Chemisches 
Landes- und Staatliches Veterinaruntersuchungsamt MOnster, 1996; Malisch et at., 
1996, 1997, 2000b; Lindstrom et at., 2000}. This was also the basis for selecting 
reference laboratories for WHO-coordinated studies of exposure to dioxins in human 
milk (see section 6.4.2). 

The required specificity can also be provided by tandem MS (MS/MS). While 
MS/MS with sector or quadrupole instruments requires a series of mass analysers 
in space, ion traps require one mass analyser to perform MS/MS in time. As the 
techniques for MS/MS depend on the type of mass analyser used, a variety of 
instruments has been designed. The advantage of ion-trapping MS/MS systems is 
their low price. Nevertheless, their sensitivity is considerably lower than that of high
resolution MS instruments. The LOQ for ion-trapping MS/MS systems for TCDD 
(signal:noise, 3:1} can be assumed to be in the range 100-300 fg, whereas that of 
modern high-resolution MS instruments is about 3 fg. The reduced sensitivity can 
be compensated to a certain degree by using much larger samples for extraction 
and clean-up. However, use of 1 0-fold (or more) larger samples causes problems 
with regard to the availability of sample material and the analytical procedure. 
Therefore, ion-trapping MS/MS could be used as screening method for selecting 
high concentrations, like bioassays. However, unlike bioassays, this screening 
method makes it possible to see patterns of congeners. 

Several reviews (Cooke et at., 2000; Hilscherova et at., 2000; Hoogenboom et 
at., 2000; Behnisch et at., 2001 a,b) and guidelines (reviewed by Cooke et at., 2000; 
Behnisch et at., 2001 a) have been published on new techniques for measuring 
dioxin toxic equivalents. Bioassays such as CALUX, Ah immunoassays, EROD 
bioassays and enzyme immunoassays have been developed for rapid screening of 
various matrices (food, sediments, soil, fly ash). So far, only CALUX has been used 
for food. In contrast toMS methods, these methods allow biological interpretations. 
While GC-MS is the most powerful method for identifying and quantifying congeners 
and for congener-specific pattern recognition, it does not provide a direct measure 
of total dioxin-like toxicity (toxic equivalents) for all congeners in a matrix that act 
through the Ah receptor pathway. The TEF concept is used to transform the GC-MS 
database into results relevant to toxicity, i.e. the individual concentrations of those 
congeners that have been assigned a TEF is multiplied by the TEF, and these are 
added to give the total toxic equivalents. The bioassays themselves provide an 
indication of the total toxic equivalents of dioxin-like activity present in a certain 
matrix, including possible interactive (synergistic or antagonistic) effects of all the 
coplanar congeners in a complex mixture. However, the bioassays in their present 
form cannot discriminate between different classes and/or congeners of PCBs, 
PCDDs and PCDFs, partly depending on the clean-up procedure, and therefore 
cannot reveal the pattern of congeners. 

A 'toxicity identification evaluation' approach (Environmental Protection Agency, 
1992) has been proposed, to give a 'real world picture' of which compounds are 
most responsible for the dioxin-like activity of the sample, on the basis of differences 
in polarity in fractionation and selection of stable and unstable compounds. This 
approach may allow detection of novel coplanar compounds auch as bromodioxins 
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or combinations of bromo-chlor dioxins. It is a means for identifying patterns in 
different compound classes rather than single congeners, but it requires further 
developments and is not considered useful for screening for PCDD/Fs and coplanar 
PCBs. 

Hoogenboom et al. (2000, 2001) reported that the CALUX has been validated in 
their laboratory for milk fat and citrus pulp pellets to monitor adherence to limits of 
5 pg/g of lipid and 500 pg/kg of product, respectively, as toxic equivalents. The 
results for other animal and plant fats were comparable to those for milk fat, and 
those for feed ingredients (with the exception of kaolinitic clay) were similar to the 
results for citrus pulp. The CALUX method is sensitive not only to dioxins but also to 
other Ah-receptor agonists, possibly resulting in 'false-positive' results. This potential 
problem was partly overcome by use of selective clean-up procedures (such as 
acid silica) and long exposure of the cells (24 h). However, as the possibility of 
'false-negative' results appears to be negligible, the method was considered ideal 
for screening samples with no dioxins and samples suspected of containing dioxins 
and requiring further investigation by the GC-MS reference method. 

The results of a comparison of simultaneous analysis of 19 samples (eight fats, 
three feeds, four eggs, four milks) by CALUX and GC-MS were presented by van 
Overmeire et al. (2000). A strong correlation was found from a double-log graph in 
the range 0.1-10 000 pg/g of lipid as toxic equivalents, although the double-log 
presentation reveals some differences in the numerical values. According to the 
authors, the observed correlation indicates that analyses by CALUX are predictive 
of the results of GC-MS, and the method can be used as a rapid, sensitive screen 
for the dioxin content of feed and food samples. Concentrations of 5 pg/g of lipid, as 
toxic equivalents, were concordant with the two methods. A tolerance of 5 pg/g lipid, 
as WHO toxic equivalents (only for PCDD/PCDF), was set by Belgium during the 
recent incident of dioxin contamination for milk, eggs and meat samples, in order to 
exclude highly contaminated samples from being marketed. 

The usual background concentration of contamination of food of animal origin 
(except fish from European waters) is 0.1-2 pg/g of lipid, as toxic equivalents; most 
samples contain< 1 pg/g of lipid, as WHO toxic equivalents (only for PCDD/PCDF). 
If maximum concentrations are set, they will be based on concentrations above the 
average background. Therefore, a method should be developed to allow screening 
for elevated concentrations (e.g. above a fixed maximum or action level) or as a 
routine or reference method to determine the content of PCDD/PCDF and/or coplanar 
PCBs in the range of the usual background contamination or target values. This is 
true for all kinds of methods of detection, whether GC-MS or bioassays. 

3.2.5 Conclusions and recommendations 

These examples show that the principles common to all analytical methods are 
valid for dioxins as well. First, the purpose of a method should be defined clearly, 
including the matrix to be analysed, the content to be determined reliably, possible 
limitations and whether it is to be used for quick screening or reliable determination 
(routine or reference method). Then, it should be shown that the method is suitable 
for the purpose, by validation and demonstration of basic minimal statistical 
requirements. Last but not least, the applicability of the method should be proven in 
collaborative studies. 
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As mentioned above, there are no official methods for the determination of 
PCDDs/PCDFs or coplanar PCBs in food. Each laboratory has its own method, 
although it must demonstrate that the method is suitable for the purpose. 
Nevertheless, the criteria for accepting methods for determining dioxin in food must 
be harmonized. Given the wide variety of methods and the unequal quality assurance 
and control across laboratories, harmonization is needed to allow free trade if 
maximum levels are developed. These principles should be valid for both GC-MS 
methods and for bioassays. Joint papers by 13 authors in nine different international 
institutions contain a discussion of these general considerations and of GC-MS 
methods (Malisch et al., 2001 ), and papers by 11 authors in 10 institutions address 
the bioassays (Behnisch et al., 2001 c). 

(a) Maximum limits, action levels, target levels 

Legislative measures for dioxins in food can comprise 'maximum limits', 'action 
levels' and 'target levels'. Maximum limits can be set at a strict but feasible 
concentration in order to allow elimination of products contaminated at an unaccep
tably high level. Action levels can be set to allow monitoring of increased 
concentrations. Target levels could be set at a concentration that would result in an 
ultimate dietary intake below the lower range recommended by WHO. Some 
governments have begun to discuss such levels, the ratio of maximum limits to 
action levels being about 1.5 and that of maximum levels to target levels being 
about 5. 

If legislative measures are based on these three concepts, analysis for certification 
must allow relaible determination of the dioxin content in the range of maximum 
levels and action levels. For evaluation of exposure and time trends, analysis must 
be oriented to the target levels. 

(b) General requirements for monitoring adherence to maximum levels 

General statistical parameters have been established for the analysis of other 
residues which might provide orientation. For example, to allow certification (in 
national or international commerce) relative to maximum levels, laboratories should 
be able to meet certain basic requirements, such as: 

• demonstration that the performance of a method is in the range of the maximum 
level, e.g. 0.5, 1 and 2 times the maximum level, with an acceptable coefficient 
of variation for repeated analyses in the range of interest; 

• a LOD representing at least one-fifth of the maximum level, to ensure that 
acceptable coefficients of variations are met in the range of the maximum level; 

• continuous use of blank controls and spiking experiments or analysis of control 
samples (preferably, if available, certified reference material) as internal quality 
assurance measures; 

• a result based on toxic equivalents that is accurate (closeness of the mean of 
repeated analyses to the 'true' value, determined in comparison with reference 
methods) within about± 20% of the maximum limits or action levels; 

• successful participation in interlaboratory studies to prove competence in specific 
analyses; and 

• whenever possible, accreditation of laboratories that supply analytical data by a 
recognized body, to ensure that they are applying analytical quality assurance. 
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For example, laboratories could be accredited as following ISO 17025, 
supplemented by standard operating procedures and monitored by quality control 
managers following the principles of OECD for Good Laboratory Practice. 
Studies from laboratories in which high-resolution GC with high-resolution MS 

are used have shown that all 17 PCDD/PCDF congeners with 2,3, 7,8-substitution 
can be determined reliably, even at concentrations < 1 pg/g of lipid, as WHO toxic 
equivalents (only PCDD/PCDF included). However, successful participation in inter
calibration studies for e.g. soil or sewage samples does not necessarily prove 
competence in the analysis of food samples, with their lower range of contamination. 
Therefore, continuous participation in interlaboratory studies for determination of 
dioxins and coplanar PCBs in the relevant food matrices is mandatory. 

(c) General requirements for monitoring background contamination 

As long as no target values are fixed, the following requirements should be met 
for reliable determination of concentrations in the range of the usual background 
contamination: 

• For food of vegetable origin in general, a LOO of approximately 0.1 pg/g dry 
matter, as WHO toxic equivalents, is appropriate to allow reliable differentiation 
between samples with high dioxin concentrations and background contamination 
(note that this sensitivity requirement should not be confused with the sensitivity 
needed for enforcement of maximum levels, in which case it is defined as a 
fraction of the maximum level). However, to follow time trends of background 
contamination in those matrices, the LOQ should be at least a factor of 10 lower. 
For products of terrestrial origin and for fish and fish products, a LOO of about 
0.2 pg/g of lipid, as WHO toxic equivalents (upper-bound LOQ) would be a 
'marginally acceptable' LOO and appropriate for differentiating between samples 
with high dioxin concentrations and background contamination. As the usual 
background contamination, e.g. in milk products and pork meat, in some countries 
is 0.1-0.3 pg/g of lipid as WHO toxic equivalents, a fully acceptable LOO for 
exact determination and time trends should be < 0.1 pg/g of lipid. These values 
should result from the congener patterns found usually in food. 

• For GC-MS methods, the difference between the upper-bound LOQ and the 
lower-bound LOQ should not exceed 10-20% for food of animal origin 
contaminated with dioxin at a concentration of about 1 pg/g of lipid, as WHO 
toxic equivalents (only PCDD/PCDF included). This requirement should be met 
for products such as butter, beef, cheese and non-defatted milk products, and 
similar requirements on a fresh weight basis can be derived for products such 
as skinned fish fillets with a low fat content. 

• The accuracy of a result based on toxic equivalents {closeness of the mean of 
repeated analyses to the 'true' value determined in comparison to reference 
methods) should be within± 30% of the target values. 

(c) Special requirements for GC-MS methods 

• Recovery must be monitored by adding [13C]-2,3,7,8-chlorine-substituted internal 
PCDD/PCDF standards. At least one of these congeners must be added for 
each tetra- to acta-chlorinated homologue group, with a clear preference for use 
of all17 [13C]-2,3,7,8-chlorine-substituted internal standards. Relative response 
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factors should be determined for those congeners for which no 13C-Iabelled 
analogue is added. 

• For vegetables, addition of the internal standards before extraction is mandatory. 
For foods of animal origin, the internal standards can be added either before 
extraction or after fat extraction, if complete extraction of fat can be demonstrated. 

• A recovery standard must be added before GC-MS analysis. 
• The recoveries of the internal standards should be 50-120%. 
• PCDDs/PCDFs should be separated from interfering chlorinated compounds 

such as chlorinated diphenyl ethers. 
• GC baseline separation of isomers should be sufficient (< 25% peak-to-peak 

between 1 ,2,3,4,7,8-HxCDF and 1 ,2,3,6,7,8-HxCDF). 
• Identification should be performed according to the principles of EPA method 

1613 (revision B). 

(e) Harmonized quality criteria for cell-based and kit-based bioassays 

(i) General 

Before biological or chemical analyses are begun, the relevant quality control 
criteria should be well defined. The characteristics of these criteria will vary, depending 
on the analytical approach being used. Three analytical approaches can be used in 
bioassays: 
(1) The first is a screening approach, in which the response of samples is compared 

with that of a reference sample at the action limit. Samples with a response less 
than that of the reference are considered to be negative, while those with a 
response higher than that of the reference are considered suspect. The 
requirements may be less strict than those for a quantitative method: 

• A blank and reference standard should be included in each test series, which 
are extracted and tested at the same time as the test sample, under identical 
conditions. The reference sample must show a clearly greater response than 
the blank. 

• Extra reference samples at 0.5 and 2 times the maximum level should be 
included to demonstrate proper performance of the test in the range of interest 
for monitoring adeherence to the maximum levels. 

• In testing other matrices, the suitability of the reference standards should be 
demonstrated, preferably by including samples shown by GC-MS to contain 
dioxin at a concentration similar to that of the reference sample or a blank 
spiked at this concentration. 

• As no internal standards can be used, tests for repeatability are important to 
obtain information about the standard variation within one test series. The 
coefficient of variation should be < 20%. 

• For bioassays, the target compounds, possible interferences and how low the 
concentration in the reagent blanks used should be clearly stated. 

(2) The second is a quantitative approach, which requires a standard dilution series, 
duplicate or triplicate clean-up and measurement, and blank and recovery 
controls. The result should be expressed as toxic equivalents (pg/g), thereby 
assuming that the compounds responsible for the signal correspond to the TEF 
principle. This can be done by using TCDD (or a standard mixture of dioxins and 
furans) to produce a calibration curve for calculating the WHO toxic equivalents 
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in the extract and thus in the sample. This is subsequently corrected for the 
WHO toxic equivalents calculated for a blank sample (which may include 
impurities from the solvents and chemicals used) and recovery (calculated from 
the WHO toxic equivalents in a reference sample around the limit of the residue). 
It should be noted that part of the apparent loss to recovery may be due to 
differences between TEF values in the bioassays (relative potency) and the official 
TEF values set by WHO. 

(3) The third design involves use of bioassays for various toxicological end-points, 
e.g. Ah receptor or antibodies. In this case, a wide range of concentrations should 
be used to evaluate a full median effective concentration (EC5o) and to obtain 
toxic equivalent values from various measures (EC50, EC10 or lowest data point 
closest to the minimal LOQ). 

(ii) General quality criteria for bioassays 

• Sampling, extraction and clean-up procedures and general validation should be 
done according to the guidelines for chemical analysis (e.g. EPA method 8290) 
or specified for individual bioassays (e.g. EPA method 4025 or 4425). 

• A standard reference material containing PCBs, dioxins/furans and probably 
polycyclic aromatic hydrocarbons should be included in every test. 

• Interference in the test method (e.g. tributyl-zinc) should be defined as extensively 
as possible. 

• The laboratory should be approved according to an ISO norm (e.g. 9001 or 
others) and/or Good Laboratory Practice. 

• Standard operating procedures must be established for extraction, clean-up, 
use of blank samples, bioassay performance, data reporting and data handling. 

• Charts should be maintained to record the long-term stability of the bioassay 
response for TCDD (e.g. induction factor, EC50 value). If the response in a test is 
greater than two standard deviations from the long-term mean, the results may 
be invalid and the samples should be re-tested. 

• Validation in inter- and intra-laboratory studies must be performed. 
• An instrumental control chart should be maintained, and the sensitivity and 

linearity of the machine should be tested at least monthly with a standard. 
• Routine quality control procedures associated with bioassays include the analysis 

of samples of standards, samples and spiked, unspiked and solvent blanks. 

(iii) Special requirements for all bioanalytical detection methods 

• Information should be provided on the numbers of false-positive and false
negative results for a large set of samples below and above the maximum levels 
if they are fixed, otherwise, in comparison with the dioxin content as determined 
by GC-MS. Less than 5% actual false-negative rates could be accepted (EPA 
method 4025). The acceptable rate of false-positive results is more difficult to 
determine, as a positive result may be due to a true Ah-receptor agonist that 
does not belong to classes of target compounds (in most cases, dioxins and 
coplanar PCBs). However, under normal circumstances, the overall rate of 
positive samples should be low enough to make use of a screening tool 
advantageous. 
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• Positive results should be confirmed by high-resolution GC-high-resolution MS. 
Samples within a wide range of toxic equivalents should be confirmed 
(approximately 2-10% of the total samples). Information on correspondence 
should be made available. 

• Standard testing procedures for use on environmental samples should first meet 
the criteria of national organizations (e.g. EPA method 4425 or 4025; ASTM 
Guide E1853-98M or APHA standard method 8070) or international standards 
(Cooke et al., 2000; Behnisch et al., 2001a). 

(iii) Special requirements for cell-based bioassays 

• Every test run in a bioassay must be accompanied by a series of reference 
concentrations of TCDD or a dioxin/furan mixture for a full dose-response curve 
with a R2 > 0.95). However, for screening purposes, an expanded low 
concentration curve could be used for analysing samples with low concentrations. 

• A TCDD reference concentration (about three times the minimal LOD) on a quality 
control sheet should be used for comparison of the outcome of the bioassay 
over a constant time, or EC50 , maximum response or induction factor. Alternatively, 
the relative response of a reference sample in comparison with the TCDD 
calibration curve could be used, as the response of cells may depend on many 
factors. 

• Quality control charts for each type of reference material should be maintained 
and checked to ensure that the outcome is in accordance with the stated 
guidelines. The results of screening should correlate by> 95% with the reference 
method used. 

• Particularly for quantitative calculations, the induction of the dilution of sample 
used must be on the linear portion of the response curve. Samples that give 
responses above that portion must be diluted and re-tested. Therefore, at least 
three dilutions should be tested at one time. 

• The per cent standard deviation should not be> 10% in triplicate determinations 
for each sample dilution and should not be > 20% in three independent 
experiments. 

• The LOQ could be set as three times the standard deviation of the solvent blank 
or of the background response. Another approach is to apply a response that is 
clearly greater than background (induction factor, five times the solvent blank) to 
the equation of the day from the calibration curve. 

• The final toxic equivalents could be measured from the difference in EC50 , EC25 

or EC1o-15 between TCDD and the sample or from a fixed effect (for review, see 
Cooke et al., 2000). 

(iv) Special requirements for kit-based bioassays 

The standard quality criteria requirements for kit-based bioassays could include 
the following (see e.g. EPA method 4025 or 4035): 

• Follow the manufacturer's instructions for sample preparation and analysis. 
• Do not use test kits that are past their expiration date. 
• Do not use materials or components designed for use with other kits. 
• Use the test kits at the specified storage and operating temperatures. 
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• An acceptable LOD in immunoassays is 10 times the standard deviation of the 
blank divided by the slope. The comparable limit for an immunoassay machine 
would be 1 0 times the standard deviation of that of a sample with undetectable 
dioxin/furan concentrations. 

• Reference standards should be used in tests by the production facility and/or 
the user to ensure that the responsiveness to the standard is within an acceptable 
range. 

Essentially, kits consist of screening assays, and many of the same quality criteria 
guidelines suggested for screening assays should be followed. 

(f) Combination of bioassays and GC-MS analysis 

The next level of screening should involve more detailed characterization. A 
positive sample (with toxic equivalents) should be characterized by chemical analysis, 
involving fractionation of the sample and identification of the responsible coplanar 
compounds and then analysed in a bioassay. The correspondence should be 
reported, as discussed above. 

Samples for which the results of bioassays for toxic equivalents cannot be 
explained by chemical characterization should be studied further in vitro or in vivo 
by other techniques. 

3.3 Sampling protocols 

There are no specific guidelines for sampling protocols for food samples to be 
analysed for their dioxin content. Therefore, basic rules for sampling for organic 
contaminants or pesticides should be followed. The primary requirement is a 
representative, homogeneous laboratory sample with no secondary contamination. 

3.3. 1 Personnel 

A qualified, authorized person should perform sampling. 

3.3.2 Representative sample 

Samples must be representative of the lots or sublets from which they are taken. 
Compliance with maximum levels or action levels should be established on the 
basis of the concentrations determined in the laboratory sample. 

Lots are identifiable quantities of food delivered at one time and determined by 
the official to have common characteristics, such as origin, variety, type of packaging, 
packer, consigner or markings. In the case of fish, they should be of comparable 
size. Sublets are designated parts of a large lot to which the sampling method is 
applied. Each sublot must be physically separate and identifiable. An incremental 
sample is a quantity of material taken from a single place in a lot or sublot. As far as 
possible, incremental samples should be taken at various places distributed 
throughout the lot or sublot. An aggregate sample is the combined total of all the 
incremental samples taken from the lot or sublot. It should be at least 1 kg, unless 
impractical. A laboratory sample for the purposes of enforcement, trade and refereeing 
should be taken from the homogenized aggregate sample, unless this conflicts with 
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States' regulations on sampling. The sample used to ensure enforcement should be 
large enough to allow at least duplicate analysis. 

3.3.3 Packaging, transport and storage of aggregate and laboratory samples 

Each aggregate and laboratory sample should be placed in a clean, inert container 
offering adequate protection from contamination, loss of analytes by adsorption to 
the internal wall of the container or damage in transit. Glassware offers good 
protection from contamination and can be cleaned easily. Polyethylene and 
polypropylene containers also provide protection against damage during transit. 
Containers made from halogenated substances (such as polyvinylchloride) are not 
considered suitable for this purpose. Although dioxins are chemically stable, samples 
must be stored and transported in such a way that the food sample does not 
deteriorate. In particular, the fat content should not be changed, for example by 
microbiological or enzymatic processes, as the content of the compounds in food of 
animal origin is generally calculated on a fat basis. 

3.3.4 Human milk samples 

WHO has recommended addition of K2Cr20 7 tablets to human milk samples 
during collection of portions and for transport in the third round of studies of exposure, 
if freezing of the portions cannot be guaranteed. This helps to avoid microbiological 
deterioration of the samples. If the portions can be frozen immediately after collection 
and the collected portions can be shipped in a frozen state, addition of K2Cr20 7 

tablets is unnecessary. 

3.3.5 Sealing and labelling 

Each sample taken for official use should be sealed at the place of sampling and 
identified following States' regulations. A record must be kept of each sampling, 
permitting each lot to be identified unambiguously and giving the date and place of 
sampling, together with any additional information likely to be of assistance to the 
analyst. 

3.3.6 Edible parts 

For determination of dioxins in food, only the edible parts are analysed. Vegetables 
should be washed with water to separate them from adhering soil. 

4. EFFECTS OF PROCESSING 

As dioxins are chemically stable, lipophilic substances, no changes in dioxin 
content with processing would be expected. However, studies have been performed 
to identify possible changes during processing or preparation of food. 

4. 1 Carry-over from packaging and filter material 

At the end of the 1980s, transfer of PCDDs/PCDFs from paper into milk was 
found in milk samples packaged in cardboard containers. Large amounts of 2,3,7,8-
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TCDF and the presence of 1 ,2,7,7-TCDF and other less important TCDFs gave a 
characteristic pattern of contamination. The migration of these substances from 
paper through polyethylene foil into milk was clearly demonstrated. Additionally, 
carry-over of PCDDs/PCDFs and alkylated chlorodibenzofurans from coffee filter 
paper, from bleaching of pulp and paper with chlorine, into brewed coffee has been 
detected. Measures were taken to change the process, and significant reductions in 
the dioxin content were achieved. 

4.2 Smoking, frying and broiling 

Smoking of meat or fish samples can increase the dioxin and furan content 
depending on the smoking conditions (Korner & Hagen maier, 1991; Mayer, 1998; 
Mayer & Jahr, 1998). 

Information on the levels of PCDDs, PCDFs and coplanar PCBs in food relate 
primarily to uncooked food, although possible changes in PCDD/PCDF congener 
content and toxic equivalents after cooking have been reported. Broiling of hamburger 
samples resulted in an approximately 50% decrease in the total toxic equivalents 
(wet weight) per hamburger, but the decrease appeared to be due solely to the 
decrease in wet weight associated with loss of water and loss of PCDD/sPCDFs 
with the fat (Schecter et al., 1996). 

In further studies, it was shown that the total toxic equivalents (PCDDs/PCDFs 
and PCBs) in hamburger, bacon and catfish decreased by an average of 50% as a 
result of broiling. However, the concentration remained the same in hamburger, 
increased by 84% in bacon and decreased by 34% in catfish (Schecter et al., 1997). 
On average, the total measured concentration (pg/kg whole weight) increased by 
14% in hamburger and by 29% in bacon and decreased by 33% in catfish (Schecter 
et al., 1998b). 

In a study of the effect of pan-frying beef patties, the PCDD/PCDF concentration 
was reduced by 40-50% by cooking. Most of the reduction was accounted for by 
the amount in fat liberated from the patties during cooking. There was nevertheless 
an overall deficit of 6-14% for each congener (Petroske et al., 1997, 1998). The 
authors attributed the losses to volatility, degradation and processing, but errors 
due to analytical imprecision or loss of fat were not considered. The general physical 
characteristics of these compounds would suggest that volatility and degradation 
are unlikely reasons for loss during cooking or broiling. Nevertheless, pan frying of 
ground beef significantly reduces the amounts of PCDD/PCDFs as consumed, 
provided that the fats and juices are not eaten. 

After beef patties were cooked by several methods, each PCDD/PCDF congenr 
could be completely accounted for on a mass balance basis (within the experimental 
variability of the method). There was no indication of either loss or formation of 
PCDDs/PCDFs during the cooking process (Thorpe et al., 1999). 

No de-novo synthesis of dioxins was observed after deep frying of scallops of 
pork covered with egg and crumbs either with or without salt and pepper. The frying 
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temperature was high {180 °C). These results were confirmed by analysis of fats 
used for deep frying from a large hotel. Only a balance between the dioxin content 
of the raw scallops and the fat was observed (Schwind & Hecht, 2000). 

It is therefore unlikely that PCDDs/PCDFs are formed or lost during usual cooking 
processes. Changes in dioxin content can be seen on a fresh weight basis owing to 
changes in fat and water content. As a whole, the dioxin content on a mass balance 
basis is expected to be constant in meat, fat and juices; however, changes can 
occur between these phases. 

5. LEVELS AND PATTERNS OF CONTAMINATION OF FOOD 
COMMODITIES 

5.1 Results of surveys 

Data were submitted by six countries (Belgium, Canada, Japan, New Zealand, 
Poland and the USA) and by the Commission of the European Union {2000a) (see 
Table 12). 

In all countries in which substantial numbers of samples have been analysed 
over time, the concentrations of dioxin in food were decreasing up to the end of the 
1990s. In several countries, this decrease was slowed, or even partly reversed in 

Table 12. Summary of data submitted to JECFA on dioxins and PCBs, with 
number of results (and number of individual samples in parentheses) 

Country Milk and Meat and Fish and Eggs Vegetable Fats and 
products products products products oils 

PCDDs/PCDFs 

Belgium 49 (49) 0 0 0 0 0 
Canada 65 (65) 100 (100) 25 (25) 5 (5) 0 10 (10) 
European Union 65 (2543) 56 (606) 80 (6281) 13 (1300) 21 (110) 1 (8) 
Japan 36 (36) 110 (110) 190(187) 9 (9) 84 (84) 0 
New Zealand 4 (75) 9 (188) 3 (75) 1 (15) 2 (75) 1 (20) 
Poland 5 (48) 3 (95) 9 (45) 1 (12) 0 2 (12) 
USA 79• (357) 11 (170) 188 (323) 22 (486) 0 0 

PCBs 

Belgium 20 (20) 0 0 0 0 0 
Canada 65 (65) 100(100) 25 (25) 5 (5) 0 10 (10) 
European Union 18(434) 11 (114) 24 (536) 3 (156) 16 (23) 1 (8) 
Japan 36 (36) 110 (110) 190(186) 9 (9) 84 (84) 0 
New Zealand 4 (75) 9 (188) 3 (75) 1 (15) 2 (75) 1 (20) 
USA 38. (38) 10 (223) 2 (2) 2 (4) 1 (NR) 0 

NR, not reported 
• Individual results from the USA for milk represent a sample from one collection station or a 

composite from 51 collection stations. 
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some food categories, due to contamination of feed. In addition, at the end of the 
1990s, the measurements initiated at the beginning of the decade did not show the 
same strong reduction. For the international intake assessment reported here, only 
data collected after 1995 were considered. These represent 13 589 food products 
pooled in 1256 samples for PCDDs/PCDFs and 2636 food products pooled in 796 
samples for PCBs. 

There were large differences in the amount, detail and quality of the data from 
the participating countries. In particular, the results appeared to have been obtained 
largely without adequate harmonization of analytical procedures and/or intercalib
ration among the laboratories in different countries. This ultimately affects the 
comparability of the results. In addition, some of the data may be overestimates of 
the dioxin concentration, owing to lack of sufficient sensitivity for determination in 
the analytical laboratories where the assays were performed. 

Most data were submitted for PCDDs/PCDFs and PCBs, as a sum of the 
congeners, weighted by the WHO TEFs. In some cases, an upper-bound approach 
was used with the LOQ in calculating toxic equivalents for those congeners that 
were not quantified. In other cases, the concentration of the contaminant may have 
been underestimated, when a lower-bound approach, with a zero value for those 
congeners that were not quantified, was used. As the Committee did not have access 
to the original analytical results, all the concentrations were expressed as the sum 
of congeners. 

As it was impossible to identify analytical results for targeted samples, all the 
data were considered representative of total contamination of foods. Some data 
were not used because the mean level of contamination was not quantified. 

Belgium: Belgium submitted information about the occurrence of dioxins in pooled 
milk and cheese samples, using the GEMS/Food electronic submission format. Data 
on 49 individual samples analysed in March, August and October 2000 were included. 

Canada: Canada submitted the results of a total diet study conducted between 
1992 and 1995 on dioxins and PCBs in 220 composite foods collected in five cities. 
All the results submitted were for individual samples. Data from older studies 
conducted between 1980 and 1989 were also submitted but were excluded from 
the international intake assessment. 

Japan: Japan provided results on the occurrence of PCDDs/PCDFs and PCBs 
in fish and fish products, meat and meat products, various fruits and vegetables and 
milk. All the results provided were for individual samples on both a fresh weight and 
lipid basis, allowing estimation of the distribution of contamination. 

New Zealand: New Zealand submitted the results of analyses for 53 foods 
purchased in 1997 in five cities. The foods were grouped into 22 composites and 
analysed to determine the concentrations of PCDDs/PCDFs and 23 PCB congeners 
including non-ortho PCBs. 

Poland: Poland submitted the results of determinations of PCDD/PCDF content 
in Polish products. As there were not enough results to represent the eastern 
European region, they were not used in the international intake assessment. 
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USA: A draft report from the EPA was submitted, which contained a large amount 
of information collected in the USA and other countries. Additional information was 
provided by the Food and Drug Administration. 

Commission of the European Union: A report of Scientific Cooperation (SCOOP) 
Task Force 3.2.5, entitled Assessment of Dietary Intake of Dioxins and Related 
PCBs by the Population of European Union, Member States, was submitted 
(Commission of the EuropeanUnion, 2000a). Ten countries (Belgium, Denmark, 
Finland, France, Germany, Italy, The Netherlands, Norway, Sweden and the United 
Kingdom) provided data on the occurrence of PCDDs/PCDFs and coplanar PCBs 
in food products and human milk. Samples were obtained nationally from rural and 
industrial sites in the period 1982-99. 

The SCOOP database comprises information reviewed previously (IARC, 1997; 
AEA Technology (1999), but it also contains more recent material resulting from 
studies conducted up to the end of 1999. In addition, it contains information on 
coplanar PCBs that was not taken into consideration in the other reports. 

5.2 Distribution In foods 

For most countries, there were not enough individual data to allow generation of 
a full curve for the distribution of concentrations, as they were submitted in an 
aggregated format. As agreed at the FAO/WHO workshop on exposure assessment 
to contaminants (WHO, 2000), aggregated data were weighted as a function of the 
number of initial samples. Each result was multiplied by the number of individual 
samples in the original survey, and the sum of the products was then divided by the 
total number of individual samples to obtain a weighted mean of the contamination 
of foods by PCDDs/PCDFs and PCBs. 

National data were therefore aggregated by region when sufficient data were 
available (western Europe, North America, Oceania, Far East; Table 13). The data 
were not sufficient to permit a realistic estimate of the distribution of contaminants 
for the rest of the world. 

In a second step, a log-normal distribution of contaminants in foods was assumed, 
and the distribution was modelled from the weighted mean and a geometric standard 
deviation of 3.0 derived from the data on concentrations, for six broad groups of 
foods: meat and meat products, eggs, fish and fish products, milk and milk products, 
vegetable products and fats and oils. The geometric standard deviation was 
determined after log-transformation of the data by the fo llowing formula: 

h l 

where N is the total number of individual samples, n, is the number of individual 
samples in a pooled result x, Xi is the national pooled result, and xis the mean of the 
national pooled results. 

The percentiles of these distribution curves were determined, and the median 
values (50th percentiles) are presented in Table 13. 

The data used to construct the distributions of coplanar PCBs are of much lesser 
quality than those for PCDDs/PCDFs. The distribution in meat in western Europe is 
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Table 13. Weighted mean and derived median of concentrations of PCDDs, 
PCDFs and coplanar PCBs in six food groups, expressed as WHO toxic equiva-
Ients {pg/g whole food) 

Region or country Food category PCDDs/PCDFs Coplanar PCBs 

Weighted Derived Weighted Derived 
mean median mean median 

Western Europe Dairy 0.07 0.04 0.08 0.07 
Eggs 0.16 0.15 0.07 0.06 
Fish 0.47 0.31 2.55 0.90 
Meat 0.08 0.06 0.41 0.08 
Vegetable products 0.04 0.03 0.04 0.00 

Japan Dairy 0.06 0.04 0.04 0.02 
Eggs 0.07 0.03 0.06 0.04 
Fish 0.37 0.11 0.69 0.19 
Meat 0.09 0.01 0.04 0.009 
Vegetable products 0.003 0.002 0.02 0.003 

New Zealand Dairy 0.02 0.02 0.01 0.008 
Fish 0.06 0.05 0.09 0.07 
Meat 0.01 0.01 0.02 0.01 
Vegetable products 0.008 0.008 0.00 0.00 

North America Dairy 0.10 0.07 0.02" 0.01" 
Eggs 0.17 0.14 0.04" 0.02" 
Fish 0.56 0.28 0.13" 0.08" 
Meat 0.13 0.10 0.14" 0.05" 

All Fats and oils 0.21 0.10 0.07" 0.02" 

• Data on PCBs frequently did not include mono-ortho PCBs 

based on data from only two countries, The Netherlands and Sweden. Additionally, 
the North American data and the data on fats and oils frequently did not include 
mono-ortho PCBs, resulting in an underestimate of the total concentration of WHO 
toxic equivalents of coplanar PCBs. In general, Table 13 shows that the median 
concentrations {derived from the modelled distributions) of coplanar PCBs in most 
food groups are of the same order of magnitude as those of the PCDDs/PCDFs. 
The region with the highest concentrations in most food groups is western Europe. 
The Committee recognized that there were significant differences within the food 
categories in Table 13 and that the data used in this analysis may not reflect the true 
mean for a food category. For example, the mean concentrations of PCDDs, PCDFs 
and coplanar PCBs and the consumption rates vary considerably for different fish 
species, and it is not possible to verify that the mean shown in Table 13 represents 
the fish species most commonly eaten. The data received were not sufficient to 
allow an analysis to account for this variation. Furthermore, the median concentrations 
of coplanar PCBs in fish were considerably (1.5-3 times) higher than those of PCDDs/ 
PCDFs. 
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6. ESTIMATED DIETARY INTAKE 

6. 1 Introduction and background 

Dietary intake of PCDDs, PCDFs and coplanar PCBs can be estimated in one of 
three ways. The most direct estimate is probably that made by measuring 
concentrations in duplicate diets collected over a certain time (e.g. Liem et al., 1997). 
Intake can also be estimated by analysing human tissues or by using a pharmaco
kinetics model in an inverse way, i.e. estimating dose from measured concentrations 
in blood, milk or adipose tissue (Pinsky & Lorber, 1998). Section 6.4 provides an 
overview of data available from various biomonitoring programmes, with special 
attention to breast milk. 

Although these methods are promising, dietary intake of PCDDs, PCDFs and 
coplanar PCBs is usually estimated from data on food consumption and 
concentrations measured in foods and food groups. The latter method is also 
recommended by WHO (2000), and was used in the assessment described below. 
National monitoring programmes and surveys and food consumption surveys provide 
data on concentrations and food consumption, which were used here (section 6.2.3). 
Intake was also evaluated on the basis of the GEMS/Food regional diets (section 
6.2.4). 

Maximum limits for concentrations of contaminants in food groups are often 
proposed as regulatory instruments to exclude contaminated food products from 
the food chain. Section 6.3 illustrates the effects of maximum limits on the percentage 
of products that exceed these limits for a given distribution of concentrations in 
products. One of the potential benefits of such limits, a reduction in intake, is also 
discussed. 

6.2 Calculations of intake 

6.2. 1 Relevant period of intake 

PCDDs, PCDFs and coplanar PCBs (referred to as 'dioxins' below) have long 
half-lives in the body and therefore accumulate during continuous exposure. This 
property of dioxins has several implications for the period of intake of relevance to 
this assessment. First, the concentration of dioxin in a person's blood (or the internal 
concentration of dioxin to which a target organ is exposed) will rise over time as 
more dioxin is ingested, reaching a pseudo-steady state only after decades. Second, 
after exposure stops, the decrease in the body's stored dioxin (and the decrease in 
exposure of internal organs) will be similarly slow, only half of the accumulated dose 
disappearing within about 7 years (see section 2.1 ). Third, because of the long 
storage of dioxin in the body and the consequent daily exposure, a person's daily 
ingestion of dioxin will typically have a very small or even negligible effect on their 
overall exposure. It is for these reasons that the appropriate averaging period for 
evaluating the intake of coplanar compounds is months or even years. 

Furthermore, it is important to note in this regard that short-term variation in the 
concentration of dioxin in a food has much less effect on overall exposure and risk 
than it might for other food contaminants. For example, dioxin contamination that 
causes an even 1 00-fold higher concentration in a typical meal would result in a 
relatively small increase ( < 3%) in the total body burden and a relatively small increase 
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in risk with each meal consumed (see section 2.1 ). Similarlly, when the concentration 
remains constant, the effect of changing food consumption with age will have a 
limited effect on long-term exposure. These considerations are illustrated in Figure 
21, which shows the food consumption of the Dutch population in grams per capita 
per day as a function of age. The Figure indicates that the lower food consumption 
of young people contributes only modestly to the total food consumption during a 
lifetime (area under the curve). The long-term mean food consumption rate can 
therefore be approximated from the mean adult consumption rate. 

These considerations lead to the conclusion that, for dioxins, the long-term mean 
intake is of relevance. This can be estimated from the long-term mean food 
consumption of the population and the mean concentrations of PCDDs, PCDFs and 
coplanar PCBs in foodstuffs. (See Appendix 1 for a mathematical synopsis.) 

6.2.2 Methods used 

The following definitions were adopted: 

Dietary intake: The dietary intake of PCDDs, PCDFs and coplanar PCBs is defined 
as the amount of these contaminants that is ingested in food per unit time. Dietary 
intake is expressed in one of two ways. The EPA of the USA usually expresses 
intake in picograms of toxic equivalents per capita per unit lime (day), while in most 

Figure 21. Long-term mean food consumption per capita by the Dutch population 
as a function of age 
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Derived from the Dutch National Food Consumption SuNey 1998 (Voedingscentrum, 1998) 
with regression analysis and nested analysis of variance (Slob, 1993). Percentiles indicate the 
between-person variation in each age group. 
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European countries intake is expressed in picograms of toxic equivalents per kilogram 
body weight per unit time (day or week). The latter measure requires that data on 
body weight be available. In the current assessment, intake is expressed as 
picograms of toxic equivalents per capita per day. 

Region: When applied to concentrations and diets, an area comprised of individual 
nations or other geopolitical units that are likely to have separate food sources and 
markets but common dietary characteristics. The five GEMS/Food regional diets fit 
this definition. 

Between-person variation: When applied to intake and food consumption, 
variation between individuals in a population within a nation or other geopolitical 
unit that is likely to have common food sources and markets. 

Between-country variation: When applied to concentrations, variation between 
long-term mean concentrations in specific food groups in areas that predominantly 
do not share food sources or markets. National boundaries are assumed to define 
these populations within an acceptable degree of error for this analysis. 

Within-food variation: When applied to concentrations, variation between 
consumed portions of a given food group during the period considered in the analysis. 
For example, the within-food variation in dioxin concentration for the group 'Fish' 
would comprise the variation in dioxin concentration from one meal to the next during 
the period of exposure (lifetime or other) of that individual. This variation is composed 
of variation due to differences between species and variation related to differences 
between fish of the same species. The within-food variation in dioxin concentration 
is assumed to be equivalent to the between-sample variation for the samples 
considered for each food group in this analysis. 

(a) Intake calculations 

Mean intake per person can be calculated from mean food consumption, the 
composition of the diet and the mean concentrations of PCDDs, PCDFs and coplanar 
PCBs in food from a local market, as follows: 

N 

lr=~~C;f; 
i= 1 

(1) 

where Jr is the long-terQl mean personal intake of a contaminant (pg of WHO toxic 
equivalents per day), C; is the mean concentration (in different portions)_of the 
contaminant in food group i (pg of WHO toxic equivalents per g whole food), 1, is the 
mean food consumption (g/day), N is the number of food groups considered and f; 

is the fraction of food group i that contributes to total food consumption. (See also 
Appendix 1.) 

The contribution of a food group ito the total intake of PCDDs/PCDFs or coplanar 
PCBs is obtained from the partial intake, J; for group i, as follows: 

(2) 

If the mean food consumption per person and the mean concentration are 
considered random variables, it becomes possible to evaluate the distribution of the 
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dietary intake by a certain population. The approach used corresponds to the method 
for assessing intake of contaminants and toxins in food recommended by a FAO/ 
WHO workshop on the topic (WHO, 2000). In short, the procedure below was followed 
(see Appendix 1 for a mathematical synopsis): 

(1) Concentration distributions indicating between-country variation in the mean were 
constructed for various regions and food groups from the data on occurrence 
submitted by the countries. These distributions were assumed to be log-normal 
(see section 5). 

(2) Data on food consumption were used to estimate mean consumption and the 
between-person variation in food consumption in different diets. Log-normal food 
consumption distributions were constructed for each diet. Additionally, the 
contribution of the recognized food groups to total food consumption in these 
diets was derived from data on food consumption (see (d) and (e) below). 

(3) The dietary intake of a particular population was assessed by combining the 
concentration and the food consumption distributions for that population by Monte 
Carlo simulations (with 10 000 trials for each simulation). In each Monte Carlo 
trial, dietary intake was estimated by multiplying random realizations of food 
consumption and concentrations in different food groups sampled from their 
distributions (Eq.1 ). The concentrations were weighted according to the fraction 
that each food group contributes to total food intake (Eqs 1 and 2). The collective 
intake estimates obtained by the Monte Carlo approach thus form a distribution 
of dietary intake for each population studied. The distributions are characterized 
by the median intake and two high percentiles (80th and 90th). Note that the 
90th percentile is a realistic estimate corresponding to the mean intake that is 
exceeded by 10% of the population considered. 

(b) Compounds 

Dietary intake was calculated for the sum of dioxins (PCDDs and PCDFs) and 
for the sum of all coplanar PCBs, weighted according to their TEFs. The results are 
expressed as WHO toxic equivalents (van den Berget al., 1998). Calculations could 
not be performed for the sum of all coplanar compounds, because data on the 
occurrence of PCDDs/PCDFs and coplanar PCBs were obtained independently. 

(c) Distributions of concentrations 

Data on occurrence were submitted by various countries (see section 5), and 
these data were used to compile regional distributions of concentrations, each 
distribution characterized by two parameters, the median (Table 13) and a geometric 
standard deviation (GSD). Several types of products were censored from the 
distributions in order to match them with the available data on food consumption. 

The censored data included game, offal, liver and pure animal fats for meat; 
butter for dairy products; and hepatopancreas for shellfish. A second point is that 
intake for a region can be estimated only with full coverage of the distributions of 
concentrations for all product groups. Table 13 shows that this was not the case for 
North America or Oceania. In order to construct complete data series for each region, 
missing data are replaced by data for the closest region (western European data for 
North America, Far Eastern data for Oceania). 
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Essentially, the variation in concentrations within each food group and region 
consists of a 'between-country' and a 'within-food' component. 

(i) Between-country variation 

In calculating intakes, only the between-country component of the variation in 
concentration is relevant. Such variation implies that each region has areas with 
less and more contaminated areas. In other words, it is assumed that persons living 
in a country where there is higher contamination will not 'dilute' their daily intake of 
dioxin by eating food from a country where there is less contamination, nor will 
persons living in a less highly contaminated area frequently consume foods from a 
more contaminated area. The between-country variation was estimated from the 
results submitted for this assessment, which consisted mainly of means of aggregated 
data, i.e. measurements in pooled samples or means of series of individual 
measurements (see section 5). The GSD of a data series of means thus refers to 
the variation between those means. 

It is nevertheless difficult to establish an accurate estimate of the GSD because 
the data consist of means, and the underlying sampling volume and the number of 
samples differ for each result. In the data on occurrence, the mean number of samples 
per result in the different regions ranged from 1 to 1 00 with GSD values of 1.2-1 0. 
The range of GSDs for the larger numbers of samples per result (> 20) was 1.2-3.4. 
On the basis of these results, a universal between-country GSD of 3 was assumed. 

(ii) Within-food variation 

The within-food component of the variation represents variation in concentrations 
in different portions of one food group bought in one area. This component is not 
used in intake estimates, because the long averaging time for dioxin intake renders 
'meal-to-meal' variation irrelevant to the consideration of long-term risk. It is assumed 
that consumers choose food randomly with respect to the distribution of concentra
tions of contaminants and will therefore have an intake over time that is an 
approximation of the true mean of that distribution. (See also Appendix 1.) 

An accurate estimate of the GSD for within-food variation requires measurement 
of concentrations in a set of individual products within one food group and one area. 
Since data on occurrence were not submitted for this purpose, the within-food 
variation was derived from Hoogerbrugge et al. (2000), who estimated the within
food variation among individual samples in five data sets for different food groups in 
The Netherlands. The relative standard deviations ranged from 0.38 to 1.2. On the 
basis of these results, a universal within-food GSD of 2 was assumed for this study. 
The within-food variation is not needed for calculating intake (see above); however, 
calculations of non-compliance require quantification of this variation (see (f) below). 

(d) National diets 

Four national diets were defined, on the basis of data on food consumption in 
France (Agence frangaise de Securite Sanitaire des Aliments, 1999), the Netherlands 
(Voedingscentrum, 1998), the United Kingdom (Ministry of Agriculture, Fisheries 
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and Food, 2000) and the USA (Department of Agriculture, 1997). For each diet, the 
mean consumption of the sum of the relevant food groups is specified. The average 
fraction that each group contributes to total consumption was derived from national 
food consumption surveys. Use of the average ignores interindividual variation in 
the composition of a diet; however, as broad food groups are evaluated, this 
generalization is appropriate. The between-person variation in total food consumption 
is assumed to be homogeneous throughout the world, giving a GSD of 1 .3. This 
value was derived from the Dutch National Food Consumption Survey 
(Voedingscentrum, 1998; Figure 21) and extrapolated to the other diets. It must 
emphasized that the GSD for the food consumption curves accounts for interindividual 
differences in long-term consumption patterns. 

(e) International diets 

Calculations were also performed for the GEMS/Food regional diets (WHO, 1998). 
These diets are not derived from data on food consumption but from food production, 
import and export balances, as summarized by the FAO in their Food Balance Sheets. 
Comparison with the detailed results of national food consumption surveys shows 
that this type of data on food consumption provides estimates that are more than 
15% higher than actual mean food consumption (WHO, 1998). The GEMS/Food 
regional diets were characterized similarly to the national diets. 

(f) Hypothetical maximum limits 

Concentrations of PCDDs, PCDFs and coplanar PCBs vary between individual 
products bought from retailers. This variation is indicated as the 'within-food' variation 
(see section (c) above). Maximum limits for concentrations of contaminants in food 
groups are often proposed as regulatory instruments to exclude (highly) contaminated 
food products from the food chain. For example, Belgian legislation specifies 
maximum limits for PCDDs and PCDFs in poultry, beef, pork, eggs and milk (Belgisch 
Staatsblad, 1999). 

An estimate of the theoretical effect of such limit values on non-compliance and 
on reducing intake is required in order to evaluate their potential effectiveness. Non
compliance is defined as the fraction of products that does not comply with a 
maximum limit, i.e. the percentage of products containing concentrations above 
than that limit. The reduction in intake associated with this maximum limit can be 
estimated by recalculating the mean concentration and intake for a food group after 
the tail of the distribution curve for concentrations in individual products has been 
truncated. This was done by combining the analytical model presented in Appendix 2 
with the probabilistic approach shown in Appendix 1. 

A cost-benefit analysis can therefore be performed for alternative sets of 
maximum limits. The costs are represented by the percentage of products that 
exceeds the maximum limit, and the benefits are represented by the reduction in 
intake. A comprehensive derivation of the equations used to calculate non-compliance 
and the mean concentration of a truncated distribution is presented in Appendix 2. 
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6.2.3 National estimates of intake 

(a) Central trend 

The estimated intakes of PCDDs/PCDFs in the national diets are presented in 
Table 14 for three European countries and the USA. Studies of food consumption 
were available from these countries, from which national diets could be compiled 
that covered all six relevant product groups. The results in Table 14 indicate that the 
estimated median intakes from these diets differ only slightly (range, 66-84 pg per 
capita per day). 

A difference exists, however, between the estimates provided here and estimates 
made recently by national agencies of the intake of PCDDs/PCDFs. In the exposure 
assessments submitted by various countries, the following medians were reported: 
Germany, 32 pg per capita per day (Hecht & BIOthgen, 1998); The Netherlands, 
55 pg per capita per day (Liem et al., 1996); United Kingdom, 48 pg per capita per 
day (Food Standards Agency, 2000) and the USA, 41 pg per capita per day 
(Environmental Protection Agency, 2000a). The SCOOP report on dietary intake 
(Commission of the European Union, 2000a) provides an overview of intake in Europe 
in both recent and older surveys. The more recent estimates of mean intake of 
PCDDs/PCDFs are in the range 29-97 pg per capita per day (inter-national toxic 
equivalents).The estimates provided in the current assessment (Table 14) are about 
75% higher than these national estimates. This can be explained largely by 
methodological differences. The national estimates are based mainly on the results 
of monitoring, representing a wide range of possible concentrations in foods. The 
data on concentrations submitted for the current assessment, however, originated 
from a wide range of sources, including monitoring studies but also surveys. As 
surveys focus on products that are expected to contain high concentrations, use of 
these data may result in an overrepresentation of high values. A second explanation 
for the difference is that the national estimates often differed in their consideration 
of products of plant origin, which can contribute 6-45% of the total intake (Commission 
of the European Union, 2000a). Another factor may be the effect of undetectable 
levels and the way in which these are dealt with in the various intake assessments 
(see section 3.2.3). These points show that intake estimates must be interpreted 
with caution. 

Table 14. Statistical descriptors (median, BOth (PBO) and 90th (P90) percentiles) 
of estimated distributions of intake (pg of toxic equivalents per capita per day) 
in national diets 

Source of data on Diet PCDDs/PCDFs Dioxin-like PCBs 
concentrations 

Median P80 P90 Median P80 P90 

Western Europe France 80 140 190 94 180 250 
Western Europe Netherlands 66 120 160 60 120 160 
Western Europe United Kingdom 78 140 180 81 150 220 
North America USA 84 150 210 17 34 50 
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The estimated intakes of coplanar PCBs differ little from those of PCDDs/PCDFs 
{Table 14). National estimates of the intake of coplanar PCBs intake were available 
from several countries: Netherlands, 71 pg per capita per day (Liem et al., 1996); 
United Kingdom, 54 pg per capita per day (Food Standards Agency, 2000). As for 
PCDDs/PCDFs, the national intakes are lower than those calculated in the current 
exercise. The range of intakes of PCBs reported in the SCOOP report (Commission 
of the European Union, 2000a) was 57-110 pg per capita per day (PCB toxic 
equivalents), which corresponds better to those calculated here. 

The estimated intakes from the European diets suggest that the contributions of 
dioxins and PCBs to the total intake of toxic equivalents are approximately equal. 
The estimated intake {17 pg per capita per day) in the diet in the USA is considerably 
lower than those in the European diets. This may be due partly to the absence in the 
North American concentration distribution of a contribution from mono-ortho PCBs 
to the toxic equivalents. The most recent national estimate for the USA was 24 pg 
per capita per day (Environmental Protection Agency, 2000a). Similar caution should 
be exercised in interpreting the estimates of intake of coplanar PCBs and for PCDDs/ 
PCDFs. 

(b) High intakes 

High intakes within a population are considered to be those at the 80th and 90th 
percentiles (Table 14). These percentiles in the simulated intake distributions are 
the result of combining random realizations from the distributions of food consumption 
and concentration with simultaneously high values. They thus represent consumers 
who eat large amounts and live in areas where relatively more heavily contaminated 
products are sold. 

The 90th percentile value is about 2.5 times higher than the median value. This 
difference corresponds roughly to the ratio of high to mean intakes reported in the 
SCOOP assessment (Commission of the European Union, 2000a). 

(c) Dietary sources 

Table 15 lists the mean contributions of various food groups to the intake of 
PCDDs/PCDFs. The contributions of oils and fats (3-11%) and eggs (4-5%) are 
relatively small, as would be expected from their proportion in relation to total food 
consumption. Vegetable products make a relatively large contribution (24-31 %), 
which is larger than might be expected from the concentrations of dioxins in these 
products. It is due by the fact that 4Q-50% of food consumed consists of vegetables, 
cereals and fruit. The contributions of the other groups are: 21-35% from dairy 
products, 15-32% from meat and 6-19% from fish. These estimates correspond 
well with the SCOOP assessment (Commission of the European Union, 2000a). 
Table 15 also provides some insight into the effect of national eating traditions on 
the intake from each food group. For example, greater contributions were made 
from meat and fish products in France, from dairy products in The Netherlands and 
from fish and dairy products in the United Kingdom, although the same distributions 
of concentrations were used, but the diets are different. 
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Table 15. Mean contribution (%)of food groups to intake 

Diet Vegetable Oils and fats Fish Eggs Dairy Meat 
products products 

PCDDs/PCDFs 

France 24 4 19 5 21 28 
Netherlands 28 11 7 4 35 15 
United Kingdom 31 6 16 4 26 16 
USA 28 3 6 5 26 32 

Coplanar PCBs 

France 0 1 43 2 25 30 
Netherlands 0 3 20 2 55 21 
United Kingdom 0 1 42 1 35 20 
USA 0 3 8 3 15 71 

Table 15 also shows the mean contributions of the food groups to the intake of 
coplanar PCBs. As for the PCDDs/PCDFs, the contributions of oils and fats and 
eggs are relatively small. In contrast to the PCDDs/PCDFs, the contribution of 
vegetables is negligible. In the European countries, however, the contribution of fish 
to the intake of coplanar PCBs (20-42%) is higher than for PCDDs/PCDFs (6-
19%). In the diet in the USA, the contribution of meat is striking. This results should, 
however, be interpreted with caution, since mono-ortho PCBs were not fully included 
in the North American concentration distribution. 

6.2.4 Regional estimates of intake 

(a) Central trend 

The estimated median intakes from the GEMS/Foods regional diets are listed in 
Table 16. The concentration distributions used in the assessment are those for 
western Europe (SCOOP data), the Far East (data from Japan), North America 
(data from Canada and the USA) and Oceania (data from New Zealand). The 
estimated intakes of PCDDs/PCDFs and coplanar PCBs in the GEMS/Foods regional 
diets are considerably higher than those for the national diets: the results in Tables 
13 and 16 indicate that the estimated median intake in the GEMS/Foods European 
diets are 45% and 60% higher than in the national diets. This is due mainly to the 
fact that food consumption is overestimated in the GEMS/Foods diets, as they are 
based on food production balances instead of food consumption. 

Although the estimates of intake obtained from the GEMS/Foods diets are 
probably not accurate, they allow a comparison among regions (see Table 16). The 
lowest estimates are for the Far East and Oceania, which is due mainly to the lower 
concentrations than in Europe and North America in most food groups. However, 
the estimates for the Far East and Oceania are based on data from only two countries, 



556 PCDDs, PCDFs and COPLANAR PCBs 

Table 16. Statistical descriptors (median, BOth (PBO) and 90th (P90) percentiles) 
of estimated distributions of intake (pg of toxic equivalents percapita per day) in 
GEMS/Foods regional diets 

Source of data on Diet PCDDs/PCDFs Dioxin-like PCBs 
concentrations 

Median P80 P90 Median P80 P90 

Western Europe European 110 190 250 110 210 300 

North Arnerica European 140 230 310 27 50 70 

Oceania European 35 56 72 20 33 44 

Far East Far Eastern 13 22 30 13 25 37 

Japan and New Zealand, respectively. The much lower result obtained when the 
data on concentration from Japan were used is probably not very accurate, as the 
difference is not consistent with the observed concentrations of coplanar compounds 
in breast milk samples from Japan (Environment Agency of Japan, 1999), which 
correspond to those in Europe and North America. 

For the coplanar PCBs, a high median estimated intake was computed from the 
western European concentration distribution and the European regional diet. The 
estimated intakes in the other regions are at least 75% lower than that for western 
Europe. The results for North America must be interpreted with caution, as the 
underlying concentration distribution does not include the contribution of mono-ortho 
PCBs to toxic equivalents (see Table 13). When the result for North America is 
ignored, the median intakes of PCDDs/PCDFs and coplanar PCBs for the other 
regions are approximately equal. 

(b) High intakes 

High intakes within a population are considered to be those at the 80th and 90th 
percentiles (Table 16). On the basis of the model, the consumers represented by 
these percentiles eat large amounts of food and live in areas where products with 
relatively greater contamination are sold. The 90th percentile is about 2.5 times the 
median value, which results from the combined between-person variation in food 
intake and the between-country variation in the concentration distributions. 

(c) Dietary sources 

Table 17 shows the mean contributions of various food groups to the intake of 
PCDDs/PCDFs. As in the national diets, the contribution from eggs (4-7%) is relatively 
small, while the contribution from vegetable products (17-30%) is larger than would 
be expected from the concentrations of dioxins in these products. Table 17 illustrates 
some interesting differences between the regions: The results suggest that the 
contributions from oils and fats to the diets in the Far East (18%) and Oceania 
(22%) are larger than in other regions. This is because of the low concentrations of 
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Table 17. Mean contribution(%) of food groups to intake in the GEMS/Food 
regional diets 

Diet Vegetable Oils and fats Fish Eggs Dairy Meat 
products products 

PCDDs/PCDFs 

Far East 17 18 41 4 13 6 
Oceania 28 22 9 4 27 10 
North America 24 5 14 5 27 23 
Western Europe 30 7 19 7 20 17 

Coplanar PCBs 

Far East 18 4 64 5 5 4 
Oceania 16 9 24 11 19 21 
North America 0 6 19 3 rz 55 
Western Europe 0 49 3 27 20 

PCDDs/PCDFs in the remaining food groups in these regions when compared with 
the distributions in oils and fats, which was assumed to be of global scope. The 
contribution of fish to the intake of PCDDs/PCDFs in the Far East was much higher 
than in the other regions (41% and 9-19%) because of the higher concentrations in 
fish than in meat and dairy products in this region and the relatively greater amount 
of fish in the Far Eastern diet than in other regions . 

Table 17 also lists the mean contributions of various food groups to the intake of 
PCBs. The contributions from eggs and oils and fats are relatively small. The high 
contribution from fish is clearly related to the relatively high concentrations of PCBs 
in this food group (Table 13). This has the greatest effect on the Far Eastern diet, 
which contains more fish than the other diets. The large contribution from meat in 
the North American diet is also striking, although this result should be interpreted 
with caution, as the concentration distribution of coplanar PCBs is incomplete 
(Table 13). 

6.3 Effects of regulatory limits 

6.3. 1 Dioxin concentrations 

The theoretical sensitivities of non-compliance and means in truncated 
distributions to different maximum limits can be visualized from application of the 
equations in Appendix 2. Figure 22 shows the effect of maximum limits of 1-8 pg/g 
of fat on non-compliance, given the original mean concentration. For example, in a 
certain country, the mean concentration of dioxins in eggs is 4 pg/g of fat (x-axis). 
For a maximum limit of 6 pg/g of fat (see the 6 pg/g of fat isoline), this would result 
in 18% non-compliance (y-axis). Similarly, Figure 23 shows the effect of a maximum 
limit on the mean concentration within a country if all products that do not comply 
with the limit are intercepted. In the above example, this would result in a reduction 
to 0.72 of the original mean. The results show that lowering a maximum limit becomes 
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Figure 22. Theoretical effect of various maximum limits (see isolines in pg toxic 
equivalents per g of fat) on non-compliance of products, assuming a log-normal 
distribution with variable mean (x-axis) and a GSD of 2.0 
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increasingly more effective in reducing the mean in the distribution when it moves 
towards the centre of the distribution. However, this would be achieved only when a 
correspondingly higher percentage of non-compliance is accepted. 

Naturally, these outcomes depend on the within-food variation of concentrations 
in a certain food group and country. In Figures 22 and 23, a GSD of 2.0 was used 
(as estimated from the analysis of Hoogerbrugge et al., 2000). Figure 24 shows the 
relationship at various GSDs between non-compliance and the fraction of the mean 
remaining after all non-complying products (with concentrations higher than the 
maximum limit) have been removed. This graph demonstrates that, for log-normal 
distributions with very high GSDs, i.e. very wide, skewed distributions, lowering the 
mean is most effective. For example, for a GSD of 9.0, a reduction to 0.75 of the 

Figure 23. Theoretical effect of various maximum limits (see isolines in pg toxic 
equivalents per g of fat) on mean concentrations in truncated distributions, 
assuming an originally log-normal distribution with variable mean (x-axis) and a 
GSDof2.0 
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Figure 24. Theoretical relationship between the fraction of the mean concentrations 
remaining In truncated distributions (x-axis) and non-compliance (y-axis) for 
different GSDs (fsolines), assuming an originally log-normal distribution 
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In practice, different maximum limits are set for different food groups. Also, within a region, 
variation due to between-counuy differences must be considered in addition to within-food 
variation. 

original mean will be achieved at the expense of 1% non-compliance, whi le for a 
GSD of 1 .3, this reduction would cost 70% non-compliance. 

Four different scenarios were evaluated (see Table 18), which comprise a range 
of maximum limits positioned around those published by the Belgium Government 
(Belgisch Staatsblad, 1999). It should be noted that maximum limits for meat, eggs, 
fats and oils, and milk products are defined on a fat basis, and, in order to evaluate 
the effect of these maximum limits on intake, a conversion to a food basis is required. 
The mean fat contents of food groups were used for this purpose (Table 18). The 
four scenarios were applied to the national diets and to the western European and 
North American concentration distributions only, as national diets are believed to be 
the best approximation to real food consumption. Calculation of the regional 
concentration distributions requires an estimate of 'between-country' and 'within
food' variation in order to cover all components of variation. For an explanation of 

Table 18. Maximum limit scenarios for PCDDs/PCDFs 

Food group• Unitsb Scenario 

2 3 4 

Meat pg/g fat 6.0 5.0 4.0 3.0 
Eggs pg/g fat 6.0 5.0 4.0 3.0 
Fish pg/g whole food 5.0 4.0 3.0 2.0 
Fats and oils pg/g fat 6.0 5.0 4.0 3.0 
Dairy products pg/g fat 6.0 5.0 4.0 3.0 
Vegetable products pg/g whole food 0.4 0.3 0.2 0.1 

• To convert to whole food basis, use the following fat contents: meat, 0.15 gig; eggs, 
0.12 g/g; fats and oils, 0.75 gig; dairy products, 0.06 g/g 

b WHO toxic equivalents 
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the between-country variation, see section 6.2.2. The 'within-food' variation was 
estimated from sets of individuals samples from the same area. 

Table 19 shows the results obtained by applying the scenarios presented in 
Table 18 for western Europe and North America. In both regions, the maximum 
limits considered would have the most radical effect on eggs. Other groups for which 
the maximum limits would have a relatively large effect are dairy products, meat 
(North America) and vegetable products. It should be stressed that the results in 
Table 19 are not truly representative of the situation in the regions considered. Much 
of the accuracy of the outcomes depends on the quality of the concentration 
distributions used in the exercise (see remarks in section 6.2.3). 

Table 19 shows that, given the variation in concentrations in the products, a 
significant reduction in the mean concentration could be made only when a large 
percentage of the products was removed from the market. Lowering the mean is 
more difficult for distributions that are less skewed (Figure 24). This would apply if 
the true GSD were found to be lower than that assumed for this analysis. On a 
national scale, e.g. during a local contamination incident in a particular food, the 
within-food GSD might temporarily be much higher than that expected from the 
GSD representing the usual variation in that food. Under such conditions, therefore, 
maximum limits would be very effective in reducing the average concentration in 
that food. 

6.3.2 Dioxin intakes 

The effects of various maximum limits on reducing the mean concentration in 
each food group result in an integral reduction in total intake. Table 20 shows the 
estimated reduction in intake when the four scenarios are applied to the national 
diets. 

Table 19. Effects of various maximum limit scenarios on non-compliance of 
products and fraction of mean concentrations of PCDDIPCDFs remaining 

Source of data on Food group Non-compliance (%) Fraction of mean 
concentration 

2 3 4 2 3 4 

North America Meat 3.0 4.1 5.9 8.9 0.95 0.94 0.92 0.88 
Eggs 7.1 9.2 12 17 0.90 0.88 0.85 0.80 
Fish 0.8 1.3 2.2 4.5 0.98 0.98 0.96 0.93 
Fats and oils 0.1 0.2 0.3 0.5 1.0 1.0 0.99 0.99 
Dairy products 8.1 10 14 19 0.89 0.87 0.83 0.78 
Vegetable products 1.3 2.2 4.4 12 0.98 0.96 0.93 0.85 

Western Europe Meat 1.1 1.6 2.4 3.9 0.98 0.97 0.96 0.94 
Eggs 7.9 10 14 19 0.89 0.87 0.83 0.78 
Fish 1.0 1.6 2.7 5.3 0.98 0.97 0.96 0.92 
Fats and oils 0.1 0.2 0.3 0.5 1.0 1.0 0.99 0.99 
Dairy products 3.6 4.8 6.8 10 0.95 0.93 0.91 0.87 
Vegetable products 1.3 2.2 4.4 12 0.98 0.96 0.93 0.85 
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Table 20. Effect of various maximum limit scenarios on reduc
ing the median intake of PCDDs/PCDFs in various diets 

Scenario 

1 
2 
3 
4 

Reduction in intake(%) 

France Netherlands 

3.6 3.6 
5.7 5.8 
9.8 9.5 

18 18 

United USA 
Kingdom 

3.6 6.7 
5.7 9.6 
9.5 15 

18 25 

561 

In concordance with the effect of the maximum limits on the mean concentrations 
in the truncated distribution (Table 19), the reduction in intake becomes increasingly 
more effective as the maximum limit is lowered. The somewhat larger reduction 
estimate for the North American diet is remarkable; it is due to the relatively larger 
effect of the maximum limits on the contamination of dairy products and meat in the 
diet in the USA. 

The results shown in Tables 19 and 20 suggest that the relationship between the 
reduction in mean concentration and in intake is relatively straightforward. It should 
be stressed that this is due mainly to the assumption that between-country and 
within-food variations have universal values. If more accurate data were available 
on concentrations of these contaminants in foods for each food group and country 
throughout the world, the variation could be determined separately. Recalculating 
the effect of the scenarios would then possibly result in larger differences between 
countries. 

6.4 Biomonitoring 

6.4.1 Correlations between different matrices 

PCDDs, PCDFs and coplanar PCBs can be determined in adipose tissue, whole 
blood or blood plasma or human milk to document human exposure, the values 
usually being reported on a lipid basis. Correlations have been demonstrated between 
the values found for TCDD and other PCDDs/PCDFs in serum and adipose tissue, 
in whole blood and adipose tissue and in whole blood and human milk (Patterson et 
a!., 1988; Schecter eta!., 1991; Papke, 1998). The international toxic equivalents 
values for these pairs were similar, whereas those for the hepta- and octa congeners 
were somewhat different (Papke, 1999). On a lipid basis, the ratio of serum or blood 
to tissue for TCDD content is approximately 1, and this ratio increases for higher 
chlorinated PCDDs/PCDFs (van den Berg et a!., 1994). The lipid-based 
concentrations of all PCDD/PCDF congeners found in human milk, blood and adipose 
tissue are strikingly similar. The relative lipid content has been found to be the sole 
determinant of 'adipose tissue: blood partition coefficients' of highly lipophilic organic 
chemicals (i.e. chemicals with log n-octanol:water partition coefficients (PCo:w) > 4), 
indicating that, regardless of the identity and Po:w of these chemicals, their 'adipose 
tissue:blood partition coefficient' is equal to the ratio of lipid in adipose tissues and 
blood (Haddad eta!., 2000). 
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The draft re-assessment of dioxins by the Environmental Protection Agency 
(2000a) in the USA also summarizes data on concentrations in human tissues. On 
the basis of those data, the assumption was made that the concentrations in human 
adipose tissue, blood and breast milk are similar on a lipid basis and that the 
concentrations in these tissues can be considered representative of overall body 
burden. 

6.4.2 WHO-coordinated study of concentrations in human milk: Comparison 
of countries 

The WHO Regional Office for Europe initiated a series of international studies 
on the concentrations of PCDDs, PCDFs and PCBs in human milk. The first round 
of studies took place in 1987-88, and the health risks of infants were re-assessed at 
a consultation in 1988 on the basis of the results. As the measured intakes found 
were the first to have been reported for many years and for many countries, the 
consultation recommended that the studies be repeated at 5-year intervals, in order 
to define the trends in intake. The second round of studies was performed in 1993, 
involving 19 countries in which samples could be collected and analytical data 
produced by the agreed deadline. Table 21 summarizes the results (WHO, 1996). 
Collection of samples for the third round began in 2000, the bulk of the samples 
being collected in 2001. 

To improve the reliability and comparability of the data from different laboratories, 
the WHO Regional Office also coordinated interlaboratory quality control studies. 
On the basis of the results, laboratories were considered qualified to analyse the 
collected human milk samples for PCDDs/PCDFs and PCBs. These WHO
coordinated studies are therefore an excellent basis for a reliable worldwide collection 
of data on intake. 

Among the 19 countries that participated in the second round, the highest toxic 
equivalent (PCDD/PCDF) values {2G-30 pg/g of lipid) were found in Belgium, Canada 
(Gaspe and Hudson Bay regions), Finland (Helsinki), The Netherlands and Spain 
(Gipuzkoa). In most of the human milk samples, the values were 10-20 pg/g of fat. 
The lowest values (4-10 pg/g of lipid) were measured in samples from Albania, 
Hungary, Pakistan and the less industrialized regions in Croatia, Norway and the 
Russian Federation. 

Relatively high toxic equivalents of coplanar PCBs {20-30 pg/g of lipid) were 
found in two samples from Canada (Basse Cote-Nord, Hudson Bay) and in all three 
samples from Lithuania. One sample from Norway (coastal area) and one from 
Austria (industrial area near Brixlegg) also had relatively high concentrations of 
toxic equivalents of non-ortho PCBs {15-20 pg/g of lipid). It became apparent that 
the relative contributions of non-ortho and mono-ortho PCBs to the total toxic 
equivalents of coplanar PCBs differs from one region or country to another. Lower 
values were found in most human milk samples (< 15 pg/g). Although lower 
concentrations were clearly observed for Albania, Hungary and Pakistan, the ranking 
of countries for this group of compounds, from lower to higher levels, is in general 
not comparable with that for PCDD/PCDF concentrations. 



Table 21. Arithmetic average results of the second round of the WHO-coordinated studies on intake of PCDDs, PCDFs and ""0 
coplanar PCBs from human milk (in pg/g of fat, expressed as toxic equivalents) B 

0 
Country Area No. of samples Toxic equivalents 

!II 
""0 

per pool (') 

PCDDs/PCDFs non-ortho PCBs 2,3,3. ,4,4. -PeCB Coplanar PCBs 0 

+ 2,3',4,4',5-PeCB ~ 
Ill 
:::J 

Albania Tirana 10 4.8 1.3 1.1 2.3 Q. 
(') 

Librazhd 10 3.8 1.0 0.7 1.7 0 
Austria Vienna (urban) 13 11 8.3 3.4 12 ""0 r-

Tulln (rural) 21 11 9.4 3.0 12 ):, 

Brixlegg (industrial) 13 14 15 3.8 19 ~ 
Belgium Brabant 8 21 3.8 3.6 7.4 ::0 

Liege 20 27 1.7 3.1 4.7 ""0 

Brussels 6 27 4.0 3.9 7.8 ~ 
Canada Maritimes 1992 20 11 2.9 1.2-1 A 4.1-4.4 

Quebec 1992 20 13-14 5.1 1.7-1.9 6.8-7.0 
Ontario 1992 20 18 5.8 1.8-2.0 7.7-7.9 
Prairies 1992 20 15 2.3 0.9-1.1 3.2-3.4 
British Columbia 1992 20 16 2.5 1.0-1.2 3.5-3.7 
Canada (all provinces) 1992 100 14-15 3.8 1.5-1.7 5.3-5.5 
Canada 1981 200 29 8.6 3.4-3.6 12 
Gaspe 12 23 9.5 3.2-3.4 13 
Basse Cote-Nord 4 15 20 5.7--6.0 25-26 
Ungava Bay 4 14 9.8 4.3-4.6 14 
Hudson Bay 5 21 13 8.0-8.3 21-22 

Croatia Krk 10 8.4 3.8 2.2 6.1 
Zagreb 13 14 5.2 2.7 8.0 

Czech Republic Kladno 11 12 2.5 3.5 6.0 
Uherske Hradiste 11 18 4.1 5.7 9.8 

Denmark Seven cities 48 15 2.3 2.2 4.5 
Finland Helsinki 10 22 1.9 2.7 4.6 

Kuopio 24 12 1.0 1.4 2.4 
Germany Berlin 10 16-17 9.0 2.7 12 

(11 
en w 



Table 21 (contd) 

Country Area 

Hungary Budapest 
Scentes 

lithuania Palanga (coastal) 
Anykshchiai (rural) 
Vilnius (urban) 

Netherlands mean of 17 samples 
Norway Troms0 (coastal) 

Hamar (rural) 
Skien/Porsgrunn (industrial) 

Pakistan Lahore 
Russian Arkhankelsk 

Federation Karthopol 
Slovakia Michalovce 

Nitra 
Spain Bizkaia 

Gipuzkoa 
Ukraine Kiev (1) 

Kiev (2) 
United Kingdom Birmingham 

Glasgow 

No of samples Toxic equivalents 
per pool 

PCDDs/PCDFs non-ortho PCBs 2,3,3',4,4'-PeCB Coplanar PCBs 
+ 2,3',4,4',5-PeCB 

20 8.5--8.6 0.8 0.8 1.7 
10 7.8 0.9 0.5 1.4 
12 17 13 7.6 20 
12 14 13 7.8 21 
12 13 12 8.9 20 
17 22 8.8 2.5 11 
10 10 16 3.4 20 
10 9.3 7.4 3.0 10 
10 12- 13 6.7 2.9 9.5 
14 3.9 1.9 0.4 2.3 
1 15 2.9 5.7 8.6 
1 5.9 2.0 2.9 4.9 
10 15 6.4 7.0 13 
10 13 3.6 2.5 6.1 
19 19.4 6.7 3.9 11 
10 26 3.8 4.4 8.2 
5 11 9.3 5.6 15 
5 13 6.0 5.6 12 
20 18 2.5 1.8 4.3 
23 15 2.6 1.3 4.0 

In calculating toxic equivalents, data are shown for undetected values equated to 0 and to the limit of detection. If no difference was seen, a single 
value is presented. All figures rounded to two significant figures 
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In the second round of WHO studies, therefore, few regions and countries were 
identified in which the concentrations in human milk were different from those in 
other countries. The sample from the Hudson Bay region in Canada contained 
relatively high values for all compounds investigated, while the values were 
significantly lower for Albania, Hungary and Pakistan. The countries could not be 
ranked consistently with respect to the concentrations of the compounds analysed. 

Regions could be identified in several countries in which the body burdens of 
PCDDs and PCDFs, coplanar PCBs or indicator PCBs were higher than in other 
areas and countries. Generally higher concentrations were observed for Belgium 
and The Netherlands for PCDDs and PCDFs and in Lithuania for non-ortho and 
mono-ortho PCBs. Exceptionally high concentrations of the six indicator PCBs were 
found in regions of Canada, the Czech Republic and Slovakia. 

6.4.3 WHO-coordinated study: Time trends 

As the third round of studies of intake is only now being conducted, time trends 
can be derived only from the first and second rounds and only for concentrations of 
PCDDs, PCDFs and marker PCBs, as other compounds were not determined in the 
first round. 

The concentrations of PCDDs and PCDFs were not increasing. In fact, those in 
some countries tended to decrease, and dramatic decreases, by up to 50%, were 
seen in some countries in comparison with the 1987 study. The situation was less 
clear for PCBs, as different, and sometimes less reliable, analytical methods were 
used in many countries in the first of the two studies. 

In an attempt to quantify the time trends in concentrations of dioxins in human 
milk, the overall annual decrease in Canada and Europe was estimated as 7.2% 
with a standard deviation of 0.8%. If such a decrease is assumed, the concentrations 
would be reduced to half their initial value within approximately 9.6 years. 

6.4.4 Variation in dioxin content of breast milk samples 

Data from a German dioxin reference testing programme (Bund/Lander-Arbeits
gruppe Dioxine, 2001) can be used to describe the variation in the dioxin toxic 
equivalent content of breast milk samples. As the number of samples is decreasing, 
data from 1995-98 (271 determinations) were used to determine the frequency 
distribution of the results for individual samples. As expected, a log-normal distribution 
was observed. Figure 25 shows the frequency distribution with a normal distribution 
fitted to the data, and Figure 26 shows the fitted log-normal distribution. 

Table 22 presents the minimum, median, mean, maximum, 70th percentile, 90th 
percentile, 95th percentile and and 99th percentile values for dioxin toxic equivalents 
(Commission of the European Union, 2000a; Bund/Lander-Arbeitsgruppe Dioxine, 
2001 ~ieti'l, ~). However, for the years 1996, 1997 and 1998, only 49, 40 and 47 
determinations, respectively, were available for calculation of the percentiles. As 
percentiles exclude the effect of maximum contamination, the 99th percentile for 
those years is equal to the maximum. This value is therefore meaningless. 
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Figure 25. Frequency distribution of values for international dioxin toxic equivalent 
(1-TEq) content of breast milk samples from Germany, 1995-98, 271 determinations, 
fitted normal distribution 
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Figure 26. Frequency distribution of values for international dioxin toxic equivalent 
{1-TEq) content of breast milk samples from Germany, 1995--98, 271 determinations, 
fitted log-normal distribution 
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Additionally, samples for 1996-98 and for the summarized range 1995-98 included 
pooled samples. As the frequency distribution was calculated without weighting, 
they represent the distribution of determinations and can be used only as an indication 
of the distribution. These percentiles should therefore be used with caution. 



Table 22. Frequency distributions of toxic equivalents in German breast milk, 1995-98 "'1:1 
0 
0 

Method for Year No. of Mean Median Minimum Maximum 75th 90th 95th 99th -~ 
estimating determinations percentile percentile percentile percentile "'1:1 

0 
toxic 0 
equivalents Individual Pooled and ~ 

Ill 
individual ::I 

Q. 
0 

WHO 1995 135 21 19 6.2 46 27 32 38 46 0 
1996 49 16 16 5.7 35 23 32 34 "'1:1 r-
1997 40 14 14 7.0 33 17 20 26 

)>. 

1998 47 15 14 5.3 32 18 22 26 ~ 
1995-98 271 18 17 5.3 46 23 30 34 44 

:J:J 
"'1:1 

International 1995 135 18 16 5.4 39 23 27 32 39 
@ 
!A 

1996 49 14 14 4.9 30 20 27 30 
1997 40 12 12 6.0 29 14 17 23 
1998 47 13 12 4.7 29 16 20 23 
1995-98 271 16 14 4.7 39 20 25 29 37 
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6.4.5 Dependence of toxic equivalents on age 

Several groups have reported an effect of age on the body burden of PCDDs/ 
PCDFs in adipose tissue, breast milk and blood. Papke (1998) summarized the 
results of various authors, showing an increase of 0.4-0.8 pg/g of lipid per year of 
age, expressed as international toxic equivalents. 

Age dependence was also evaluated as part of the German dioxin reference 
testing programme (Bund/Lander-Arbeitsgruppe Dioxine, 2001). Data from 1995-
98 for breast milk samples from mothers aged 25-43 years who were nursing their 
first infant showed considerable variation by age (Figure 27). When linear regression 
was applied, a mean increase of 0.47 ng/kg of lipid per year was derived, expressed 
as toxic equivalents. 

6.4.6 Data from countries not participating in WHO field studies 

As the third round of WHO-coordinated studies of intake of PCDDs, PCDF sand 
relevant PCB congeners is being conducted, data from other countries since 1993 
were gathered from submissions or from the literature. Data from overviews were 
also used. Only information on background contamination is summarized here. 

Figure 27. Dependence on age of the international dioxin toxic equivalent (1-TEq) 
content of breast milk samples, Germany, 1995-98, 116 mothers nursing their first 
infant 
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Brazil: The concentrations of PCDDs/PCDFs were determined in a pooled sample 
of breast milk from 40 mothers, 33 at their first lactation and seven at their second 
(age, 15-38 years), living in the urban area of Rio de Janeiro county in 1992. The 
dioxin content was 8.1 pg/g of lipid expressed as international toxic equivalents 
(Paumgartten et al., 2000). 

Canada: Canada provided data on dioxin toxic equivalents in over 400 human 
milk samples collected across the country in 1986-87 (Ryan et al., 1993b). Of these, 
100 samples, selected by province according to population, were analysed for 
PCDDs/PCDFs. The results showed the presence of 11 analytes with 2,3,7,8 
substitution. The mean value for the country was about 15 pg/g of lipid. The data 
from the second round of the WHO-coordinated study showed a range of 11-29 pg/g 
of lipid and significant differences between the provinces. Additionally, in human 
milk collected in 1997 from residents of northern Canada (Keewatin), the mean 
content of PCDD/PCDF toxic equivalents was 4.9 pg/g of lipid, and that of non
ortho PCB toxic equivalents was 1.7 pg/g of lipid (Newsome & Ryan, 1999). 

Egypt: Pooled breast milk samples were obtained from 45 mothers in Cairo, 30 
from lsmaila and 12 from EI-Menia, providing a representative overview for the 
country. The dioxin international toxic equivalents concentrations were 20-25 pg/g 
of lipid. Samples from Aswan, however, had a content of 11 pg/g of lipid. These 
findings corresponded to the finding of elevated concentrations of dioxin toxic 
equivalents in butter samples from northern Egypt, whereas butter samples from 
southern Egypt had the usual background contamination (Malisch et al., 2000). 

European Union: The national average concentrations of PCDDs, PCDFs and 
coplanar PCBs (in pg of toxic equivalents per g of lipid) in representative human 
milk samples were summarized in the SCOOP report (Commission of the European 
Union, 2000a). The results are shown in Table 23. 

Before 1995, the national average concentrations ranged from 1 0 to 34 pg/g of 
lipid expressed as international toxic equivalents. During 1995-99, the national 
average concentrations ranged from 8 to 16 pg/g of lipid, some countries clearly 
showing a downwards trend. 

The SCOOP report noted that the the mother's intake throughout life, the number 
of previously breastfed children, residential factors, personal characteristics and 
various toxicokinetics factors result in the concentrations observed in human milk. 
Furthermore, several factors such as the methods of sample collection (e.g. time 
after childbirth, number of children), storage and transport of samples have been 
found to be relevant. All these factors may lead to the differences in mean 
concentrations of dioxins and PCBs observed in the various studies on human milk. 
Such differences can be even larger when the concentrations in individual samples 
from the same population are compared. The latest WHO field study on human milk 
samples revealed a coefficient of variation of 30-40% in the international toxic 
equivalent concentration in individual samples. Thus, both methodological factors 
and population and individual characteristics explain the differences seen in Table 23. 

Finland: The dioxin concentrations in this population, who frequently eat fish 
from the Baltic Sea, are comparable to those seen in inhabitants of Seveso, Italy, 
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Table 23. Toxic equivalents of PCDDs, PCDFs and coplanar PCBs in human milk 
(pglg of fat) in countries of the European Union 

Country PCDDs/PCDFs Coplanar PCBs 

Before 1990 1990-94 1995-99 Before 1990 1990-94 1995-99 

Belgium 25 6.6 
Denmark 18 17 18 
Finland 20 13 25 12 
France 16 
Germany 31 21 14 
Italy 25 
Netherlands 34 24 21 
Norway 10 29 
Sweden 13 7.9 19 

Range of means 18-34 10-25 8-16 25 7-29 No data 

after the accidental release of TCDD in 1976. High concentrations of international 
toxic equivalents were observed in frequent fish eaters (median, 170 pg/g of lipid; 
mean, 180; range, 51-420; n = 26). The value for men in Finland (median, 32 pg/g 
of lipid; mean, 33; range, 12-81; n = 45) was considered to be the normal 
concentration for men aged 40-70 years (Kiviranta et al., 2000). 

France: A study was conducted in 1998 and 1999 on 244 breast milk samples 
from each of the eight French territorial zones. The mean concentration of PCDDs/ 
PCDFs international toxic equivalents in milk was 17 pg/g of lipid (or 20 pg/g of lipid 
expressed as WHO toxic equivalents), with a range of 6.5-34 (7.8-41) (Frery et al., 
2000). 

Germany: A summary of data from the State Institutes for Chemical Analysis of 
Food was evaluated for PCDD/PCDF international toxic equivalents in breast milk 
in Germany (Bund/Ui.nder-Arbeitsgruppe Dioxine, 2001 ). Between 1986 and 1998, 
1732 samples were collected from Baden-Wurttemberg, Bayern (Bavaria), Nordrhein
Westfalen and Niedersachsen (Lower Saxony) and the Federal Health Institute (Table 
24). These data confirm a decrease from about 30 pg/g of lipid in 1990 to about 
12 pg/g of lipid in 1998. 

Japan: A report on the tolerable daily intake of dioxins in Japan showed a decrease 
in the concentration of toxic equivalents of PCDDs/PCDFs in breast milk between 
1973 and 1995, from about 30 pg/g of fat in the 1970s to about 20 pg/g of fat in the 
1990s, and, for coplanar PCBs, from about 30 pg/g of fat to about 1 0 pg/g of fat 
(Environment Agency of Japan, 1999). A range of 12-37 pg/g of fat was reported for 
international toxic equivalents (Hashimoto et al., 1995; Hirakawa et al., 1995). The 
Environmental Protection Agency (2000a) in the USA reported that samples collected 
in Japan between 1989 and 1992 contained 28-45 pg/g of lipid expressed as WHO 
toxic equivalents of PCDDs/PCDFs. 
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Table 24. Toxic equivalents of PCDDs/PCDFs in breast milk samples from 
Germany 

Year No. of International toxic equivalents (pg/g fat) WHO toxic equiva-
samples Ients (pg/g fat) 

Minimum Median Mean 95th per- Maximum 
centile Mean Maximum 

1986-90 728 5.6 29 31 87 36 
1991 191 6.4 24 23 48 58 28 65 
1992 171 3.5 21 21 39 48 24 54 
1993 141 4.1 19 21 38 22 
1994 90 4.9 18 17 37 44 20 50 
1995 135 5.4 18 16 32 39 21 46 
1996 81 4.9 14 14 30 30 16 35 
1997 126 6.0 12 12 23 29 14 33 
1998 69 4.7 13 12 23 29 15 32 

Jordan: Thirty individual human milk samples were collected from five main towns 
in Jordan and pooled into six samples. The calculated international toxic equivalent 
values range from 0.19 ng/kg of lipid (excluding 14 undetectable congeners) and 
97 ng/kg of lipid (Aiawi et al., 1996). 

New Zealand: New Zealand provided a press release that stated that the 
concentrations of dioxin in breast milk had fallen by about two-thirds during the past 
decade. The Environmental Protection Agency (2000a) in the USA reported a 
concentration of 21 pg/g of lipid for New Zealand in 1994, expressed as WHO toxic 
equivalents. 

United Kingdom: Samples were obtained and pooled from 20 mothers in 
Birmingham and 23 mothers in Glasgow in 1993 and from 20 mothers in Cambridge 
in 1994. The concentrations of toxic equivalents of dioxins decreased from 29-
37 ng/kg of milk fat in 1987-88 to 21-24 ng/kg of milk fat in 1993-94. The 
concentrations of PCB toxic equivalents in 1993 were 1 Q-12 ng/kg of milk fat, giving 
a total of 31-34 ng/kg milk fat for dioxins and PCBs. PCBs were not determined in 
1987-88 (Ministry of Agriculture, Fisheries and Food, 1997). 

USA: The most extensive study of the body burdens of PCDDs/PCDFs is the 
National Human Adipose Tissue Survey (Environmental Protection Agency, 2000b), 
which involved analysis of 48 samples composited from 865 samples collected in 
1987 from autopsied cadavers and patients undergoing surgery. The mean for all 
the samples was 28 pg/g of lipid expressed as international toxic equivalents or 33 
pg/g of lipid expressed as WHO toxic equivalents. The tissue concentrations of 
international toxic equivalents were found to increase with age (Q-14 years, 9. 7 pg/g 
of lipid; 15-44 years 25 pg/g of lipid; ;::: 45 years, 46 pg/g of lipid). In general, the 
average tissue concentrations were fairly uniform geographically. No significant 
difference was found on the basis of race or between males and females. 

The Centers for Disease Control compiled data on blood concentrations in 
persons with no known unusual or site-specific exposure to PCDDs, PCDFs or 
coplanar PCB. The average concentration of toxic equivalents (calculated according 
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to WHO TEFs from 1998, including dioxins and furans) was 20 pg/g of lipid. The 
coplanar PCBs 3,3',4,4'-TCB, 3,4,4',5-TCB, 3,3',4,4',5-PeCB and 3,3',4,4',5,5'
HxCB add about 2 pg/g of lipid expressed as PCB toxic equivalents. It was assumed 
that values for the missing PCBs would increase the estimate of PCB concentrations 
by another 3.3 pg/g of lipid, for a total value for PCB toxic equivalents of 5.3 pg/g of 
lipid and a total WHO toxic equivalent value (dioxins, furans and coplanar PCBs) of 
25 pg/g of lipid. This is the lipid concentration of toxic equivalents assumed to repre
sent the background value in the USA (Environmental Protection Agency, 2000a). 

The re-assessment of the Environmental Protection Agency (2000a) summarizes 
the concentrations of dioxins in human tissues in Europe, Japan and North America. 
In general, these data represent studies conducted in the late 1980s and early 1990s. 
The mean tissue concentrations of WHO toxic equivalents of PCDDs/PCDFs were 
20-50 pg/g of lipid, with a mid-point value of 35 pg/g of lipid during that period. The 
mean for the USA was 33 pg/g of lipid, and the mean from the European and 
Japanese studies was 41 pg/g of lipid. 

6.4.7 Pattern of congeners 

As mentioned in section 6.4.4, the toxic equivalents of PCDDs/PCDFs and of 
PCBs vary from one region or country to another. The ranking of countries by 
contamination with PCBs is generally not comparable to that by PCDDs/PCDFs. 
Three countries were selected to illustrate the variation not only in toxic equivalents 
but also in congener patterns in breast milk samples obtained from the second 
round of the WHO study of intake (Tables 25 and 26). Librazhd, Albania, was selected 
to represent the areas with the least contamination, Germany to represent those 
with intermediate contamination and Canada (1981) to represent those with the 
heaviest contamination. In addition, serum samples collected in 1995-97 in the 
USA and analysed at the Centers for Disease Control and Prevention were included 
(with permission from the principal investigators). The samples were collected from 
316 persons in six locations: Manchester, Missouri (n = 61 ), Times Beach, Missouri 
(n = 67), Jacksonville, Arkansas (n =57), Oregon (n = 9), Wisconsin (n = 93) and 
North Carolina (n = 29). Table 25 shows the congener pattern on a weight basis, 
and Table 26 shows the congener pattern on the basis of WHO toxic equivalents. 
The contribution of each congener to the sum of the toxic equivalents is shown in 
Table 26. 

These variations cannot be generalized for whole countries or regions but give 
an indication of the variance. Dioxins appear to contribute imprtantly to the PCDD/ 
PCDF toxic equivalents in the USA. It is difficult to compare the contribution of 
PCBs, as not all non-ortho and mono-ortho PCBs of interest were analysed; thus, 
comparisons of the sum of the PCB toxic equivalent values for the four selected 
countries are not appropriate. As an indication of the variation, however, the 
contributions of 3,3 ',4,4 ',5-PeCB, which was analysed in samples in all four countries, 
can be compared. The differences can be summarized by the factors shown in 
Table 27. Whereas the ratio of dioxins:furans in the four countries varied between 
0.5 and 2.5, that of dioxins:3,3',4,4',5-PeCB varied between 0.8 and 6.7. 

6.4.8 Variation in body burden as an estimate of variation in intake 

The integrating property of the long half-lives of PCDDs, PCDFs and coplanar 
PCBs suggests that the variation in body burdens among human populations should 
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Table 25. Concentrations of specific congeners of PCDDs, PCDFs and PCBs in 
human milk and serum (arithmetic mean in pg/g of lipid) 

Compound Breast milk Serum 
(USA; 

Librazhd, Albania Berlin, Germany Canada (1981) n = 316) 
(n = 10; fat (n = 10; fat (n= 200; fat 
content, 4.7) content, 5.0) content, 3.5) 

PCDDs and PCDFs 
2,3,7,8-TCOO 0.4 2.2 3.4 2.1 
1 ,2,3,7,8-PeCOO 1.0 7.1 8.9 5.2 
1 ,2,3,4,7,8-HxCOO 0.6 6.3 84 6.2 
1 ,2,3,6,7,8-HxCOO 4.1 22 NR 73 
1 ,2,3,7,8,9-HxCOO 1.1 5.1 18 7.1 
1 ,2,3,4,6, 7,8-HpCOO 6.3 23 94 79 
1 ,2,3,4,6,7,8,9-0COO 22 160 360 660 
2,3,7,8-TCOF 0.3 NO(< 0.4) 4.2 0.7 
1 ,2,3,7,8,-PeCOF 0.2 NO(< 0.4) NO(< 1) 0.8 
2,3,4, 7,8-PeCOF 3.7 12 13 6.2 
1 ,2,3,4,7,8-HxCOF 1.4 5.5 17 6.5 
1 ,2,3,6,7,8-HxCOF 1.2 4.4 NR 5.3 
1 ,2,3,7,8,9-HxCOF N0(<0.1) NO.(< 0.4) NO(< 1) 0.7 
2,3,4,6, 7 ,8-HxCOF 0.8 1.0 4.3 2.2 
1 ,2,3,4,6,7,8-HpCOF 2.7 3.3 15 13 
1 ,2,3,4,7,8,9-HpCOF 0.1 NO(< 1.0) NO(< 1) 1.3 
1 ,2,4,6,7,8,9-0COF 0.3 NO(< 1.0) NO (<2) 2.1 

Coplanar PCBs 
3,3',4,4'-TCB 0.6 3.0 NO(< 30) 31 
3,4,4 ',5-TCB NA NA NA 3.2 
3,3',4,4',5-PeCB 9.7 83 83 18 
3,3',4,4 ',5,5 '-HxCB 3.9 72 31 19 
2,3,3',4,4'-PeCB 1 300 8 000 NO(< 1800) 
2,3',4,4 ',5-PeCB 5 600 19 000 34 000 
2,3,4,4',5-PeCB NA NA NA NA 
2,3',4,4',5'-PeCB NA NA NA NA 
2,3,3' ,4,4 ',5-HxCB 2 300 NA 10 NA 
2,3,3 ',4,4 ',5 '-HxCB NO(< 1000) NA NO(< 3000) NA 
2,3',4,4',5,5 '-HxCB 1 000 NA NA NA 
2,3,3',4,4 ',5,5 '-HpCB NO(< 500) NA NA NA 

MarkerPCBs 
2,4,4'-TCB NO(< 1500) 3 000 10 000 NA 
2,2',5,5'-TeCB NO(< 1000) 1 000 1 700 NA 
2,2 ',4,5,5 '-PeCB NO(< 1000) 1 000 NO(< 900) NA 
2,2 ',3,4,4 ',5 '-HxCB 13 000 120 000 74 000 NA 
2,2',4,4',5,5 '-HxCB 22 000 160 000 87 000 NA 
2,2 ',3,4,4 ',5,5 '-HpCB 7 500 80 000 40 000 NA 
Total 63 000 380 000 210 000 

OtherPCBs 
2,3,4,4'-TCB NO(< 500) NA NA NA 
2,3',4,4'-TCB NA NA 4 300 NA 
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Table 25 (contd) 

Compound 

Other PCBs (contd) 
2,4,4',5-TCB 
2,3,3',4',6-PeCB 
2,2 ',3,3 ',4,4 ',5-HpCB 
2,2',3,4,4',5',6-HpCB 
2,2 '3,4',5,5 ',6-HpCB 

Breast milk 

Librazhd, Albania Berlin, Germany 
(n = 1 0; fat (n = 1 0; fat 
content, 4.7) content, 5.0) 

2 000 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA, not analysed; NO, not detected; NR, not reported 

Serum 
(USA; 

Canada(1981) n=316) 
(n = 200; fat 
content, 3.5) 

32 000 
NO(< 1200) 
24 000 

5 500 
12 200 

NA 
NA 
NA 
NA 
NA 

to some extent be comparable to the total variation in dietary intake of toxic 
equivalents of these compounds. A precise reflection of the variation is, however, 
unlikely, because, although the half-lives of the various congeners are long, they 
differ (see Table 2). These differences may slightly modulate the variation in intake 
of toxic equivalents, depending on the congener pattern. 

The Environmental Protection Agency (2000a) of the USA presented an analysis 
of the variation in fat intake and in the body burdens of dioxin toxic equivalents, 
which suggests that the ratio of the 95th percentile to the average intake of dioxin 
toxic equivalents is < 2. Similar ratios were found for the 95th percentile to the 
average concentration of dioxin toxic equivalents in breast milk samples and serum 
in studies in the USA shown in Table 22. Fitting of log-normal distributions to these 
results of biomonitoring gave a GSD of approximately 1.5 (Table 28). 

Similarly, analysis of the mean dioxin toxic equivalents in breast milk from all the 
countries that participated in the WHO studies indicated that the variation in intake 
of dioxin toxic equivalents is also described by a GSD of< 2. Insertion of the data 
presented in Tables 21 and 29 into Eq. 1 from section 5.2 results in a GSD of 1.8. 

The results shown in Tables 14 and 16 can be used to derive a GSD for the 
distributions of intake of 1.8 and 2.0 for the national diets and the GEMS/Food 
regional diets, respectively, which are somewhat higher than the GSDs obseNed 
for the breast milk samples. 

6.5 Summary 

Dietary intake of PCDDs, PCDFs and coplanar PCBs was assessed in a 
stochastic model that simulates the distribution of dietary intake of these compounds 
in the population, combining modelled log-normal distributions for concentrations in 
six food groups, log-normal distributions for total food consumption and the fraction 
that each food group contributes to food consumption. Concentration distributions 
were constructed from the data on occurrence submitted to the Committee. The 
distributions of food consumption were based on the results of national suNeys of 
food consumption in various countries and the GEMS/Foods regional diets. 

When the GEMS/Regional diets were used, the range of estimated intake of 
toxic equivalents of PCDDs and PCDFs was 13-140 pg/day at the median and 30-
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Table 26. Concentrations of specific congeners of PCDDs, PCDFs and PCBs in 
human milk and serum (mean WHO equivalents, in pg/g of lipid; undetected= 
LOD/2) 

Compound Breast milk Serum 
(USA; 

Librazhd, Albania Berlin, Germany Canada (1981) n = 316) 
(n = 10) (n = 10) (n = 200) 

ng/g % ng/g % ng/g % ng/g % 

PCODs 
2,3,7,8-TCDD 0.4 6.1 2.2 8.7 3.4 8.0 2.1 11 
1 ,2,3,7,8-PeCDD 0.1 1.S 0.71 2.8 0.89 2.1 O.S2 2.7 
1 ,2,3,4,7,8-HxCDD 0.06 0.9 0.63 2.S 8.4 20 0.62 3.3 
1 ,2,3,6,7,8-HxCDD 0.41 6.3 2.16 8.S NR 0.0 7.3 39 
1 ,2,3,7,8,9-HxCDD 0.11 1.7 O.S1 2.0 1.8 4.2 0.71 3.7 
1 ,2,3,4,6,7,8-HpCDD 0.063 1.0 0.23 0.9 0.94 2.2 0.79 4.2 
1 ,2,3,4,6,7,8,9-0CDD 0.0022 0.0 0.016 0.1 0.036 0.1 0.066 0.4 
SumPCODs 1. 1 18 6.5 26 16 36 12 64 

PCOFs 
2,3,7,8-TCDF 0.03 o.s 0.02 0.1 0.42 1.0 0.07 0.4 
1 ,2,3, 7,8,-PeCDF 0.01 0.2 0.01 0.0 0.02S 0.1 0.04 0.2 
2,3,4, 7,8-PeCDF 1.9 28 6.0 24 6.S 1S 3.1 16 
1 ,2,3,4,7,8-HxCDF 0.14 2.1 O.SS 2.2 1.7 4.0 0.6S 3.4 
1 ,2,3,6, 7,8-HxCDF 0.12 1.8 0.44 1.7 NR 0.0 O.S3 2.8 
1 ,2,3,7,8,9-HxCDF o.oos 0.1 0.02 0.1 o.os 0.1 0.07 0.4 
2,3,4,6,7,8-HxCDF 0.08 1.2 0.1 0.4 0.43 1.0 0.22 1.2 
1 ,2,3,4,6,7,8-HpCDF 0.027 0.4 0.033 0.1 0.1S 0.4 0.13 0.7 
1 ,2,3,4,7,8,9-HpCDF 0.001 0.0 O.OOS 0.0 o.oos 0.0 0.013 0.1 
1 ,2,4,6, 7,8,9-0CDF 0.00003 0.0 o.oooos 0.0 0.0001 0.0 0.00021 0.0 
SumPCOFs 2.3 35 7.1 28 9.3 22 4.8 26 
Sum PCDDs/PCDFs 3.4 52 14 54 25 58 17 89 

Coplanar PCBs 
3,3',4,4'-TCB 0.00006 0.0 0.0003 0.0 0.001S 0.0 0.0031 0.0 
3,4,4',S-TCB NA 0.0 NA 0.0 NA 0.0 0.00032 0.0 
3,3',4,4',S-PeCB 0.97 1S 8.3 33 8.3 19 1.8 9.6 
3,3'.4.4 ·.s.s· -HxCB 0.039 0.6 0.72 2.8 0.31 0.7 0.19 1.0 
2,3,3' ,4,4' -PeCB 0.13 2.0 0.8 3.2 0.09 0.2 NA 0.0 
2,3',4,4 ·,s-PeCS O.S6 8.6 1.9 7.S 3.4 8.1 NA 0.0 
2,3,4,4 ·.s-PeCS NA NA NA 0.0 NA 0.0 NA 0.0 
2,3 ',4,4 ·,s '-PeCB NA NA NA 0.0 NA 0.0 NA 0.0 
2,3,3',4,4 ·,s-HxCB 1.1S 18 NA 0.0 s.o 12 NA 0.0 
2,3,3',4,4 ·,s '-HxCB 0.2S 3.8 NA 0.0 0.7S 1.8 NA 0.0 
2,3',4,4',S,S '-HxCB 0.01 0.2 NA 0.0 NA 0.0 NA 0.0 
2,3,3',4,4 ·,s,S '-HpCB 0.02S 0.4 NA 0.0 NA 0.0 NA 0.0 
Sum PCBs 3.1 48 12 46 18 42 2.0 11 

Sum PCDDs, PCDFs 6.5 100 25 100 43 100 19 100 
and PCBs 

NA, not analysed; NR, not reported 
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Table 27. Ratios of toxic equivalents for congeners in human milk and serum 

Ratio of toxic equivalents Breast milk Serum 
(USA) 

Librazhd, Albania Berlin, Germany Canada (1981) 

Dioxins:furans 0.5 0.9 1.7 2.5 
Dioxins:3,3 ',4,4 ',5-PeCB 1.2 0.8 1.9 6.7 

Table 28. Variation in WHO toxic equivalent concentrations in the results of 
biomonitoring 

Data set Year Median 75th p 90th p 95th p 99th p GSD 

Breast milk, Germany• 1995-98 17.1 22.7 29.8 33.7 43.6 1.53 
1995 19.1 26.6 32.2 37.8 45.6 1.53 

Serum, USAb 1995-98 19.5 26.3 33.7 38.1 49.5 1.53 

P, percentile 
a Table 22 
b Centers for Disease Control (2001) 

Table 29. Between-country variation in mean WHO toxic equivalents in breast 
milk (ng/kg of lipid) 

Country Area• No. of Average toxic equivalents 
individual 
samples PCDDs/PCDFs Coplanar PCBs Total 

Pakistan Lahore 14 3.90 2.30 6.20 
Albania 20 4.30 2.00 6.30 
Hungary 30 8.30 1.60 9.90 
Russian Federation 2 10.55 6.75 17.30 
Finland 34 14.79 3.05 17.84 
Croatia Weighted mean 23 11.28 7.17 18.46 
Denmark 48 15.20 4.50 19.70 
United Kingdom 43 16.46 4.14 20.60 
Czech Republic 22 15.25 7.90 23.15 
Slovakia 20 13.88 9.70 23.58 
Norway 30 10.65 13.13 23.78 
Ukraine 10 12.15 13.25 25.40 
Austria 34 11.70 14.03 25.73 
Germany Berlin 10 16.55 11.70 28.25 
Canada 425 21.52 9.19 30.72 
Spain 29 21.50 9.77 31.28 
Belgium 34 25.53 5.88 31.41 
Netherlands Mean for 17 17 22.45 11.30 33.75 

persons 
Lithuania Weighted mean 36 14.77 20.53 35.30 

Sum 881 

• Unless otherwise indicated, weighted mean for reported areas; areas and data shown in 
Table 21 
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310 pg/day at the 90th percentile. The intakes of toxic equivalents of coplanar PCBs 
were 13-110 pg/day at the median and 37-300 pg/day at the 90th percentile. When 
intake estimates were based on national food consumption surveys, the concentra
tions were lower: for PCDDs and PCDFs, 66-84 pg/day at the median and 160-
210 pg/day at the 90th percentile, and, for coplanar PCBs, 17-94 pg/day at the 
median and 50-250 pg/day at the 90th percentile. Estimates could not be made for 
the sum of PCDDs/PCDFs and PCBs, because data on concentrations were 
submitted separately by the participating countries. 

Several uncertainties were identified in the dietary intake assessment: (i) The 
method used to account for undetectable concentrations in the aggregated data 
submitted was usually unknown. (ii) The data on occurrence consisted partly of the 
results of surveys, probably without random sampling, which would tend to result in 
an overrepresentation of high values. (iii) The GEMS/Food regional diets are based 
on data on food supply (apparent consumption), which are known to result in 
overestimates of food consumption by at least 15%. In general, these uncertainties 
suggest that the intakes given above are overestimates. 

The concentrations of PCDDs, PCDFs and coplanar PCBs vary in products 
bought from retailers. In setting regulatory limits for coplanar compounds, the efficacy 
of such limits and possible undesired consequences of their use should be taken 
into account. The theoretical effects of various limits on reducing both intake and 
the fraction of products that comply with the limits were studied. In general, it was 
found that limits resulting in a substantial reduction of intake result in a concomitant 
increase in the number of products that do not comply with the limit. 

The concentrations of PCDDs, PCDFs and coplanar PCBs in adipose tissue, 
whole blood, blood plasma or human milk provide an alternative measure of human 
exposure. Concentrations have been measured in breast milk in various national 
and international monitoring programmes. The results showed that the interindividual 
variation in concentration was comparable to the variation in simulated intake 
distributions. 

7. PREVENTION AND CONTROL 

7.1 Preharvest control 

The best way to prevent contamination of crops with dioxin before harvest is to 
consider the possible sources and to avoid application of possibly contaminated 
products. As discussed in section 1.4.2, PCDDs/PCDFs are not produced intentionally 
but are found as unwanted and often unavoidable by-products in a number of 
industrial and thermal processes. Contaminated feeds are an important source for 
food of animal origin. The inventories of sources of emissions of dioxins into the 
environment should be extended to the domain of feed materials and feed production. 

7.2 Decontamination 

Food contaminated with coplanar PCBs is decontaminated only with difficulty. 
Defatting processes reduce the dioxin toxic equivalent content of food. For example, 
separation of cream from raw milk separates the contaminated milk fat from the 
uncontaminated whey. Refining could reduce the dioxin toxic equivalents in fat. For 
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example, the high dioxin content of fish oil from fish in the Northern Hemisphere 
could be reduced considerably by refining, as deodorization by vacuum distillation 
also reduces the concentrations of lipophilic contaminants. 

B. DOSE-RESPONSEANALYSISAND ESTIMATION OF RISK 

This section presents an analysis of the dose-response relationships for human 
adverse health effects after exposure to TCDD and related compounds. The ideal 
result would be a description of an overall function, with attendant uncertainty, that 
would permit estimation of the probability that harm will occur after ingestion of a 
particular toxic equivalent dose of dioxin over some period of time. Regrettably, this 
ideal could not be attained with the information, knowledge and methods available 
to the Committee. 

Instead, this section provides a conventional assessment of safety and an 
evaluation of three kinds of responses, with three methods of analysis, that together 
present a composite picture of the present state of scientific knowledge regarding 
the relation between intake of dioxins and risks. The safety assessment resulted in 
a recommendation for a provisional tolerable monthly intake (PTMI). The three 
assessments of dose-response relationships included an analysis of human cancer 
risk inferred from three epidemiological analyses of occupationally exposed persons, 
a semiquantitative analysis of severe chloracne and related effects drawn from 
epidemiological studies of two incidents of ingestion of contaminated cooking oil in 
Japan and Taiwan, and a 'benchmark dose' analysis based on numerous studies of 
non-cancer responses in animals. These assessments are presented to provide a 
context for the safety assessment and also to support mechanistic arguments about 
possible effects at low doses. 

B. 1 Safety assessment 

The safety assessment was based on the results of tests in animals designed to 
identify the region of the dose-response function (for dioxin toxic equivalents alone, 
without consideration of the benefits of the food) that is presumed to result in no 
effect. This method produces a 'tolerable intake'. It involves three steps: evaluation 
of the database to eliminate any studies that are of insufficient quality or would not 
predict the human response, identification of a single most sensitive study as the 
basis for establishing a safe level of intake, and expression of the results of this 
study according to a conventional algorithm, usually dividing the largest NOAEL by 
a safety factor with a default value of 1 00 but which can be assigned values of 3-
1000. This procedure is designed to be biased towards health protection. 
Nevertheless, this protective bias is based on certain assumptions that are not always 
true, e.g. that human susceptibility to the chemical being assessed is within the 
range of that of the animals tested and that the groups of animals at the different 
doses in a test are large enough. 

B. 1.1 Pivotal toxicological data 

Effects on the development of the reproductive system of male and female rat 
offspring exposed to TCDD in utero and during lactation as a result of low maternal 
doses during gestation have been reported in a number of studies (Table 30). 



Table 30. Studies of developmental effects in rat offspring after maternal exposure to TCDD , 
g 

Reference Study Doses Effects fo' , 
Gehrs & Smialowicz (1999) Fischer rats; single dose on GO 14 0 g 

0.1 Suppressed DTH response in males ~ 
0.3 Suppressed DTH response in females Ill ::s 
1.0 Q. 

Murray et at. (1979) Sprague-Dawley rats; three-generation 0 
8 
~ 

study of reproductive toxicity; doses in 0.001 No effect on reproductive end-points in F0 , F, or F2 generation l:> 
).l.g/kg bw per day 0.01 Diminished reproductive success in F, and F2 generations $;; 

0.1 Frankly toxic to reproductive capability of F, generation ::0 , 
Mably et at. (1992a) Male Holtzman rat offspring; single dose 0 &l 

(I) 

on GO 15 0.064 No effect 
0.16 Decreased anogenital distance (absolute only; no change 
0.4 when normalized to body weight according to Birnbaum, 

1998); delayed testicular descent; decreased seminal vesicle 
and ventral prostate weights; nonsignificant decreases in 
plasma testosterone and 5-dehydroxytestosterone concentra-
lions; plasma luteinizing hormone concentration unaffected 

Mably et at. (1992b) Male Holtzman rat offspring; single dose 0 
on GO 15 0.064 No effect 

0.16 Significantly increased latencies to mount, intromission and 
0.4 ejaculation; significantly decreased copulatory rates 
1 

Mably et at. (1992c) Male Holtzman rat offspring; single dose 0 
on GO 15 0.064 Significantly decreased sperm parameters (dose-related) and 

0.16 testis and epididymis weights; no effect on reproductive 
0.4 success (11 ..... 

U) 



Table 30 (contd) U1 
CIO 
0 

Reference Study Doses Effects 

Gray et al. (1997a) Male Long-Evans rat offspring; 0 
single dose on GD 15 0.05 Altered eye opening; reduced ejaculated sperm counts 

0.2 Delayed puberty; permanently reduced cauda epididymis 
0.8 sperm reserves 

Gray et al. (1997b) Female Long-Evans rat offspring; 0 
single dose on GD 15 0.05 No gross effects; histological effects on reproductive tract; no 

effects on reproductive success or on day of vaginal opening 
0.2 Alterations in reproductive tract morphology; no effects on 

reproductive success or on day of vaginal opening 
0.8 Alterations in reproductive tract morphology; delay in time to 

pregnancy and in vaginal opening (1 day) 

Faqi et al. (1998) Male Wistar rat offspring; 0.025 11g/kg bw loading Decreased daily sperm production, number of sperm, sperm 
loading and maintenance 0.005 11g/kg bw per transit rate; increased number of abnormal sperm; increased "tl 
dose regimen before mating week mounting and intromission latencies; no effect on serum test-

() 
0 

osterone concentration or on reproductive success 0 
.!'1 

0.06 11g/kg loading; As above, but mounting and intromission latencies not signifii- "tl 
0.012 11g/kg bw per cantly affected; no effect on serum testosterone concentration () 

0 
week or on reproductive success ~ 
0.3 11g/kg loading; As above, plus decreased serum testosterone concentration; Ill 

0.06 11g/kg bw per week no effect on reproductive success :J 
Q. 
() 

Faqi & Chahoud Female Wistar rat offspring; 0.025 11g/kg loading; Delayed vaginal opening(< 1 day); no effect on reproductive 0 
"tl 

(1998) loading and maintenance 0.005 11g/kg bw per week organ weights or morphology .... 
)::., 

dose regimen beginning 2 0.06 11g/kg loading; No effects ~ 
weeks before mating 0.01211g/kg bw per week ::n 

0.3 11g/kg loading; Delay in vaginal opening (< 1 day); decreased uterine weight; "tl 
() 

0.06 11g/kg bw per week no effect on morphology OJ 
Cl) 



Table 30 (contd) 

Reference Study 

Ostby et al. (1999) Long-Evans rats; 0.010 J,tg/kg bw per 
day for 90 days before mating 

Ohsako et al. (2001) Male Holtzman rat offspring; single 
dose on GD15 

GO, gestation day; DTH, delayed-type hypersensitivity 

Doses 

0 
0.0125 

0.05 

0.2 

0.8 

Effects 

Accelerated eye opening; increased incidence of persi:stent 
vaginal thread in female offspring; no effect on sperm param
eters in male offspring; no effect on number of pups, P'UP 
weight or sex ratio 

No effects on anogenital distance, testis, epididymis or ventral 
prostate weights, gonadotropin or testosterone concentration 
or sperm parameters 
Decreased testicular weight (relative to body weight) only on 
day 120; decreased anogenital distance on day 120 (distance 
relative to body weight not reported); no effect on epidi'dymis or 
prostate weights, hormone concentrations or sperm patrameters 
Decreased ventral prostate weight on day 120; decreased abso
lute anogenital distance; no effect on testicular weight or other 
parameters 
Decreased ventral prostate weight on day 49; decreas•ed abso
lute anogenital distance; no effect on testicular weight or other 
parameters 

U1 
Q) ... 
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Development of the immune system has also been reported to be affected at low 
maternal doses. The effects on the development of the reproductive system, 
particularly in male rat offspring of treated females, appear to be the most sensitive 
end-points. 

Effects in the offspring of female rats treated with TCDD during gestation have 
been studied extensively (Mably et al. 1992a,b,c; Gray et al., 1997a,b; Faqi & 
Chahoud, 1998; Faqi et al., 1998; Gehrs & Smialowicz, 1999; Ostby et al., 1999; 
Ohsako et al., 2001 ). In most of these studies, effects were observed in male rat 
offspring at doses below those that induced effects in female offspring. In male rat 
offspring, the most sensitive reproductive end-points appeared to be effects on sperm 
counts and related parameters and effects on ventral prostate weight, depending 
on the study. In female rat offspring, the occurrence of a persistent thread of tissue 
across the vaginal opening (vaginal thread, see Flaws et al., 1997) was observed in 
some studies, but not others, at doses somewhat higher than those that induced 
effects in male rate offspring. However, the pattern of effects in male and female 
offspring was not completely consistent across studies and rat strains. 

8. 1.2 Adjustment from bolus dose to equivalent body burden in studies of 
developmental toxicity 

The time of treatment in the studies of developmental toxicity, day 15 of gestation, 
marks the onset of the endocrine-sensitive phase of sexual differentiation in rats 
and therefore represents a critical time of fetal exposure. The bioavailability of TCDD 
to the fetus at a given maternal body burden may differ with a bolus dose and with 
dietary intake at steady state. As placental transfer is mediated via the blood, the 
serum rather than the tissue concentrations are critical in determining the extent of 
fetal exposure. After a bolus dose, the serum concentration of TCDD rises, before 
redistribution to the tissue compartments. In contrast, low-level long-term exposure 
does not significantly increase the serum concentration. This would suggest that 
the determinant of reproductive effects is the fetal concentration on day 15-16 of 
gestation, which, as noted above, is likely to be higher after a single bolus dose than 
after long-term intake of a lower concentration. 

The issue of the difference in the fetal body burden after a single bolus dose and 
after low long-term exposure leading to a similar maternal body burden was 
addressed in a study in which radio label was measured in maternal and fetal tissues 
of Long-Evans rats on day 16 of gestation after short-term administration of [3H]TCDD. 
The rats were given [3H]TCDD by gavage at 1, 10 or 30 ng/kg bw in corn oil, 5 days 
per week, for 13 weeks. At the end of this period, the rats were mated, and dosing 
was continued daily throughout gestation. The regimen produced a steady-state 
concentration of TCDD in the dams; the average maternal and fetal body burdens 
on day 16 of gestation are shown in Table 31, where they are compared with the 
average maternal and fetal body burdens found on day 16 of gestation after a single 
dose of TCDD by gavage on day 15 of gestation. 

Using the data of Hurst et al. (2000a,b) (Table 31 ), the Committee developed 
two alternative methods for calculating the maternal body burden after repeated 
dosing which would result in the same body burden in fetuses as after administration 
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Table 31. Average maternal and fetal body burdens on day 16 of gestation after a 
single dose and after short-term intake of TCDD by pregnant rats 

Single dose on day 15 of gestation• Short-term intakeb 

Dose Body burden Adjusted daily Body burden 
(ng/kg bw) dose (ng/kg bw ----------

Maternal Fetal Maternal: per day) c Maternal Fetal Maternal: 
(ng/kg bw) (ng/kg bw) fetal (ng/kg bw) (ng/kg bw) fetal 

50 
200 
800 

1000 

30 
97 

520 
580 

5.3 
13 
39 
56 

a Data from Hurst et al. (2000a) 
b Data from Hurst et al. (2000b) 

5.7 
7.4 

13 
10 

0.71 
7.1 

21 

c Adjusted to continuous intake from results for 5 days/week 

20 
120 
300 

1.4 
7.5 

15 

14 
16 
20 

of a bolus dose on day 15 of gestation.ln one method, a linear relationship is assumed 
between the administered dose and the maternal and fetal body burdens; in the 
other, a nonlinear relationship is assumed. The two methods and their justification 
are discussed below. 

For the linear approach, least-squares linear fits of dose versus maternal and 
fetal body burdens were derived from the data in Table 31. As radiolabelled TCDD 
was used in both studies, a zero intercept was assumed for the fitted line. None of 
these fits showed what appeared to be any significant deviation from linearity 
(Figure 28). The fitted slopes were 0.609 [maternal body burden, bolus dose] 0.0534 
[fetal body burden, bolus dose], 14.4 [maternal body burden, repeated dose] and 
0.749 [fetal body burden, repeated dose]. Consequently, these data predict that the 
ratio of fetal:maternal body burden would be (0.0534/0.609)/(14.4/0.609) = 1.68 
times higher after a bolus dose than after repeated dosing resulting in the same 
total dose. 

In general, TCDD displays non-linear kinetics, owing to its binding to inducible 
hepatic CYP proteins. This effect is seen in particular after repeated doses of TC DD, 
but only at doses that far exceed those used by Hurst et al. as repeated doses. In 
fact, clear linear accumulation of TCDD in the body is observed after long-term 
exposure to doses of TCDD:;:; 125 ng/kg bw per day, which is sixfold higher than the 
maximum dose used by Hurst et al.. Similarly, in the study with a single dose, the 
time between administration of TCDD (day 15 of gestation) and determination of the 
body burden (day 16 of gestation) was too short to allow a significant effect of induction 
of hepatic proteins on the linear kinetics of TCDD. Consequently, linear kinetics are 
expected to obtain in this study also. 

As further evidence for the non-linear approach, it was noted that extrapolation 
of the relationship between the fetal and maternal body burden did not intercept at 
zero as would have been expected, as radio labelled TCDD was used in both studies. 
Therefore, a best-fit analysis was made of each data set in the range of fetal body 
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Figure 28. Linear fits to the data of Hurst et al. (2000a,b) in Table 31 
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Figure 28 (contd) 
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burdens from 0 to 15 ng/kg bw, constraining the curves to pass through the origin. 
Both data sets were lit to power equations, with the following result: 

single dose: (R2 = 0.999) (Hurst et al., 2000a) 

short-term intake: R2 = 0.999) (Hurst et al., 2000b), 

where Y is the maternal body burden of TCOO (ng/kg bw) and X is the fetal body 
burden (ng/kg bw). 

These two equations were used to calculate the corresponding maternal body 
burdens for fetal body burdens ranging from 0 to 15.2 ng/kg bw (Table 32). The 
calculations indicated that the factor for converting maternal body burden after a 
single dose into a corresponding steady-state body burden is approximately 2.6. 
These do not provide assurance that the correct relationships have been found: 
they were used solely to express the data in such a way as to allow extrapolation 
between results obtained by giving single doses by gavage and in short-term studies 
with daily doses, for the purpose of estimating steady-state body burdens. 

8.1.3 Selection of critical studies 

A number of biochemical changes, such as enzyme induction, altered expression 
of growth factors and enhanced oxidative stress, have been noted in experimental 
animals with TCDD body burdens within a lower range of 3-10 ng/kg bw. These 
biochemical effects were considered to be early markers of exposure to PCDOs, 
PCDFs and coplanar PCBs or events induced by these compounds in animals and 
in humans that may or may not result in adverse effects at higher body burdens. 

The studies reviewed included those evaluated by IPCS in 1998 (Mably et al., 
1992a,b,c; Rier et al., 1993; Gehrs et al., 1997; Gray et al., 1997a,b; Gehrs & 
Smailowicz, 1998) and two further studies (Faqi etal., 1998; Ohsako et al., 2001 a,b). 
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Table 32. Fetal and maternal body burdens of TCDD after single and short-term 
administration, on the basis of a non-linear relationship between dose and body 
burden 

Fetal body burden Maternal body burden Steady-state maternal Ratio of maternal body 
(ng/kg bw) after single dose body burden after burden after single and 

(ng/kg bw) short-term intake short-term intake 
(ng/kg bw) 

1.2 5.0 12.3 2.5 
1.4 5.9 14.6 2.5 
1.7 7.5 18.6 2.5 
1.8 8.0 20.0 2.5 
1.9 8.5 21.0 2.5 
2.1 10 25.0 2.5 
3.0 15.5 39.0 2.5 
5.3 31 78.6 2.5 
6.3 38.5 99.0 2.6 
7.5 47.5 122 2.6 
8.0 52 134 2.6 
9.0 60 156 2.6 

13.2 95.7 251 2.6 
15.2 113 299 2.7 

The most sensitive adverse effects reported were on development in male rat 
offspring and immunological deficits after prenatal exposure to TCDD (Table 33). 

The reported increase in risk for endometriosis in rhesus monkeys after long
term intake of TCDD should be interpreted with caution, as the daily intake was not 
adequately reported. In addition, analyses conducted 13 years after the end of 
treatment showed high concentrations of coplanar PCBs in the blood of the monkeys 
with endometriosis, possibly from an unknown source of PCB. The Committee also 
noted that the doses used in some of the pivotal studies in rats (Table 33) would 
result in similar or lower equivalent human monthly intakes (EHMis) than that from 
the LOEL for endometriosis in monkeys. 

In one of the new studies (Ohsako et al., 2001), pregnant Holtzman rats were 
given a single oral dose of TCDD at 0-800 ng/kg bw on day 15 of gestation, and the 
male offspring were examined on day 49 or 120 after parturition. No changes were 
seen in testicular or epididymal weight nor in daily sperm production or sperm reserve 
at any dose. However, the weight of the urogenital complex, including the ventral 
prostate, was significantly reduced at doses of 200 and 800 ng/kg bw in rats killed 
on day 120. Moreover, the anogenital distance of male rats receiving doses 2:: 50 ng/kg 
bw and killed at this time was significantly decreased. The Committee noted that 
administration of TCDD at any dose resulted in a dose-dependent increase in Sa
reductase type 2 mRNA and a decrease in androgen receptor mRNA in the ventral 
prostate of rats killed at day 49 but not in those killed at day 120, with no adverse 
sequelae at the lowest dose of 12.5 ng/kg bw. On the basis of 60% absorption and 
an assumption of a linear relationship for the data in Table 31, the equivalent maternal 



Table 33. Studies providing the body burdens" at which no effect and the lowest obst~rved effect were seen for the most sensitive 
adverse effects of TCDD on developmental end-points in rats 

Reference; rat strain 

Ohsako et al. (2001 ); 
Holtzman 

End-point 

Ventral prostate weight; decreased 
anogenital distance in male offspring 

Dosing regimen 

Single oral bolus dose by gavage 
on day 15 of gestation 

Faqi et al. (1998); 
Wistar 

Decreased sperm production and Loading dose; maintenanoce dose 
altered sexual behaviour in male offspring by subcutaneous injection1 

Gray et al. (1997a,b); 
Long-Evans 

Accelerated eye opening and decreased 
sperm count in offspring 

Mably et al. (1992c); Decreased sperm count in offspring 
Holtzman 

Gehrs et <(t:t1997); Gerhs Immune suppression in offspring 
& Smialow~ (1998); 

• Body burdens estimated froma linear fit to the data in Table 31 

Single oral bOlus dose by gavage 
on day 15 of gestation 

Single oral bolus dose by gavage 
on day 15 of gestation 

Single oral bolus dose by gavage 
on day 14 of gestation 

No-effect 
body burden 
(ng/kg bw) 

13 

Lowest effective 
body burden 
(ng/kg bw) 

51 

25 

28 

28 

50 
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body burden after multiple doses at this NOEL would be 13 ng/kg bw. When the 
power model is used to fit the data in Table 31 (reported in Table 32), the lowest 
observed effective body burden was estimated to be 19.1 ng/kg bw. The LOEL of 
50 ng/kg bw per day corresponds to an equivalent body burden of 51 ng/kg bw in 
the linear model and 76 ng/kg bw in the power model. 

The lowest LOEL reported for effects on the reproductive system was in a study 
of male offspring of Wistar rats (Faqi et al., 1 998). In that study, the dams were 
treated subcutaneously before mating and throughout mating, pregnancy and 
lactation. They received an initial loading dose of [14C]TCDD at 25, 60 or 300 ng/kg 
bw 2 weeks before mating and were then given a weekly maintenance dose of 
TCDD at 5, 12 or 60 ng/kg bw. The size of the maintenance doses was based on a 
reported elimination half-life of 3 weeks for adult rats. Effects on male reproduction 
were studied on postnatal days 70 and 170. The number of sperm per cauda 
epididymis was reduced in all TCDD-treated groups at puberty and at adulthood. 
Daily sperm production was permanently decreased, as was the sperm transit rate 
in the TCDO-exposed male offspring, thus increasing the time required by the sperm 
to pass through the cauda epididymis. Moreover, the male offspring of the TCOD
treated groups had increased numbers of abnormal sperm at adulthood. Mounting 
and intromission latencies were significantly increased for male offspring of dams at 
the lowest and highest doses but not for those at the intermediate dose. There was 
no clear dose-response relationship for most effects in the treated groups. Offspring 
of dams at the highest dose had decreased serum testosterone concentrations at 
adulthood and permanent changes in the testicular tubuli, including pyknotic nuclei 
and the occurrence of cell debris in the lumen. The fertility of the male offspring was 
not affected by any maternal dose. 

In computing the dose required to produce the fetal concentration seen after the 
intial loading dose of 25 ng/kg bw, it was noted that this dose would have been 
reduced to 20 ng/kg bw before administration of the maintenance dose of 5 ng/kg 
bw on day 14. From the linear fit to the data in Table 32, the fetal body burden 
resulting from a maternal body burden of 20 ng/kg bw would be 1.04 ng/kg bw. The 
maintenance dose of 5 ng/kg bw administered on day 14 of gestation would make 
an additional contribution to the fetal body burden of 0.27 ng/kg bw, resulting in a 
total fetal body burden of 1.31 ng/kg bw. From the linear fit to the data in Table 32, a 
maternal TCDD body burden of 25 ng/kg bw at steady state would be needed to 
achieve this fetal body burden. 

The studies summarized in Table 33 provide evidence of adverse effects on the 
reproductive system in the male (and female) offspring of pregnant rats exposed to 
TCDO. The studies demonstrate reductions in daily sperm production, cauda 
epididymidal sperm number and epididymis weight as well as accelerated eye 
opening, reduction in anogenital distance and feminized sexual behaviour of male 
offspring, associated with maternal steady-state body burdens of TCDD of :::::25 ng/kg 
bw. Reductions in the weights of the testes and the size of sex accessory glands, 
such as the ventral prostate, in male offspring, development of external malformations 
of the genitalia in female offspring and reduced male and/or female fertility required 
higher maternal body burdens. The most sensitive end-points identified differed 
between studies. This might reflect strain differences in sensitivity and/or even minor 
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differences in the experimental conditions, e.g. the diet. In one study, a single maternal 
dose of TCDD at 12.5 ng/kg bw by gavage decreased the androgen receptor mANA 
level in the ventral prostate at puberty (postnatal day 49), indicating reduced 
androgenic responsiveness. However, at this dose, none of the above-mentioned 
adverse effects was seen in male offspring. The dose corresponds to an estimated 
maternal steady-state body burden of approximately 19 ng/kg bw. As for enzyme 
induction, altered expression of growth factors and enhanced oxidative stress, the 
Committee considered this effect to be an early marker of exposure to TCDD or an 
event that may or may not result in adverse effects at higher body burdens. 

The studies listed in Table 33 were those considered by the Committee in 
identifying the LOEL and associated NOEL for assessment of tolerable intake. The 
LOEL was identified in the study of Faqi et al. (1998), and a NOEL was identified in 
the study of Ohsako et al. (2001 ). With the pharmacokinetic conversions described 
in Table 34, these two studies indicate a lowest effective maternal body burden of 
25 ng/kg bw and a maternal body burden with no effect of 12.5 ng/kg bw. 

8.1.4 Background body burdens in laboratory animals 

As radio labelled material was used in the studies considered for estimating body 
burden from the distribution of TCDD after multiple dosing, the known background 
concentrations of TCDD and other PCDDs and PCDFs in laboratory rodent tissues 
resulting from traces of these compounds in laboratory feed were ignored. The 
Committee identified two studies that could be used to predict the intake by rats of 
coplanar compounds in laboratory feed (van den Heuvel et al., 1994; Vilukesa et al., 
1998a). The results of these studies were mutually consistent and predicted that 
'unexposed' laboratory rats had body burdens of toxic equivalents of 3-12 ng/kg 
bw, depending on age. Thus, the maternal body burdens of TCDD in studies with 
radiolabelled material should be adjusted upwards by a minimum of 3 ng/kg bw to 
account for the background concentrations of unlabelled PCDDs and PCDFs. This 
may still lead to underestimates of the maternal body burden of toxic equivalents, 
as 3 ng/kg bw was the minimum dose in the two studies, and in one of the studies 
coplanar PCB compounds were not included. 

Addition of 3 ng/kg bw to the LOEL identified by Faqi et al. (1998) and the NOEL 
identified by Ohsako et al. (2001) resulted in estimated total body burdens of toxic 
equivalents of 16 and 28 ng/kg bw, respectively. 

8.1.5 Selection of safety factors 

Safety factors typically used in establishing tolerable levels of intake for humans 
on the basis of results in animals usually include a factor for converting a LOEL to a 
NOEL (if needed), a factor for extrapolating from animals to humans, and factors to 
account for interindividual variations in susceptibility. Factors of 10 have often been 
used for interspecies extrapolation and human variability, and a factor of 3 or 1 0 for 
extrapolating from a LOEL to a NOEL (WHO, 1994). 

As discussed above, a NOEL was identified for effects in male rat offspring; 
thus, no factor for conversion from a NOEL to a LOEL was needed for the EHMI 
derived from the study of Ohsako et al. (2001 ). As concluded at the 1998 WHO 
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consultation (van Leeuwen & Younes, 2000), use of body burdens to scale doses 
from animal studies to equivalent human levels removes the need for safety factors 
for differences in toxicokinetics between animals and humans. A safety factor must 
be applied, however, to account for interindividual differences in toxicokinetics among 
humans. Only limited data were available on the toxicokinetics of TCDD in humans, 
and it was considered that the default factor of 3.2 (WHO, 1994) was appropriate. 

Humans may be less sensitive than rats to some effects, but the conclusion is 
less certain for others, and it cannot be excluded that the most sensitive humans 
might be as sensitive to the adverse effects of TCDD as rats were in the pivotal 
studies. Therefore, it was concluded that no safety factor in either direction need be 
applied for differences in toxicodynamics among humans. 

Use of the LOEL instead of the NOEL indicates the need for an additional safety 
factor (WHO, 1994 ). As the LOEL reported by Faqi et al. {1998) for the sensitive 
end-point was considered to be close to a NOEL and represented marginal effects, 
it was considered appropriate to apply a factor of 3 to account for use of a LOEL 
instead of a NOEL. This leads to an overall safety factor of 9.6 {3 x 3.2). 

It was concluded that a total safety factor of 3.2 should be applied to the EHMI 
associated with the NOEL identified by Ohsako et al. {2001) and a total safety factor 
of 9.6 to the EHMI associated with the LOEL identified by Faqi et al. {1998). 

8.1.6 Provisional tolerable monthly intake 

The PTMI is a measure used by the Committee for food contaminants with 
cumulative properties. Its value represents the permitted human monthly exposure 
to contaminants unavoidably associated with otherwise wholesome and nutritious 
foods. As stated in the discussion of toxicokinetics, the long half-lives of PCDDs, 
PCDFs and coplanar PCBs result in only a small or even negligible effect of each 
daily ingestion on overall intake. The appropriate period over which to average intake 
of dioxin is therefore months. Only after consideration of the total or average intake 
of PCDDs, PCDFs and coplanar PCBs over months can the long-term or short-term 
risk to health of intake of these compounds be estimated reliably. The tolerable 
intake should therefore be assessed over 1 month or longer. To encourage this 
view, the tolerable intake is expressed as a monthly value. 

As shown in Table 34, use of the linear model to extrapolate the maternal body 
burden at the NOEL after a single dose in the study of Ohsako et al. (2001) to that 
expected after multiple doses shows that the EHMI expected to result in a body 
burden that is below that which had effects in animals is 237 pg/kg bw. The PTMI 
derived by application of the safety factor of 3.2 to this EHMI is 74 pg/kg bw. 

Similarly, as shown in Table 34, the PTMI derived by application of the safety 
factor of 9.6 to the EHMI derived from the study by Faqi et al. {1998) is 44 pg/kg bw. 

As also shown in Table 34, use of the power model to extrapolate the maternal 
body burden incurred after a single dose to that after multiple doses results in PTMis 
of 1 03 pg/kg bw for the NOEL of Ohsako et al. {2001) and 66 pg/kg bw for the LOEL 
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Table 34. Summary of four calculations of provisional tolerable monthly intakes (PTMis) 
for PCDDs, PCDFs and coplanar PCBs 

Linear model Power model 

Ohsako et al. Faqi et al. Ohsako et al. Faqi et al. 
(2001) (1998) (2001) (1998) 

Administered dose (ng/kg bw)• 12.5 12.5 
Maternal body burden (ng/kg bw)b 7.6 2Sb 7.6 2Sb 
Equivalent maternal body burden 13C 25C 19d 39d 

with repeated dosing (ng/kg bw) 
Body burden from feed (ng/kg bw) 3 3 3 3 
Total body burden (ng/kg bw) 16 28 22 42 

EHMI (pg/kg bw per month) 237 423 330 630 

Safety factor 3.2 9.6 3.2 9.6 

PTMI (pg/kg bw per month) 74 44 103 66 

EHMI, equivalent human monthly intake 

a Bolus dose (NOEL) 
b Target maternal body burden after repeated dosing (LOEL) 
c Linear relationship between fetal and maternal body burden assumed from data in Table 30 
d Non-linear relationship between fetal and maternal body burden assumed from data in 

Table 30 
• For humans, 7.6 year half-life and 50% uptake from food assumed (Eq. 1) 

of Faqi et al. (1998}. 

The range of PTMis derived from the two studies, with either the linear or the 
power model for extrapolating the maternal body burden after single or multiple 
doses, is 40-100 pg/kg bw per month. The mid-point of this range, 70 pg/kg bw per 
month, was chosen as the PTMI for use in the safety assessment. Further-more, in 
concordance with the 1998 WHO consultation (van Leeuwen & Younes, 2000}, the 
Committee concluded that this tolerable intake should be applied to the intake of 
PCDDs, PCDFs and coplanar compounds expressed in WHO TEFs. 

8.2 Dose--response relationship above the tolerable intake 

Effects due to ingestion of dioxins follow from binding of these compounds to the 
Ah receptor and subsequent biological events. Different animal species have different 
reactions, both qualitatively and quantitatively, although a few responses, such as 
mixed-function oxidase enzyme induction, seem to be near-universal. 

8.2. 1 Effects of uncertainty in estimates of intake 

Until recently, researchers assumed that clearance of TCDD and its relatives 
was (or could be approximated by} a simple first-order process of the familiar kind. 
In this method, the change in concentration over time is used to estimate a half-life 
for depuration (i.e., the time required to reduce the concentration by half}, from 
which a rate constant can be calculated. The model is not consistent with several 
observations, however, most notably measurements of clearance rates at high doses 
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in the Yusho and Yu-Cheng rice oil poisoning incidents. It is also not consistent with 
the observation that background concentrations of dioxin are excreted both 
unchanged and as an oxidized metabolite (not identified in humans) (Wendling et 
al., 1990) Excretion unchanged is a diffusion-limited process, while excretion of a 
metabolite is probably a first-order reaction (assuming that oxidation is rate-limiting); 
however, the data suggest that considering these two processes as one does not 
introduce a large error. These observations show that, for body burdens> 1000 ng/kg 
bw, the initial depuration half-life is about 1 year, while those based on measure
ments of blood concentrations nearer to the background level are about 10 years. 
Back-calculation of the initial doses received in the Yusho and Yu-Cheng incidents 
from concentrations measured many years later results in underestimates of the 
actual doses by about an order of magnitude. Carrier et al. (1995a,b), Andersen 
and co-workers (Leung et al., 1990a,b) and Zeilmaker and van Eijkeren {1997, 1998; 
Zeilmaker et al., 1999) have shown that more complex models are required to account 
for the clearance rates of high doses. They have explained this discrepancy as a 
function of variable storage of dioxins in proteins induced in the liver. Depuration 
from this store is much more rapid than that from lipid stores, and, in addition, induction 
oxidase enzymes may further speed clearance. 

In general, estimates of intake generated by back-calculating from a blood-lipid 
concentration measured years after peak intake are uncertain because they assume 
that depuration from peak intake follows first-order kinetics. Thus, estimates are 
affected by a systematic error; the Committee estimated that the highest lipid 
concentrations were actually about 50% higher. Correction for this systematic error 
would tend to reduce the slopes of the curves fitted to data based on first-order 
kinetics. 

In most of the incidents of occupational exposure and in Seveso, some of the 
exposure occurred via dermal absorption. As TCDD and compounds with similar 
chemical properties dissolve in and are strongly bound to the skin (Banks & Birnbaum, 
1991; Weber et al., 1991 ), estimates of local skin dose based on analyses of blood 
or internal organs will be systematically low. The Committee commented on instances 
in which such uncertainty should be taken into account. 

8.2.2 Quantitative uncertainty in human cancer risk assessment 

As noted in the review of epidemiological studies of cancer, several authors 
found dose-related trends in the risks for cancers at all sites and for cancers at 
various specific sites. To explore the potential quantitative range of cancer risks 
suggested by these studies, a meta-analysis was conducted by the Committee of 
the combined data on all cancers from the epidemiological studies for which 
appropriate data were available. Three such studies were identified: the study of 
German pesticide and herbicide workers by Flesch-Janys (1998), the study by Ott 
& Zober {1996) of German workers whose exposure resulted from an industrial 
accident and the updated follow-up by Steenland et al. {1999, 2001) of a cohort of 
workers exposed to dioxin-contaminated chemicals at several plants in the USA. 

In order to compare risks indicated by different studies, exposure must be 
quantified by a common metric that is plausibly related to risk. As the analysis was 
based on published data, selection of the dose metric was limited by the way in 
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which the data were reported. Cumulative serum lipid concentration was selected 
for the meta-analysis. This measure is a form of cumulative exposure, with serum 
lipid concentration representing a measure of internal exposure. 

Flesch-Janys (1998) categorized observed and expected numbers of cancer 
deaths by quartiles of cumulative concentration of TCCD toxic equivalents in serum 
lipid, reduced by the cumulative TCDD toxic equivalents contributed by the 
background. Since only ranges were provided by Flesch-Janys (1998), average 
values within these ranges were assumed (the mid-point for bounded ranges and 
twice the lower bound for the highest (unbounded) ranges). The observed and 
expected numbers of cancer deaths, relative risks and estimated cumulative 
concentrations are shown in Table 35. 

Ott & Zober (1996) categorized the deaths from cancer and SM Rs by the 
estimated total dose of TCDD (~g/kg bw). To convert these total doses to cumulative 
concentrations of TCDD in serum lipid, they were divided by 0.25 (assuming an 
average per cent body fat of 25%) and then divided by the decay rate (0.099/year) 
corresponding to a half-life of 7 years. As exposure in this study was the result of an 
accident and follow-up continued for 40 years after the accident, this was considered 
to be an adequate approximation, given the other uncertainties in exposure. The 
average exposures within categories were estimated as described above. The results 
are shown in Table 35. 

Steenland et al. (1999) categorized observed and expected cancer deaths (the 
latter based on age-, sex- and calendar year-adjusted mortality rates in the USA) by 

Table 35. Dose-response relationships found in three epidemiological studies of 
persons exposed to dioxins 

Reference Cumulative concentration No. of deaths from cancer 
of TCDD toxic equivalents 
in serum (ng/kg-years) Observed Expected SMR 

Flesch-Janys et al. (1998) 180 25 23.3 107 
988 34 20.8 164 

3 416 31 23.3 133 
10 425 34 20.8 164 

Ott & Zober (1996) 2 020 8 10.0 80 
22 218 8 6.7 120 
60 593 8 5.7 140 

161 582 7 3.5 200 

Steenland et al. (1999, 2000) 168 67 68.4 98 
428 27 30.0 90 
866 31 27.2 114 

3 738 30 25.4 118 
5 232 34 25.6 133 

14 011 33 19.5 169 
60000 34 20.6 165 

SMR, standardized mortality ratio 
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septiles of a cumulative exposure score defined such that exposures during the 
most recent 15 years did not contribute to the score (i.e. exposure 'lagged' by 
15 years). Steenland et al. (2001) computed risk ratios categorized by septiles of 
cumulative TCDD concentration in serum lipid, including the contribution of 
background concentrations, with the same 15-year lag. In these risk ratios, the group 
with low exposure was used as the reference group. They are therefore not suitable 
for use in the meta-analysis. However, as a strong correlation was found between 
the cumulative exposure score and cumulative serum concentration (Spearman 
correlation, 0.9; Steenland et al., 2001), it is reasonable to use the septiles of 
cumulative exposure estimated by Steenland et al. {2001) as the exposures in the 
septiles defined by the exposure index (Steenland et al., 1999). The average 
exposure in each septile category was estimated by the approach used for the data 
of Flesch-Janys (1998), as described above. The results are shown in Table 35. 

Several differences can be seen in the estimates obtained from these three 
studies. First, Steenland et al. estimated total exposure including background, 
whereas the other two groups estimated the exposure additional to background. 
Second, Steenland et al. used a 15-year lag in estimating exposure, whereas the 
other groups did not. These two differences should offset each other to some extent. 
Given that follow-up of the cohort studied by Steen land et al. in most cases extended 
for many years after the time at which exposure was greatest, cumulative exposure 
that lagged by 15 years should not differ greatly from unlagged exposure. Further, 
as background exposure is generally lower than occupational exposure, adjustment 
for background exposure should change the estimates only minimally. For these 
reasons, the differences in expression of exposure were considered to be of no 
major consequence, and no adjustments were made to account for them. Finally, 
the estimate of Flesch-Janys included total TCDD toxic equivalents, whereas Ott & 
Zober and Steenland et al. quantified only TCDD. This would result in an 
underestimate of total toxic equivalents in the last cohort, because some members 
were involved in production of chemicals that give rise to other PCDD/PCDF 
congeners; members of the cohort of Ott & Zober were exposed essentially only to 
TCDD. 

In addition to other uncertainties in the exposure assessment, there is evidence 
that, at higher concentrations, liver enzymes are induced that increase the elimination 
rate of TCDD-Iike compounds. This effect was not accounted for in any of the three 
assessments of exposure used in the meta-analysis, but rather a first-order 
elimination process was assumed in each case. On the basis of the estimated 
maximum body burdens in these studies, the degree of underestimation of cumulative 
exposures due to failure to account for enzyme induction would be expected to be 
at most a factor of 1.5 (Zeilmaker et al., 1998; van der Molen et al., 2000). 

Figure 29 shows the SMRs and corresponding 95% confidence intervals plotted 
against cumulative TCDD concentration in serum lipid. A log scale was used on the 
axis representing exposure in order to distinguish the different exposure groups 
more clearly. Likelihood ratio tests for a linear trend in these data were statistically 
significant, both when the background SMR was set equal to 100 (p < 0.0001) and 
when the background SMR was estimated (p = 0.01 ). The Committee concluded 
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Figure 29. Standardized mortality ratios (SMRs) with 95% confidence bounds 
from three studies in which participants were classified by cumulative lipid 
concentratiqn of TCDD (Table 35), including fit of linear model 

10 100 1,000 10,000 100,000 1,000,000 

Cumulative lipid TCDD (ng/kg-years) 

Circles, from Flesch-Janys et al. (1998a); triangles, from Ott & Zober (1996); no symbol, 
from Steenland et al. (1999, 2001); line, model prediction 

that these data provide statistical evidence for an effect of dioxin on the risk for 
human cancer. 

This analysis did not address the likelihood that confounding by lifestyle factors 
or occupational exposure to other chemicals may have been responsible for the 
observed responses in the individual studies. However, the trend analysis with 
estimation of the background SMA was effectively a comparison of the responses 
of workers exposed to different concentrations of TCDD. As these workers had 
similar jobs and presumably similar socioeconomic status, confounding as an 
explanation for the associations should be Jess of a concern than in direct 
comparisons of exposed workers with external comparison groups. 

Despite the statistical significance of the trend tests, the data are only marginally 
consistent, as evaluated with a goodness-of-fit test, with no effect of exposure and 
a background SMA of 124 (goodness-of-fit p value of 0.08). However, a simple 
goodness-of-fit test does not take into account the fact that the alternative hypothesis 
is a trend of increasing response with increasing exposure to TCDD. A trend test is 
more powerful for this alternative and accordingly is more appropriate. Consequently, 
in this instance the results of the trend test should take precedence over those of a 
goodness-of-fit test. 

A series of trend tests were applied to the data in Table 35 to determine the 
lowest concentration at which there was statistically significant evidence for an effect, 
and the highest concentration at which there was no such evidence. In this procedure, 
the data were ordered with respect to cumulative serum concentration, and a test 
for linear trend (with the background SMA estimated) was applied. Then, the data 
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for the highest concentration were omitted and the trend test was applied to the 
remaining data. This procedure was performed repeatedly until it was evident that 
statistical significance would not be obtained if additional data were omitted. The 
concentration below the lowest dose at which statistical significance was found can 
be interpreted in the same way as a NOEL derived from data on experimental 
animals: as the highest concentration at which a statistically significant effect of 
exposure is not seen. 

Table 36 gives the results of the trend analysis. As noted above, the trend for all 
the data was significant (p = 0.010). When the data at the highest concentration 
were omitted, the trend became more significant (p = 0.008) and the slope of the 
trend increased. As successive data points were omitted, the trend remained 
significant (p:::; 0.05), until only the data corresponding to a cumulative exposure of 
5232 ng/kg-years were left. However, as additional data points were omitted, the 
trend again became significant (p = 0.05) when the highest concentration remaining 
was 988 ng/kg-years. The highest concentration below this effect level is 
866 ng/kg-years. Thus, there is convincing statistical evidence of an effect of 
concentrations > 5232 ng/kg-years and marginal evidence for an effect of 
concentrations > 866 ng/kg-years. On the basis of the rate at which dioxin 
accumulates in the body (assuming 50% uptake rate, a half-life of 7.6 years and 
sequestration of TCDD toxic equivalents in lipid, which comprises 25% of body 
weight), the daily intake required for a cumulative lifetime (to age 70) concentration 
of 5232 ng/kg-years is 44 pg/kg bw per day, and the estimated daily intake necessary 
for a cumulative concentration of 866 ng/kg-years is 7.3 pg/kg bw. 

To further explore the increase in risk for death from cancer potentially resulting 
from exposure to TCDD toxic equivalents, consistent with the data in Table 35, a 

Table 36. Results of test for dose-response trend applied to a given exposed 
group and all groups with lower exposure to TCDD toxic equivalents 

pfor Linear slope Cumulative lipid Deaths from cancer Reference 
trend (ng/kg- concentration 

years)-1 (ng/kg-years) Observed Expected SMR 

0.010 6.3 X 1Q-6 161 582 7 3.5 200 Ott & Zober (1996) 
0.016 8.3 X 10-6 60 593 8 5.7 140 Ott & Zober (1996) 
0.013 1.0 X 1Q-S 60 000 34 20.6 165 Steenland et al. (1999) 
0.0080 3.5 X 10-5 22 218 8 6.7 120 Ott & Zober (1996) 
0.0018 5.0 X 1Q-S 14 011 33 19.5 169 Steenland et al. (1999) 
0.013 5.7 X 1 o-s 10 425 34 20.8 164 Flesch-Janys (1998) 
0.12 5.8 X 10-5 5 232 34 25.6 133 Steenland et al. (1999) 
0.095 6.4 X 10-5 3 738 30 25.4 118 Steenland et al. (1999) 
0.18 9.7 X 10-5 3 416 31 23.3 133 Flesch-Janys (1998) 
0.45 1.3 X 1Q-4 2 020 8 10.0 80 Ott & Zober (1996) 
0.050 5.5 X 10-4 988 34 20.8 164 Flesch-Janys (1998) 
0.61 1.6 X 10-4 866 31 27.2 114 Steenland et al. (1999) 
NS 428 27 30.0 90 Steenland et al. (1999) 
NS 180 25 23.3 107 Flesch-Janys (1998) 
NS 168 67 68.4 98 Steenland et al. (1999) 
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dose-response model for SMR was fit to these data. In this model, it is assumed 
that the SMR depends linearly on the cumulative serum lipid concentration (in 
ng/kg-year) of TCDD, 

SMR = 100 x ax (1 + 13 x CSLC), Eq. 1 

where 1 00 x a is the baseline SMR and 13 is the linear parameter that gauges the 
potential carcinogenic potency of TCDD. A linear model for SMR was considered 
adequate for this analysis because the model fit the data on dose-response in 
Table 35 adequately (as will be shown below), and the model is not proposed for 
extrapolation outside the range of the data. This model was fit both with the baseline 
SMR fixed at 100 (a= 1) and with a variable baseline SMR (estimated a). 

Table 37 summarizes the results of fitting the model to the data in Table 35. The 
hypothesis that the baseline SMR = 100 was appropriate (a= 1) was rejected 
(p = 0.01 ). Consequently, the model in which the baseline SMR is estimated was 
preferred. This model provided an adequate fit to the data (goodness-of-fit p = 0.37), 
produced a baseline SMR estimate of 100 x a= 117 (90% Cl: 1.06, 1.28), and 
predicted that each ng/kg-year of cumulative lipid concentration increased the relative 
risk by a= 6.89 x 10-6 (90% Cl, 2.17 x 10__,, 1.28 x 10-5). The best-fitting model with 
SMR = 117 is shown in Figure 29. 

The results obtained with these model fits were converted to estimates of ED10, 

ED05 and ED01 . An ED10, for example, is defined as the average constant lifetime 
intake of dioxin toxic equivalents (pg/day) that corresponds to an increase by 0.1 in 
the lifetime risk for death from cancer due to intake of dioxin (a 1 0% additional 
lifetime risk). 

In making these calculations, a constant daily intake of TCDD toxic equivalents 
was assumed. The corresponding cumulative lipid concentration (ng/kg-years) was 
computed as a function of age, assuming a first-order elimination process with a 
7.6-year half-life, a 50% uptake of coplanar compounds from food, and sequestration 
of essentially all the TCDD toxic equivalents in lipid, which comprises 25% of body 

Table 37. Results of fitting the linear relative risk model to the data in Table 34, 
with corresponding estimates of ED10 (continuous daily intake throughout life in 
pglkg bw per day estimated to result in an additional lifetime risk for death from 
cancer of 0.1), EDos and EDo1 (90% confidence intervals in parentheses) 

SMA Potency Goodness-of-fit ED10 EDos EDo1 
(ng/kg-years)-1 pvalue (pg/kg bw (pg/kg bw (pg/kg bw 

per day) per day) per day) 

100 1.19x1o-s 0.08 251 122 24 
(6. 7 X 1 0-5, 1.8 X 1 0-6) (167. 449) (81' 218) (16, 43) 

Variable• 6.89 X 10-6 0.37 435 212 41 
(2.2 X 1Q-6, 1.3 X 1 0-5) (234, 1379) (114, 670) (22, 131) 

SMA, standardized mortality ratio; ED, effective dose 
• Baseline SMA (100a), 117 (106, 128) 
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weight. For each 5-year age interval, the corresponding average cumulative intake 
of TCDD was calculated, and the corresponding age-specific baseline cancer 
mortality rate was modified by multiplying it by the relative risk predicted from the 
model. The probability of survival to a given age was calculated from the baseline 
rates of mortality from all causes, also suitably modified to account for the relative 
risk for cancer predicted from the model. The probability of dying from cancer in a 
given 5-year age interval was calculated as the probability of surviving to the beginning 
of the interval, multiplied times the annual mortality rate for that age interval (modified 
in accordance with the dose-response model to account for intake of dioxin), 
multiplied by 5 years (the width of the age interval). The total lifetime probability of 
dying from cancer was then computed by summing the contributions from each 5-
year age interval. The corresponding lifetime probability of dying from cancer, 
assuming no exposure to dioxin (in reality, no additional exposure over background) 
was calculated in the same manner. The difference between the lifetime risk with 
exposure to dioxin and the risk with no exposure is defined as the estimate of the 
'additional' lifetime risk for cancer. To calculate an ED10, the daily intake was adjusted 
to make this additional risk equal to 0.1. 

The mortality rates used in this calculation were those for both sexes and all 
races combined in the USA for the years 1985-90. As these rates already include 
any contribution to cancer mortality from background exposure to dioxin (and the 
exposure used in the modeling can reasonably be considered to be estimates of 
exposure above background), the additional risk obtained in this calculation is best 
interpreted as additional risk from exposure above background levels of exposure. 

The exposures were lagged by 15 years in the study of Steenland et al. (1999) 
and not lagged in the other two studies. In the calculations described above, a 15-
year lag was used. Some lag would appear to be appropriate, as exposure 
immediately before death is not likely to affect the cancer response. As Steenland 
et al. (1999) used a 15-year lag, and their study comprised most of the data, the 
Committee decided to use a 15-year lag in the calculations. Not incorporating a lag 
would increase the estimated risks by roughly 40%. 

The ED01 , ED05 and ED10 determined by this method are shown in Table 37. The 
model with the baseline variable was consistent with the data (goodness-of-fit p 
value= 0.36) and predicted an ED10 of 435 pg/kg bw per day (90% Cl, 234-1379), 
an ED05 of212 pg/kg bwperday (90% Cl, 114-670) and an ED01 of41 pg/kg bw per 
day (90% Cl, 22-131 ). These values are best interpreted as concentrations above 
the background concentrations of TCDD toxic equivalents that are predicted to 
increase the risk for death from cancer above the background rate, by the given 
additional amount. The background risk for death from cancer includes that due to 
background TCDD. 

In its draft document on the health effects of dioxin, the Environmental Protection 
Agency in the USA applied a linear model to data for the same three cohorts to 
predict the lifetime risk for cancer. This analysis differed from that conducted by the 
Committee in three main ways. First, rather than using the data of Steenland et al. 
(1999, 2001 ), they used data from Fingerhut et al. (1991 ), which covered the same 
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cohort but included five fewer years of follow-up and a less detailed assessment of 
exposure. Secondly, the Environmental Protection Agency used average body burden 
as the exposure metric, whereas the Committee used cumulative serum 
concentration. Thirdly, the Environmental Protection Agency assumed a baseline 
SMR of 100, whereas the Committee allowed the baseline SMR to increase above 
100 because the hypothesis that SMR =1 00 could be rejected. The Environmental 
Protection Agency did not report on the fit of their model to the data. On the basis of 
their meta-analysis, they estimated an ED01 of 47 ng/kg of lipid and 95% lower 
bound of 30 ng/kg. If the same assumptions as made above (human body, 25% 
lipid, 50% uptake of TCDD toxic equivalents, and half-life of 7.6 years), this lipid 
concentration corresponds to a daily intake of 5.9 pg/kg bw per day (95% lower 
bound, 3.7 pg/kg bw per day). 

Steenland et al. (2001) conducted a quantitative risk assessment on the basis 
of the data of Fingerhut et al. (1991 ). TCDD concentrations as a function of age 
were estimated for all 3538 workers, and dose-response analyses were conducted 
on the basis of the cumulative serum concentration. A significant (p = 0.003) positive 
dose-response trend was found between the estimated log cumulative TCDD serum 
concentration and mortality from any cancer. Steen land et al. estimated the additional 
lifetime risk for cancer due to exposure to TCDD with two models. In one model, the 
relative risk was assumed to be a linear function of the log cumulative TCDD serum 
concentration. In the second model, the relative risk was assumed to be a 'piece
wise' linear function of the (untransformed) cumulative TCDD serum concentration. 
The second model is similar to that used by the Committee. It predicted an average 
additional risk for males and females of 0.00045 at 10 ng/kg over that at 5 ng/kg. As 
the model is linear, this is equivalent to an ED01 of 5 x 0.01/0.00045 = 111 ng/kg, 
which, on the basis of the assumptions stated above, corresponds to an intake of 
14 pg/kg bw per day. The log-linear model used by Steen land et al. was considered 
by the Committee to be less plausible than the linear model. For example, the log
linear model predicts that the current 5 ng/kg background serum TCDD concentration 
is responsible for 44% of all cancer1 , and increasing the serum concentration by 
another 1 00-fold (from 5 ng/kg to 500 ng/kg) would result in about the same increase 
in risk as that predicted for the current background of 5 ng/kg. The Committee 
obtained similar results by applying a similar log-linear model to the data in Table 35. 

8.2.3 Short-term effects other than cancer 

In adults, most effects of high doses manifest within a few weeks after ingestion 
of a sufficient dose of dioxins; developmental effects may not manifest for months 
or years. 

Inferences about the dose-response relationship for some of the manifestations 
of the Yusho syndrome can be drawn from the data of Kuratsune et al. (1972) and 
Hayabuchi et al. (1979). These authors studied a group of 146 persons who claimed 
to have ingested contaminated rice-bran oil produced on 1 day (5 February 1968) 

1 This determination was based on a calculation made with a computer program graciously provided to the 
Committee by Dr Steenland. 
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and sold in 13.5-1 cans. They estimated the amount of contaminated oil ingested by 
the patients and reported the proportions of patients with various symptoms. In the 
first paper, they describe chloracne, subdiving the cohort into three classes of intake 
of oil (< 720 ml, 72Q-1440 ml, > 1440 ml). In the second, they reported that the 
smallest and largest total intakes had been 220 ml and 3375 ml, respectively. Thus, 
the classes of intake can be set at 220-720 ml, 720-1440 ml and 1440-3375 mi. 
The group with low intake comprised 80 persons, 58 of whom (78%) had symptoms 
of chloracne. The person with the lowest total intake had severe chloracne. All 
45 patients with intermediate intake and all 21 with high intake developed chloracne. 
On the basis of a graphical interpolation in semi-log space, the ED50 for chloracne 
due to ingestion of oil in the Yusho incident was estimated to be 74-220 mi. 

Kuratsune et al. (1972) reported the intakes and outcomes for women who had 
ingested the oil while pregnant. The smallest intake (300 ml; two women) was 
associated with minimal effects on the infants, whereas intakes of 700-1400 ml 
(five women) were associated with symptoms typical of those seen in adults, and 
some of the infants were recorded as small-for-date. The highest intake (2600 ml) 
was associated with a stillbirth, and the woman had severe chloracne, as did another 
woman who had a stillborn infant but whose intake was not estimated. 

An ED50 of 610 ml of oil was inferred from these data for severe chloracne (grades 
Ill and IV; Wilson, 1987). A mean intake of 688 ml was reported (Hayabuchi et al., 
1979). Subjective and clinical symptoms in 46 persons who had undergone physical 
examinations in 1970 and had responded to a questionnaire were related to a different 
subdivision of intake: < 499 ml, 500-999 ml and > 1 000 mi. Three symptoms were 
found to show a dose-response relationship: central nervous system symptoms 
(headache and dizziness), peripheral neuropathy and numbness of the limbs, and 
abnormalities of the teeth. Using simple log-linear interpolation, the Committee 
inferred ED50 values for the last two effects of 625 ml and 875 ml, respectively. As 
more than half the patients with the lowest intake had symptoms of central nervous 
system involvement, a reliable ED50 for this response could not be estimated. In 
addition, all these persons also had ocular discharge. 'Latent' intakes were reported 
for a few patients; the term is not clearly defined but appears to mean the amount 
estimated to have been ingested before medical attention was sought. The lowest 
reported latent intake was 121 ml and the highest was 1925 ml (Yoshimura & 
Hayabuchi, 1985). 

The intakes of oil were converted to estimates of PCDF intake on the basis of 
analyses made of the oil at the time of the incident (Morita et al., 1977; Miyata et al., 
1985; Tanabe et al., 1989; Yao et al., 2002). The results are shown in Table 38. The 
toxic equivalents value of the oil was estimated to be 792 ng/g of oil. As rice-bran oil 
is reported (Masuda, 1992) to have a density of 0.92 kg/1, the oil produced on 
5 February 1968 can be estimated to have contained 730 ng toxic equivalents per mi. 

Many analyses of the oils involved in the Yusho and Yu-Cheng incidents showed 
the presence of 2,3,7,8-TCDF; however, Chen et al. (1985) reported that this 
component was in fact the non-toxic 2,3,4,8 congener. Analyses of tissues from 
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Table 38. Concentrations of dioxin-/ike contaminants in oil produced on 5 Febru
ary 1968 in the Yusho incident (nglg of oil) 

Congener Miyata et Tanabe et Yao et al. Mean• TEF Toxic equiva-
al. (1977); al. (1989) (2002) Ients (ng/g) 
Morita et 
al. (1977) 

1 ,2,3,7,8-PeCDF 860 290, 760 140 513 ± 351 0.05 25.6 ±17.5 
2,3,4,7,8-PeCDF 1180 1300, 1400 680 1 140 ± 320 0.5 570 ± 160 
1 ,2,3,4,7,8-HxCDF 1780 750, 1360 900 1 198 ± 467 0.1 119.8 ± 46.7 
+ 2,3,4,6,7,8-HxCDF 
3,3',4,4'-TCB ND 11 000, 11 000 11 333 ± 577 0.0001 1.1 ±0.1 

12 000 
3,3 ',4,4 ',5-PeCB ND 530, 730 980 747 ± 225 0.1 74.7 ± 22.5 
3,3 ',4,4',5,5'-HxCB ND 27 38 45 ± 22 0.01 0.5 ± 0.2 

Total toxic equivalents 792 

ND, not determined 
• Mean of four determinations ± one standard deviation for PCDFs; mean of three determi

nations ± one standard deviation for PCBs. 

patients from the two incidents usually showed the presence of only two of the three 
toxic PCDFs: 2,3,4,7,8-PeCDF and 1 ,2,3,4,7,8-HxCDF. The third congener, 1 ,2,3,7,8-
PeCDF, is cleared rapidly from the body, most disappearing from tissues within a 
matter of months. This introduces uncertainty into the estimates, and to a greater 
extent for the Yusho than for the Yu-Cheng incident, because ingestion occurred 
over a longer time in the latter. Because this congener has a low TEF value, its 
exclusion does not introduce a large error. 

These data allowed the Committee to estimate an ED50 value for chloracne and 
related symptoms (Table 39), assuming that the oil contained toxic equivalents at a 
concentration of 7400 ng/1 of oil and that the mean body mass of the patients was 
55 kg. Although the mean body mass of a population is assumed to be 60 kg, the 
Committee used 55 kg because 18% of the patients were under the age of 11 and 
the measured mean body mass of seven adult patients was 55 kg (Hayabuchi et al., 
1979). When the actual body masses of individuals were given, they were used. 
EDso values were estimated for three effects: severe chloracne, 8300 ng/kg bw; 
peripheral neuropathy, 8500 ng/kg bw; and dental effects, 11 300 ng/kg bw. In 
addition, the dose of toxic equivalents corresponding to the mean oil intake of the 
patients, 688 ml, was estimated to be 9.41-LQ/kg bw. The group therefore had a 
slight bias towards more severe symptbms. 

Using a different method, Ryan et al. (1990), estimated the mean intake of the 
group to be 2400 ng/kg bw; however, this estimate is based on a disposition model 
with no assumption of extra storage of PCDF in the liver and is thus an underestimate 
of the dose by a factor of about 5. After adjustment for hepatic storage, the estimate 
is 10 000 ng/kg bw. All these values are within the bounds of experimental uncertainty, 
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Table 39. Chloracne and related symptoms seen after ingestion of contaminated 
rice oil 

Effect Oil intake (ml) 

'Severe' chloracne 610 

Peripheral neuropathy 625 

Dental abnormalities 875 

Central nervous system < 500 
symptomsb 

Ocular dischargec < 500 

Intake of toxic 
equivalents 
(ng/kg bw)• 

8 300 

8 500 

11 300 

< 7000 

< 7000 

Reference 

Kuratsune et al. (1972); 
Wilson (1987) 
Yoshimura & Hayabuchi 
(1985) 
Yoshimura & Hayabuchi 
(1985) 
Yoshimura & Hayabuchi 
(1985) 
Yoshimura & Hayabuchi 
(1985) 

• Intake estimated on basis of assumption of 0.75 mg toxic equivalents per ml oil and 55 kg 
mean body mass 

b ED50 estimated to be between 2 and 7 mg/kg bw; 50% of persons with an intake of 
Q--499 ml complained of or had such symptoms. 

c ED50 estimated to be< 2 mg/kg; - 80% of the cohort complained of this sign. 

with a mean of 10 000 ng/kg bw. Thus, the Committee assigned an ED50 for severe 
chloracne or Yusho syndrome of 1 0 000 ± 2000 ng!kg bw. This is also the approximate 
ingested dose at which essentially all persons would have been expected to develop 
chloracne. Some individuals who ingested 6000-7000 ng/kg did not develop 
chloracne. 

Masuda (1992) estimated the LOEL for severe symptoms to be 4000 ng/kg bw. 
At an oil intake of 500 ml (6700 ng/kg, as toxic equivalents), all members of the 
group showed symptoms of meibomian gland involvement. The roughly estimated 
ED50 for mild chloracne, 74-220 ml, is equivalent to 1000--3000 ng/kg as toxic 
equivalents. 

Consistent with these estimates, Coenraads et al. (1999} estimated the concentra
tions of toxic equivalents for seven men with chloracne who had been engaged in 
pentachlorophenol production to be 1200-22 000 ng/kg of lipid. Table 2 in the paper 
by Carrier et al. (1995b) indicates that these values correspond to body burdens of 
about 500-10 000 ng/kg. In the Seveso incident, the estimated body burdens of 
people with chloracne ranged from 200 to> 40 000 ng/kg bw (Bertazzi et al., 1998a}. 
In both these incidents, some of the exposure was dermal, indicating that the systemic 
dose was smaller than the tissue dose. 

The largest dose received by the Yusho patients studied by Hayabuchi et al. 
(1979), 3375 ml, is equal to 45 000 ng toxic equivalents per kg bw; the largest dose 
reported to have been received during the 'latent period' (before presentation to a 



PCDDs, PCDFs and COPLANAR PCBs 603 

physician), 1934 ml, is equal to - 24 000 ng/kg bw. (These two intakes may or may 
not refer to the same individual.) Geusau et al. (1999) reported blood lipid 
concentrations of TCDD in two women who were taken to hospital with chloracne of 
144 000 and 26 000 ng/kg of lipid, implying ingested doses of > 1 00 000 and 
20 000 ng/kg bw, respectively. The larger dose is somewhat uncertain, as the 
toxicokinetics models used to infer body burden from serum lipid concentrations 
has not been tested for lipid concentrations > 20 J..Lg/kg. It is assumed in the model 
that the distribution among compartments does not change markedly at very high 
doses, which may not be correct. 

Hayabuchi et al. (1979) reported the estimated intakes and intake rates for six 
persons who were believed to have ingested the smallest amounts of contaminated 
oil and the six who ingested it at the lowest rate. Of these, five were men, three were 
women and four were children. The results are shown in Table 40. (As two of the 
12 children were under 5 years of age, the estimates of their intake were considered 
insuffuciently accurate.) Four men and one girl had severe symptoms (clinical grades 
3 and 4 ). The intake estimates indicate a LOEL of toxic equivalets for severe chloracne 
in adults of 3000 ng/kg bw. The intakes of the five patients (three women, one man 
and one girl) with mild symptoms (grades 0-2) were estimated to have been 400Q-
7000 ng/kg bw. Ryan et al. (1990) reported that two of 12 victims of the Yu-Cheng 
poisoning incident were asymptomatic although they were estimated to have had 
body burdens of 1000-2000 ng/kg bw. 

Numerous reports have been made of persons with estimated body burdens of 
< 1000 ng/kg bw who did not develop chloracne. For example, Coenraads et al. 
(1999) reported that nine men without chloracne who had worked in the same 
production unit as seven men who developed chloracne had a serum concentration 

Table 40. Characteristics of eight adults with smallest intakes of contaminated 
rice oil 

Sex Age Weight 'Latent' intake• Total intake Mean intakeb Severity of 
(years) (kg) (J.!g/kg bw) symptoms 

ml J.!g/kg bw ml J.!g/kg bw 

Male 56 57 170 2.2 905 11.9 5.2 3 
Male 56 58 235 3.1 348 4.5 3.7 3 
Female 46 52 353 5.1 523 7.5 6.2 0 
Male 44 57 220 2.9 220 2.9 2.9 3 
Male 42 58 11 1.6 565 7.3 3.4 3 
Male 30 59 309 4.0 309 4.0 4.0 2 
Female 23 50 314 4.7 465 7.0 5.7 1 
Female 19 51 314 4.6 465 6.8 5.6 0 
Female 8 24 146 4.6 195 6.1 5.3 1 
Female 6 19 161 6.4 423 17 11.5 4 
Male 2 13 199 11.5 360 21 16 2 
Female 1 10 -200 -15 -15 0 

From Hayabuchi et al. (1979) 
a Amount estimated to have been ingested by patients before seeing a physician 
b Calculated from geometric mean of latent and total intakes 
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of toxic equivalents (pooled sample) of 400-600 ng/kg of lipid, corresponding to 
about 100 ng/kg bw. In Seveso, people living in zone A and who did not develop 
chloracne were found to have a serum concentration of TCDD of 1770-10 400 ng/kg 
of lipid, corresponding to body burdens of 400-6000 ng/kg. Geusau et al. (1999) 
reported that three co-workers of two women with chloracne had serum concentra
tions of TCDD of 0.09, 0.1 and 0.86 ng/kg of lipid (- 200 ng/kg bw) but did not 
develop chloracne. 

In sum, dioxins can have mild effects at toxic equivalent doses of 1000-
1 0 000 ng/kg. Larger doses have more severe and more persistent effects; in the 
Yusho incident, all patients who received such doses and were examined developed 
chloracne. Men appeared to be more sensitive to the effects of dioxins than women. 
The largest doses reported were in the range 50 OOQ-1 00 000 ng/kg bw; when reports 
were available, such doses were associated with very severe illness. 

The data from the Yusho incident imply that children are somewhat less sensitive 
to the effects of these contaminants than are adults (see Table 40). The data from 
the Seveso incident, however, suggest that children may be more sensitive (Bertazzi 
et al., 1998a), although the possibility of dermal exposure complicates interpretation 
of these data. The data from the Yusho incident also suggest that males are more 
sensitive to the effects of dioxins than are females, in contrast to rats. Only scattered 
observations are available from the Seveso incident and elsewhere (e.g. Geusau et 
al., 1999). 

8.2.4 Estimate of lowest effect level for developmental effects from data on 
humans 

Developmental effects in children who ingested contaminated oil in the Yusho 
incident were reviewed by Yoshimura (1996). Hyperpigmentation, delayed physical 
growth and nervous system development were found in essentially all children who 
also had other symptoms of the Yusho syndrome. Although the growth rate 
deficiencies continued throughout adolescence, the ultimate height of both boys 
and girls was normal. No symptoms of neurological deficits were observed, but this 
has not been studied sytematically. In addition, 13 women who were pregnant when 
they ingested the contaminated Yusho oil had two stillbirths, and nine of the 
11 liveborn infants showed signs of intoxication, including stained skin and ocular 
discharge. Although size at birth was not known for two infants, four were small and 
showed more severe dermal symptoms. The two 'unaffected' infants had some signs 
of neonatal jaundice but were otherwise normal. One had been exposed only during 
the third trimester and the other early in the second trimester; their mothers were 
estimated to have ingested 300 ml of contaminated oil at those times in their 
pregnancies(- 4000 ng/kg bw as toxic equivalents), and one had grade 0 and the 
other grade 2 symptoms. The other women had ingested 700-2600 ml of oil (1 0 ooo-
35 000 ng/kg bw) during some or all of their pregnancies. One of the two stillbirths 
was associated with the largest consumption of oil, and the woman had very severe 
(grade 4) symptoms. No information was available on the oil consumption of the 
second women who had a stillbirth; the severity of her symptoms was recorded as 
grade 3. 
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The development of the children of mothers affected in the Yu-Cheng incident 
has been studied by Hsu and colleagues (Rogan et al., 1988; Chen et al., 1992; 
Guo et al.,1993; Yu et al., 1994; Hsu et al., 1995; Lai et al., 2001). Most of the 
studies were conducted on a cohort of 104 children of women who had ingested 
contaminated oil and were enrolled in the Yu-Cheng registry, but who had been 
conceived after their mothers had stopped ingesting the oil. As some of the children 
had been breastfed, their exposure is considered to have been perinatal. Compari
sons were made to a reference cohort of 104 children, who were closely matched 
with respect to age, sex, length and weight at birth and socioeconomic status and 
were drawn from the same geographical area. 

These studies confirm and extend the findings from the Yusho incident. In addition, 
however, deficits in intellectual development that persisted throughout adolescence 
were reported (Lai et al., 2001 ). The ultimate physical development of these children 
has not yet been reported. Additional effects found in perinatally exposed children 
included effects on the development of fingernails and of the sex organs (e.g. penis 
length); however, overall sexual development was not delayed. The reduced penile 
length was statistically significant only for boys born in 1980-82, 3 years after their 
mothers had ingested contaminated oil. 

Some of the effects disappeared with time (hyperpigmentation, neuropathy), 
while others did not (growth retardation, effects on fingernails, penis length) (Hsu et 
al., 1995). Although some of these effects are associated only with high doses, 
consistent with the types of effects seen at effective doses in adults, some may 
represent developmental effects resulting from prenatal exposures to doses lower 
than those required to elicit symptoms in the mothers. Rogan et al. (1988) stated 
that an increased incidence of premature death, both pre- and postnatally, occurred 
among children of Yu-Cheng as well as Yusho patients, but they gave no data. 

Ryan et al. (1994) concluded that the effects were not a result of postnatal 
exposure, as the responses did not correlate with the children's body burdens of 
PCDFs or PCBs. In 1985, when the mean age of the children was 3.6 years, their 
mean serum concentration of toxic equivalents was 200 ng/kg of lipid, which 
corresponds to a body burden of 50 ng/kg bw. The authors concluded that the doses 
received by the mothers would provide a better estimate of the effective body burdens 
of the affected children, but they did not give the estimates. 

The body burdens of the mothers can be estimated from data reported during 
the time the children were born. Estimates of the blood lipid concentrations of 
2,3,4, 7,8-PeCDF and 1 ,2,3,4, 7,8-HxCDF of the Yu-Cheng patients can be converted 
to toxic equivalents from the WHO TEFs and Table 2 of Carrier et al. (1995b), as 
shown above. On the basis of mean concentrations of 10 000 ng/kg for 2,3,4,7,8-
PeCDF and 30 000 ng/kg for 1 ,2,3,4, 7,8-HxCDF for 67 persons in 1980, the mean 
population body burden of toxic equivalents in that year can be estimated to have 
been 6000 ng/kg bw. Similarly, on the basis of measurements made on samples 
taken in 1983, the mean mean population body burden of toxic equivalents in that 
year can be estimated to have been 1200 ng/kg bw. An approximate lower bound of 
the body burden in those years can be estimated from the body burden associated 
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with development of chloracne in female victims of the Yusho incident(> 6000 ng/kg 
bw) and the estimated depuration rates (Carrier et al., 1995b). The minimum body 
burdens of toxic equivalents in 1980 and 1983 can be estimated to have been 3000 
and 370 ng/kg bw, respectively. A rough check on this estimate can be made from 
the observation that the minimum recorded dose in the Yusho incident was about 
one-fourth the mean; this suggests that the minima in 1980 and 1983 would have 
been approximately 1500 ng/kg bw and 300 ng/kg bw, respectively. As severe 
chloracne is somewhat disabling, women with body burdens at the lower end of this 
range would probably have been more likely to become pregnant. Thus, the mothers 
of children in the cohort studied by Guo et al. (1993) can be estimated to have had 
body burdens of 1500-6000 ng/kg bw in 1979-81 and 300-1200 ng/kg bw in 1982-
84. 

The reduction in body burdens seen between 1980 and 1983 continued through 
1991 (Ryan et al., 1994). As the mean concentration of toxic equivalents decreased 
between the years of birth of the first and latest age groups of Guo et al. (1993), 
some dependence of the effects on the year of birth would be expected. Such 
dependence is observed for penile length but not for other effects. The deficits in 
sex organ development reported in experimental animals (see section 2.2.5) could 
be considered similar to the abnormalities in penis length and spermatogenesis 
reported by Guo et al. (1993). Nevertheless, the estimated body burdens of the 
mothers in the Yu-Cheng incident (300-6000 ng/kg bw) are 6-120 times those (25-
50 ng/kg bw) associated with the effects in rats that were used as the basis of the 
safety assessment. 

Studies of the Seveso incident showed no apparent increase in the incidence of 
either reproductive effects in women with a median body burden of 0.1 )lg/kg bw or 
developmental deficits in infants born to these women (Bertazzi et al., 1998a). 

Recent studies of the general population, and in particular groups in The 
Netherlands, have been cited as providing evidence that pre- or postnatal exposure 
has effects on neurological and other end-points in children. However, the 
associations reported in these studies are subtle (and often transient) changes that 
are within the range of normal variation. The current data support a link with prenatal 
exposure to total PCBs and not with estimated concentrations of toxic equivalents 
(Patandin et al., 1999). For example, Patandin et al. (1999) found that raised 
concentrations of PCBs in maternal plasma(> 3.0 )lg/L) were associated with lower 
cognitive scores for all infants and for formula-fed infants, but they found no effect of 
prenatal or lactational exposure to toxic equivalents on performance. Two end-points, 
transient, subtle changes in measures of neonatal neurological development and 
alterations in thyroid hormone concentrations, showed some relationship with toxic 
equivalents (Piuim et al., 1993; Huisman et al., 1995) in children at the higher end of 
the exposure spectrum. Furthermore, even the reported associations with prenatal 
exposure to PCBs were overwhelmed by the beneficial effects of breastfeeding, 
even though breastfeeding results in much higher doses of PCBs, dioxins and furans 
for the infant. Thus, these studies do not provide a NOEL or LOEL that can be used 
in assessing possible tolerable levels of intake of toxic equivalents. 
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No frank effects, such as birth defects or chromosomal abnormalities, were found 
in infants of women exposed in Seveso, where the median body burden in zone A 
was about 11 0 ng/kg bw on the basis of a median concentration of TCDD of 440 ng/kg 
of lipid in blood samples taken soon after the accident and an assumption of 25% 
body fat (Bertazzi et al., 1998a). Exposure in zone A did vary widely, however, and 
some persons had effects including chloracne, transient increases in liver enzyme 
activity and transient neurological effects (Bertazzi et al., 1998a). The median peak 
exposure in zone 8 has been estimated to have been about 90 ng/kg of lipid, 
corresponding to a body burden of TCDD of about 22 ng/kg bw. Addition of 
background concentrations of other congeners that contribute to total toxic 
equivalents (estimated background body burden in 1976, 6-8 ng/kg bw) would 
increase the total body burden of toxic equivalents in this group to 28-30 ng/kg bw. 
No overt effects were observed in this population. 

The data on dose-response relationships in the infants of women exposed in 
Seveso and in the contaminated oil poisoning incidents are shown in Table 41. 

8.2.5 Dose-response relationships above the tolerable intake based on data 
for experimental animals 

The dose-response relationship described by Rozman (2000) for fatal anorexia 
in female rats is linear in semi-logarithmic space (between -5% and- 95% response) 
and very steep, the entire range of response being encompassed by 20-40 Jlg/kg 
bw expressed as toxic equivalents. Limited evidence suggests that fatal anorexia in 
female rhesus monkeys follows a similar function. The steepness of the function 
suggests a very narrow dispersion of susceptibility for lethality within the populations 
studied. 

Dose-response functions in experimental animals are also available for non
quanta! end-points. Enzyme induction, a relatively simple effect known to be related 

Table 41. Dose-response relationships for effects on infants of mothers ex
posed to dioxins 

Population 

Seveso, zone B 

Seveso, zone A 

Findings Estimated maternal 
body burden of toxic 
equivalents (ng/kg bw) 

Few if any detectable 28-30 (median) 
effects in adults; no 
increase in incidence 
of birth defects 
Transient liver enzyme 110 (median) 
and neurological changes; 
chloracne in some persons; 
no increase in incidence of 
birth defects 

Yusho and Yu-Cheng Frank effects on offspring <: 2000 
incidents 

Reference 

Bertazzi et al. 
(1998a) 

Bertazzi et al. 
(1998a) 

Guo et al. (1995) 
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directly to binding to the Ah receptor, has been studied in rats given various doses 
of TCDD (van den Heuvel et al., 1994). Significant induction of EROD activity was 
observed in the livers of rats given a single dose of about 0.01 ~g/kg bw, and the 
activity increased with dose up to about 1 ~g/kg bw before flattening out (a sigmoidal
shaped dose-response curve). In contrast, as discussed above, no evidence of 
increased CYP enzyme activity was found in workers with body burdens> 0.4 ~g/kg 
bw (Halperin et al., 1995). This difference in responsiveness to TCDD of an end
point as basic as enzyme induction supports the conclusion that humans may be 
less responsive than laboratory rodents for a variety of end-points. 

8.2.6 'Benchmark' dose modelling 

Selected experimental data sets were analysed by 'benchmark' dose modelling 
to obtain a quantitative assessment of the body burdens associated with selected 
effects in laboratory animals. The ED10 was calculated with 'Benchmark Dose' 
software. Most of the responses considered were reported as continuous data. For 
these, an abnormal response was defined by the estimated 5th percentile of response 
in unexposed animals, so that the estimated 5% of the most severe effects seen 
among unexposed animals was considered to be adverse. 

The data sets modelled were selected from those compiled by the Environmental 
Protection Agency in the USA during its re-assessment of dioxins and do not 
necessarily represent the full range of toxicological data available. The data sets 
were selected to represent the end-points of interest on the basis of a review of all 
the toxicological data. For instance, data from the studies of Gray et al. (1997a,b) 
and Mably et al. (1992a,b) on developmental effects in male rat offspring were 
included, but some data sets of interest were not used, such as data from Gehrs & 
Smialowicz (1999) on end-points in the immune system of rat offspring exposed in 
utero and during lactation. 

About 180 data sets were analysed with the power and Hill dose-response 
models. The power model is a limiting case of the Hill model and was used unless 
the Hill model provided a significantly better fit. Similarly, the standard deviation was 
assumed to be independent of dose, unless a contrary assumption give a significantly 
better fit (higher likelihood). The Hill model includes four disposable parameters, 
which makes it quite flexible. As a result, however, it tended to gave unreasonable 
(extremely low) values for some data sets. An example can be generated by applying 
the Hill model to the data of Theobald & Peterson (1997) on mouse epididymal 
weights. The epidydimal weights did not vary by dose at single doses of 15 000, 
30 000 and 60 000 ng/kg bw, nor were they statistically significantly different from 
those of controls. Fitting of the Hill model resulted in an ED10 value of< 1 ng/kg bw 
for this end-point, which is more than four orders of magnitude lower than the lowest 
dose tested. This result is clearly an artifact of the modelling and does not provide 
biologically meaningful insight. When the power law was used to model this data 
set, the estimated ED10 value was about 30 000 ng/kg bw, which is a more biologically 
meaningful estimate that is more consistent with the toxicological data. Because of 
this feature of the Hill model, results obtained with this model were considered to be 
less reliable than those obtained with the power model, which has only three 
parameters. Consequently, the results are summarized in two ways: with both the 
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Hill and power models as described above, and with only the power model (even if 
the Hill model gave a better fit). 

Doses were converted into steady-state body burdens for the 10% response for 
comparison among datasets. The conversion formula used was: 

Estimated body burden for 1 0% response (ng/kg bw) = 
ED10 (ng/kg bw per day) x half-life (days)/ ln(2) x F, 

where ED10 is the calculated extra risk for the effect, the half-life is specific to species 
(see Table 42) and Fis the fraction of TCDD absorbed (gavage= 1; feed= 0.5). 

The modelled data sets were derived exclusively from published studies in mice 
and rats. Data on strains studied for their particular sensitivity or resistance to TCDD 
were not used. The end-points modelled were changes in development, the immune 
system, thyroid hormone concentrations and body and organ weights. Most of the 
data sets were from experiments in which a single dose was administered; however, 
some data sets from studies with multiple dosing were also modelled. 

Table 42 summarizes the results of the benchmark dose modelling with both 
approaches, and Figures 30-32 present the ED10 values obtained with the two models 
efforts in box-and-whisker plots. The values are presented as body burden (in ng/kg 

Table 42. Results of modelling data sets from experiments in animals to esti
mate effective doses associated with a 0. 1 increase in the probability of an 
abnormal response (ED

10
) 

Species No. of ED
10 

with fits to Hill or 
data power model (ng/kg bw) 
sets 

ED
10 

with fits to power model only 
(ng/kg bw) 

Median (range) 10th Median (range) 10th 
percentile percentile 

Developmental effects in rodent offspring (single doses) 
Rat 54 584 (0.11-22 200) 21 626 (208-38 300) 317 
Mouse 42 35 700 (0.79-190 300) 228 47 122 (216-190 000) 6 140 

Effects on immune system (single doses) 
Mouse 27 15 000 (53-88 800) 130 20 600 (474-88 800) 923 

Effects on immune system (multiple doses) 
Mouse 7 30 900 (457-80 500) 1 120 45 900 (15 900-80 500) 18 800 

Effects on body and organ weights (single doses) 
Rat 4 49 300 (3457-1 00 800) 4 762 
Mouse 6 74 600 (28 522-127 000) 42 800 

Effects on body and organ weights (multiple doses) 

61 200 (7808--1 01 000) 15 000 
74 600 (28 500-127 000) 22 900 

Rat 22 4420 (63-57 000) 116 6450 (917-57 000) 2 870 

Effects on concentrations of thyroid hormones (multiple doses) 
Rat 4 3890 (245-5520) 1 078 3880 (1487-5520) 1 950 



610 PCDDs, PCDFs and COPLANAR PCBs 

Figure 30. ED10 values for immune effects 
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bw) as estimated from the dosing regimens used in the studies. For studies with 
single doses, the value presented is the peak body burden attained after dosing. 
For studies with multiple doses, the values are estimates of the average body burden. 
Table 42 presents the median and range of estimated ED10 values by category of 
effect and species. It also presents the 1Oth percentile of the estimated ED10 values 
for each category and species. The 1Oth percentile is reported because it represents 
a reasonably stable estimate of the lower end of the estimated values in each 
category. 

In all cases, the results of the modelling neglected the body burdens of toxic 
equivalents present in control animals. As demonstrated by van den Heuvel et al. 



PCDDs, PCDFs11nd COPLANAR PCBs 

Figure 31. ED,0 values for developmental effects 

j 
f 

Single <lost studies S'IIO~ dose stud'i~ 

1QCW~Ql 

10c10~ 

lx10) 

• 
11(1 0 0 +------ .--- -------,---- - -1 

10x10¢ 

R>t 
!n •S4} 

Specie s 

Single d0$4it S1Ud'.e$ 

MoVS4 
{n = 4 2) 

$ 
• • 

• • 

1X10~ +-------r----- - r--- - ----1 
Rat 

l,n • 5<) 
Species 

........ 
(1'1• 42) 

611 

Upper panel, power or Hill model; lower panel, power model only. The boundary of the box 
closest to 0 represents the 25th percentile. and the boundary furthest from 0 represents the 
75th percentile. The whiskers represent the 90th and 10th percentiles. Values above the 90th 
percentile and below the 1Oth percentile are shown as individual points. 

(1994) for rats and by DeVito et al. (1995) for mice, control laboratory rodents have 
body burdens of toxic equivalents of 2- 6 ng!kg bw, depending on the age of the 
animal. Because of these background body burdens, benchmark doses should be 
interpreted as incremental doses that add to the existing body burdens. 

In general, the lowest ED10 values were derived for developmental effects in 
rats in the studies of Gray et al. (1997a,b) and Mably et al. (1992a,b). With the 
exception of these values, the ED10 values estimated with the Hill model were 
generally 100 nglkg bw or more, and all the median values for the various categories 
of effect were > 500 ng/kg bw. In contrast, modelling only with the power model 
resulted in somewhat higher estimates of the ED10, with all median values for various 
categories > 600 ng!kg bw and, more strikingly, the lowest values > 200 ng/kg bw. 
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Figure 32. ED10 body burdens for effects on body and organ weights 

Upper panel, power or Hill model; lower panel, power model only. The boundary of the box 
closest to 0 represents the 25th percentile, and the boundary furthest from 0 represents the 
75th percentile. The whiskers represent the 90th and 1Oth percentiles. Values above the 90th 
percentile and below the 1Oth percentile are shown as individual points. 

As the power and Hill models are either linear or sublinear, a conservative (low) 
estimate of the ED01 can be made by dividing the ED10 by 10. The estimated ED01 

values were> 20 ng/kg bw. By comparison, the human body burden corresponding 
to the recommended EHMI is 3-7 ng/kg bw. 

The benchmark analysis provides a useful perspective on the NOELs identified 
by the Committee in specific studies and on the recommended EHMI. However, the 
exercise also demonstrates that the results of such modelling are highly model
dependent. Therefore, the results of any modelling effort should be re-examined in 
light of the toxicological data. These issues should be studied further before the 
results of such modelling can be applied reliably in safety assessment. 
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9. COMMENTS 

9.1 Toxicokinetics 

9.1.1 Absorption and biotransformation 

Coplanar compounds in dietary fat pass easily from the gut into the blood. Indeed, 
experiments in humans and laboratory animals given an oral dose of TCDD showed 
50-90% absorption. This figure is comparable with the near-complete absorption of 
PCDDs, PCDFs and PCBs by nursing infants from their mothers' milk. 

After absorption from the gut, TCDD enters the lymph in the form of chylomicrons 
and is cleared from the blood within 1 h, to appear mainly (7 4-81% of an administered 
dose) in the liver and adipose tissue. After clearance from the blood, coplanar 
compounds remain mainly in serum lipoproteins (very low density, low density and 
high density), and some are bound to serum proteins. 

The Committee used the results of a study in which (3H]TCDD was given to 
pregnant Long-Evans rats by gavage at a dose of 50, 200, 800 or 1000 ng/kg of 
body weight on day 15 of gestation, and the radiolabel was measured in tissues 
1 day after treatment. The average maternal body burdens (with the percentage of 
the dose in the four treatment groups) were 31 (60%), 97 (48%), 520 (65%), and 
580 (59%) ng/kg of body weight, respectively. On the basis of this study, the 
Committee used a value of 60% for the percentage of TCDD retained in pregnant 
rats 1 day after administration of a single dose by gavage on day 15 of gestation. 

The distribution of PCDDs and PCDFs between the blood and organs is governed 
by lipid partitioning and binding to plasma proteins. The concentrations of PCDDs 
and PCDFs in blood and adipose tissue are closely correlated. TCDD is distributed 
between blood and adipose tissue by lipid partitioning, whereas the distribution of 
HxCDDs, HxCDFs, OCDDs and OCDFs is also governed by binding to plasma 
proteins. 

Binding to plasma proteins plays an important role in the uptake of coplanar 
compounds from the blood in the liver, even for lower chlorinated congeners. When 
rodents are exposed to increasing doses of TCDD, it is preferentially sequestered in 
the liver. After entering liver cells, TCDD either dissolves in the lipid fraction or binds 
to the Ah receptor or CYP proteins, probably microsomal CYP 1 A2. As the amounts 
of CYP 1 A and CYP 1 8 proteins in cells are regulated by formation of the TCDD-Ah 
receptor complex, exposure to increasing amounts of TCDD results in increased 
formation of this complex, which leads to increased production of CYP 1 A and CYP 
1 B mRNA and proteins (enzyme induction), and accumulation of TCDD by increased 
binding to the induced CYP proteins. Similar sequestration has been observed with 
higher chlorinated PCDDs and PCDFs and with coplanar PCBs. 

The hepatic sequestration of coplanar compounds markedly affects their 
distribution in the body. For example, whereas the liver usually contributes 10% and 
the adipose tissue 60% of the body burden of TCDD in mice, these fractions may 
increase to 67% in liver and decrease to 23% in adipose tissue in mice in which 
hepatic CYP proteins have been fully induced. Similar results were found in rats, 
clearly indicating the non-linear character of the kinetics of TCDD at concentrations 
that induce hepatic CYP proteins. 

As in rodents, preferential sequestration of PCDDs and PCDFs in the liver rather 
than in adipose tissue has been observed in humans exposed to background 
concentrations of these compounds. Although Ah receptor-dependent CYP induction 
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has been observed in human liver cells in vitro after exposure to TCDD, it occurred 
at concentrations that were several orders of magnitude higher than those observed 
in human blood. It is therefore likely that the sequestration is due to binding to 
constitutive CYP proteins. 

9. 1.2 Metabolism and excretion 

In laboratory animals, PCDDs and PCDFs are excreted almost exclusively in 
the bile, excretion in the urine being a minor route. Whereas the parent compound 
is found primarily in the organs of rodents, only metabolites of PCDDs and PCDFs 
occur in bile, indicating hepatic metabolism, including hydroxylation and conjugation, 
of these compounds. Similar reactions were found in vitro when recombinant human 
CYP 1 A 1 was incubated with TCDD. Faecal excretion of unmetabolized PCDDs 
and PCDFs is also an important route of elimination in humans. 

In rodents, the half-life of TCDD ranges from 8-24 days in mice to 16-28 days in 
rats. Humans eliminate PCDDs and PCDFs more slowly, the estimated mean half
life of TCDD ranging from 5.5 to 11 years. The half-lives of other PCDD congeners 
and of PCDFs and coplanar PCBs vary widely. These differences in the half-lives of 
different congeners are reflected in their TEFs (see Table 1 ). 

9.1.3 Relationship between human intake and doses used in studies in 
laboratory animals 

The biochemical and toxicological effects of PCDDs, PCDFs and coplanar PCBs 
are directly related to their concentrations in tissues, and not to the daily dose. The 
most appropriate measure of dose would therefore be the concentration at the target 
tissue; however, this is seldom known. The body burden, which is strongly correlated 
with the concentrations in tissue and serum, integrates the differences in half-lives 
between species. Thus, rodents require appreciably higher daily doses (1 OD-200-
fold) to achieve a body burden at steady state that is equivalent to that recorded in 
humans exposed to background concentrations. Toxicokinetically, estimates of body 
burden are therefore more appropriate measures of dose for interspecies 
comparisons than is the daily dose. 

The long half-lives of PCDDs, PCDFs and coplanar PCBs have several 
implications for the period of intake that is relevant to the assessment. First, the 
concentration of toxic equivalents in the body (or the internal toxic equivalents to 
which a target organ is exposed) will increase over time as more of the compounds 
are ingested. Second, after cessation of exposure, the body's concentration of stored 
toxic equivalents (and the exposure of internal organs) will decline slowly, only half 
of the accumulated toxic equivalents disappearing over about 7 years, resulting in a 
pseudo-steady state only after decades. Third, because of this long-term storage in 
the body and the consequent daily exposure to the body's stored toxic equivalents, 
intake on a particular day will have a small or even negligible effect on the overall 
body burden. For example, in the unlikely event of food contamination that leads to 
an intake 1 00 times the amount present in a typical meal, the body burden of the 
adult eating that meal would increase by < 3%. The rest of the body burden would 
be made up of the PCDDs, PCDFs and coplanar PCBs consumed in many thousands 
of meals over the previous decade or more. 
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Therefore, the Committee concluded that the appropriate period for evaluating 
the mean intake of these compounds is 1 month. 

In order to transform an animal body burden into an EHMI that on a long-term 
basis would result in a similar body burden (at steady state), simple, classical 
toxicokinetic calculations can be used. The elimination of low doses of PCDDs was 
considered to follow first-order kinetics and to be independent of the body burden or 
dose. The Committee calculated the total body burden at steady-state using the 
following equation: 

tx intake (ng/kg bw per day) x half-life (days) (Eq.
1
) 

Body burden at steady state _ ----------------
(ng/kg of body weight) - ln(2) 

where tis the fraction of dose absorbed from food (assumed to be 50% in humans) 
and the estimated half-life of TCDD is 2774 days (7.6 years). For compounds that 
follow first-order kinetics, four to five half-lives will be required to approach steady 
state. For TCDD, this would be equivalent to more than 30 years. 

This model is based on the assumption that PCDDs are distributed in only one 
compartment: the whole body. Although most of the body burden of PCDD is 
distributed in the lipid stores, at higher doses the liver also sequesters these 
compounds in both humans and animals. Predictions of body burden after intake of 
high doses that are based on lipid concentrations may therefore be underestimates 
of the total body burden (and the intake leading to that body burden), because of 
hepatic sequestration. Use of physiologically based pharmacokinetic models may 
be more appropriate under these circumstances. In order to transform the body 
burdens resulting from intake of the low concentrations to which the general 
population is exposed and from the low doses used in the pivotal toxicological studies 
into estimated human daily intake, the Committee considered use of a less 
complicated, classical pharmacokinetic model to be appropriate. 

9. 1.4 Determinants of dose received by fetuses in studies of developmental 
toxicity 

The time of dosing in several of the studies considered by the Committee, day 
15 of gestation, marks the onset of the sensitive phase of sexual differentiation in 
rats and represents a critical time of fetal exposure. The determinant of the 
reproductive effects is the fetal concentration on days 15-16 of gestation, which in 
turn is determined by the maternal serum concentration. The latter concentration 
differs with a bolus dose (as in these studies) and with repeated doses providing the 
same total intake. As the serum concentration of TCDD after a bolus dose rises 
before distribution to the tissue compartments, the serum concentration is likely to 
be higher than that after long-term intake of a lower concentration. 

The difference in the fetal body burden after a single bolus dose and after repeated 
administration of low doses resulting in a similar maternal body burden was addressed 
in a study in Long-Evans rats treated on day 16 of gestation (Hurst et al., 2000a,b). 
The rats were given [3H]TCDD at 1, 1 0 or 30 ng/kg of body weight per day by 
gavage in corn oil, on 5 days per week for 13 weeks. They were then mated, and 
dosing was continued daily throughout gestation. The regimen produced a steady
state concentration of TCDD in the dams. The average maternal and fetal body 
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burdens on day 16 of gestation after this treatment and after administration of a 
single dose of TCDD by gavage on day 15 of gestation are shown in Table 43. 

As expected, a single dose on day 15 of gestation by gavage resulted in 
considerably higher fetal concentrations on day 16 than short-term administration 
of low daily doses leading to maternal steady-state body burdens of similar magnitude. 
Using the data in Table 43, the Committee conducted least-squares linear fits of 
dose versus maternal and fetal body burdens. Since radiolabelled TCDD was used 
in both studies, a zero intercept was assumed for the fitted line. None of these fits 
showed what appeared to be any significant deviation from linearity. These data 
indicate that the ratio of fetal:maternal body burden resulting from a bolus dose 
would be 1.7 times that from multiple doses providing the same total dose. Kinetic 
data indicate that a linear dose-response relationship would be expected at the 
doses used in these studies. The fetal and maternal body burdens in both data sets 
were also fitted to power equations, which provided a better fit of the data obtained 
at the lower end of the range of single doses. The factor used to convert maternal 
body burden after single doses to a corresponding steady-state body burden with 
the power equations was 2.6. 

9.2 Toxicological studies 

9.2.1 Acute toxicity 

In laboratory animals, the acute toxicity of TCDD and related PCDDs and PCDFs 
substituted in at least the C-2, C-3, C-7 and C-8 positions varies widely between 
and among species. For example, the median lethal dose in guinea-pigs treated 
orally was 0.6 j.!g/kg bw, while that in hamsters was > 5000 J..Lg/kg bw. Explanations 
for this variation include differences in Ah receptor functionality (size, transformation 
and binding of the PCDD response element), toxicokinetics (metabolic capacity and 
tissue distribution) and body fat content. While data on acute toxicity were available 

Table 43. Average maternal and fetal body burdens after a single 
dose and after administration of repeated doses of TCDD to 
pregnant Long-Evans rats 

Dose (ng/kg bw per day) 

Single dose 
50 

200 
800 

1000 
Repeated doses• 

0.71 
7.1 

21 

Frorn Hurst et al. (2000a,b) 

Body burden on day 16 of 
gestation (ng/kg bw per day) 

Maternal Fetal 

30 
97 

520 
520 

20 
120 
300 

5.3 
13 
39 
56 

1.4 
7.5 
15 

•Daily dose, adjusted for continuous administration from 5 to 7 days per week 
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for various commercial PCB mixtures (median lethal doses usually> 100 mg/kg 
bw), the data on individual coplanar PCB congeners in mammals were limited. 

One of the commoner symptoms associated with lethality induced by PCODs is 
a generalized delayed wasting syndrome characterized by inhibition of gluconeo
genesis, reduced feed intake and loss of body weight. Other toxic effects observed 
after a single exposure to PCDDs include haemorrhages in a number of organs, 
thymic atrophy, reduced bone-marrow cellularity and loss of body fat and lean muscle 
mass, although some differences in the frequency of these effects was seen among 
species. 

9.2.2 Carcinogenicity 

TCDD and other PCDDs induced tumours at multiple sites in laboratory animal 
species of each sex. In a series of assays in vivo and in vitro, TCDD promoted the 
growth of transformed cells (e.g. rat tracheal epithelium cells treated with N-methyi
N'-nitro-N-nitrosoguanidine), consistent with observations of cancer promotion in 
whole animals in vivo. In a long-term study of carcinogenicity with TCDD in rats, the 
LOEL for hepatic adenomas in females was 10 ng/kg bw per day, and the NOEL 
was 1 ng/kg bw per day. Several studies have shown that TCDD promotes tumours 
in laboratory animals, in particular liver tumours. Several other PCDDs, PCDFs and 
non-ortho- and mono-ortho-PCBs also promoted liver tumours. In a long-term study 
in rats in which the incidence of liver tumours was increased over that in controls, 
the LOEL of 10 ng/kg bw per day corresponded to a steady-state body burden of 
290 ng/kg bw. In order for humans to attain a similar steady-state body burden, they 
would have to have a daily intake of 150 pg/kg bw (see Eq. 1 on p. 615). 

9.2.3 Genotoxicity 

The results of several short-term assays for genotoxicity with TCDD, covering 
various end-points, were negative. Furthermore, TCDD did not bind covalently to 
DNA from the liver of mice. The Committee concluded that TCDD does not initiate 
carcinogenesis. 

9.2.4 Developmental toxicity 

A number of biochemical changes, including enzyme induction, altered expression 
of growth factors and enhanced oxidative stress, have been noted in laboratory 
animals with body burdens of TCDD within a lower range of 3-1 0 ng/kg bw. The 
Committee considered these biochemical effects to be early markers of exposure to 
PCDDs, PCOFs and coplanar PCBs, or events induced by these compounds in 
animals and in humans that may or may not result in adverse effects at higher body 
burdens. 

The Committee reviewed the relevant studies (Mably et al., 1992a,b,c; Rier et 
al., 1993; Gray et al., 1997a,b; Gehrs et al., 1997) considered by the WHO 
consultation held in 1998 (van Leeuwen & Younes, 2000), as well as three recent 
studies (Faqi et al., 1998; Gehrs & Smialowicz, 1999; Ohsako et al., 2001). The 
Committee noted that the most sensitive adverse effects reported were on 
development in the male offspring of rats and immunological deficits in rats after 
prenatal exposure to TCDD (see Table 44). 
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Table 44. Studies in which the lowest NOELs and LOELs were identified for the 
most sensitive adverse effects of TCDD on developmental end-points in ratsa 

Dosing regimen 
(references) 

Strain End-point NOEL body LOEL body 
burden burden 
(ng/kg bw) (ng/kg bw) 

Single bolus by gavage Fischer 344 
on day 14 of gestation 
(Gehrs et al., 1997; Gehrs 
& Smialowicz, 1999) 

Single bolus by gavage Holtzman 
on day 15 of gestation 
(Ohsako et al., 2001) 

Single bolus by gavage Holtzman 
on day 15 of gestation 
(Mably et al., 1992c) 

Immune suppression in 
offspring 

Reduced entral prostate 13 
weight; decreased ano
genital distance in male 
offspring 

Decreased sperm count 
in offspring 

Single bolus by gavage Long-Evans Accelerated eye opening 
on day 15 of gestation and decreased sperm 
(Gray et al., 1997a) count in offspring 

Loading and mainte
nance doses by sub
cutaneous injection 
(Faqi et al., 1998) 

Wistar Decreased sperm pro
duction and altered sexual 
behaviour in male offspring 

• Body burdens estimated from a linear fit to the data in Table 43 

50 

51 

28 

28 

25 

The WHO consultation identified a study in which endometriosis was found after 
long-term administration of TCDD to rhesus monkeys. The Committee stressed that 
the findings in this study should be interpreted with caution, as the daily intake was 
not adequately reported. In addition, analyses conducted 13 years after the end of 
exposure showed high concentrations of coplanar PCBs in the blood of the monkeys 
with endometriosis, possibly from an an unknown source. The Committee also noted 
that the LOELs in some of the pivotal studies in rats (Table 44) would result in 
EHMis that were similar to or lower than that derived from the LOEL for endometriosis 
in monkeys. 

In a recent study (Ohsako et al., 2001), pregnant Holtzman rats were given a 
single oral dose of TCDD at 0-800 ng/kg bw on day 15 of gestation, and the male 
offspring were examined on days 49 and 120 after birth. No changes were seen in 
testicular or epididymal weight nor in daily sperm production or sperm reserve at 
any dose. However, the weight of the urogenital complex, including the ventral 
prostate, was significantly reduced at doses of 200 and BOO ng/kg bw in rats killed 
on day 120. Moreover, the anogenital distance of male rats receiving doses~ 50 ng/ 
kg bw and killed on day 20 was significantly decreased. The Committee noted that 
administration of TCDD at any dose resulted in a dose-dependent increase in 
5a-reductase type 2 mRNA and a decrease in androgen receptor mRNA in the ventral 
prostate of rats killed at day 49 but not in those killed at day 120, with no adverse 
sequelae at the lowest dose of 12.5 ng/kg bw. On the basis of 60% absorption and 
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an assumption of a linear relationship for the data in Table 43, the equivalent maternal 
body burden after multiple doses at this NOEL would be 13 ng/kg bw. Fitting the 
data in Table 43 into the power equation, the Committee estimated the body burden 
NOEL to be 19 ng/kg bw. The LOEL of 50 ng/kg bw per day corresponds to an 
equivalent body burden of 51 ng/kg bw with the linear model and 76 ng/kg bw with 
the power model. 

The lowest LOEL reported for the reproductive system of male offspring was 
found in an experiment with Wistar rats (Faqi et al., 1998). In this study, the dams 
were treated subcutaneously before mating and throughout mating, pregnancy and 
lactation. They received an initial loading dose of [14C]TCDD at 25, 60 or 300 ng/kg 
bw 2 weeks before mating, and then a weekly maintenance dose of TCDD at 5, 12 
or 60 ng/kg bw. The size of the maintenance doses was determined on the basis of 
a reported elimination half-life for TCDD of 3 weeks in adult rats. The effects on 
male reproductive end-points were studied on days 70 and 170 after birth. The 
number of sperm per cauda epididymis at puberty and in adulthood was lower in the 
offspring of all treated dams than in those of controls. Daily sperm production was 
permanently lower in offspring of treated dams than in those of controls, as was the 
sperm transit rate, thus increasing the time required by the sperm to pass through 
the cauda epididymis. Moreover, the offspring of the treated groups showed increased 
numbers of abnormal sperm when investigated in adulthood. The latency periods to 
mounting and intromission were significantly greater in offspring of dams at the 
lowest and highest doses, but not of those at the intermediate dose, than in offspring 
of controls. The Committee noted the lack of clear dose-response relationships for 
most of these effects in the treated groups. In the male offspring of dams at the 
highest dose, the concentration of serum testosterone was decreased in adulthood, 
and permanent changes found in the testicular tubuli included pyknotic nuclei and 
the presence of cell debris in the lumen. The fertility of the male offspring was not 
affected in any of the treated groups. 

In computing the long-term dose required to produce the fetal concentration 
found in the group given the initial loading dose of 25 ng/kg bw, the Committee 
noted that the dose would have been reduced to 20 ng/kg bw before the maintenance 
dose of 5 ng/kg bw given on day 14. On the basis of the linear fit to the data in Table 
43, the fetal body burden resulting from the maternal body burden of 20 ng/kg bw 
would be 1.04 ng/kg bw. The maintenance dose of 5 ng/kg bw administered on day 
14 of gestation would make an additional contribution to the fetal body burden of 
0.27 ng/kg bw, resulting in a total fetal body burden of 1.31 ng/kg bw. On the basis 
of a linear fit to the data in Table 43, a maternal body burden of TCDD of 25 ng/kg 
bw at steady state would be required to produce this fetal body burden. 

The studies summarized in Table 44 provide evidence that adverse effects on 
the reproductive system are induced in male offspring of pregnant rats given TCDD. 
The studies show reductions in daily sperm production, in the number of sperm in 
the cauda epididymides and in epididymal weight as well as accelerated eye opening, 
a reduction in anogenital distance and feminized sexual behaviour in male offspring 
associated with maternal steady-state body burdens of TCDD of 2: 25 ng/kg bw. 
Reductions in the weights of the testes and the size of the sex accessory glands, 
such as the ventral prostate, in male offspring, development of external malformations 
of the genitalia in female offspring and reduced fertility in males and females required 
higher maternal body burdens. 



620 PCDDs, PCDFs and COPLANAR PCBs 

The Committee noted that the most sensitive end-points differed between studies, 
perhaps reflecting strain differences in sensitivity and even minor differences in the 
experimental conditions, e.g. the diet. The Committee also noted that, in one study, 
administration of a single dose of TCDD at 12.5 ng/kg bw to dams by gavage 
decreased the amount of androgen receptor mANA in the ventral prostate of offspring 
at puberty on day 49 after birth, indicating reduced androgenic responsiveness. 
However, none of the other above-mentioned adverse effects was seen in male 
offspring at this dose, which corresponds to an estimated maternal steady-state 
body burden of TCDD of approximately 19 ng/kg bw {Table 44). The Committee 
considered the effect on androgenic responsiveness to be an early marker of 
exposure to TCDD, like enzyme induction, altered expression of growth factors and 
enhanced oxidative stress, or an event that may or may not result in adverse effects 
in animals at higher body burdens. 

9-2.5 Observations in humans 

{a) Effects other than cancer 

In two episodes of food poisoning in China (Province of Taiwan) and Japan, in 
which infants were exposed in utero to heat-degraded PCBs, a variety of adverse 
physical developmental abnormalities was observed, including decreased penis 
length and alterations of spermatozoa; neurodevelopmental abnormalities were also 
seen. The affected children in Taiwan were born to mothers with estimated body 
burdens of toxic equivalents of PCBs of 2-3 J.Lg/kg bw. 

Environmental or background exposure of infants in Germany, The Netherlands 
and the USA was evaluated in several studies; for example, the mean concentration 
of toxic equivalents in human milk was 60 pg/g of lipid (range 25-155 pg/g) in a 
study in Groningen and Rotterdam, The Netherlands. Low birth weight, detriments 
in neurological development and alterations in thyroid hormones, the distribution of 
lymphocyte subpopulations and the frequency of infections and respiratory symptoms 
were observed. The observed neurodevelopmental deficits were subtle and the 
prevalence was within the normal range; their potential consequences for future 
intellectual function are unknown. The associations observed were considered to 
be due to prenatal exposure rather than to postnatal intake (from milk). In one study 
of breastfed and bottle-fed infants, the intake of PCDDs and PCBs was inversely 
related to performance in neurobehavioural tests, breastfed infants having better 
scores than bottle-fed infants. These studies of low exposure related primarily to 
PCBs, and fewer data were available on the effects of PCDDs and PCDFs. 

In adults, most of the effects other than cancer observed after exposure to PCDDs, 
PCDFs and coplanar PCBs, such as chloracne, appeared only at doses several 
orders of magnitude greater than those generally received from background 
contamination of foods. In Seveso, Italy, more female children than expected were 
born to fathers who had serum TCDD concentrations> 80 pg/g of lipid {16-20 ng/kg 
bw) at the time of conception. 

{b) Carcinogenicity 

A working group convened by IARC {1997) classified TCDD as a human 
carcinogen (Group 1 ). Other PCDDs and PCDFs were considered not to be 
classifiable as to their carcinogenicity to humans (Group 3). 
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The most informative studies for evaluating the carcinogenicity of TCDD are 
four cohort studies of herbicide producers (two in Germany and one each in The 
Netherlands and the USA) and one cohort study of residents of a contaminated 
area in Seveso, Italy. A multi-country cohort study from I ARC included three of these 
four cohorts, other industrial cohorts, many of which had not been reported in separate 
publications, and a cohort of professional herbicide applicators. 

In most of the epidemiological studies considered, exposure had been primarily 
to TCDD, with some exposure to mixtures of other PCDDs, as contaminants of 
phenoxy herbicides and chlorophenols. The studies involved persons with the highest 
recorded exposure to TCDD, the estimated geometric mean blood lipid concentrations 
after the last exposure ranging from 1100 to 2300 pg/g of lipid in the industrial cohorts; 
lower average concentrations were found in the population exposed in Seveso. 

Low excess risks of the order of 40% were found for all neoplasms combined in 
all the studies of industrial cohorts in which the exposure assessment was adequate. 
The risks for cancers at specific sites were increased in some of the studies, but the 
results were not consistent between studies, and no single cancer site seemed to 
predominate. The results of tests for trends for increasing excess risks for all 
neoplasms with increasing intensity of exposure were statistically significant. 
Increasing risks for all neoplasms with time since first exposure were observed in 
those studies in which latency was evaluated. The follow-up of the Seveso cohort 
has so far been shorter than that of the industrial cohorts; however, the rate of death 
from all cancers has not been found to differ significantly from that expected in the 
general population. Excess risks were seen for cancers at some specific sites among 
persons in the most heavily contaminated zones at the time of the accident, but 
there were few cases. 

In these well-conducted cohort studies, the intensity of exposure could be 
ascertained with precision because of the long biological half-life of TCDD in human 
tissues, and the relative risks increased significantly with increasing exposure. 
Although the excess cancer risk at the highest exposure was statistically significant, 
these results must be evaluated with caution, as the overall risks are not high and 
the strongest evidence is for industrial populations whose exposure was two to 
three orders of magnitude greater than that of the general population, who also had 
heavy exposure to other chemicals; furthermore, lifestyle factors such as smoking 
were not evaluated. There are few precedents of carcinogens that increase the risk 
for cancer at all sites combined, with no excess risk for any specific tumour 
predominating. 

A 'benchmark dose' was calculated from the effective dose estimated to result in 
a 1% increase in cancer mortality (ED01 ), on the basis of a meta-analysis of data for 
three industrial cohorts with well-documented exposure and comparison with the 
doses required for effects other than cancer. A statistically significant linear trend in 
risk with intensity of exposure was observed, which persisted even after exclusion 
of the groups with the greatest exposure. Within the range of reasonable assumptions, 
the ED01 differed quite widely and depended strongly on the assumptions made. 
Furthermore, a number of uncertainties would influence the predicted ED01 , including 
the exact exposure of the occupational cohorts and, to a lesser extent, the potential 
confounding effects of factors not considered in the studies. 
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9.3 Sampling and analytical methods 

As no specific guidelines have been drawn up for sampling foods to be analysed 
for their PCDD, PCDF and coplanar PCB content, the basic guidelines for sampling 
for organic contaminants or pesticides should be used. The objective is to obtain a 
representative, homogeneous laboratory sample without introducing secondary 
contamination. Although PCDDs, PCDFs and coplanar PCBs are chemically stable, 
the samples should be stored and transported in such a way that they do not 
deteriorate. PCDDs, PCDFs and coplanar PCBs are usually found as complex 
mixtures of varying composition in different matrices. Their identification and 
quantification require a highly sophisticated method of analysis in order to separate 
the toxic congeners listed in Table 1 from the more prevalent, less toxic congeners. 
Usually, PCDDs, PCDFs and coplanar PCBs are determined by capillary gas 
chromatography with mass spectrometry. 

No official method exists for the determination of these compounds in food. 
Reliable results have been obtained in the absence of official methods when the 
method used has been shown to be suitable and to fulfil analytical quality criteria 
developed in other fields of residue analyses. The methods used to determine PCDDs 
and PCDFs in food must provide sufficient information to allow calculation of the 
results as toxic equivalents, at concentrations of 0.1-1 pg/g of fat in milk, meat and 
eggs, 10 pg/g of fat in fish or;::: 1 00 pg/g of fat in cases of heavier contamination, and 
0.1-0.5 pg/g of dry matter in food of vegetable origin. The patterns of congeners 
can vary between regions and foods. 

When the method used is of insufficient sensitivity, the concentrations of PCDDs, 
PCDFs and coplanar PCBs in many foods may be near or below the limit of 
quantification. The method used to derive the concentrations of undetected congeners 
(the imputation method) can therefore have a variable effect on the summary toxic 
equivalent value for a food sample. In the most commonly used imputation methods, 
the contribution of each undetected congener to the toxic equivalent is considered 
to be either 0 ('lower-bound concentrations'), the limit of detection or limit of 
quantification ('upper-bound concentrations') or half the limit of detection or limit of 
determination. In methods with insufficient sensitivity, the lower- and upper-bound 
concentrations can differ by a factor of 1 0-100 or even more. If the sensitivity is 
appropriate, the differences between lower- and upper-bound concentrations are 
negligible. Therefore, low estimates of PCDDs, PCDFs and coplanar PCBs in a 
sample may represent truly low concentrations or be the result of use of zero as the 
value for undetected congeners in a food sample. Conversely, high estimates may 
be the result either of actual contamination of the food or of use of the upper-bound 
concept with insufficient sensitivity. 

Application of upper-bound or lower-bound concentrations leads to over- and 
underestimates of intake, respectively. Therefore, the Committee recommended 
that laboratories report their results as lower-bound, upper-bound and half-detection 
limits, in addition to values for individual congeners, thus providing all the necessary 
information for interpreting the results for specific requirements. Experts who are 
summarizing results based on toxic equivalents should indicate the way in which 
the toxic equivalents were calculated. 

For analysis of food samples with normal background contamination with PCDDs, 
PCDFs or PCBs, gas chromatography with high-resolution mass spectrometry has 
been validated in collaborative studies and has been shown to provide the required 
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sensitivity and specificity. Bioanalytical assays have been developed for rapid 
screening of sediments, soil, fly ash and various foods, but only the chemical-activated 
luciferase gene expression (CALUX) assay has been used for food, and validation 
of this assay has begun. While gas chromatography with mass spectrometry is the 
most powerful method for identifying and quantifying congeners and for recognizing 
congener-specific patterns, it does not allow direct measurement in a matrix of all 
congeners present that act through the Ah receptor pathway. The CALUX assay 
provides an indication of the toxic equivalents present in a certain matrix, including 
interactive (synergistic or antagonistic) effects; however, it cannot provide information 
on the pattern of congeners. 

The Committee recognized that the available analytical data on PCDDs, PCDFs 
and coplanar PCBs are limited by the lack of generally accepted criteria for intra
and inter-laboratory validation. Mutual acceptance of analytical methods would be 
facilitated by international collaborative studies and proficiency testing programmes. 
For reliable analysis of concentrations in the range of normal background 
contamination, laboratories must use sufficiently sensitive methods. General 
statistical parameters that have been established in other fields of residue analysis 
could be used. The requirements for acceptable analytical methods clearly need to 
be harmonized, so that data are comparable and can be used for risk management 
purposes. 

9.4 Levels and patterns of contamination of food commodities 

Data were submitted by Belgium, Canada, Japan, New Zealand, Poland and 
the USA and by the European Commission in a report containing data on Belgium, 
Denmark, Finland, France, Germany, Italy, The Netherlands, Norway, Sweden and 
the United Kingdom. In all countries in which a substantial number of samples had 
been analysed, the concentrations of PCDDs, PCDFs and coplanar PCBs in food 
were decreasing up to the late 1990s, but this decrease had slowed or was even 
partly reversed in some food categories in several countries owing to contamination 
of animal feed. For the present assessment of intake at the international level, only 
data collected after 1995 were considered. 

As the Committee did not have access to the original analytical results, it was 
not possible to ascertain whether the results had been obtained by the lower- or 
upper-bound approach, and the concentrations used in the assessment were 
expressed as sums of congeners. 

Insufficient individual data were available from most countries to allow construction 
of a full curve of the distribution of concentrations. Most data were submitted in an 
aggregated format. As recommended by a FAO/WHO workshop on assessing 
exposure to contaminants (WHO, 2000), aggregated data were weighted as a 
function of the number of initial samples and then used to obtain a weighted mean 
concentration of PCDDs, PCDFs and PCBs in six major food groups: meat and 
meat products, eggs, fish and fish products, milk and milk products, vegetables and 
vegetable products, and fats and oils. National data were aggregated by region or 
country (western Europe, Japan, New Zealand and North America) and are 
summarized in Table 45. Insufficient data were available for the rest of the world to 
permit a realistic estimate of the distribution of contaminants. The Committee 
recognized that there are significant differences within the food categories in Table 
13 (p. 546), and that the data used in this analysis may not reflect the true mean for 
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a food category. For example, the mean concentrations of PCDDs, PCDFs and 
coplanar PCBs and the rate of consumption vary considerably in different fish species, 
and it was not possible to determine if the mean represents the fish species most 
commonly consumed. However, the data received were not sufficient to allow an 
analysis that might account for such variation. 

In a second step, a log-normal distribution of contaminants in foods was assumed, 
and a model of distribution was constructed from the weighted mean and a geometric 
standard deviation of 3 derived from the concentrations in six broad food groups. 
On the basis of these derived distributions, the percentiles of consumption were 
determined. The derived median values (50th percentiles) are presented in Table 13. 

9.5 Estimated dietary intake 

Because of the long half-lives of PCDDs, PCDFs and coplanar PCBs, their hazard 
to health can be estimated only after consideration of intake over a period of months. 
Short-term variations in PCDD, PCDF and coplanar PCB concentrations in foods 
have much less effect on overall intake than might be the case for other food 
contaminants. 

The distribution of long-term mean intake in various populations was calculated 
by the following procedure: 

The distributions of concentrations were constructed for various regions and 
food groups from the available data. The distributions were assumed to be log
normal. 
Data on food consumption from the GEMS/Food regional diets and national 
surveys were used to estimate mean consumption of six major food groups in 
each diet. A log-normal distribution was constructed from these data with a 
geometric standard deviation of 1.3 extrapolated from the results of the food 
consumption survey in the Netherlands in order to account for inter-individual 
variation in consumption. The average contributions of the six basic food groups 
to total food consumption were derived for each diet. 
The dietary intake of a particular population was assessed by combining the 
concentrations in food and food consumption distributions for that population 
with a Monte Carlo approach. In each Monte Carlo trial, the dietary intake was 
estimated by multiplying random values for food consumption and concentrations 
in various food groups. The concentrations were weighted according to the 
contribution of the food group to total food consumption. The estimates of intake 
were combined to form a distribution of long-term mean dietary intake for each 
population studied. The distributions are characterized by median and 90th 
percentile intake. Calculations were performed for the sum of the toxic equivalents 
of PCDDs and PCDFs and for the sum of coplanar PCBs separately, because 
the data on occurrence of PCBs were obtained independently. 
The simulated intakes of PCDDs, PCDFs and coplanar PCBs in the GEMS/ 

Food regional diets are presented in Table 45. These intakes are, however, likely to 
be overestimates, as the data on concentrations were derived from surveys (without 
random sampling) and from the GEMS/Food regional diets, which are based on 
data on food supply (apparent consumption), which are known to overestimate food 
consumption by at least 15%. 
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Table 45. Median and 90th percentile of estimated long-term intakes of toxic equiva
lents (pg!kg of body weight per month, assuming 60 kg of body weight) based on 
the GEMS/Foods regional diets 

Source of data on Source of data on Intake of PCDDs/PCDFs Intake of coplanar PCBs 
concentrations• food consumption 

Median 90th percentile Median 90th percentile 

Western Europe Europe 54 130 57 150 
North America Europe 68 160 14 35 
New Zealand Europe 18 36 10 22 
Japan Far East 7 15 7 19 

a For North America, the data on concentrations in vegetables in western Europe were 
used; for New Zealand, the data on concentrations in eggs in Japan were used. 

More reliable estimates of intake (Table 46) were obtained by using national 
food consumption data rather than data on the food supply (apparent consumption) 
from the GEMS/Food regional diets. The simulated intakes presented in Table 46 
are not strictly national estimates and are somewhat higher than the national 
estimates submitted by the European Commission. 

The calculated contributions of various food categories to the intake of PCDDs, 
PCDFs and coplanar PCBs showed that the largest fraction(> 70%) is from food of 
animal origin in both the GEMS/Food regional and national diets. 

Information was lacking on both the quality of data and geographical represen
tativeness for some regions. More data are required on the occurrence of coplanar 
compounds in food products, particularly from geographical regions other than 
Europe, so that more representative estimates of intake can be made for all regions. 
Breastfed infants have higher intakes of these compounds than bottle-fed infants or 
adults on a body-weight basis, although for only a small portion of their lives. Breast 
milk has beneficial effects, despite the contaminants present. WHO has therefore 
repeatedly evaluated the health significance of contamination of breast milk with 
coplanar compounds. WHO recommends and supports breastfeeding but has 
concluded that continued and enhanced efforts should be directed towards identifying 
and controlling environmental sources of these substances. 

Table 46. Median and 90th percentile of estimated long-term intakes of toxic equiva
lents (pglkg of body weight per month, assuming 60 kg of body weight) based on 
national food consumption data 

Source of data on Source of data on Intake of PCDDs/PCDFs Intake of coplanar PCBs 
concentrations• food consumption 

Median 90th percentile Median 90th percentile 

North America USA 42 100 9 25 
Western Europe France 40 94 47 130 
Western Europe Netherlands 33 81 30 82 
Western Europe United Kingdom 39 91 41 110 

"For North America, the data on concentrations in vegetables in western Europe were used. 
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10. EVALUATION 

In view of the long half-lives of PCDDs, PCDFs and coplanar PCBs, the 
Committee concluded that it would not be appropriate to establish an acute reference 
dose for these compounds. 

The Committee concluded that a tolerable intake could be established for TCDD 
on the basis of the assumption that there is a threshold for all effects, including 
cancer. Carcinogenicity due to TCDD was not linked to mutagenicity or DNA binding, 
and it occurred at higher body burdens in animals than other toxic effects. The 
Committee concluded that the establishment of a tolerable intake based on effects 
other than cancer would also address any carcinogenic risk. 

The studies listed in Table 44 were those considered by the Committee in choosing 
the lowest LOELs and NOELs for assessment of tolerable intake. The lowest LOEL 
and NOEL were provided by the studies of Faqi et al. (1998) and Ohsako et al. 
(2001 ), respectively. With the toxicokinetic conversions described in Table 43, these 
two studies indicate maternal body-burden LOELs and NOELs for effects on male 
rat offspring of 25 ng/kg bw and 13 ng/kg bw, respectively. 

Background body burdens in laboratory animals 

In the studies used to estimate body burden on the basis of the distribution of 
TCDD after multiple dosing, radiolabelled material was used. Therefore, the known 
background concentrations of TCDD and other PCDDs and PCDFs in the tissues of 
laboratory rodents resulting from traces of these compounds in rat feed were ignored. 
The Committee identified two studies that could be used to predict the body burdens 
of rats resulting from the presence of coplanar compounds in laboratory feed. These 
studies were mutually consistent and predicted that 'unexposed' laboratory rats had 
toxic equivalent body burdens of 3-12 ng/kg bw, depending on age. Thus, the 
maternal body burdens of TCDD seen in studies with radiolabelled material should 
be adjusted upwards by a minimum of 3 ng/kg bw to account for the background 
concentrations of unlabelled PCDDs and PCDFs. The maternal toxic equivalent 
body burden may still be underestimated, as 3 ng/kg bw was the minimum in the 
two studies, and in one of the studies coplanar PCBs were not included. 

Addition of 3 ng/kg bw to the body burdens calculated from the linear model and 
the data in Table 43 resulted in estimated total toxic equivalent body burdens of 
16 ng/kg bw for the NOEL and 28 ng/kg bw for the LOEL. These body burdens 
correspond to EHMis of 240 and 420 pg/kg bw, respectively. Fitting the data in 
Table 43 into the power equation gave EHMis of 330 pg/kg and 630 pg/kg, 
respectively. 

Identification of safety factors 

The safety factors considered in establishing acceptable levels of intake on the 
basis of the results of studies in laboratory animals usually include the following: a 
factor to convert a LOEL to a NOEL (if needed); a factor to extrapolate from animals 
to humans; and factors to account for inter-individual variations in susceptibility. 
Typically, factors of 10 have been used for extrapolation between species and to 
account for human variation in susceptibility, and a factor of 3-1 0 for extrapolating 
from a LOEL to a NOEL. 
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As a NOEL was identified for effects in the male offspring of rats, no factor for 
conversion from a NOEL to a LOEL was needed for the EHMI derived from the 
study described above (Faqi et al., 1998). 

As concluded by the WHO consultation (van Leeuwen & Younes, 2000), use of 
body burdens to scale doses from studies in laboratory animals to equivalent human 
doses removes the need for safety factors to account for differences in toxicokinetics 
between animals and humans. 

To account for interindividual differences in toxicokinetics among humans, a safety 
factor should be applied. The Committee noted that limited data were available on 
the toxicokinetics of TCDD in humans and considered that the default factor of 3.2 
was appropriate. 

The Committee observed that humans may be less sensitive than rats to some 
effects, but the conclusion is less certain for others, and it cannot be excluded that 
the most sensitive humans might be as sensitive to the adverse effects of TCDD as 
rats were in the pivotal studies. Therefore, the Committee concluded that no safety 
factor in either direction need be applied for differences in toxicodynamics among 
humans. 

Use of a LOEL instead of a NOEL indicates the need for an additional safety 
factor. As the LOEL for the sensitive end-point was considered to be close to a 
NOEL and represented marginal effects, the Committee applied a factor of 3 to 
account for use of a LOEL instead of a NOEL. This resulted in an overall safety 
factor of 9.6 (3 x 3.2). 

The Committee concluded that a total safety factor of 3.2 should be applied to 
the EHMI associated with the NOEL, and a total safety factor of 9.6 should be 
applied to the EHMI associated with the LOEL. 

Tolerable intake 

As stated in the discussion of toxicokinetics, the long half-lives of PCDDs, PCDFs 
and coplanar PCBs mean that each daily ingestion has a small or even a negligible 
effect on overall intake. In order to assess long- or short-term risks to health due to 
these substances, total or average intake should be assessed over months, and 
tolerable intake should be assessed over a period of at least 1 month. To encourage 
this view, the Committee decided to express the tolerable intake as a monthly value 
in the form of a provisional tolerable monthly intake (PTM1)1. 

As shown in Table 47, use of the linear model to extrapolate the maternal body 
burden at the NOEL, obtained with a single dose, to that expected at multiple doses 
gives a EHMI of 237 pg/kg bw, which would be expected to result in a body burden 
that is lower than that which had effects in animals. The PTMI derived by application 
of the safety factor of 3.2 to this EHMI is 74 pg/kg bw. 

Similarly, as shown in Table 47, the PTMI derived by application of the safety 
factor of 9.6 to the EHMI derived from the study that provided the LOELis 44 pg/kg 
bw. As also shown in Table 47, use of the power model to extrapolate the maternal 
body burden with single doses to multiple doses would result in PTMis of 103 pg/kg 

1 By analogy with the provisional tolerable weekly intake (PTWI), the end-point used for safety 
evaluations by the Committee for food contaminants with cumulative properties. Its value 
represents the permissible human monthly exposure to these contaminants unavoidably 
associated with otherwise wholesome, nutritious foods. 
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Table 47. Summary of four calculations of PTMI 

Linear model Power model 

NOEL LOEL NOEL LOEL 

Administered dose (ng/kg bw) 12.5" 12.5" 
Maternal body burden (ng/kg bw) 7.6 25b 7.6 25b 
Equivalent maternal body burden with long-term 13° 25° 19d 39d 
dosing (ng/kg bw) 

Body burden from feed (ng/kg bw) 3 3 3 3 
Total body burden (ng/kg bw) 16" 28" 22" 42" 
EHMI (pg/kg bw per month) 237 423 330 630 
Safety factor 3.2 9.6 3.2 9.6 
PTMI (pg/kg bw per month) 74 44 103 66 

a Bolus dose (NOEL) 
b Target maternal body burden from repeated dosing (LOEL) 
c Assuming a linear relationship between fetal and maternal body burden (based on data in 

Table 43). 
d Assumes a non-linear relationship between fetal and maternal body burden (based on data 

in Table 43). 
• Assuming, for humans, a 7.6 year half-life and 50% uptake from food (see Eq. 1 on p. 

615). 

bw for the NOEL and 66 pg/kg bw for the LOEL. The range of PTMis derived from 
the two studies, with either the linear or the power model to extrapolate the maternal 
body burden with single to multiple doses, is 40-1 00 pg/kg bw per month. The 
Committee chose the mid-point of this range, 70 pg/kg bw per month, as the PTMI. 

Furthermore, in accordance with the conclusions of the WHO consultation, the 
Committee concluded that this tolerable intake should be applied to intake of PCDDs, 
PCDFs and coplanar PCBs expressed as TEFs. 

Comparison of PTMI with estimated intake from food 

In the GEMS/Food regional diets, the range of estimated intake of toxic 
equivalents of PCDDs and PCDFs is 7-68 pg/kg bw per month at the median and 
15-160 pg/kg bw per month at the 90th percentile of mean lifetime exposure, and 
those for coplanar PCBs are 7-57 pg/kg bw per month at the median and 19-
150 pg/kg bw per month at the 90th percentile of consumption. The intakes estimated 
from national food consumption data were lower: 33-42 pg/kg bw per month at the 
median and 81-100 pg/kg bw per month at the 90th percentile for PCDDs and 
PCDFs, and 9-47 pg/kg bw per month at the median and 25-130 pg/kg bw per 
month at the 90th percentile for coplanar PCBs. Estimates could not be made for 
the sum of PCDDs, PCDFs and coplanar PCBs, because data on concentrations 
were submitted separately by countries. 

The median and 90th percentile of the derived distribution of intakes were 
considered to describe long-term intake. A Monte Carlo calculation was used to 
predict these intakes for coplanar PCBs on the basis of two sets of distribution 
curves generated from information on mean concentrations in six major food groups 
and corresponding data on mean food consumption from several sources, by applying 
geometric standard deviations of 3 and 1.3 to the respective means. The geometric 
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standard deviation for the food consumption curves accounted for long-term 
consumption patterns. As the mean intakes of the whole population tend not to 
change with the duration of a survey, use of mean consumer intakes to generate the 
curves for major food groups, rather than individual commodities, approximates the 
meal'] intakes of the whole population, as nearly all respondents were consumers. 

Uncertainties 

Several sources of uncertainty were identified in the data used to assess intake, 
which suggest that they are likely to be overestimates at both the median and the 
90th percentile levels of consumption. Despite the uncertainties, the results suggest 
that a considerable fraction of the population will have long-term mean intake above 
the PTMI. 

Furthermore, despite the large amount of information on toxicity, substantial 
uncertainties remain which should be considered in applying the risk assessment 
and in interpreting the estimates of intake of PCDDs, PCDFs and coplanar PCBs. 
The Committee used the overall data to identify a level of intake of coplanar 
compounds in food that represents no appreciable risk to humans. The safety 
assessment includes adjustment for a number of uncertainties, including estimates 
of TEFs within orders of magnitude in order to relate the potency of 28 relatively 
poorly studied compounds to that of one well-studied compound, TCDD. Moreover, 
the relative proportion of TCDD and the other 28 compounds varies; TCDD typically 
constitutes a small percentage of the total toxic equivalents in foods. 

The PTMI is not a limit of toxicity and does not represent a boundary between 
safe intake and intake associated with a significant increase in body burden or risk. 
Long-term intakes slightly above the PTMI would not necessarily result in adverse 
health effects but would erode the safety factor built into the calculations of the 
PTMI. It is not possible, given current knowledge, to define the magnitude and 
duration of excess intake that would be associated with adverse health effects. 

Effect of maximum limits on intake, risk and food availability 

The concentrations of PCDDs, PCDFs and coplanar PCBs vary among foods. 
In establishing regulatory limits, the possible undesired consequences of their 
enforcement should be taken into account, such as reductions in the food supply. 
The Committee explored the theoretical effects of various maximum regulatory limits 
on compliance and on long-term average reduction of intake. On the basis of this 
analysis, the Committee concluded that, in order to achieve, for example, a 20% 
reduction in intake of coplanar compounds from food, the intake of a wide range of 
foods would have to be reduced by a similar percentage. This relationship exists 
because these contaminants are present at relatively high levels in major food types. 
Furthermore, in view of the half-lives of these compounds in humans, setting 
regulatory limits on the basis of the PTMI would have no discernible effect on body 
burdens for several years. 

In contrast, long-term reductions could be gained by identifying and eliminating 
the routes by which these compounds pass from the environment into food supplies. 
The Committee was informed that studies of environmental concentrations over 
time in several countries suggest that measures to control emissions to the 
environment generally have had a substantial impact on both the amounts of PCDDs 
and PCDFs present in the environment and the body burdens of the general public. 
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Appendix 1. Procedure for calculating dietary intake of coplanar 
PCBs 

Dietary intake 

In order to calculate the distribution of the long-term mean intake of contaminants in 
a certain region, the long-term mean intake by an individual in the population of the 
region during a period T is represented by: 

(1) 

where JT is the long-term mean personal intake of a contaminant (Mff); C/t) is 

the concentration of the contaminant in food group i (M/M); I; (t) is the consumption 

of foods by group i (Mff); t is time (T); and N is the number of food groups 
considered. 

If for each food group iwe define: (i) a mean concentration for period T, C., (ii} 
I 

a mean food consumption for period T, I , and (iii) temporal deviations from these 
I 

- -
means, e. (C. t) and e. (I. t) , we can write: 

z r' 1 r' 

(2) 

and accordingly: 

1 N T 

IT=-"Lfcl dt+l;e/C;,t)dt+C;e/I;,t)dt+e;(l;,t)e;(C;.t)dt (3} 
T i=t o 

If the deviations from the mean food consumption and concentration are not 
correlated, for long averaging periods T, Eq. (3) reduces to: 

- 1 ~fT --
JT =-~ C;I;dt 

T i=t o 
(4) 

and thus: 

(5) 
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If we define the fraction of food group i, J; , that contributes to the mean food 

consumption, T then we can write: 
I 

N 

Jr =~LC;J; (6) 

i=l 

The distribution of long-term mean intake in a certain region can now easily be 
found by perceiving long-term mean personal food consumption, mean contaminant 
concentrations in the food groups, and the fractional contribution of food groups to the 
total food consumption as random variables. 

Basic assumptions about the random variables 

For each concentration distribution and diet, we assume: 

• The vector of fractions of various food groups contributing to the total diet has a 
multinomial distribution. The uncertainty in the probability vector is assumed to 
approximate zero. 

• All other random variables are log-normally distributed. 

• In the variation of mean personal food consumption, we recognize between
person variation in food consumption distribution. 

• In the variation of concentrations, we recognize between-country variation within 
each region in concentration distribution. 

Monte Carlo simulations 

With the distributions specified above used as input data, the distributions of long
term mean intake can be estimated from Monte Carlo simulations. 



Appendix 2. Non-compliance and mean in a truncated log-normal 
distribution 

The probability density of a log-normal distribution is given by: 

(1) 

where (j
8 

is the geometric standard deviation (GSD) and p, is the median (or 

geometric mean). Consider a value x (maximum limit) in this distribution. We want 
m 

to know (i) the probability that this value is exceeded (non-compliance) and (ii) the 
mean of the distribution that appears when the original log-normal distribution is 
truncated at Xm (see Figure A2). 

Figure A2. Log-normal distribution and explanation of terms 

1.4....--------------------, 

1.2 

-~ 1 
f/) 
c 
Ql i 0.8 

~ 0.6 

~ 
CL. 0.4 

0.2 

0.0 

Fraction non-compliance 

3.0 4.0 
Maximum limit 

Average 

Average in truncated distribution 

-661-



Appendix 2 662 

Non-compliance 

To answer the first question, the following integral must be solved: 

Xm 

P[x>xm]=l- J PL(x)dx (2) 

0 

where 

X X { (1 1 )
2

} 
m m 1 - nx-nji 
J PL(x)dx= J J27iexp 2 dx 
0 0 x1na

8 
2n 21n a

8 

(3) 

Define 

differencing yields: 

(5) 

Accordingly, (3) can be written as: 

(6) 

(7) 

As the above integral corresponds to the definition of the error function, the solution 
of the definite integral is 



Appendix 2 663 

Then, non-compliance is 

(10) 

Mean truncated distribution 

The mean of the truncated distribution follows from: 

X,=] x PL (x)dtl J Pr.. (x)dt (11) 

0 0 

For the solution of the integral in the denominator, see Eq. (9). Hence, the remaining 
integral to be solved is: 

(12) 

Use of the same substitution as in (3) yields 

Define: 

(14) 

Thus: 

x'f u.,. l 
J x PL(x)dt = f r::- exp( -{u2 + 2bu +c} )du 
0 - "1t 

(15) 

for which the solution is (Abramovitz & Stegun, 1966): 
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Accordingly: 

1 x P, (x)dx ~ ~oxp[ ~In' "• +In I' )j en( h'Jz
1
::,1' ~In "• J2]~en (-)} (l7) 

1 x P, (x)<l< ~ ~exp( ~In' "• +lop J{ err( lnJi~:: ~lnu, J2 )+l} (18) 

Reference 

Abramowitz, M. & Stegun, I.A. (1966) Handbook of Mathematical Functions (Applied 
Mathematics Series 55). National Bureau of Standards, Washington DC, 
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ANNEX 1 

REPORTS AND OTHER DOCUMENTS RESUL T/NG FROM PREVIOUS 
MEETINGS OF THE JOINT FAOIWHO EXPERT COMMITTEE ON 

FOOD ADDITIVES 

1. General principles governing the use of food additives (First report of the 
Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings 
Report Series, No. 15, 1957; WHO Technical Report Series, No. 129, 1957 (out 
of print). 

2. Procedures for the testing of intentional food additives to establish their 
safety for use (Second report of the Joint FAO/WHO Expert Committee on Footl 
Additives). FAO Nutrition Meetings Report Series, No. 17, 1958; WHO Technical 
Report Series, No. 144, 1958 (out of print). 

3. Specifications for identity and purity of food additives (antimicrobial 
preservatives and antioxidants) (Third report of the Joint FAO/WHO Expert 
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UGT1 uridine diphosphate glucuronosyl transferase 
vs versus 
WHO World Health Organization 
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ACCEPTABLE DAILY INTAKES, OTHER TOXICOLOGICAL 
INFORMATION, AND INFORMATION ON SPECIFICATIONS 

Food additives evaluated toxicologically 

Food additive 

Emulsifiers 

Specifi
cations• 

Diacetyltartaric and fatty acid R 
esters of glycerol 

Tartaric, acetic and fatty acid we 
esters of glycerol, mixed 

Quillaia extracts R, Tb 

Enzyme preparation 
Invertase from Saccharo

myces cerevisiae 

Food colours 

N 

~-Carotene from Blakeslea N,Tb 
trispora 

Curcumin R 

Food salts 
Calcium dihydrogen N 

diphosphate 
Monomagnesium phosphate N,P 
Sodium calcium poly- N 

phosphate 
Trisodium diphosphate N,Tb 

Glazing agent 
Hydrogenated poly-1- R 

decene 

Preservative 
Natamycin (pimaricin) N,P 

Sweetening agent 
D-Tagatose S 

Thickening agents 
Carrageenan 
Processed Eucheuma 

seaweed 
Curdlan 

Miscellaneous substances 
Acetylated oxidized starch 
a-Cyclodextrin 
Sodium sulfate 

R 

N, Rh 
N 
s 

Acceptable daily intake (ADI) in mg/kg 
bw and other toxicological 
recommendations 

0-50 (temporary)b 

ADI withdrawnc 

o-5 (temporary)b 

Acceptabled 

0-5 (group ADI )• 

o-1 (temporary)b 

Included in the maximum tolerable 
daily intake of 70 mg/kg bw for 
phosphates, diphosphates, and 
polyphosphates 

0-6 

0-0.3 

o-80 

ADI 'not specified'1 (group ADI)9 

ADI 'not specified'1 

ADI 'not specified'1 

ADI "not specified"1 

ADI "not specified"1 

-683-
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a N, new specifications prepared; R, existing specifications revised; S, specifications 
exist, revision not considered or required; T, the existing, new, or revised 
specifications are tentative and new information is needed; W, existing 
specifications withdrawn. 

b See Annex 3. 
c The ADI was withdrawn because the specifications for tartaric, acetic and fatty acid 

esters of glycerol, mixed, were combined with those of diacetyltartaric and fatty 
acid esters of glycerol under the latter name at the fifty-first meeting (WHO 
Technical Report Series, No. 891, 2000). 

d Invertase from Saccharomyces cerevisiae that meets the specifications developed 
at the present meeting was considered to be acceptable because S. cerevisiae is 
commonly used in the preparation of food. Its use should be limited by Good 
Manufacturing Practice. 

• Group ADI for p-carotene from 8/akes/ea trispora and synthetic P-carotene 
1 ADI "not specified" is used to refer to a food substance of very low toxicity which, 

on the basis of the available data (chemical, biochemical, toxicological and other) 
and the total dietary intake of the substance arising from its use at the levels 
necessary to achieve the desired effects and from its acceptable background levels 
in food, does not, in the opinion of the Committee, represent a hazard to health. 
For that reason, and for the reasons stated in the individual evaluations, the 
establishment of an ADI expressed in numerical form is not deemed necessary. An 
additive meeting this criterion must be used within the bounds of good 
manufacturing practice, i.e. it should be technologically efficacious and should be 
used at the lowest level necessary to achieve this effect, it should not conceal food 
of inferior quality or adulterated food, and it should not create a nutritional 
imbalance. 

g Group ADI for carrageenan and processed Euchema seaweed 
h The new specifications for acetylated oxidized starch were integrated into the 

revised specifications for modified starches. 

Food additives considered for specifications only 

Food additive 

Acesulfame K (potassium salt} 
Blackcurrant extract 
Oxystearin 
(+/-)-Malic acid 
Pectins 
Smoked flavourings 
Tagetes extract 

Specification• 

R 
R 
w 
R 
R 
R 
R 

a R, existing specifications revised; W, existing specifications withdrawn 

Substances evaluated by the Procedure for the Safety Evaluation of Flavouring 
Agents 

Flavouring agent No. Specifications• Conclusions based 
on current intake 

Pyrazine derivatives 
2-Methylpyrazine 761 N No safety concern 
2-Ethylpyrazine 762 N No safety concern 
Propylpyrazine 763 N No safety concern 
lsopropylpyrazine 764 N No safety concern 
2,3-Dimethylpyrazine 765 N No safety concern 
2,5-Dimethylpyrazine 766 N No safety concern 
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Flavouring agent No. Specifications• Conclusions based 
on current intake 

Pyrazine derivatives (contd) 
2,6-Dimethylpyrazine 767 N No safety concern 
2-Ethyl-3-methylpyrazine 768 N No safety concern 
2-Ethyl-6-methylpyrazine 769 N No safety concern 
2-Ethyl-5-methylpyrazine 770 N No safety concern 
2,3-Diethylpyrazine 771 N No safety concern 
2-Methyl-5-isopropylpyrazine 772 N No safety concern 
2-lsobutyl-3-methylpyrazine 773 N No safety concern 
2,3,5-Trimethylpyrazine 774 N No safety concern 
2-Ethyl-3,(5 or 6)-dimethylpyrazine 775 N No safety concern 
3-Ethyl-2,6-dimethylpyrazine 776 N No safety concern 
2,3-Diethyl-5-methylpyrazine 777 N No safety concern 
2,5-Diethyl-3-methylpyrazine 778 N No safety concern 
3,5-Diethyl-2-methylpyrazine 779 N No safety concern 
2 ,3,5,6-Tetramethylpyrazine 780 N No safety concern 
5-Methyl-6, 7 -dihydro-5H-cyclopenta- 781 N No safety concern 

pyrazine 
6,7-Dihydro-2,3-dimethyi-5H-cyclopenta- 782 N No safety concern 

pyrazine 
2-lsobutyl-3-methoxypyrazine 792 N No safety concern 
Acetylpyrazine 784 N No safety concern 
2-Acetyl-3-methylpyrazine 950 N No safety concern 
2-Acetyl-3-ethylpyrazine 785 N No safety concern 
2-Acetyl-3,(5 or 6)-dimethylpyrazine 786 N No safety concern 
Methoxypyrazine 787 N No safety concern 
(2,5 or 6)-Methoxy-3-methylpyrazine 788 N No safety concern 
2-Ethyl(or methyl)-(3,5 or 6)-methoxy- 789 N No safety concern 

pyrazine 
2-Methoxy-(3,5 or 6)-isopropylpyrazine 790 N No safety concern 
2-Methoxy-3-(1-methylpropyl)-pyrazine 791 N No safety concern 
(Cyclohexylmethyl)pyrazine 783 N No safety concern 
2-Methyl-3,5 or 6-ethoxypyrazine 793 N No safety concern 
2-(Mercaptomethyl)pyrazine 794 N No safety concern 
2-Pyrazinylethanethiol 795 N No safety concern 
Pyrazinylmethyl methyl sulfide 796 N No safety concern 
(3,5 or 6)-(Methylthio)-2-methylpyrazine 797 N No safety concern 
5-Methylquinoxaline 798 N No safety concern 
Pyrazine 951 N No safety concern 
5,6, 7, 8-Tetrahydroquinoxaline 952 N No safety concern 

Aromatic substituted secondary alcohols, ketones and related esters 
a-Methylbenzyl alcohol 799 N No safety concern 
a-Methylbenzyl formate 800 N No safety concern 
a-Methylbenzyl acetate 801 N No safety concern 
a-Methylbenzyl propionate 802 N No safety concern 
a-Methylbenzyl butyrate 803 N No safety concern 
a-Methylbenzyl isobutyrate 804 N No safety concern 
para, a-Dimethylbenzyl alcohol 805 N No safety concern 
Acetophenone 806 N No safety concern 
4-Methylacetophenone 807 N No safety concern 
para-lsopropylacetophenone 808 N No safety concern 
2,4-Dimethylacetophenone 809 N No safety concern 
Acetanisole 810 N No safety concern 
a-Methylphenethyl butyrate 814 N,T No safety concern 
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Flavouring agent No. Specifications• Conclusions based 
on current intake 

Aromatic substituted secondary alcohols, ketones and related esters (contd) 

1-(para-Methoxyphenyl)-2-propanone 813 N No safety concern 
4-Phenyl-2-butanol 815 N No safety concern 
4-Phenyl-2-butyl acetate 816 N No safety concern 
4-(para-Tolyl)-2-butanone 817 N,T No safety concern 
4-(para-Methoxyphenyl)-2-butanone 818 N No safety concern 
4-Phenyl-3-buten-2-ol 819 N No safety concern 
4-Phenyl-3-buten-2-one 820 N No safety concern 
3-Methyl-4-phenyl-3-buten-2-one 821 N No safety concern 
1-Phenyl-1-propanol 822 N No safety concern 
a-Ethylbenzyl butyrate 823 N No safety concern 
Propiophenone 824 N No safety concern 
a-Propylphenethyl alcohol 825 N No safety concern 
1-(para-Methoxyphenyl)-1-penten-3-one 826 N No safety concern 
Ethyl benzoylacetate 834 N No safety concern 
Ethyl 2-acetyl-3-phenylpropionate 835 N No safety concern 
4-Acetal-6-t-butyl-1, 1-dimethylindan 812 N Additional data 

required 
a-lsobutylphenethyl alcohol 827 N No safety concern 
4-Methyl-1-phenyl-2-pentanone 828 N No safety concern 
1-( 4-Methoxyphenyl)-4-methyl-1-penten- 829 N No safety concern 

3-one 
3-Benzyl-4-heptanone 830 N No safety concern 
1-Phenyl-1 ,2-propanedione 833 N No safety concern 
Methyl 13-naphthyl ketone 811 N No safety concern 
Benzophenone 831 N No safety concern 
1 ,3-Diphenyl-2-propanone 832 N No safety concern 
Benzoin 836 N No safety concern 

Benzyl derivatives 
Benzyl alcohol 025 R No safety concern 
Benzyl formate 841 N No safety concern 
Benzyl acetate 023 R No safety concern 
Benzyl propionate 842 N No safety concern 
Benzyl butyrate 843 N No safety concern 
Benzyl isobutyrate 844 N No safety concern 
Benzyl isovalerate 845 N No safety concern 
Benzyl trans-2-methyl-2-butenoate 846 N No safety concern 
Benzyl 2,3-dimethylcrotonate 847 N,T No safety concern 
Benzyl acetoacetate 848 N No safety concern 
Benzyl benzoate 024 R No safety concern 
Benzyl phenylacetate 849 N No safety concern 
Benzaldehyde 022 R No safety concern 
Benzaldehyde dimethyl acetal 837 N No safety concern 
Benzaldehyde glyceryl acetal 838 N No safety concern 
Benzaldehyde propylene glycol acetal 839 N No safety concern 
Benzoic acid 850 N Evaluation not 

finalizedb 
Methyl benzoate 851 N No safety concern 
Ethyl benzoate 852 N No safety concern 
Propyl benzoate 853 N No safety concern 
Hexyl benzoate 854 N No safety concern 
Isopropyl benzoate 855 N No safety concern 
sobutyl benzoate 856 N No safety concern 
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Flavouring agent No. Specificationsa Conclusions based 
on current intake 

Benzyl derivatives (contd) 
llsoamyl benzoate 857 N No safety concern 
cis-3-Hexenyl benzoate 858 N No safety concern 
Linalyl benzoate 859 N No safety concern 
Geranyl benzoate 860 N No safety concern 
Glyceryl tribenzoate 861 N,T Evaluation not 

finalizedb 
Propylene glycol dibenzoate 862 N,T Evaluation not 

finalizedb 
Methylbenzyl acetate (mixed ottho, 863 N No safety concern 

meta, para) 
para-lsopropylbenzyl alcohol 864 N No safety concern 
4-Ethylbenzaldehyde 865 N No safety concern 
Tolualdehydes (mixed ottho, 866 N,T No safety concern 

meta, para) 
Tolualdehyde glyceryl acetal 867 N No safety concern 
Cuminaldehyde 868 N No safety concern 
2,4-Dimethylbenzaldehyde 869 N No safety concern 
Benzyl 2-methoxyethyl acetal 840 N No safety concern 

Hydroxy- and alkoxy-substituted benzyl derivatives 
4-Hydroxybenzyl alcohol 955 _c No safety concern 
4-Hydroxybenzaldehyde 956 _c No safety concern 
4-Hydroxybenzoic acid 957 _c No safety concern 
2-Hydroxybenzoic acid 958 _c No safety concern 
Butyl-para-hydroxybenzoate 870 N,T Evaluation not 

finalizedb 
Anisyl alcohol 871 N No safety concern 
Anisyl formate 872 N,T No safety concern 
Anisyl acetate 873 N No safety concern 
Anisyl propionate 874 N No safety concern 
Anisyl butyrate 875 N No safety concern 
Anisyl phenylacetate 876 N No safety concern 
Veratraldehyde 877 N No safety concern 
para-Methoxybenzaldehyde 878 N No safety concern 
para-Ethoxybenzaldehyde 879 N No safety concern 
Methyl ortho-methoxybenzoate 880 N No safety concern 
2-Methoxybenzoic acid 881 N No safety concern 
3-Methoxybenzoic acid 882 N No safety concern 
4-Methoxybenzoic acid 883 N No safety concern 
Methyl anisate 884 N No safety concern 
Ethyl para-anisate 885 N No safety concern 
Vanillyl alcohol 886 N No safety concern 
Vanillin 889 N No safety concern 
4-Hyd roxy-3-methoxybenzoic acid 959 _c No safety concern 
Vanillin acetate 890 N No safety concern 
Vanillin isobutyrate 891 N No safety concern 
Salicylaldehyde 897 N No safety concern 
2-Hydroxy-4-methylbenzaldehyde 898 N No safety concern 
Methyl salicylate 899 N No safety concern 
Ethyl salicylate 900 N No safety concern 
Butyl salicylate 901 N No safety concern 
Isobutyl salicylate 902 N No safety concern 
Isoamyl salicylate 903 N No safety concern 
Benzyl salicylate 904 N No safety concern 
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Flavouring agent No. Specifications• Conclusions based 
on current intake 

Hydroxy- and alkoxy-substituted benzyl derivatives (contd) 
Phenethyl salicylate 905 N No safety concern 
ortho-Tolyl salicylate 907 N No safety concern 
2,4-Dihydroxybenzoic acid 908 N No safety concern 
Vanillyl ethyl ether 887 N No safety concern 
Vanillyl butyl ether 888 N No safety concern 
Ethyl vanillin 893 N No safety concern 
Vanillin erythro- & threo-butan-2,3-diol 960 _c No safety concern 

acetal 
Ethyl vanillin isobutyrate 953 N No safety concern 
Ethyl vanillin propylene glycol acetal 954 N, T No safety concern 
Piperonyl acetate 894 N No safety concern 
Piperonyl isobutyrate 895 N No safety concern 
Piperonal 896 N No safety concern 
Ethyl vanillin 
-d-glucopyranoside 892 N No safety concern 

Aliphatic acyclic dials, trials, and related agents 
Glycerol 909 N,T Evaluation not 

finalize db 
1 ,2,3-tris[(1 '-Ethoxy)ethoxy]propane 913 N No safety concern 
3-0xohexadecanoic acid glyceride 917 N, T Evaluation not 

finalizedb 
Glycerol monostearate 918 N,T Evaluation not 

finalizedb 
Glyceryl monooleate 919 N,T Evaluation not 

finalizedb 
Triacetin 920 N, T Evaluation not 

finalizedb 
Glyceryl tripropionate 921 N, T Evaluation not 

finalizedb 
Tributyrin 922 N,T Evaluation not 

finalizedb 
Glycerol 5-hydroxydecanoate 923 N,T Evaluation not 

finalizedb 
Glycerol 5-hydroxydodecanoate 924 N, T Evaluation not 

finalizedb 
Propylene glycol 925 N, T Evaluation not 

finalizedb 
Propylene glycol stearate 926 N, T Evaluation not 

finalizedb 
1 ,2-Di[(1-ethoxy)ethoxy]propane 927 N No safety concern 
Lactic acid 930 N No safety concern 
Ethyl lactate 931 N No safety concern 
Butyl lactate 932 N No safety concern 
Potassium 2-(1 '-ethoxy)ethoxypropanoate 933 N No safety concern 
cis-3-Hexenyl lactate 934 N No safety concern 
Butyl butyryllactate 935 N No safety concern 
Pyruvic acid 936 N No safety concern 
Pyruvaldehyde 937 N, T No safety concern 
Ethyl pyruvate 938 N No safety concern 
Isoamyl pyruvate 939 N No safety concern 
3-0xohexanoic acid glyceride 910 N, T No safety concern 
3-0xooctanoic acid glyceride 911 N, T No safety concern 
Heptanal glyceryl acetal (mixed 1 ,2 and 912 N No safety concern 
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Flavouring agent No. Specifications• Conclusions based 
on current intake 

Aliphatic acyclic diols, trials, and related agents (contd) 
1 ,3 acetals) 

3-0xodecanoic acid glyceride 914 N,T Evaluation not 
finalizedb 

3-0xododecanoic acid glyceride 915 N,T Evaluation not 
finalizedb 

3-0xotetradecanoic acid glyceride 916 N,T Evaluation not 
finalizedb 

4-Methyl-2-pentyl-1 ,3-dioxolane 928 N No safety concern 
2,2,4-Trimethyl-1 ,3-oxacyclopentane 929 N No safety concern 

Aliphatic acyclic acetals 
1, 1-Dimethoxyethane 940 N No safety concern 
Acetal 941 N No safety concern 
Heptanal dimethyl acetal 947 N No safety concern 
4-Heptenal diethyl acetal 949 N No safety concern 
Octanal dimethyl acetal 942 N No safety concern 
2,6-Nonadienal diethyl acetal 946 N No safety concern 
Decanal dimethyl acetal 945 N No safety concern 
Citra! dimethyl acetal 944 N No safety concern 
Citra! diethyl acetal 948 N No safety concern 
Acetaldehyde ethyl cis-3-hexenyl acetal 943 N,T No safety concern 

• N, new specifications prepared; R, existing specifications revised; T, the existing, 
new, or revised specifications are tentative and new information is needed 

b Further information is required to determine whether this substance is currently 
used as a flavouring agent. 

c Specifications will be considered at the fifty-ninth meeting of the Committee. 

Flavouring agents considered for specifications only 

No. Flavouring agent Specifications• 

10 Allyl tiglate R 
12 Allyl cyclohexane acetate R 
14 Allyl cyclohexane butyrate R 
15 Allyl cyclohexane valerate R 
16 Allyl cyclohexane hexanoate R 
22 Benzaldehyde R 
23 Benzyl acetate R 
24 Benzyl benzoate R 
25 Benzyl alcohol R 
42 Isoamyl formate R 
51 Isoamyl 2-methyl butyrate R 
58 Geranyl acetate R 
64 Rhodinyl propionate R 
70 Geranyl hexanoate R 
72 Geranyl isobutyrate R 
74 Rhodinly isobutyrate R 
77 Rhodinyl isovalerate R 
78 3, 7 -Dimethyl-2,6-octadien-1-yl-2-ethyl butanoate R 
95 Heptanal R 
101 Non anal R 
107 Undecanal R 
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No. Flavouring agent Specifications• 

111 Lauric acid R,T 
113 Myristic acid R,T 
115 Palmitic acid R,T 
116 Stearic acid R,T 
117 Propyl formate R 
119 n-Amyl formate R 
124 Isobutyl formate R 
170 n-Amyl heptanoate R 
172 Isobutyl heptanoate R 
178 Nonyl octantoate R 
180 Methyl laurate R 
182 Isoamyl laurate R,T 
184 Butyl stearate R 
191 trans-3-Heptenyl-2-methyl propanoate R 
205 Methyl 2-methylbutyrate R 
212 2-Methylbutyl 2-methylbutyrate R 
240 w-6-Hexadecene lactone R 
249 cis-4-Hydroxy-6-dodecenoic acid lactone R 
260 2-Methylpentanal R 
265 2-Methylhexanoic acid R 
266 5-Methylhexanoic acid R 
270 2-Methyloctanal R 
273 2,6-Dimethyloctanal R 
275 2-Methylundecanal R 
304 Isopropyl formate R 
306 Isopropyl propionate R 
308 Isopropyl hexanoate R 
322 cis-5-0cten-1-ol R 
323 cis-5-0ctenal R 
325 cis-6-Nonenal R 
326 4-Decenal R 
328 9-Decenoic acid R 
330 1 0-Undecenal R 
334 Methyl 3-hexenoate R 
344 Butyl 1 0-undecenoate R 
347 2-Methyl-3-pentenoic acid R 
348 2,6-Dimethyl-6-hepten-1-ol R 
350 Ethyl 2-methyl-3-pentenoate R 
352 Hexyl2-methyl-3&4-pentenoate (mixture) R 
367 Terpinyl formate R 
370 Terpinyl butyrate R 
372 Terpinyl isovalerate R 
374 para-Menth-8-en-1-ol R 
388 a-lonone R 
390 y-lonone R,T 
401 Allyl-a-ionone R 
404 a-iso-Methylionone R 
416 5-Hydroxy-4-octanone R 
424 2-Hydroxy-2-cyclohexen-1-one R 
428 d-neo-Menthol R 
434 para-Menth-1-en-3-ol R 
440 2-Ethyl-1 ,3,3-trimethyl-2-norbornanol R 
442 Methyl 1-acetoxycyclohexyl ketone R 
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448 1-Ethylhexyl tiglate R 
457 (1-Buten-1-yl) methyl sulfide R 
461 3-(Methylthio)propanol R 
478 3-(Methylthio )propyl acetate R 
490 Allyl thiopropionate R,T 
510 2-Propanethiol R 
531 2-Naphthalenethiol R 
543 Trithioacetone R 
562 2,5-Dimethyl-2,5-dihydroxy-1 ,4-dithiane R 
580 2-Methyl-2-(methyldithio)propanal R 
581 Ethyl 2-(methyldithio)propionate R 
591 Methyl 2-oxo-3-methyl-pentanoate R 
599 Geranyl acetoacetate R 
604 3-(Hydroxymethyl)-2-heptanone R,T 
609 1 ,4-Nonanediol diacetate R,T 
627 Aconitic acid R,T 
642 3-Phenylpropyl hexanoate R,T 
645 3-Phenylpropionaldehyde R 
648 Cinnamaldehyde ethylene glycol acetal R 
652 Cinnamyl butyrate R 
656 Cinnamaldehyde R 
660 Propyl cinnamate R 
663 Butyl cinnamate R 
666 Heptyl cinnamate R 
671 Phenethyl cinnamate R 
672 3-Phenylpropyl cinnamate R 
673 Cinnamyl cinnamate R 
676 a-Amylcinnamyl formate R 
677 a-Amylcinnamyl acetate R 
678 a-Amylcinnamyl isovalerate R,T 
681 a-Amylcinnamaldehyde dimethyl acetal R 
698 ortho-Tolyl acetate R 
711 para-Vinylphenol R 
719 Guaiacyl phenylacetate R 
720 Hydroquinone monoethyl ether R 
723 4-Ethyl-2,6-dimethoxyphenol R 
724 4-Propyl-2,6-dimethoxyphenol R 
726 4-AIIyl-2,6-dimethoxyphenol R 
729 Dihydroxyacetophenone R,T 
732 Vanillylidene acetone R 
740 Furfuryl propionate R 
741 Furfuryl pentanoate R 
742 Furfuryl octanoate R 
743 Furfuryl 3-methylbutanoate R 
748 Amyl 2-furoate R 
749 Hexyl 2-furoate R 
750 Octyl 2-furoate R 
752 2-Phenyl-3-carboethoxyfuran R,T 
759 Furfuryl butyrate R 
760 Cinnamyl benzoate R 

• R, existing specifications revised; S, specifications exist, revision not required; T, the 
existing, new or revised specifications are tentative and new information is required. 
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Contaminants 

Contaminant 

3-Chloro-1 ,2-propanediol 

1 ,3-Dichloro-2-propanol 

Polychlorinated dibenzodioxins, 
polychlorinated dibenzofurans, 
and dioxin-like polychlorinated 
biphenyls 

Tolerable intake and other toxicological 
recommendations 

Provisional maximum tolerable daily intake 
(PMTDI): 2 ~g/kg bw 

692 

Establishment of a tolerable intake was 
considered inappropriate because of the nature 
of toxicity (tumorigenic in various organs in rats 
and can interact with chromosomes and/or DNA). 
The Committee noted that the dose that caused 
tumours in rats (19 mg/kg bw per day) was about 
20 000 times the highest estimated intake of 1 ,3-
dichloro-2-propanol by consumers of soya sauce 
(1 ~g/kg bw per day). 

Provisional tolerable monthly intake (PTMI): 
70 pg/kg bw 
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This volume contains monographs prepared at the fifty
seventh meeting of the Joint FAO/WHO Expert Committee 
on Food Additives (JECFA), which met in Rome, Italy, from 
5 to 14 June 2001. 

The monographs in this volume summarize data on the 
safety of a number of food additives, including the emulsifiers 
diacetyltartaric and fatty acid esters of glycerol and quillaia 
extracts, the food colour 13-carotene from 8/akes/ea trispora, 
the glazing agent hydrogenated poly-1-decene, the 
preservative natamycin, the sweetening agent D-tagatose, 
the thickening agents carrageenan and processed 
Eucheuma seaweed, and the miscellaneous substances 
acetylated oxidized starch and a-cyclodextrin. Monographs 
on six groups of related flavouring agents evaluated by the 
Procedure for the Safety Evaluation of Flavouring Agents are 
also included. This volume also contains monographs 
summarizing the toxicological and intake data on two 
chloropropanols (3-chloro-1 ,2-propanediol and 1 ,3-dichloro-
2-propanol) and on polychlorinated dibenzodioxins, 
polychlorinated dibenzofurans, and coplanar polychlorinated 
biphenyls. 

This volume and others in the WHO Food Additives 
Series contain information that is useful to those who 
produce and use food additives and veterinary drugs and 
those involved with controlling contaminants in food, 
government and food regulatory officers, industrial testing 
laboratories, toxicological laboratories, and universities. 
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