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Physicochemical properties (1)

Salts
Reactivity

Nitrate
Conjugate base of strong
acid HN03; pKa = -1.3
Very soluble in water
Unreactive

Conversion
to nitrogen

1 mg N0_3Jlitre
N03 -N!litre

Property
Acid

=

0.226 mg

Nitrite
Conjugate base of weak acid
HN02; pKa = 3.4
Very soluble in water
Reactive; oxidizes antioxidants,
Fe2+ of haemoglobin to Fe3+, and
primary amines; nitrosates
several amines and amides
1 mg NOj:llitre = 0.304 mg
NO:z -N/litre

Major uses
Nitrate is used mainly in inorganic fertilizers. It is also used as an oxidizing agent
and in the production of explosives and purified potassium nitrate for glass making. Sodium nitrite is used as a food preservative, especially in cured meats.
Nitrate is sometimes added to serve as a reservoir for nitrite.

Environmental fate
In soil, fertilizers containing inorganic nitrogen and wastes containing organic
nitrogen are first decomposed to give ammonia, which is then oxidized to nitrite
and nitrate. The nitrate is taken up by plants during their growth and used in the
synthesis of organic nitrogenous compounds. Surplus nitrate readily moves with
groundwater (2, 3). Under aerobic conditions, it percolates in large quantities into the aquifer because of the small extent to which degradation or denitrification
occurs. Under anaerobic conditions, nitrate may be denitrified or degraded almost completely to nitrogen.
The presence of high or low water tables, the amount of rainwater, the presence of other organic material, and other physicochemical properties are also
important in determining the fate of nitrate in soil ( 4). In surface water, nitrification and denitrification may also occur, depending on the temperature and pH.
The uptake of nitrate by plants, however, is responsible for most of the nitrate
reduction in surface water.
Nitrogen compounds are formed in the air by lightning or discharged into it
from industrial processes, motor vehicles, and intensive agriculture. Nitrate is
present in air primarily as nitric acid and inorganic aerosols, as well as nitrate radicals and organic gases or aerosols. These are removed by wet and dry deposition.
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13.24.2 Analytical methods
The methods used for the measurement of nitrate in water are usually based on
photometric analysis after reduction to nitrite. Detection limits range from 3 to
220 ~g of nitrate per litre (5, 6).

13.24.3 Environmental levels and human exposure
Air
Atmospheric nitrate concentrations ranging from 0.1 to 0.4 ~gfm3 have been reported, the lowest concentrations being found in the South Pacific (7). Higher
concentrations ranging from 1 to 40 ~gfm3 have also been reported, with annual
means of 1-8 ~gfm3. Mean monthly nitrate concentrations in air in the Netherlands vary from 1 to 14 ~gfm3 (B). Indoor nitrate aerosol concentrations of
1.1-5.6 ~gfm3 were found to be related to outdoor concentrations (9).

Water
Concentrations of nitrate in rainwater of up to 5 mg/litre 1 have been observed in
industrial areas (2). In rural areas, concentrations are somewhat lower.
The nitrate concentration in surface water is normally low (0-18 mg/litre),
but can reach high levels as a result of agricultural run-off, refuse dump run-off,
or contamination with human or animal wastes. The concentration often fluctuates with the season and may increase when the river is fed by nitrate-rich aquifers. Nitrate concentrations have gradually increased in many European countries
in the last few decades and have sometimes doubled over the past 20 years. In the
United Kingdom, for example, an average annual increase of 0. 7 mgflitre has
been observed in some rivers (10).
The natural nitrate concentration in groundwater under aerobic conditions
is a few milligrams per litre and depends strongly on soil type and on the geological situation. In the USA, naturally occurring levels do not exceed 4-9 mgflitre
for nitrate and 0.3 mgflitre for nitrite (3). As a result of agricultural activities, the
nitrate concentration can easily reach several hundred milligrams per litre (5).
For example, concentrations of up to 1500 mgflitre were found in the groundwater in an agricultural area of India ( 11).
In the USA, nitrates are present in most surface water and groundwater supplies at levels below 4 mgflitre; levels exceed 20 mg/litre in about 3% of the surface waters and 6% of the groundwaters. In 1986, a nitrate concentration of
44 mgflitre (10 mg nitrate-nitrogen per litre) was exceeded in 40 surface water
and 568 groundwater supplies. Nitrite levels were not surveyed but are expected
to be much lower than 3.3 mg/litre (3).

1

Unless otherwise stated, concentrations in water are expressed as mg of nitrate (NO}) per litre and
mg of nitrite (N02) per litre.
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The increasing use of artificial fertilizers, the disposal of wastes (particularly
from animal farming), and changes in land use are the main factors responsible
for the progressive increase in nitrate levels in groundwater supplies over the last
20 years. In Denmark and the Netherlands, for example, nitrate concentrations
are increasing by 0.2-1.3 mg/litre per year in some areas (5). Because of the delay
in the response of groundwater to changes in soil, some endangered aquifers have
not yet shown the increase expected from the increased use of nitrogen fertilizer
or manure; once the nitrate reaches them, these aquifers will remain contaminated for decades, even if there is a substantial reduction in the nitrate loading of
the surface.
In most countries, nitrate levels in drinking-water derived from surface water
do not exceed 10 mg/litre. In some areas, however, concentrations are higher as a
result of run-off and the discharge of sewage effluent and certain industrial
wastes. In 15 European countries, the percentage of the population exposed to
nitrate levels in drinking-water above 50 mg!litre ranges from 0.5 to 10% (5,12);
this corresponds to nearly 10 million people. Individual wells in agricultural
areas throughout the world are especially vulnerable, and nitrate levels in the water often exceed 50 mg/litre.

Food
Vegetables and cured meat are in general the main sources of nitrate and nitrite in
the diet, but small amounts may be present in fish and dairy products. Meat
products may contain <2.7-945 mg of nitrate per kg and <0.2-64 mg of nitrite
per kg, and dairy products <3-27 mg of nitrate per kg and <0.2-1.7 mg of nitrite per kg (12). Most vegetables and fruits contain 200-2500 mg of nitrate per
kg (2). The nitrate content of vegetables can be affected by the processing of the
food, the use of fertilizers, and growing conditions. Vegetables such as beetroot,
lettuce, radish, and spinach often contain concentrations above 2500 mg/kg,
especially when they are cultivated in greenhouses.

Estimated total exposure and relative contribution of drinking-water
Air pollution appears to be a minor source. In general, vegetables will be the
main source of nitrate intake when levels in drinking-water are below 10 mg/litre
(3, 12, 13). When levels in drinking-water exceed 50 mg!litre, drinking-water will
be the major source of total nitrate intake, especially for bottle-fed infants. In the
Netherlands, the average population exposure is approximately 140 mg of nitrate
per day (including the nitrate in drinking-water). The contribution of drinkingwater to the nitrate intake is up to 14% from 80% of the supplies and up to 45%
from 5% of them. For the bottle-fed infant, daily intake from formula made with
water containing 50 mg of nitrate per litre would average about 8.3-8.5 mg of
nitrate per kg of body weight per day.
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The mean dietary intakes determined by the duplicate portion technique
( 14) range from 43 to 131 mg of nitrate per day and from 1.2 to 3 mg of nitrite
per day. Estimates of the total nitrate intake based on the proportion of nitrate
excreted in the urine (15) range from 39 to 268 mg/day, the higher values applying to vegetarian and nitrate-rich diets (12). According to the US Environmental
Protection Agency, the average nitrate intake from food of males is approximately
40-100 mg/day. The daily nitrite intake ranges from 0.3 to 2.6 mg/day, primarily from cured meat (16).

13.24.4 Kinetics and metabolism in laboratory animals and
humans
Ingested nitrate is readily and completely absorbed from the upper small intestine. Nitrite may be absorbed directly both from the stomach and the upper
small intestine. Part of the ingested nitrite is reduced in the mouth or reacts with
gastric contents prior to absorption.
Nitrate is rapidly distributed throughout the tissues. Approximately 25o/o of
ingested nitrate is actively secreted into saliva, where it is partly (20%) reduced to
nitrite by the oral microflora; nitrate and nitrite are then swallowed and re-enter
the stomach. Bacterial reduction of nitrate may also take place in other parts of
the human gastrointestinal tract but not normally in the stomach; exceptions are
reported in humans with low gastric acidity, such as artificially fed infants and
certain patients in whom hydrochloric acid secretion is lower than normal. In
rats, active secretion and reduction of nitrate in saliva are virtually absent. Total
nitrate reduction in rats is probably less than in humans.
Absorbed nitrite is rapidly oxidized to nitrate in the blood. Nitrite in the
bloodstream is involved in the oxidation of haemoglobin to methaemoglobin:
the Fe2+ present in the haem group is oxidized to its Fe3+ form, and nitrite binds
firmly to this oxidized haem. Nitrite has been shown to cross the placenta and
cause the formation of fetal methaemoglobin in rats. It may react in the stomach
with nitrosatable compounds (e.g secondary and tertiary amines or amides in
food) to form N-nitroso compounds. Such endogenous nitrosation has been
shown to occur in human as well as animal gastric juice both in vivo and in vitro,
mostly at higher pH values.
The major part of the ingested nitrate is eventually excreted in urine as
nitrate, ammonia, or urea, faecal excretion being negligible. Little nitrite is excreted (1, 5, 17). The excess nitrate excretion that has often been observed after
low nitrate and nitrite intake originates from endogenous synthesis, which
amounts, in normal healthy humans, to 1 mmol/day on average, corresponding
to 62 mg of nitrate per day or 14 mg of nitrate-nitrogen per day. Gastrointestinal
infections increase nitrate excretion enormously, as a result, at least in part, of increased endogenous (nonbacterial) nitrate synthesis, probably induced by activation of the mammalian reticuloendothelial system (5, 17).
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13.24.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The acute oral toxicity of nitrate to laboratory animals is low to moderate: LD 50
values of 1600-9000 mg of sodium nitrate per kg of body weight have been reported. Ruminants are more sensitive to the effects of nitrate owing to high
nitrate reduction in the rumen; the LD 50 for cows was 450 mg of sodium nitrate
per kg of body weight. Nitrite is more toxic: LD 50 values of 85-220 mg of sodium nitrite per kg of body weight have been reported for mice and rats ( 17).

Short-term exposure
In a 13-week study in which nitrite was given to rats in drinking-water, a doserelated hypertrophy of the adrenal zona glomerulosa was observed at all dose levels (lOO, 300, 1000, or 3000 mg of potassium nitrite per litre of drinking-water,
corresponding to 54-1620 mg of nitrite per litre). Increased methaemoglobin
levels were seen only in the highest dose group (18). Studies designed to clarify
the etiology of this hypertrophy and its significance and to establish a no-effect
level are currently in progress.

Long-term exposure
The only observed effect of nitrate in rats after 2 years of oral dosage was growth
inhibition; this was seen at dietary concentrations of 5% sodium nitrate and upwards. The NOAEL in this study was 1o/o, which corresponds to 500 mg of sodium nitrate per kg of body weight.
One of the long-term effects of nitrite reported in a variety of animal species
is vitamin A deficiency; this is probably caused by the direct reaction of nitrite
with the vitamin. The most important effect reported in long-term animal studies was an increase in methaemoglobin level, accompanied by histopathological
changes in the lungs and heart, in rats receiving nitrite in drinking-water for 2
years. The LOAEL, which gave a methaemoglobin level of 5%, was 1000 mg of
sodium nitrite per litre; the NOAEL was 100 mg!litre, corresponding to 10 mg
of sodium nitrite per kg of body weight (I 7).

Reproductive toxicity, embryotoxicity, and teratogenicity
The reproductive behaviour of guinea-pigs was impaired only at very high nitrate
concentrations (30 000 mg/litre); the NOAELwas 10 000 mg!litre.
Nitrite appeared to cause fetotoxicity in rats at drinking-water concentrations (corresponding to 200-300 mg of sodium nitrite per kg of body weight)
causing increased maternal methaemoglobin levels. However, after similar doses
in feed in other studies, no embryotoxic effects were observed in rats. Teratogenic
effects were not reported (I 7).
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Mutagenicity and related end-points
Nitrate is not mutagenic in bacteria and mammalian cells in vitro. Chromosomal
aberrations were observed in the bone marrow of rats after oral nitrate uptake,
but this could have been due to exogenous N-nitroso compound formation.
Nitrite is mutagenic. It causes morphological transformations in in vitro systems;
mutagenic activity was also found in a combined in vivo-in vitro experiment
with Syrian hamsters. The results of in vivo experiments were controversial ( 17).

Carcinogenicity
Nitrate is not carcinogenic in laboratory animals. Some studies in which nitrite
was given to mice or rats in the diet showed slightly increased tumour incidences;
however, the possibility of exogenous N-nitroso compound formation in these
studies could not be excluded. In studies in which nitrite was given simultaneously with a nitrosatable compound, tumours were produced characteristic of
the presumed corresponding Nnitroso compound. However, this was seen only
at extremely high nitrite levels, of the order of 1000 mg!litre of drinking-water.
At lower nitrite levels, tumour incidences resembled those of control groups
treated with the nitrosatable compound only. On the basis of adequately performed and reported studies, it may be concluded that nitrite itself is not carcinogenic in laboratory animals ( 17).

13.24.6 Effects on humans
Methaemoglobinaemia
The toxicity of nitrate to humans is thought to be solely the consequence of its
reduction to nitrite. The major biological effect of nitrite in humans is its involvement in the oxidation of normal heamoglobin to methaemoglobin, which is
unable to transport oxygen to the tissues. The reduced oxygen transport becomes
clinically manifest when methaemoglobin concentrations reach 1Oo/o of that of
haemoglobin and above; the condition, called methaemoglobinaemia, causes cyanosis and, at higher concentrations, asphyxia. The normal methaemoglobin level
in humans is less than 2%, and in infants under 3 months of age less than 3%.
The haemoglobin of young infants is more susceptible to methaemoglobin
formation than that of older children and adults. Other groups especially susceptible to methaemoglobin formation include pregnant women and people
deficient in glucose-6-phosphate dehydrogenase or methaemoglobin reductase.
Some cases of methaemoglobinaemia have been reported in adults consuming high doses of nitrate by accident or as a medical treatment. Fatalities were reported after single intakes of 4-50 g of nitrate, many of which occurred among
special risk groups in whom gastric acidity was reduced. In a controlled study, an
oral dose of 7-10.5 g of ammonium nitrate and an intravenous dose of 9.5 g of
sodium nitrate did not cause increased methaemoglobin levels in adults (I 7).
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Few cases of methaemoglobinaemia have been reported in older children. A
correlation study among children aged 1-8 years in the USA showed that there
was no difference in methaemoglobin levels between 64 children consuming
high-nitrate well-water (22-111 mg of nitrate-nitrogen per litre) and 38 children
consuming low-nitrate water (<10 mg of nitrate-nitrogen per litre). These concentrations correspond to 100-500 and 44 mg of nitrate per litre, respectively.
All the methaemoglobin levels were within the normal range, suggesting that older children are relatively insensitive to the effects of nitrate (19).
Cases of methaemoglobinaemia related to low nitrate intake appear to be restricted to infants. In studies in which a possible association between clinical
cases of infant methaemoglobinaemia or subclinically increased methaemoglobin
levels and nitrate concentrations in drinking-water was investigated, a significant
relationship was usually found, most clinical cases occurring at nitrate levels of
50 mg!litre and above, and almost exclusively in infants under 3 months of age
(20). In most of these studies, no account was taken of the additional intake of
nitrate or nitrite from other sources or of infections, which may increase endogenous nitrate synthesis; infections in which nitrate-reducing bacteria are involved
result in massive endogenous nitrite production. Some cases of infant methaemoglobinaemia have indeed been described in which increased endogenous nitrite
synthesis as a result of gastrointestinal infection appeared to be the only causative
factor. As most cases of infant methaemoglobinaemia reported in the literature
have been associated with the consumption of private and often bacterially contaminated well-water, the involvement of infections is highly probable. Most of
these studies may therefore be less suitable from the point of view of the quantitative assessment of the risk of nitrate intake for healthy infants. On the other
hand, bottle-fed infants have a high probability of developing gastrointestinal infections because of their low gastric acidity; this is an additional reason to treat
them as a special risk group.
A few controlled studies on healthy infants have been reponed. Methaemoglobin levels above 3% were found in infants receiving formula mixed with water
containing more than 60 mg of nitrate per litre. Cyanosis appeared to occur only
at doses above 50 mg of nitrate per kg of body weight (or approximately 300
mg/litre of drinking-water). However, the relevance of these studies to quantitative risk assessment is also questionable, as they were all short-term studies on
small groups of infants of ages only partially falling within those of the special
risk group, i.e. less than 3 months (1,5,12,17).

Carcinogenicity
Nitrite was shown to react with nitrosatable compounds in the human stomach
to form N-nitroso compounds, most of which have been found to be carcinogenic in all the animal species tested, so that they are probably also carcinogenic
to humans, although data from a number of epidemiological studies are only sug-
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gestive. Nevertheless, a link between cancer risk and endogenous nitrosation as a
result of high nitrate and/or nitrite intake is possible.
Several reviews of epidemiological studies have been published, most of
which are geographical correlation studies relating estimated nitrate intake to
gastric cancer risk. The US National Research Council found some suggestion of
an association between high nitrate intake and gastric and/or oesophageal cancer
(16). However, individual exposure data were lacking and several other plausible
causes of gastric cancer were present. In a later WHO review (5), some of the
earlier associations appeared to be weakened following the introduction of
individual exposure data or after adjustment for socioeconomic factors. No convincing evidence was found of an association between gastric cancer and the consumption of drinking-water in which nitrate concentrations of up to 45 mg/litre
were present. No firm evidence was found at higher levels either, but an association could not be excluded because of the inadequacy of the data available. More
recent geographical correlation and occupational exposure studies also failed to
demonstrate a clear relationship between nitrate intake and gastric cancer risk;
however, a case-control study in Canada, in which dietary exposure to nitrate
and nitrite was estimated in detail, showed that exogenous nitrite intake, largely
from preserved meat, was significantly associated with the risk of developing gastric cancer (12).
It has been clearly established that the intake of certain dietary components
present in vegetables, such as vitamins C and E, decreases the risk of gastric cancer. This is generally assumed to be at least partly due to the resulting decrease in
the formation of Nnitroso compounds. It is possible that any effect of a high
nitrate intake per se is masked in correlation studies by the antagonizing effects of
simultaneously consumed dietary components. However, the absence of any link
with cancer in occupational exposure is not in agreement with this theory.
The known increased risk of gastric cancer under conditions of low gastric
acidity could be associated with the endogenous formation of N-nitroso compounds. High mean levels of Nnitroso compounds, as well as high nitrite levels,
were found in the gastric juice of achlorhydric patients, who must therefore be
considered as a special risk group for gastric cancer from the point of view of nitrate and nitrite intake (5,12,16,17).

Other effects
Congenital malformations have been related to a high nitrate level in drinkingwater in Australia; however, these observations were not confirmed. Other studies also failed to demonstrate a relationship between congenital malformations
and nitrate intake (5,12).
Studies relating cardiovascular effects to nitrate levels in drinking-water gave
inconsistent results (5).
Possible relationships between nitrate intake and effects on the thyroid have
also been studied, as it is known that nitrate competitively inhibits iodine uptake.
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However, there is no clear evidence that nitrate is an etiological factor in human
goitre (5).

13.24.7 Guideline values
Experiments suggest that neither nitrate nor nitrite acts directly as a carcinogen
in animals, but there is some concern about a possible increased risk of cancer in
humans from the endogenous and exogenous formation of Nnitroso compounds, many of which are carcinogenic in animals. Suggestive evidence relating
dietary nitrate exposure to cancer, especially gastric cancer, has been provided by
geographical correlation or ecological epidemiological studies, but the results
have not been confirmed by more definitive analytical studies. It must be recognized that many factors in addition to environmental nitrate exposure may be involved.
In summary, the epidemiological evidence for an association between dietary
nitrate and cancer is insufficient, and the guideline value for nitrate in drinkingwater is established solely to prevent methaemoglobinaemia, which depends on
the conversion of nitrate to nitrite. Although bottle-fed infants of less than 3
months of age are most susceptible, occasional cases have been reported in some
adult populations.
Extensive epidemiological data support the current guideline value for
nitrate-nitrogen of 10 mg/litre. However, this value should not be expressed in
terms of nitrate-nitrogen but as nitrate itself which is the chemical entity of
health concern, and the guideline value for nitrate is therefore 50 mg/litre.
As a result of recent evidence of the presence of nitrite in some water supplies, it was concluded that a guideline value for nitrite should be proposed.
However, the available animal studies are not appropriate for the establishment
of a firm NOAEL for methaemoglobinaemia in rats. A pragmatic approach was
therefore adopted in which a relative potency for nitrite and nitrate with respect
to methaemoglobin formation of 10:1 (on a molar basis) was assumed. On this
basis, a provisional guideline value for nitrite of 3 mg/litre is proposed. Because
of the possibility of the simultaneous occurrence of nitrite and nitrate in
drinking-water, the sum of the ratios of the concentrations of each to its guideline value should not exceed 1, i.e.:
cnirrite

cnmate

.;;;; 1

----+

G~itrite

G~ltfate

where C = concentration
GV = guideline value.
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13.25 Dissolved oxygen
13.25.1 Organoleptic properties
Depletion of dissolved oxygen in water supplies can encourage the microbial reduction of nitrate to nitrite and sulfate to sulfide, giving rise to odour problems.
It can also cause an increase in the concentration of iron(II) in solution. Water
containing dissolved oxygen at below 80-85% saturation has been reported to
lead to an increase in the incidence of consumer complaints relating particularly
to colour (resulting from the corrosion of metal pipes) ( 1).

13.25.2 Analytical methods
The two commonly used methods of measuring oxygen concentrations in water
are the iodometric method and the electrochemical probe or dissolved oxygen
meter (2, 3).

13.25.3 Environmental levels
Water
The amount of dissolved oxygen present in water depends on the latter's physical
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and chemical characteristics (particularly temperature and salinity). The saturation concentration of dissolved oxygen decreases as the temperature and salinity
increase. In fresh water at 5, 10, and 20 oc, the saturation concentrations are
12.8, 11.3, and 9.1 mg/litre, respectively (2).

13.25.6 Effects on humans
There are no reported health effects arising directly from a deficiency of dissolved
oxygen in potable water or from its complete absence. Indirect effects may result
from organoleptic problems, from exposure to high concentrations of corrosion
products (e.g. iron, cadmium, lead, zinc), and from anaerobic conditions (see the
section on hydrogen sulfide).

13.25.5 Conclusions
The dissolved oxygen content of water is influenced by the raw water temperature, composition, treatment, and any chemical or biological processes taking
place in the distribution system. A dissolved oxygen content substantially lower
than its saturation concentration may indicate that undesirable processes are occurring, which may adversely affect water quality. It is therefore desirable that
dissolved oxygen levels be maintained as near saturation as possible. No healthbased guideline value is recommended.
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13.26 pH
13.26.1 General description
The pH of a solution is the negative common logarithm of the hydrogen ion activity:
pH

=

-log (H+)

In dilute solutions, the hydrogen ion activity is approximately equal to the hydrogen ion concentration.
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The pH of water is a measure of the acid-base equilibrium and, in most natural waters, is controlled by the carbon dioxide-bicarbonate-carbonate equilibrium system. An increased carbon dioxide concentration will therefore lower pH,
whereas a decrease will cause it to rise. Temperature will also affect the equilibria
and the pH. In pure water, a decrease in pH of about 0.45 occurs as the temperature is raised by 25 oc_ In water with a buffering capacity imparted by bicarbonate, carbonate, and hydroxyl ions, this temperature effect is modified. The pH
of most raw water lies within the range 6.5-8.5 (1).

13.26.2 Analytical methods
The pH of an aqueous sample is usually measured electrometrically with a glass
electrode. Temperature has a significant effect on pH measurement (I, 2).

13.26.3 Relationship with water-quality parameters
The pH is of major importance in determining the corrosivity of water. In general, the lower the pH, the higher the level of corrosion. However, pH is only one
of a variety of factors affecting corrosion (3-8).

13.26.4 Effects on laboratory animals
When solutions differing in pH were injected into the abdominal skin of mice,
skin irritation was manifested at pH 10 after 6 h (9). In the rabbit, intracutaneous skin irritation was observed above pH 9.0 (9). In addition, a pH above 10
has been reported to be an irritant to the eyes of rabbits (9). No significant eye
effects were reported in rabbits exposed to water of pH 4.5 (10).

13.26.5 Effects on humans
Exposure to extreme pH values results in irritation to the eyes, skin, and mucous
membranes. Eye irritation and exacerbation of skin disorders have been associated with pH values greater than 11. In addition, solutions of pH 10-12.5 have
been reported to cause hair fibres to swell (10). In sensitive individuals, gastrointestinal irritation may also occur. Exposure to low pH values can also result in
similar effects. Below pH 4, redness and irritation of the eyes have been reported,
the severity of which increases with decreasing pH. Below pH 2.5, damage to the
epithelium is irreversible and extensive (I 0). In addition, because pH can affect
the degree of corrosion of metals as well as disinfection efficiency, it may have an
indirect effect on health.
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13.26.6 Conclusions
Although pH usually has no direct impact on water consumers, it is one of the
most important operational water-qJJality parameters. Careful attention to pH
control is necessary at all stages of water treatment to ensure satisfactory water
clarification and disinfection. For effective disinfection with chlorine, the pH
should preferably be less than 8. The pH of the water entering the distribution
system must be controlled to minimize the corrosion of water mains and pipes in
household water systems. Failure. to do so can result in the contamination of
drinking-water and in adverse effects on its taste, odour, and appearance.
The optimum pH will vary in different supplies according to the composition of the water and the nature of the construction materials used in the distribution system, but is often in the range 6.5-9.5. Extreme pH values can result
from accidental spills, treatment breakdowns, and insufficiently cured cement
mortar pipe linings.
No health-based guideline value is proposed for pH.
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13.27 Selenium
13.27.1 General description
Identity
Selenium is present in the earth's crust, often in association with sulfur-containing minerals. It can assume four oxidation states (-2, 0, +4, +6) and occurs in
many forms, including elemental selenium, selenites and selenates (1 ).

Physicochemical properties (1)
Property

Value

Physical state
Boiling point
Water solubility

Grey metallic/red amorphous powder or vitreous form

685

oc

Insoluble

Organoleptic properties
Many selenium compounds are odoriferous, some having an odour of garlic (1).

Environmental fate
Acid and reducing conditions reduce inorganic selenites to elemental selenium,
whereas alkaline and oxidizing conditions favour the formation of selenates. Selenites and selenates are usually soluble in water. Elemental selenium is insoluble
in water and not rapidly reduced or oxidized in nature. In alkaline soils, selenium
is present as water-soluble selenate and is available to plants; in acid soils, it is
usually found as selenite bound to iron and aluminium oxides in compounds of
very low solubility (2).

13.27.2 Analytical methods
Atomic absorption spectrometry with hydride generation is the most convenient
method of determining selenium in drinking-water. If 10-ml samples are used for
routine analysis, the detection limit is about 0.5 jlg!litre. Lower levels can be determined iflarger sample volumes are used (3).
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13.27.3 Environmental levels and human exposure
Air
The level of selenium (mostly bound to particles) in most urban air ranges from
0.1 to 10 ngfm3, but higher levels may be found in certain areas, e.g. in the vicinity of copper smelters (4).

Water
The levels of selenium in groundwater and surface water range from 0.06 to
about 400 11g/litre (5-7); in some areas, levels in groundwater may approach
6000 11g/litre (B). Concentrations increase at high and low pH as a result of conversion into compounds of greater solubility in water. Levels of selenium in tapwater samples from public water supplies around the world are usually much less
than 10 11gllitre (9,10). Drinking-water from a high-selenium area in China was
reported to contain 50-160 j.lg!litre (1).

Food
Vegetables and fruits are mostly low in selenium content (<0.01 mg/kg). Levels
of selenium in meat and seafood are about 0.3-0.5 mg/kg. Grain and cereal
products usually contain <0.01-0.67 mg/kg. Great variations in selenium
content have been reported in China, where those of corn, rice, and soya beans
in high- and low-selenium areas were 4-12 and 0.005-0.01 mg/kg, respectively
(1, 2).

Estimated total exposure and relative contribution of drinking-water
Foodstuffs constitute the main source of selenium for the general population.
Daily dietary intake varies considerably according to geographical area, food supply, and dietary habits. Recommended daily intakes have been set at 1. 7 j.lg/kg of
body weight in infants and 0.9 11g/kg of body weight in adults (1 I).
Most drinking-water contains much less than 10 j.lg/litre, except in certain
seleniferous areas. A level of 1 j.lg/litre corresponds to an intake of 2 11g of selenium per day. Thus, given an intake from food of about 60 11g/ day, the relative
contribution from drinking-water is small. Even in high-selenium areas, the relative contribution of selenium from drinking-water may be small in comparison
with that from locally produced food (1).
The intake of selenium by the general population from air and smoking appears to be insignificant and has been estimated to be less than 1-2 j.lg/day (12).
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13.27.4 Kinetics and metabolism in laboratory animals and
humans
Most water-soluble selenium compounds and selenium from food are effectively
absorbed in the gastrointestinal tract (13 ). Elemental selenium (14) and selenium sulfide (15) are poorly absorbed. Mter absorption, water-soluble selenium
compounds appear to be rapidly distributed to most organs, the highest concentrations being in kidney, liver, spleen, and testes ( 16, 17).
Selenium compounds are biotransformed into excretable metabolites, including unknown as well as methylated selenides and trimethylselenonium ion at
higher doses (I, 12, 13, 18). Selenites may react with metals in the body to form
metal selenides (12). Most (49-70%) selenium is excreted in urine (19). In humans, selenite is eliminated in three phases, with half-lives of 1, 8-20, and 100
days, respectively (13).
Selenium is an essential trace element for many species, including humans (2,
11, 20 ). It is incorporated into proteins via a specific selenocysteine tRNA with
eo-translational synthesis of selenocysteine from phosphoserine tRNA and inorganic selenium (20, 21). Selenium is found as selenocysteine in glutathione peroxidase (2, 20) and is incorporated into other proteins, such as tetraiodothyronine
deiodinase and selenoprotein P (20, 22, 23). (- )-Selenomethionine from food is
apparently nonspecifically incorporated into proteins in competition with (-)methionine.

13.27.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Selenite, selenate, selenocysteine, and selenomethionine are highly toxic and kill
laboratory animals in single doses of 1.5-6 mg/kg of body weight (1, 12).

Long-term exposure
Signs of selenium deficiency in many farm and laboratory animals include degenerative changes in several organs, growth retardation, and failure to reproduce
(2,24).
In rats, 5 mg of selenium per kg of diet may result in growth reduction (25,
26). At a dietary level of 6.4 mg of selenium per kg (given as selenite), liver
changes and splenomegaly occurred. At 8 mg of selenium per kg, anaemia, pancreatic enlargement, and increased mortality were observed (25). Based on
growth retardation, apparently caused by reduced secretion of growth hormone
from the anterior pituitary gland as a result oflocal selenium accumulation (27),
a NOAEL of about 0.4 mg of selenium per kg of body weight per day was suggested. Hepatotoxic effects have also been described following dietary administration of selenium (28, 29). Based on both growth retardation and organ
toxicity, a LOAEL of 0.03 mg/kg of body weight per day has been suggested.
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The syndromes "blind staggers" and "alkali disease" have been described in
livestock and are associated with the consumption of selenium in accumulator
plants (30).

Reproductive toxicity, embryotoxicity, and teratogenicity
Selenate, selenite, and the amino acids selenocysteine and selenomethionine are
teratogenic in avian species (31) and fish (32). Teratogenicity has also been observed in sheep (33) and pigs (34). In recent studies on monkeys (Macaca foscicularis) fed selenomethionine (25, 150 or 300 rglkg of body weight per day)
during organogenesis, no signs of teratogenicity were observed (35).
Adverse effects of selenate (3 mg/litre in drinking-water) on reproduction in
mice and rats have been reported (36), but there are also two negative reports on
the effects of selenite in hamsters and mice (37). Only at doses associated with
overt maternal poisoning and nutritional deprivation was evidence of selenomethionine-induced embryonic or fetal toxicity observed in rabbits and hamsters
(38, 39).

Mutagenicity and related end-points
A weak base-pair substitution mutagenic activity has been demonstrated for both
selenite and selenate in Salmonella typhimurium strain TAlOO (40,41). Selenite,
selenate, and selenide induced unscheduled DNA synthesis, sister chromatid exchange, and chromosomal aberrations in cell cultures in vitro, often in the presence of glutathione ( 42-44). In one in vivo study, chromosomal aberrations and
increased sister chromatid exchange were seen in hamster bone marrow cells after
selenite treatment, but only at toxic doses (45).

Carcinogenicity
Early studies in which tumours were seen in test animals ( 46, 47) have been seriously questioned because of study limitations ( 48 ), and several evaluators have
found the data to be inconclusive. In two studies on mice, there was either no increase or a decrease in the incidence of tumours after the administration of selenite or selenate (3 mg of selenium per litre of drinking-water) ( 49) or selenium
oxide (2 mg of selenium per litre of drinking-water) (50). Further data indicate
an anticarcinogenic effect of selected selenium compounds. Viewed collectively,
these data seem to show that the compounds studied will not act as carcinogens
at low or moderate doses (12).
Selenium sulfide given by gavage resulted in hepatocellular carcinomas in
rats and mice (51) but caused no increased incidence in tumours when applied
to the skin of mice (52).
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13.27.6 Effects on humans
In humans, few reports of clinical signs of selenium deficiency are available. It
has been suggested that it may be a factor in endemic cardiomyopathia (Keshan
disease) and possibly also in the joint and muscle disease (Kaschin-Beck disease)
in the Keshan region of China (1,12).
Acute oral doses of selenite and other selenium compounds cause symptoms
such as nausea, diarrhoea, abdominal pain, chills, tremor, numbness in limbs,
irregular menstrual bleeding, and marked hair loss (12,53).
High dietary intakes of selenium have been investigated in selenium-rich
areas of South Dakota, USA. Symptoms in people with high urinary selenium
levels included gastrointestinal disturbances, discoloration of the skin, and decayed teeth (54).
Children living in a seleniferous area in Venezuela exhibited more pathological nail changes, loss of hair, and dermatitis than those living in Caracas (55).
Based on Chinese data on blood level-intake relationships (56), their estimated
daily intake was about 0.66 mg of selenium. However, the groups concerned differed nutritionally in several ways.
In China, endemic selenium intoxication has been studied by Yang and colleagues (57). Morbidity was 49o/o among 248 inhabitants of five villages where
the daily intake was about 5 mg of selenium. The main symptoms were brittle
hair with intact follicles, lack of pigment in new hair, thickened and brittle nails,
and skin lesions. Symptoms of neurological disturbances were observed in 18 of
the 22 inhabitants of one heavily affected village only. Those affected recovered
once diets were changed following evacuation from the areas concerned.
In a follow-up study, Yang et al. studied a population of about 400 individuals with average daily intakes ranging from 62 to 1438 flg (56, 58). Clinical
signs of selenosis (hair or nail loss, nail abnormalities, mottled teeth, skin lesions,
and changes in peripheral nerves) were observed in 5 of 439 adults having a mean
blood selenium of 1346 flg/litre, corresponding to a daily intake of 1260 flg of
selenium. A decrease in prothrombin time and in the concentration of glutathione in blood were seen at dietary intakes exceeding 750-850 flg.
In a recent study, 142 subjects from geographical areas where the average selenium intake was 239 flg/day (68-724 flg/day) were examined over 2 years (59)
An association between selenium intake and alanine aminotransferase (ALAT)
levels in serum was observed but considered to be clinically insignificant. None
of the effects, including nail abnormalities, were related to selenium intake.
One case of selenium toxicity directly attributable to a water source has been
reported. A family was exposed for about 3 months to well-water containing
9 mg of selenium per litre. They suffered from loss of hair, weakened nails, and
mental symptoms, but recovered when they stopped using the water from the
well concerned (33).
Two individuals received about 350 and 600 flg of selenium per day via diet
and selenium-containing yeast for 18 months. Marginal haematological changes
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and a borderline increase in ALAT levels were seen ( 60). In a small group of
patients with rheumatoid arthritis receiving daily supplements of 256 jlg of selenium in selenium-enriched yeast in addition to selenium from food for 6
months, levels of selenium in serum and erythrocytes were increased considerably
in comparison with those in a group receiving placebo (61).

13.27.7 Guideline value
Except for selenium sulfide, which does not occur in drinking-water, selenium
does not appear to be carcinogenic. IARC has placed selenium and selenium
compounds in Group 3 (62 ). Selenium compounds have been shown to be
genotoxic in in vitro systems with metabolic activation. There was no evidence
of teratogenic effects in monkeys. Long-term exposure in rats may result in
growth retardation and liver pathology.
In humans, the toxic effects of long-term selenium exposure are manifested
in nails, hair, and liver. Data from China indicate that clinical and biochemical
(decreased liver prothrombin synthesis) signs occur at a daily intake above 0.8
mg. Daily intakes by Venezuelan children with clinical signs were estimated at
about 0.66 mg on the basis of their blood levels and the Chinese data on the relationships between blood level and intake. Effects on the synthesis of a liver protein were also seen in a small group of patients with rheumatoid arthritis given
selenium at a rate of 0.25 mg/day (total daily intake from all sources about 0.35
mg). No clinical or biochemical signs of selenium toxicity were reported in a
group of 142 persons with a mean daily intake of 0.24 mg (maximum 0. 72 mg)
from food. However, the liver enzyme ALAT was positively correlated within reference values with selenium intake.
On the basis of these data, the NOAEL in humans was estimated to be about
4 jlg/kg of body weight per day, on the assumption that soluble selenium salts in
drinking-water may be more toxic than organic-bound selenium in food. The
recommended daily intake of selenium is 0.9 jlg/kg of body weight for adults. An
allocation of 10% of the NOAEL in humans to drinking-water gives a healthbased guideline value of0.01 mg/litre (rounded figure).
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13.28 Silver
13.28.1 General description
Identity
Silver (CAS no. 7440-22-4) is present in silver compounds primarly in the oxidation state +1 and less frequently in the oxidation state +2. A higher degree of oxidation is very rare. The most important silver compounds from the point of view
of drinking-water are silver nitrate (AgN0 3, CAS no. 7761-88-8) and silver chloride (AgCl, CAS no. 7783-90-6).

Physicochemical properties (1)
Property

Colour
Melting point (°C)
Water solubility at 25oC
(g/litre)

AgN03
White
212
2150

Aget
White, darkens when exposed to light
455
0.00186

Major uses
The electrical and thermal conductivity of silver are higher than those of other
metals. Important alloys are formed with copper, mercury, and other metals. Silver is used in the form of its salts, oxides, and halides in photographic materials
and alkaline batteries, or as the element in electrical equipment, hard alloys,
mirrors, chemical catalysts, coins, table silver, and jewellery. Soluble silver compounds may be used as external antiseptic agents (15-50 p.g/litre), as bacteriostatic agents (up to 100 p.g/litre), and as disinfectants (>150 p.g/litre) (2).

Environmental fate
Silver occurs in soil mainly in the form of its insoluble and therefore immobile
chloride or sulfide. As long as the sulfide is not oxidized to the sulfate, its mobility and ability to contaminate the aquatic environment are negligible. Silver in
river water is "dissolved" by complexation with chloride and humic matter (3).
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13.28.2 Analytical methods
The detection limit of the spectrographic and calorimetric method with dithizone is 10 )lg of silver per litre for a 20-ml sample. The detection limit of atomic
absorption spectroscopy (graphite furnace) is 2 )lg of silver per litre, and of neutron activation analysis, 2 ng of silver per litre ( 4).

13.28.3 Environmental levels and human exposure
Air
Ambient air concentrations of silver are in the low nanogram per cubic metre
range (5).

Water
Average silver concentrations in natural waters are 0.2-0.3 )lgflitre. Silver levels
in drinking-water in the USA that had not been treated with silver for disinfection purposes varied between "non-detectable" and 5 )lg!litre. In a survey of
Canadian tapwater, only 0.1% of the samples contained more than 1-5 ng of
silver per litre (5). Water treated with silver may have levels of 50 )lg/litre or
higher ( 4); most of the silver will be present as nondissociated silver chloride.

Food
Most foods contain traces of silver in the 10-100 )lg/kg range ( 6).

Estimated total exposure and relative contribution of drinking-water
The median daily intake of silver from 84 self-selected diets, including drinkingwater, was 7.1 )lg (6). Higher figures have been reported in the past, ranging
from 20 to 80 )lg of silver per day (7). The relative contribution of drinkingwater is usually very low. Where silver salts are used as bacteriostatic agents, however, the daily intake of silver from drinking-water can constitute the major route
of oral exposure.

13.28.4 Kinetics and metabolism in laboratory animals and
humans
Silver may be absorbed via the gastrointestinal tract, lungs, mucous membranes,
and skin lesions (5). The absorption rate of colloidal silver after oral application
can be as high as 5% ( 8). Most of the silver transported in blood is bound to
globulins (5). In tissues, it is present in the cytosolic fraction, bound to metallothionein (9). Silver is stored mainly in liver and skin and in smaller amounts in
other organs (5, 10). The biological half-life in humans (liver) ranges from several to 50 days (9).
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The liver plays a decisive role in silver excretion, most of what is absorbed being excreted with the bile in the faeces. In mice, rats, monkeys, and dogs, cumulative excretion was in the range 90-99%. Silver retention was about 1Oo/o in the
dog, <5o/o in the monkey, and <1 o/o in rodents (10). In humans, under normal
conditions of daily silver exposure, retention rates between 0 and 10% have been
observed (5).

13.28.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Oral LD 50 values between 50 and 100 mg/kg of body weight have been observed
for different silver salts in mice (1 1).

Short-term exposure
Hypoactive behaviour was observed in mice that had received 4.5 mg of silver per
kg of body weight per day for 125 days (12).

Long-term exposure
After 218 days of exposure, albino rats receiving approximately 60 mg of silver
per kg of body weight per day via their drinking-water exhibited a slight greyish
pigmentation of the eyes, which later intensified (13). Increased pigmentation of
different organs, including the eye, was also observed in Osborne-Mendel rats after lifetime exposure to the same dose ( 14). Antagonistic effects between silver
and selenium, involving the selenium-containing enzyme glutathione peroxidase,
were observed in Holtzman rats (15).

Mutagenicity and related end-points
In the rec-assay with Bacillus subtilis, there were no indications that silver chloride
was mutagenic (16). Reverse mutations in Escherichia coli were not induced by
silver nitrate (17). In the DNA repair test with cultivated rat hepatocytes, silver
nitrate solution was positive only at a moderately toxic concentration (I 8). Silver
nitrate increased the transformation rate of SA7 -infected embryonic cells of
Syrian hamsters (19).

Carcinogenicity
Silver dust suspended in trioctanoin injected intramuscularly into Fischer 344
rats of both sexes was not carcinogenic (20).
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13.28.6 Effects on humans
The estimated acute lethal dose of silver nitrate is at least 10 g (21).
The only known clinical picture of chronic silver intoxication is that of argyria, a condition in which silver is deposited on skin and hair, and in various organs following occupational or iatrogenic exposure to metallic silver and its
compounds, or the misuse of silver preparations. Pigmentation of the eye is considered the first sign of generalized argyria (21). Striking discoloration, which occurs particularly in areas of the skin exposed to light, is attributed to the
photochemical reduction of silver in the accumulated silver compounds, mainly
silver sulfide. Melanin production has also been stimulated in some cases (22,
23).
It is difficult to determine the lowest dose that may lead to the development
of argyria. A patient who developed a grey pigmentation in the face and on the
neck after taking an unknown number of anti-smoking pills containing silver ethanoate was found to have a total body silver content of 6.4 ± 2 g (22). It has been
reported that intravenous administration of only 4.1 g of silver arsphenamine
(about 0.6 g of silver) can lead to argyria (24). Other investigators concluded that
the lowest intravenous dose of silver arsphenamine causing argyria in syphilis patients was 6.3 g (about 0.9 g of silver) (21). It should be noted that syphilis patients suffering from argyria were often already in a bad state of health and had
been treated with bismuth, mercury, or arsphenamine in addition to silver.

13.28.7 Conclusions
Argyria has been described in syphilitic patients in poor health who were therapeutically dosed with a total of about 1 g of silver in the form of silver arsphenamine together with other toxic metals. There have been no reports of argyria or
other toxic effects resulting from the exposure of healthy persons to silver.
On the basis of present epidemiological and pharmacokinetic knowledge, a
total lifetime oral intake of about 10 g of silver can be considered as the human
NOAEL. As the contribution of drinking-water to this NOAEL will normally be
negligible, the establishment of a health-based guideline value is not deemed necessary. On the other hand, special situations may exist where silver salts are used
to maintain the bacteriological quality of drinking-water. Higher levels of silver,
up to 0.1 mg/litre (a concentration that gives a total dose over 70 years of half the
human NOAEL of 10 g), could then be tolerated without risk to health.
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13.29 Sodium
13.29.1 General description
Identity
Compound

CAS no.

Molecular formula

Sodium
Sodium chloride
Sodium carbonate
Sodium hypochlorite
Sodium metasilicate

7440-23-5
7647-14-7
492-19-8
7681-52-9
1344-09-8

Na
NaCl
Na2C0 3
NaOCl
Na2Si0 3
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Physicochemical properties (1-5)

Property

Na

NaCl

Na2 C03

Melting point (QC)
Boiling point (QC)
Densityat20QC(g/cm3)
Vapour pressure (kPa)
Water solubility at OQC (g/l)

97.83
886
0.71
0.133
reacts
violently

801
1413
2.17

851
decomposes 2.53

NaOCl

357

71

infinitely soluble
soluble

Organoleptic properties
The taste threshold for sodium in water depends on the associated anion and the
temperature of the solution. At room temperature, the threshold values are about
20 mg!litre for sodium carbonate, 150 mg!litre for sodium chloride, 190 mg!litre
for sodium nitrate, 220 mg/litre for sodium sulfate, and 420 mg/litre for sodium
bicarbonate ( 6).

Major uses
Metallic sodium is used in the manufacture of tetraethyllead and sodium hydride, in titanium production, as a catalyst for synthetic rubber, as a laboratory
reagent, as a coolant in nuclear reactors, in electric power cables, in nonglare lighting for roads, and as a heat-transfer medium in solar-powered electric
generators (3 ). Sodium salts are used in water treatment, including softening,
disinfection, corrosion control, pH adjustment, and coagulation (7), in road deicing and in the paper, glass, soap, pharmaceutical, chemical, and food industries.

Environmental fate
Sodium salts are generally highly soluble in water and are leached from the terrestrial environment to groundwater and surface water. They are nonvolatile and
will thus be found in the atmosphere only in association with particulate matter.

13.29.2 Analytical methods
Sodium concentrations can be determined by direct aspiration atomic absorption
spectroscopy (8). Detection limits of 2 and 40 )lg!litre can be achieved with
flame atomic absorption spectrometry and inductively coupled plasma atomic
emission spectrometry, respectively.
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13.29.3 Environmental levels and human exposure
Air
The sodium levels in ambient air are low in comparison with those in food or
water.

Water
The sodium ion is ubiquitous in water. Most water supplies contain less than
20 mg of sodium per litre, but in some countries levels can exceed 250 mg/litre.
Saline intrusion, mineral deposits, seawater spray, sewage effluents, and salt used
in road de-icing can all contribute significant quantities of sodium to water. In
addition, water-treatment chemicals, such as sodium fluoride, sodium bicarbonate, and sodium hypochlorite, can together result in sodium levels as high as
30 mg/litre. Domestic water softeners can give levels of over 300 mg!litre, but
much lower ones are usually found (6).
In a survey of 2100 water samples in the USA in 1963-1966, the sodium ion
concentrations found were in the range 0.4-1900 mg/litre; in 42% of the samples, the concentrations were in excess of 20 mg!litre, but in 5% they were greater than 250 mg/litre. In a later survey of 630 water-supply systems in the same
country, the sodium ion concentrations found ranged from less than 1 to 402
mg/litre, with similar distribution of values (9).

Food
Sodium is naturally present in all foods and may be added during food processing. Fresh fruit and vegetables contain sodium at concentrations in the range
<10-1000 mg/kg; cereals and cheese may contain as much as 10-20 g/kg; and
human and cows' milk contains 180 and 770 mg/litre, respectively (6, 10).

Estimated total exposure and relative contribution of drinking-water
Food is the main source of daily exposure to sodium, primarily as sodium chloride. The estimation of daily intake from food is difficult because of the wide variation in concentrations and the fact that many people add salt to their food. In
western Europe and North America, the estimated overall consumption of dietary
sodium chloride is 5-20 g/day (2-8 g of sodium per day), the average being 10
g/day (4 g of sodium) (6). People on a low-sodium diet need to restrict their sodium intake to less than 2 g/day (9). The consumption of drinking-water containing 20 mg of sodium per litre would lead to a daily intake of about 40 mg of
sodium.
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13.29.4 Kinetics and metabolism in laboratory animals and
humans
Virtually all of the sodium present in water and foods is rapidly absorbed from
the gastrointestinal tract. Sodium is the principal cation found in the extracellular body fluids; only small amounts are found within cells (11 ). Some is
found in bone, where it acts as a sodium reservoir in maintaining the blood pH.
The level of sodium in extracellular fluids is carefully maintained by the kidney and determines the volume of these fluids (9). Sodium balance is controlled
through a complex interrelated mechanism involving both the nervous and hormonal systems (12). Sodium is excreted principally in the urine in amounts reflecting the dietary intake ( 11).

13.29.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The LD 50 values for rats and mice for sodium ion as the chloride salt are 1180
mg/kg of body weight and 1572 mg/kg of body weight, respectively. An LD 50 of
3147 mg/kg of body weight was reported for rabbits (13).

Long-term exposure
Hypertension has been clearly demonstrated in different species of animals given
high levels of sodium chloride in their diet ( 6). Despite the usual reservations
about extrapolating animal results to humans, the consistency of the animal data
suggests that they should not be ignored.
Ingestion of a high-salt diet resulted in hypertension in female SpragueDawley rats (14). Approximately 75% of 159 rats fed diets containing 8% sodium chloride (equal to 3597 mg of sodium ion per kg of body weight per day)
for 12-15 months exhibited hypertension (systolic blood pressure >18.7 kPa
(140 mmHg)) within 6-9 months of the initiation of the diet regimen; the mean
blood pressure of these animals increased with age. Rats maintained on a low-salt
diet (0.35% sodium chloride, equal to 157 mg of sodium ion per kg of body
weight per day) did not exhibit a corresponding increase in blood pressure with
age.

Reproductive toxicity, embryotoxicity, and teratogenicity
The reproductive effects of the sodium ion were studied in three strains of pregnant rats (SHR, WKY, and Sprague-Dawley) fed diets containing either 0.4 or
8.0% sodium chloride (equal to 208 and 4196 mg of sodium ion per kg of body
weight per day) throughout gestation and lactation (15 ). Their offspring were
also placed on low- or high-sodium diets. Pregnancy rates were decreased in the
high-salt diet group, by 38% in SHR rats and 66% in WKY rats. Although slight

346

13. INORGANIC CONSTITUENTS AND PHYSICAL PARAMETERS

nonsignificant increases in systolic blood pressure were noted in high-salt WKY
dams, significant decreases were observed in their SHR counterparts. SHR pups
fed the high sodium level from high-salt dams had significantly higher blood
pressure than offspring from all other groups after 11.5 weeks of exposure and exhibited high morbidity and mortality from peripheral capillary haemorrhage and
stroke. Maternal high-salt diets caused depression of postnatal growth in all
strains of rats studied.
No developmental effects were observed in the offspring of pregnant mice,
rats, or rabbits given oral doses of sodium chloride equivalent to 189, 147, and
147 mg of sodium ion per kg of body weight, respectively, on days 6-15 (mice
and rats) or 6-18 (rabbits) of gestation (15,16).

Mutagenicity and related end-points
Sodium (as sodium chloride) produced gene mutations in mouse lymphocyte
assays, induced unscheduled DNA synthesis in rats, and caused cytogenetic aberrations in hamster ovaries and lung cells as well as DNA damage in hamster
ovaries and mouse lymphocytes (13). The overall importance of these findings is
reduced because very high dose levels of sodium ion were used.

Carcinogenicity
It is unlikely that sodium alone is carcinogenic. However, a high-salt diet may enhance the carcinogenic potency of chemicals such as N-methyl-N' -nitro-Nnitrosoguanidine in drinking-water by causing irritation of the gastroduodenal
tract, thus increasing the exposure of epithelial cells to the carcinogen and resulting in an increased incidence of gastric tumours ( 17).

13.29.6 Effects on humans
Although it is generally agreed that sodium is essential to human life, there is no
agreement on the minimum daily requirement. However, it has been estimated
that a total daily intake of 120-400 mg will meet the daily needs of growing infants and young children, and 500 mg those of adults (18).
In general, sodium salts are not acutely toxic because of the efficiency with
which mature kidneys excrete sodium. However, acute effects and death have
been reported following accidental overdoses of sodium chloride (6). Acute effects may include nausea, vomiting, convulsions, muscular twitching and rigidity, and cerebral and pulmonary oedema (12,19). Excessive salt intake seriously
aggravates chronic congestive heart failure, and ill effects due to high levels of sodium in drinking-water have been documented (6).
The effects on infants are different from those in adults because of the immaturity of infant kidneys. Infants with severe gastrointestinal infections can suffer
from fluid loss, leading to dehydration and raised sodium levels in the plasma
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(hypernatraemia); permanent neurological damage is common under such conditions. Addition of cows' milk or tapwater containing high levels of sodium to solid food may exacerbate the effects (2, 6).
The relationship between elevated sodium intake and hypertension has been
the subject of considerable scientific controversy. Although short-term studies
have suggested that such a relationship does exist (20), most people in western
Europe and North America ingest a high-salt diet from infancy yet do not exhibit persistent hypertension until the fourth decade (6). Whereas reducing the
sodium intake can reduce the blood pressure of some individuals with hypertension, this is not effective in all cases (21 ). In addition, some data for both
humans and animals suggest that the action of sodium may be at least partly
modified by the level of the accompanying anion as well as that of other cations
(22,23). Although several studies suggest that high levels of sodium in drinkingwater are associated with increased blood pressure in children (24,25), in other
studies no such association has been found (26, 27, 28).
A particularly striking observation is that, in "nonwesternized" populations,
diets are low in sodium, the prevalence of hypertension is very low, and blood
pressure does not increase with age. Although it is tempting to conclude that a
causal relationship exists, a number of differences between "westernized" and
"nonwesternized" populations might account for the difference. However, the
good agreement between these results and those of other studies gives further
support to a direct link between raised sodium intake and hypertension (6).
Although there is an association between hypertension and certain diseases,
such as coronary heart disease, genetic differences in susceptibility, possibly
protective minerals (potassium and calcium), and methodological weaknesses
in experiments make it difficult to quantifY the relationship, and sodium in
drinking-water generally makes only a small contribution to total dietary sodium. No firm conclusions can therefore be drawn at present as to the importance of sodium in drinking-water and its possible association with disease.

13.29.7 Conclusions
Sodium salts are found in virtually all food (the main source of daily exposure)
and drinking-water. Sodium levels in the latter are typically less than 20 mg!litre
but can markedly exceed this in some countries. On the basis of existing data, no
firm conclusions can be drawn concerning the possible association between sodium in drinking-water and the occurrence of hypertension. No health-based
guideline value is therefore proposed. However, sodium may affect the taste of
drinking-water at levels above about 200 mg!litre.
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13.30 Sulfate
13.30.1 General description
Identity
Sulfates occur naturally in numerous minerals, including barite (BaS04),
epsomite (MgS04·7H 2 0), and gypsum (CaS04·2H 2 0) (I).

Organoleptic properties
Reported taste threshold concentrations in drinking-water are 250-500 mg/litre
(median 350 mg/litre) for sodium sulfate, 250-1000 mg/litre (median 525
mg/litre) for calcium sulfate, and 400-600 mg/litre (median 525 mg/litre) for
magnesium sulfate (2). In a survey of 10-20 people, the median concentrations
that could be detected by taste were 237, 370, and 419. mg/litre for the sodium,
calcium, and magnesium salts, respectively (3). Concentrations of sulfates at
which 50% of panel members considered the water to have an "offensive taste"
were approximately 1000 and 850 mgllitre for calcium and magnesium sulfate,
respectively (4).
Addition of calcium and magnesium sulfate (but not sodium sulfate) to distilled water was found to improve the taste; an optimal taste was found at 270
and 90 mg/litre for calcium and magnesium sulfate, respectively (4).

Major uses
Sulfates and sulfuric acid products are used in the production of fertilizers, chemicals, dyes, glass, paper, soaps, textiles, fungicides, insecticides, astringents, and
emetics. They are also used in the mining, wood-pulp, metal, and plating industries, in sewage treatment, and in leather processing (I ). Aluminium sulfate
(alum) is used as a sedimentation agent in the treatment of drinking-water. Copper sulfate has been used for the control of algae in raw and public water supplies
(5).

Environmental fate
Sulfates are discharged into water from mines and smelters, and from kraft pulp
and paper mills, textile mills, and tanneries. Sodium, potassium, and magnesium
sulfates are all soluble in water, whereas calcium and barium sulfates and many
heavy metal sulfates are less soluble. Atmospheric sulfur dioxide, formed by the
combustion of fossil fuels and in metallurgical roasting processes, may contribute
to the sulfate content of surface waters. Sulfur trioxide, produced by the photolytic or catalytic oxidation of sulfur dioxide, combines with water vapour to form
dilute sulfuric acid, which falls as "acid rain" ( 6).
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13.30.2 Analytical methods
Sulfate in aqueous solutions may be determined by a gravimetric method in
which sulfate is precipitated as barium sulfate; the method is suitable for sulfate
concentrations above 10 mg!litre (7).

13.30.3 Environmental levels and human exposure
Air

Levels of sulfate in air in Ontario (Canada) have been found to range from 3.0 to
12.6 )lgfm3, with a mean of7.0 )lg!litre (B). In a nationwide survey in the USA,
sulfate concentrations in air ranged from 0.5 to 228 )lgfm3, the means ranging
from 0.8 to 31.5 )lgfm3 (US Environmental Protection Agency, unpublished
data, 1984). The average daily intake of sulfate from air, based on these means
and on the assumption that 20 m3 of air is inhaled daily, would be in the range
0.02-0.63 mg.

Water
Sulfate concentrations in rain in Canada varied between 1.0 and 3.8 mg!litre in
1980 (9). An annual mean value of about 6 mg!litre in precipitation over central
Europe has been reported (10). Levels of sulfate in rain and surface water correlate with emission levels of sulfur dioxide from anthropogenic sources ( 11).
Seawater contains about 2700 mg of sulfate per litre (12). According to
GEMS/WATER, a global network of water monitoring stations, typical sulfate
levels in fresh water are in the vicinity of 20 mg!litre and range from 0 to 630
mg!litre in rivers, the highest values being found in Belgium and Mexico, from 2
to 250 mg!litre in lakes (the highest value is found in Mexico), and from 0 to 230
mg/litre in groundwater (the highest values are found in Chile and Morocco)
(13). Levels of sulfate in rivers in western Canada ranged from 1 to 3040 mg/litre, most concentrations being below 580 mgllitre (Environment Canada, unpublished data, 1984). Levels of sulfate in groundwater in the Netherlands were
below 150 mg!litre (14).
The mean sulfate level in municipal drinking-water supplies may be increased
by treatment. Thus it was 12.5 mg!litre in untreated water in municipal water
supplies in Ontario but 22.5 mg!litre in treated water (Ontario Ministry of the
Environment, unpublished data, 1987). Levels in central Canada are particularly
high; in Saskatchewan, median levels of 368 and 97 mg!litre were found in treated
drinking-water from groundwater and surface water supplies, respectively, with a
range of 3-2170 mg!litre (Saskatchewan Environment and Public Safety, unpublished data, 1989). In the Netherlands, the sulfate concentration of drinkingwater from 65% of water-treatment plants was below 25 mg/litre in 1985 (14).
Based on the mean sulfate concentration of 22.5 mg!litre in Ontario and an
average daily consumption of 2 litres of drinking-water, the average daily intake
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from this source would be 45 mg. However, in areas with much higher sulfate
levels in drinking-water, such as Saskatchewan, daily intake from this source
could be over 4000 mg.

Food
No data on the sulfate content of foodstuffs were found; however, sulfates are
used as additives in the food industry (15). The estimated average daily intake of
sulfate in food in the USA is 453 mg, based on data on food consumption and
reported usage of sulfates as additives (I 6, 17). Sulfites and sulfides are also
present in food.

Estimated total exposure and relative contribution of drinking-water
The average daily intake of sulfate from drinking-water, air, and food is approximately 500 mg, food being the major source. However, in areas with drinkingwater supplies containing high levels of sulfate, drinking-water may constitute
the principal source of intake.

13.30.4 Kinetics and metabolism in laboratory animals and
humans
About 30% of an oral dose of 13.9 g of magnesium sulfate heptahydrate administered in four equal hourly doses (I 8) and 43.5% of a similarly administered dose
of 18.1 g of sodium sulfate decahydrate (I 9) were recovered in the urine of humans within 24 h. It was estimated that approximately 73% of calcium and magnesium sulfate administered to adult male Wistar rats in the diet was absorbed
(20). The amount ingested, the nature of the accompanying anion, and the presence of certain dietary components influence the amount of sulfate absorbed.
Low doses are generally absorbed well; at high doses (such as those used to induce
catharsis), the absorptive capacity is probably exceeded, so that much of the dose
is excreted in the faeces.

13.30.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The minimum lethal dose of magnesium sulfate in mammals is reported to be
200 mg/kg of body weight (21).

Short-term exposure
In short-term (28-day) studies, there were no adverse effects other than diarrhoea
in weanling pigs drinking water containing 3000 mg of sulfate per litre (22).
Cattle can tolerate concentrations of sodium sulfate in their drinking-water up to
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2610 mg/litre (corresponding to 527 mg/kg of body weight per day) for periods
up to 90 days with no signs of toxicity except for changes in methaemoglobin
and sulfhaemoglobin levels (23). However, 69 of 200 yearling calves, 22 of which
subsequently died, developed polioencephalomalacia following the ingestion of a
protein supplement containing 1.5o/o organic sulfate and drinking-water containing 1814 mg of sulfate per litre (24).
Groups of 20 male and 20 female Sprague-Dawley rats were given either tapwater or bottled mineral water containing sulfate at concentrations of 9-10, 280,
or 1595 mg/litre for 90 days. No gastrointestinal disturbances or other effects
were noted in any group, based on the evaluation of biochemical and haematological parameters as well as a histopathological examination (25).

13.30.6 Effects on humans
Sulfate is one of the least toxic anions. The lethal dose for humans as potassium
or zinc sulfate is 45 g (21).
Ingestion of 8 g of sodium sulfate and 7 g of magnesium sulfate caused catharsis in adult males (I 8, 19). Cathartic effects are commonly experienced by
people consuming drinking-water containing sulfate in concentrations exceeding
600 mg/litre (26, 27), although it is reported that with time humans can adapt to
higher concentrations (28). Dehydration has also been reported as a common
side-effect following the ingestion oflarge amounts of magnesium or sodium suifate (29).

13.30.7 Conclusions
The major physiological effects resulting from the ingestion of large quantities of
sulfate are catharsis, dehydration, and gastrointestinal irritation. Water containing magnesium sulfate at levels above 600 mg/litre acts as a purgative in humans.
The presence of sulfate in drinking-water can also result in a noticeable taste; the
lowest taste threshold concentration for sulfate is approximately 250 mg!litre, as
the sodium salt. Sulfate may also contribute to the corrosion of distribution systems.
In the light of the above considerations, no health-based guideline value for
sulfate in drinking-water is proposed. However, because of the gastrointestinal
effects resulting from the ingestion of drinking-water containing high sulfate
levels, it is recommended that health authorities be notified of sources of
drinking-water that contain sulfate concentrations in excess of 500 mg!litre.
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13.31 Taste and odour
13.31.1 Sources in drinking-water
Taste and odour in drinking-water can be caused by microorganisms, or be of human origin, as in the contamination of water supplies with chemicals. Problems
can also be caused by some water-treatment processes or by substances leached
from water pipe or storage facility linings.

Inorganic constituents
Compounds in water that are perceived as giving it a taste are generally inorganic
substances present in concentrations much higher than those of organic pollutants. The salt concentration in water should be approximately the same as in
saliva for the water to taste neutral (1 ). The concentrations of sodium, magnesium, and calcium chloride at which 50% of a tasting panel found an offensive
taste were 465, 47, and 350 mg!litre, respectively (2).
Of the ions that may be present in water, iron can be tasted in distilled water
at a concentration of about 0.05 mg/litre, copper at about 2.5 mg/litre, manganese at about 3.5 mg!litre, and zinc at about 5 mg/litre (3). Iron, in particular, is
suspected of affecting the taste of water in practice (4).

Organic constituents
Organic compounds can cause organoleptic effects in water (5 ) at taste and
odour threshold concentrations that can vary from milligrams to nanograms per
litre. The compounds concerned include humic substances, hydrophilic acids,
carboxylic acids, peptides and amino acids, carbohydrates, and hydrocarbons (6).

Biological constituents
The organisms most often linked to taste and odour problems are actinomycetes
and various types of algae, but other aquatic organisms, such as protozoa and
fungi, have been implicated from time to time.
Earthy-musty tastes and odours are produced by certain cyanobacteria (bluegreen algae), actinomycetes, and a few fungi. The substances produced by actinomycetes and cyanobacteria that cause tastes and odours in drinking-water have
been extensively discussed in the literature (7-10) and include geosmin, methylisoborneol (MIB) and cardin-4-ene-1-ol. Growing algae produce numerous volatile and nonvolatile organic substances, including aliphatic alcohols, aldehydes,
ketones, esters, thioesters, and sulfides.
Occasionally, taste and odour problems in water are caused by other bacteria,
fungi, zooplankton, and nemathelminthes. Ferrobacteria in water-distribution
systems may produce tastes and odours (11 ), and somes species of Pseudomonas
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can cause a swampy odour (12), whereas others can convert sulfur-containing
amino acids into hydrogen sulfide, methylthiol, and dimethylpolysulfide (13).

Man-made pollution
Halogenated hydrocarbon solvents are the synthetic contaminants of drinkingwater most frequently found because of the huge amounts produced, and their
very diffuse use, chemical and biological stability, volatility, and negligible adsorption by soil and sediments.

Production during water treatment
Water treatment often includes storage, slow sand filtration, or activated carbon
filtration. Mircoorganisms can grow in the equipment used for these purposes
and can then cause tastes and odours. The biological degradation of organic compounds in raw water can also lead to the production of substances such as phenols, aldehydes, and alkylbenzenes that cause taste and odour problems (14). In
addition, the chemicals used in water treatment as coagulants, oxidants, or disinfectants can interact with organic compounds in water and occasionally produce
tastes and odours.
Ozone is one of the most efficient agents in removing tastes and odours, but
its use can lead to the formation of intermediate reaction products (15). In particular the formation of aliphatic aldehydes, which has been frequently reported
in the literature (16), leads to the development of fruity, fragrant, and orangelike odours (17).
The free halogens used as water disinfectants can produce undesirable tastes
and odours in the water. For chlorine residuals, threshold values vary significantly with pH: 75 jlg!litre at pH 5 as compared with 450 jlg!litre at pH 9 (18).
Hypochlorous acid, hypochlorite ion, monochloramine, and dichloramine have
odour thresholds ranging from 0.15 to 0.65 mg!litre (19).
Taste and odour problems that develop in water-treatment plants are frequently an indirect consequence of chlorination (20). The odour threshold values of chlorinated by-products are generally significantly lower than those of the
original products; for example, odour thresholds for phenol, 4-chlorophenol, and
2,4-dichlorophenol are 1000-5000, 0.5-1200, and 2-210 jlg!litre, respectively.

13.31.2 Analytical methods
Water evaluation panels are used to obtain early warnings and descriptions of
taste and odour problems. Such panels may consist of a few members who meet
regularly and have been specially trained, or of many untrained consumers
(sometimes hundreds). It was concluded in one study that the results of evaluations by large consumer panels could be used to optimize the treatment process
at a water-treatment plant, and it was suggested that panel evaluation should

358

13 INORGANIC CONSTITUENTS AND PHYSICAL PARAMETERS

become a routine control method where contaminated surface water was used as
the raw water source (21 ).

13.31.3 Health aspects
Odour in potable water may be indicative of some form of pollution of the water
or of malfunction during water treatment or distribution and should not be accepted without knowledge of the exact cause. The senses of taste and smell may
be more sensitive than the best available analytical instrumentation, and a description of the taste and odour of a water sample can be obtained only by the
sensory analysis of that sample. Such an analysis is an important contribution to
the subsequent chemical identification of the pollutant.

13.31.4 Conclusions
Since tastes and odours in drinking-water may be indicative of some form of pollution or malfunction during water treatment or distribution, investigations to
determine their cause are necessary and the appropriate health authorities should
be consulted, particularly if there is a sudden or substantial change. An unusual
taste or odour might be an indication of the presence of potentially harmful substances.
The taste and odour of drinking-water should not be offensive to the consumer. However, there is enormous variation in the level and quality of taste and
odour that are regarded as acceptable.
No health-based guideline value is proposed for taste and odour.
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13.32 Tin and inorganic tin compounds
13.32.1 General description
Identity
Tin in its most common form is a silvery white metal. Of the various tin-bearing
minerals cassiterite is an oxide, while the remainder are complex sulfides. Tin
forms two series of compounds, namely those of bivalent (tin(II)) and quadrivalent tin (tin(IV)). The most important inorganic compounds of tin are the oxides,
chlorides, fluorides, and halogenated sodium stannates and stannites. Tin can
form one to four covalent bonds with carbon (1,2).

Physicochemical properties
Property
Melting point
Boiling point
Density
Water solubility

Value

232 oc
2260-2270
7.3 g/cm3
insoluble

ac at 100 kPa

Major uses
Approximately 50% of the world production of tin is used for plating. Tin coatings are used for food containers and food-processing equipment. Tin is also used
in alloys, such as solders, bronzes, and pewters. Inorganic tin compounds are
used as pigments in the ceramic and textile industry (3).

13.32.2 Analytical methods
Total tin is determined by atomic absorption spectrometry (AAS) either with direct aspiration into a flame or a furnace technique. The graphite furnace AAS
procedure is highly sensitive. Picric acid, a simple and very efficient matrix modifier, greatly improves the determination of tin in toluene solution by furnace
AAS. When combined with toluene-tropolone extraction from acidified aqueous
solutions, this procedure lowers the detection limit for inorganic tin from 1 !lg/litre to 0.01 11g/litre (4).

13.32.3 Environmental levels and human exposure
Air
The background level of tin in air is about 0.01 !lgfm3, increasing to 0.3 !lgfm3
in urban areas and to 5 11g/m3 near industrial emissions (1, 5).
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Water
The concentration of tin in rivers, estuaries, and oceans is generally less than 5
ng/litre, but the use of organotin biocides can produce significantly higher concentrations (e.g. 26-91 ng/litre near the California coast, 200-3300 ng!litre in
Lake Michigan) (1 ). In seawater, levels of 0.3-980 ng/litre have been found. In
rivers, levels were 6-10 ng/litre, but 300 ng!litre was found in the Rhine (6).
Levels of <42-295 j.lg!litre were found in 37 different bottled mineral waters
(7). A mean range of 1.1-2.2 j.lg!litre (maximum 30 j.lg/litre) was found in a survey of water supplies in the USA. Values greater than 1-2 j.lg/litre are exceptional
(5).

Food
Most natural foods contain tin in trace amounts, but concentrations are increased by the use of organotin pesticides and the storage of liquids in cans (1 ).
In most unprocessed foods, tin levels are generally less than 1 j.lg/g. Higher concentrations are found in canned foods as a result of the dissolution of the tin
coating or tin plate, the levels depending largely on the type and acidity of the
food, the presence of oxidants, the duration and temperature of storage, and the
presence of air in the can headspace. Tin concentrations in foodstuffs in unlacquered cans frequently exceed 100 j.lglg but are below 25 j.lg!g in lacquered cans
(3,5).

Low tin levels have been found in flour (10 ng/g), dried milk (50 ng/g), spinach (20 ng/g), and fish (4-8 j.lg/g); higher levels were reported in canned fruit
(30-100 j.lg/g) and canned grapefruit juice (245-260 j.lg/g) (6 ). Vegetables
grown on soils of high tin content contained less than 1 j.lg/g. Diets consisting of
fresh vegetables, meat, and cereals contributed less than 1 mg to the daily intake
(1).

Estimated total exposure and relative contribution of drinking-water
Food, particularly canned food, represents the major route of human exposure to
tin. Intake from this source varies widely and for some segments of the population can reach several milligrams per kilogram of body weight (3). Estimates of
the mean daily intake of tin are numerous (e.g. 0.1-100 mg; 0.2-17 mg; 3.6 mg;
1.5-8.8 mg) (3, 5, 8). In a study on duplicate portions of the 24-hour diet in the
Netherlands, the median daily intake of tin was 0.21 mg in 1976-78 (range
<0.08-17.4 mg) and 1984-85 (range <0.09-9.81 mg) (9).
The contribution of air to the daily intake of humans is less than 1 j.lg per
person. For the general population, drinking-water is not a significant source of
tin. Based on a maximum value of 2 j.lg/litre, its contribution will be 4 j.lg
(1,3,5).
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13.32.4 Kinetics and metabolism in laboratory animals and
humans
Both tin and inorganic tin compounds are poorly absorbed from the gastrointestinal tract; in most studies, absorption was less than 5%, although values as high
as 20% have been reported (5). Gastrointestinal absorption is influenced by the
oxidation state; studies with radiolabelled tin in the rat indicated that absorption
of tin(II) was four times greater than that of tin(IV) (2.8 and 0.6%, respectively).
The anion may also influence the rate of absorption (10). Highest tissue concentrations of tin after both oral and parenteral administration were found in bone
(principal site of distribution), kidney, and liver (5).
Absorbed tin is excreted primarily via the kidneys, and only to a smaller extent via the bile (8). Rats given oral doses of different tin salts excreted 50% of
the absorbed tin in the first 48 h. Following intravenous administration of tin(II)
or tin(IV) salts to rats, 12% of the tin(II) and only 4% of the tin(IV) appeared in
the faeces, indicating that the biliary toute is probably more important in the
elimination of tin(II) (94% within 24 h) than of tin(IV) compounds (I 0).
Half-times ranging from 3 to 4 months and from 34 to 40 days were reported in the bones of rats after intramuscular and oral administration, respectively.
Elimination of tin(II) chloride after intraperitoneal and intravenous administration to the mouse, rat, monkey, and dog was a four-component process that was
similar in all the species studied, the half-time for the longest component being
over 3 months (5).

13.32.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The acute toxicity of metallic tin and inorganic tin compounds (except tin hydrides) to animal species is low; the oral LD 50 values for tin(II) chloride for mice
and rats are 250 and 700 mg/kg of body weight, respectively. The rabbit is less
sensitive, the oral LD 50 being 10 000 mg/kg of body weight (5). Tin hydrides,
like many other metallic hydrides, are highly toxic to animals; they exert their effects mainly on the central nervous system (I 1 ). High doses of inorganic tin
compounds (of the order of the LD 50) affect the central nervous system, producing effects such as ataxia, muscular weakness, and central nervous system depression (5). The species-related differences illustrated by the LD 50 values are
apparent even at low levels of exposure. The cat was found to be more sensitive to
the oral administration of tin than either the dog or the rat; vomiting and diarrhoea were observed only in cats after oral administration of tin-containing fruit
beverages (>5.4 mg of tin per kg of body weight) or a complex of tin (IV) chloride
and sodium citrate (9 mg of tin per kg of body weight) (12).
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Short-term exposure
In 4- or 13-week feeding studies with rats given various tin salts (including tin(II)
chloride) or tin oxides at dose levels of 50-10 000 mg/kg of food, doses above
3000 mg/kg caused anaemia, changes in a number of enzyme activities, and extensive damage to liver and kidney, particularly with the more soluble tin salts
(e.g. the chloride, orthophosphate and sulfate) (12, 13 ). When male weanling
rats were given doses of up to 3 mg of tin per kg of body weight (as tin(II) chloride) at 12-h intervals for 90 days, an increase in acid phosphatase activity and
a decrease in the calcium content and compressive strength of the femur were
observed (14).

Long-term exposure
Two drinking-water studies with mice were carried out (12): in the first the mice
received 1000 or 5000 mg of tin per litre as sodium chlorostannate or 5000 mg
of tin per litre as tin(II) oleate for 1 year; in the second study, mice were given 5
mg of tin per litre as tin(II) chloride over their lifetime. In neither study were any
effects on growth rates or survival observed.
In a 115-week study, rats were exposed to 0, 200, 400, or 800 mg of tin per
kg of food as tin(II) chloride. Anaemia was observed in weeks 4 and 13 at each
treatment level, but not during the second year of the study. At autopsy, the only
effect noted was a slight increase in the relative spleen weight at 400 and 800
mg/kg, but no histopathological changes were seen. A slightly increased tin content in the bones was seen at the highest dose level only. The NOAEL in this
study was 400 mg/kg of food, equivalent to 20 mg/kg of body weight per day
(12).

Reproductive toxicity, embryotoxicity, and teratogenicity
Testicular degeneration was observed in rats receiving 10 mg of tin(II) chloride
per kg in the feed for 13 weeks (13). Tin(II) chloride with casein in an aqueous
medium at dose levels of 0, 200, 400, or 800 mg/kg of feed did not affect the reproductive performance of rats, although a transient anaemia was observed in the
offspring before weaning (12).
Low transplacental transfer of tin was observed after the feeding of different
tin salts (in amounts corresponding to tin levels of up to 500 mg/kg in the diet)
to pregnant rats; no effects were seen in the fetuses (5).
Tin(II) chloride (at doses of up to 50 mg/kg of body weight) was not teratogenic or fetotoxic in mice, rats, and golden hamsters (5).

Mutagenicity and related end-points
Tin(II) chloride was found not to be mutagenic in a rec-assay in Bacillus subtilis
(15).
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Carcinogenicity
In an oral carcinogenicity study with B6C3F 1 mice (dose levels 0, 1000, or 2000
mg of tin(II) chloride per kg of food), a dose-related significant increase in the
incidence of hepatocellular adenomas and/or carcinomas was found in females.
However, the highest incidence was within the historical range for female
B6C3F 1 mice (15).
In a long-term feeding study in rats given sodium chlorostannate, three malignant tumours were observed at sacrifice, but the treatment groups were rather
small (13 ). In a study with F-344 rats receiving 0, 1000, or 2000 mg of tin(II)
chloride per kg of diet for 105 weeks, no increased tumour incidences were observed (15). No effects on tumour incidence were observed in long-term studies
with rats given tin in drinking-water or in food (12).

13.32.6 Effects on humans
Vomiting, diarrhoea, fatigue, and headache were often observed following the
consumption of canned products (tin concentrations as low as 150 mg/kg in
canned beverages and 250 mg/kg in other canned foods) (I 2). In contrast, no
toxic effects were noted in nine male volunteers consuming packaged military rations (tin contents ranging from 13 to 204 mg/kg) for successive 24-day periods
and in two other studies on human volunteers who ate canned food with tin content ranging from 250 to 700 mg/kg for periods of 6-30 days (5). There is no
evidence of adverse effects in humans associated with chronic exposure to tin
(12,14).

13.32.7 Conclusions
The low toxicity of tin and inorganic tin compounds is the result largely of its
low absorption, low tissue accumulation, and rapid excretion, primarily in the
faeces. It was concluded that, because of the low toxicity of inorganic tin, a tentative guideline value could be derived three orders of magnitude greater than the
normal tin concentration in drinking-water. The presence of tin in drinkingwater does not, therefore, represent a hazard to human health. For this reason,
the establishment of a numerical guideline value for inorganic tin is not deemed
necessary.
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13.33 Total dissolved solids
13.33.1 General description
Identity
Total dissolved solids (TDS) is the term used to describe the inorganic salts and
small amounts of organic matter present in solution in water. The principal constituents are usually calcium, magnesium, sodium, and potassium cations and
carbonate, hydrogencarbonate, chloride, sulfate, and nitrate anions.

Organoleptic properties
The presence of dissolved solids in water may affect its taste (1). The palatability
of drinking-water has been rated by panels of tasters in relation to its TDS level
as follows: excellent, less than 300 mg/litre; good, between 300 and 600 mg/litre;
fair, between 600 and 900 mgllitre; poor, between 900 and 1200 mgllitre; and
unacceptable, greater than 1200 mg!litre (1 ). Water containing extremely low
concentrations ofTDS may be unacceptable because of its flat, insipid taste.

13.33.2 Analytical methods
The method of determining TDS in water supplies most commonly used is the
measurement of specific conductivity with a conductivity probe that detects the
presence of ions in water. Conductivity measurements are converted into TDS
values by means of a factor that varies with the type of water (2,3). The practical
quantification limit for TDS in water by this method is 10 mg/litre (M. Forbes,
personal communication, 1988). High TDS concentrations can also be measured
gravimetrically, although volatile organic compounds are lost by this method ( 4).
The constituents ofTDS can also be measured individually.

13.33.3 Environmental levels and human exposure
Water
TDS in water supplies originate from natural sources, sewage, urban and agricultural run-off, and industrial wastewater. Salts used for road de-icing can also contribute to the TDS loading of water supplies.
Concentrations of TDS from natural sources have been found to vary from
less than 30 mg/litre to as much as 6000 mg/litre (5), depending on the solubilities of minerals in different geological regions. Thus values, expressed as the sum
of the constituents, were below 500 mg/litre in 36 of 41 rivers monitored in Canada ( 6) while, in a survey of the Great Lakes, levels ranged from 65 to 227 mgllitre (7). The levels of TDS in all of the Great Lakes except Lake Superior have
increased in the past 70 years, by 50-60 mgllitre in Lakes Erie and Ontario
(7-10). Between 1960 and 1980, a threefold increase in TDS was observed in
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the Kent River, Australia (5). Between 1955 and 1970, a tenfold increase in the
salinity of the groundwater at Burlington, MA, was noted, resulting from road
de-icing. The use of de-icing chemicals was prohibited thereafter (5).

13.33.4 Effects on humans
No recent data on health effects associated with the ingestion of TDS in drinking-water appear to exist; however, associations between various health effects
and hardness, rather than TDS content, have been investigated in many studies
(see page 237).
In early studies, inverse relationships were reported between TDS concentrations in drinking-water and the incidence of cancer ( 11 ) , coronary heart disease
(12), arteriosclerotic heart disease (13), and cardiovascular disease (14,15). Total
mortality rates were also reported to be inversely correlated with TDS levels in
drinking-water ( 15, 16).
It was reported in a summary of a study in Australia that mortality from all
categories of ischaemic heart disease and acute myocardial infarction was increased in a community with high levels of soluble solids, calcium, magnesium,
sulfate, chloride, fluoride, alkalinity, total hardness, and pH when compared with
one in which levels were lower (17). No attempts were made to relate mortality
from cardiovascular disease to other potential confounding factors.
The results of a limited epidemiological study in the former Soviet Union indicated that the average number of "cases" of inflammation of the gallbladder
and gallstones over a 5-year period increased with the mean level of dry residue in
the groundwater (18). It should be noted, however, that the number of "cases"
varied greatly from year to year in one district, as did the concentration of dry
residue in each district, and no attempt was made to take possible confounding
factors into account.

13.33.5 Other considerations
Certain components of TDS, such as chlorides, sulfates, magnesium, calcium,
and carbonates, affect corrosion or encrustation in water-distribution systems
(4). High TDS levels (>500 mg/litre) result in excessive scaling in water pipes,
water heaters, boilers, and household appliances such as kettles and steam irons
(19). Such scaling can shorten the service life of these appliances (20).

13.33.6 Conclusions
Reliable data on possible health effects associated with the ingestion of TDS in
drinking-water are not available. The result of early epidemiological studies suggest that even low concentrations of TDS in drinking-water may have beneficial
effects, although adverse effects have been reported in two limited investigations.
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Water containing TDS concentrations below 1000 mg/litre is usually acceptable to consumers, although acceptability may vary according to circumstances.
However, the presence of high levels of TDS in water may be objectionable to
consumers owing to the resulting taste and to excessive scaling in water pipes,
heaters, boilers, and household appliances (see also the section on hardness, page
237). Water with extremely low concentrations ofTDS may also be unacceptable
to consumers bacause of its flat, insipid taste; it is also often corrosive to watersupply systems.
In areas where the TDS content of the water supply is very high, the individual constituents should be identified and the local public health authorities
consulted. No health-based guideline value is proposed for TDS. However,
drinking-water guidelines are available for some of its constituents, including
boron, fluoride, and nitrate.
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13.34 Turbidity
13.34.1 General description
Identity
Turbidity is caused by the presence in water of particulate matter, such as clay,
silt, colloidal particles, and plankton and other microscopic organisms, and is a
measure of the water's ability to scatter and absorb light. This depends on anumber of factors, such as the number, size, shape, and refractive index of the particles and the wavelength of the incident light ( 1).
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Sources
The particles that cause turbidity in water vary in size between 1 nm and 1 mm
(2). They can be divided into three classes: clay particles, which have an upper
particle size limit of about 0.002 mm diameter; organic particles produced by the
decomposition of plant and animal debris; and fibrous particles, e.g. those of
minerals such as asbestos.
Soil particles, produced by the erosion of the land surface, have been found
to constitute the major part of the suspended material in most natural waters.
The coarser sand and silt fractions are wholly or partially coated with organic material. Phyllosilicate day particles, as well as non-clay material, such as iron and
aluminium oxides and hydroxides, quartz, amorphous silica, carbonates, and
feldspar, constitute the clay fraction. Clay and organic material are often associated as a "day-organic" complex. Humic substances have a much higher ion exchange capacity than inorganic clays, and their effects often predominate (3).
The accumulation of large numbers of microorganisms has been reported to
produce turbid water. Examples include summer blooms of algae in surface
water, algal debris, and the detritus from iron bacteria in distribution systems
(3).

13.34.2 Analytical methods
A number of methods may be used to measure water turbidity, but nephelometry
and turbidimetry form the basis of present standard methods (4-6).

13.34.3 Environmental levels and human exposure
All natural waters are turbid, surface waters generally more than groundwater.
Raw water turbidity has been reported to range from less than 1 to more than
1000 NTU (nephelometric turbidity units) (3). As processes such as simple filtration or coagulation, sedimentation, and filtration are effective in removing
turbidity, drinking-water concentrations are usually less than 1 NTU. If turbidity is present in higher concentrations, it may be as a consequence of inadequate
treatment or the resuspension of sediment in the distribution system (7). It may
also be due to the presence of inorganic particulate matter in some groundwaters.

13.34.4 Relationship with water quality parameters
The turbidity of water is related to or affects many other indicators of drinkingwater quality. For example, there is a relationship between high turbidity and the
appearance, colour, taste, and odour of both raw and filtered waters. It is reported that 50% of colour in water is due to a "colloidal fraction" of humic substances. This, however, is not true colour, which is the colour remaining after removal of turbidity (6).
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Turbidity can have a significant effect on the microbiological quality of
drinking-water. Its presence can interfere with the detection of bacteria and
viruses in drinking-water (8 ); more importantly, turbid water has been shown
to stimulate bacterial growth (2) since nutrients are adsorbed on to particulate
surfaces, thereby enabling the attached bacteria to grow more rapidly than those
in free suspension.
The main problem associated with turbidity is its effect on disinfection, because high levels have been shown to protect microorganisms from the action of
disinfectants ( 8-1 0) and to increase the chlorine and oxygen demand (I I). Coliform bacteria have been found in waters of turbidity between 4 and 84 NTU,
free chlorine residuals between 0.1 and 0.5 mg/litre, and a minimum contact
time of 30 min (3). In turbid water, Escherichia coli has been shown to be protected in the presence of chlorine levels of0.35 mg/litre or greater (3).
The adsorptive capacity of some suspended particulates can lead to the presence of undesirable inorganic and organic compounds in drinking-water. Most
important in this respect is the organic or humic component of turbidity. For example, herbicides such as 2,4-D, paraquat, and diquat can be adsorbed on to
day-humic particulates, the adsorption being greatly influenced by metal cations
present in the humic material. In addition, the strength of the bonds in some
metal-humate complexes in the turbidity fraction may complicate the measurement of trace metals in natural waters, resulting in an underestimation of the
metal concentrations.

13.34.5 Effects on humans
The consumption of highly turbid water may constitute a health risk, because, as
mentioned above, excessive turbidity can protect pathogenic microorganisms
from the effects of disinfectants, stimulate the growth of bacteria in distribution
systems, and increase the chlorine demand. In addition, the adsorptive capacity
of some particulates may lead to the presence of harmful inorganic and organic
compounds in drinking-water.

13.34.6 Conclusions
The appearance of water with a turbidity of less than 5 NTU is usually acceptable to consumers, although this may vary with local circumstances. However,
because of its microbiological effects, it is recommended that turbidity be kept as
low as possible. No health-based guideline value for turbidity is proposed.
The impact of turbidity on disinfection efficiency is discussed in section
11.2.9.
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13.35 Uranium1
13.35.1 General description
Identity
Uranium occurs naturally in the +2, +3, +4, +5 and +6 oxidation states, the last
of these being the most common. In nature, uranium(VI) is commonly associated with oxygen as the uranyl ion, UOi+. Naturally occurring uranium (natU) is a
mixture of three radionuclides (234U, 235U, and 238U), all of which decay by both
alpha and gamma emissions (1, 2). Uranium is widespread in nature, occurring
in granites and various other mineral deposits (1, 3).

Compound
Uranium
Uranyl ethanoate
Uranyl chloride
Uranyl nitrate
Uranium dioxide

CAS no.

Molecular formula

7440-61-1
541-09-3
7791-26-6
36478-76-9
1344-57-6

u
C4H 60 6U
Cl 2 0 2 U
N 2 0 8U

uo2

Physicochemical properties (1)
Compound

Melting point
(oC)

Boiling point
(oC)

Density
at 20 oc (gfcm3)

u

1132
110
578
60.2
2878

3818
275 (decomposes)

19.0
2.9

C 4H 60 6U
Cl 2 0 2 U
N 2 0 8U

uo2

(decomposes)

118

2.8
10.96

Ulater
solubility (g!l)
insoluble

76.94
3200
soluble
insoluble

Major uses
Uranium is used mainly as fuel in nuclear power stations.

Environmental fate
Uranium is present in the environment as a result of leaching from natural deposits, release in mill tailings, emissions from the nuclear industry, the combustion of coal and other fuels, and the use of phosphate fertilizers that contain
uranmm.

1 This review addresses only the chemical aspects of uranium toxicity. Information on the
derivation of a guideline value based on radiological effects is presented in Chapter 17, page 908.
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13.35.2 Analytical methods
Uranium in water is most commonly measured by solid fluorometry with either
laser excitation or ultraviolet light following fusion of the sample with a pellet of
carbonate and sodium fluoride (detection limit 0.1 ~g!litre) ( 4 ). It can also be
determined by inductively coupled plasma mass spectrometry (detection limit
0.1 rgllitre) (5).

13.35.3 Environmental levels and human exposure
Air
Reported mean levels of uranium in ambient air are 0.02 ngfm3 in Tokyo (6) and
0.08 ngfm3 in New York City (7). On the assumption of a daily respiratory volume of20 m3 and a concentration in air of0.05 ngfm3, the daily intake of uranium from air would be about 1 ng. Tobacco smoke (from two packets of
cigarettes per day) contributes up to 50 ng of uranium (8).

Water
Uranium concentrations in drinking-water in Canadian cities are generally less
than 1 ~g!litre but have exceeded 8 rgllitre; concentrations were below the detection limit of 0.05 ~g/litre in about 50% of samples taken (9). Uranium concentrations of up to 700 jlg/litre have been found in private supplies in Canada
(10, 11). The mean concentration of uranium in drinking-water in New York
City ranged from 0.03 to 0.08 rgllitre (12); in five Japanese cities, the mean level in potable water supplies was 0.009 rg/litre (13).
The daily uranium intake from water in Finland is estimated to be 2.1 rg
(14), and from drinking-water in Salt Lake City (USA) 1.5 jlg (15). On the basis
of the results of the survey of Canadian cities (9), the daily intake of uranium in
drinking-water is likely to be approximately 0.1 jlg.

Food
Uranium has been detected in a variety of foodstuffs, the highest concentrations
being found in shellfish and lower levels in fresh vegetables, cereals, and fish. The
average per capita intake of uranium in food has been reported to be 1.3 rg/day
(7) and 2-3 ~g/day (15) in the USA and 1.5 rglday in Japan (13).
In a review of naturally occurring sources of radioactive contamination in
food, dietary intakes of238U were found to range from 12 to 45 mBq/day in several European countries, from 11 to 60 mBq/day in Japan (the higher values were
found in uranium mining areas), and from 15 to 17 mBq/day in the United
States. The average daily dietary intake was of the order of 20 mBq, or about
4 jlg. It was often difficult to determine whether these dietary intakes included
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that from drinking-water, and it was emphasized that the latter has sometimes
been found to be equal to that from diet ( 16).

Estimated total exposure and relative contribution of drinking-water
The daily intake of uranium from each source for adults is estimated to be: air,
0.001 flg; food, 1.4 flg; water, 0.1 flg. The total daily intake is therefore approximately 1. 5 flg, most of which comes from food.

13.35.4 Kinetics and metabolism in laboratory animals and
humans
The average human gastrointestinal absorption of uranium is 1-2% (17). Only
0.06% of ingested uranium was absorbed in Sprague-Dawley rats and New Zealand white rabbits fed ad libitum and having free access to drinking-water containing up to 600 mg of uranyl nitrate hexahydrate per litre for up to 91 days
( 18). Absorption increased with dose in starved rats given uranium by gavage; absorption ranged from 0.06 to 2.8% for doses of 0.03 and 45 mg of uranium per
kg of body weight, respectively (19).
Following ingestion, uranium rapidly appears in the bloodstream (19),
where it is associated primarily with the red cells (20) and forms a nondiffusible
uranyl-albumin complex in equilibrium with a diffusible ionic uranyl hydrogencarbonate complex (U0 2HC0 3+) in the plasma (21). Clearance from the bloodstream is rapid, and the uranium subsequently accumulates in the kidneys and
skeleton (19). The skeleton is the major site of uranium accumulation (17); the
uranyl ion replaces calcium in the hydroxyapatite complex of bone crystals (11 ).
Once equilibrium is attained in the skeleton, uranium is excreted in the
urine and faeces. Urinary excretion in humans has been found to account for approximately 1% of total excretion, averaging 4.4 flg/day (15), the rate depending
in part on the pH of tubular urine (21 ). Under alkaline conditions, most of the
uranyl hydrogencarbonate complex is stable and is excreted in the urine. If the
pH is low, the complex dissociates to a variable degree, and the uranyl ion may
then bind to cellular proteins in the tubular wall.
The estimated overall elimination half-life of uranium under conditions of
normal daily intake is between 180 and 360 days (11).

13.35.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Reported oral LD 50 s of uranyl ethanoate for rats and mice are 204 and 242
mg/kg of body weight, respectively (22 ). Among the most common signs of
acute toxicity are piloerection, significant weight loss, and haemorrhages in the
eyes, legs, and nose.
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The most common renal injury caused by uranium in experimental animals
is damage to the proximal convoluted tubules, predominantly in the distal twothirds (21 ). At doses not high enough to destroy a critical mass of kidney cells,
the effect is reversible, as some of the lost cells are replaced. However, the new
epithelial lining differs morphologically, and possibly functionally, from normal
tubular epithelium (17,21 ). Regeneration of the injured tubular epithelium
begins 2-3 days after exposure (21). There is some evidence that tolerance may
develop following repeated exposure to uranium (23-25).

Short-term exposure
A total of 40 male Sprague-Dawley rats given 0, 2, 4, 8, or 16 mg of uranyl ethanoate dihydrate per kg of body weight per day (equivalent to doses ofO, 1.1, 2.2,
4. 5, or 9.0 mg of uranium per kg of body weight per day) in drinking-water for 4
weeks exhibited a variety of biochemical effects, including increases in blood glucose levels at or above 4 mg/kg of body weight per day, decreases in aspartate
aminotransferase and alanine aminotransferase values at or above 8 mg/kg of
body weight per day, increases in several other haematological parameters at 16
mg/kg of body weight per day, and increases in total protein levels in all treated
groups (26). The authors considered the NOAEL to be 2 mg/kg of body weight
per day ( 1.1 mg of uranium per kg of body weight per day).
Preliminary results are available for a series of studies in which rats and rabbits were exposed to uranyl ion in drinking-water (A. Gilman, unpublished data,
1991). Groups of 15 male and 15 female weanling Sprague-Dawley rats consumed water containing 0.001 (control), 0.9, 4.8, 24, 120, or 600 mg of uranyl
nitrate hexahydrate per litre (equivalent to doses of0.00005, 0.06, 0.3, 1.5, 7.5,
and 37 mg of uranium per kg of body weight per day in males, and 0.00005,
0.08, 0.4, 2, 10, and 54 mg of uranium per kg of body weight per day in females)
for 90 days. A dose-related increase in the incidence and severity of kidney lesions, namely necrosis of the epithelial cells lining the proximal convoluted tubules, and the appearance of small vesicles in the cell lumen, were observed in all
groups of treated male rats. The only renal lesions in females appeared in the
highest dose group. The LOAEL for adverse effects on the kidney in male rats,
based on the frequency and degree of degenerative lesions in the epithelium of
the proximal convoluted tubule, was considered to be 4.8 mg/litre (or 0.3 mg of
uranium per kg of body weight per day). Minor effects in the lowest dose group
(0.9 mg/litre, or 0.06 mg of uranium per kg of body weight per day) were not
considered to be adverse, as minor damage to the tubular epithelium appears to
be partially reversible (17, 21). The reason for the difference in sensitivity between males and females is not clear, but it did not appear to be due to differences in pharmacokinetics, since accumulation of uranium in renal tissue did not
differ significantly between the two sexes at all doses.
In a similar study, groups of 10 male New Zealand white rabbits were given
uranyl nitrate hexahydrate in drinking-water at concentrations of 0.001 (con-

377

GUIDELINES FOR DRINKING-WATER QUALITY

trol), 0.9, 4.8, 24, 120, or 600 mg/litre (determined to be equivalent to doses of
0, 0.05, 0.2, 0.9, 4.8, and 28.7 mg of uranium per kg of body weight per day)
for 91 days (A. Gilman, unpublished data, 1991). Degenerative renal changes,
namely pyknosis of nuclei in proximal convoluted tubules accompanied by
vacuolation of tubules resulting in epithelial destruction in severely affected animals, and mild inflammatory changes were observed in the animals drinking water containing 24, 120, or 600 mg of uranyl nitrate hexahydrate per litre. There
were histopathological changes in the thyroid gland at 24 and 600 mg/litre and
mild hepatic changes in all dose groups. The LOAEL was considered to be 24
mg/litre (0.9 mg of uranium per kg of body weight per day). It should be noted,
however, that these rabbits were not Pasteurella-free, and four of them contracted a
Pasteurella infection during the course of the study. There were no dose-related
changes in groups of 10 female Pasteurella-free rabbits drinking water containing
<0.001 (control), 4.8, 24, or 600 mg of uranyl nitrate hexahydrate per litre (equivalent to doses ofO, 0.5, 1.3, and 43 mg of uranium per kg of body weight per day)
for 91 days.
In an additional study in Pasteurella-free male New Zealand white rabbits,
groups of 5-8 animals were given <0.001, 24, or 600 mg of uranyl nitrate hexahydrate per litre in drinking-water for 91 days, with a recovery period of up to 91
days (A. Gilman, unpublished data, 1991). Although minor histopathological
lesions were seen in the thyroid, aorta, liver, and kidney, male rabbits did not respond as dramatically as those in the earlier study. It is possible that the Pasteurella-free rabbits are less sensitive to the effects of uranyl ion in drinking-water
than the non-Pasteurella-free strain. The LOAEL for the Pasteurella-free rabbits
was considered to be 600 mg/litre (43 mg of uranium per kg of body weight per
day). The generally mild lesions observed following 91 days of exposure were less
frequently reported in animals kept for 91 days after exposure ceased. Repair
responses were observed in the tissues of some animals, suggesting that the mild
lesions reported may be largely reversible.

Long-term exposure
In an early series of experiments, very high doses (up to 20% in the diet) of a variety of uranium compounds were fed to rats, dogs, and rabbits in the diet for
periods ranging from 30 days to 2 years (27). On the basis of very limited histopathological investigations, renal damage was reported in each species.

Reproductive toxicity, embryotoxicity, and teratogenicity
Adverse reproductive effects, in terms of total number of litters and average number of young per litter, were reported in rats given 2% uranyl nitrate for 7
months (27).
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Carcinogenicity
Although bone cancer has been induced in experimental animals by injection or
inhalation of soluble compounds of high-specific-activity uranium isotopes or
mixtures of uranium isotopes, no carcinogenic effects have been reported in animals ingesting soluble or insoluble uranium compounds (17).

13.35.6 Effects on humans
Nephritis is the primary chemically induced effect of uranium in humans (28).
Little information is available on the chronic health effects of exposure to environmental uranium in humans. In Nova Scotia (Canada), clinical studies were
performed on 324 persons exposed to variable amounts of naturally occurring
uranium in drinking-water (up to 0.7 mg!litre) supplied from private wells. No
relationship was found between overt renal disease or any other symptomatic
complaint and exposure to uranium. However, a trend towards increasing excretion of urinary ~rmicroglobulin and increasing concentration of uranium in
well-water was observed; this raises the possibility that an early tubular defect was
present and suggests that this parameter might be useful as an index of subclinical toxicity. The group with the highest uranium concentrations in well-water
failed to follow this trend, but this was attributed to the fact that most of the individuals in this group had significantly reduced their consumption of well-water
by the time that the measurements were made, leading to the conclusion that the
suspected tubular defect might well be rapidly reversible ( 10, 11).

13.35.7 Conclusions
Adequate short- and long-term studies on the chemical toxicity of uranium are
not available, and a guideline value for uranium in drinking-water was therefore
not derived. Until such information becomes available, it is recommended that the
limits for the radiological characteristics of uranium be used (see Chapter 17).
Based on these limits, the equivalent for natural uranium is approximately 0.14
mg/litre.
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13.36 Zinc
13.36.1 General description
Identity
Zinc occurs in small amounts in almost all igneous rocks. The principal zinc ores
are sulfides, such as sphalerite and wurzite (1 ). The natural zinc content of soils
is estimated to be 1-300 mg/kg (2).

Physicochemical properties
Property
Physical state
Melting point
Boiling point
Density (g/cm3)

Value
Bluish-white metal
419.58 oc
907 oc
7.14 at 20 oc

Organoleptic properties
Zinc imparts an undesirable astringent taste to water. Tests indicate that 5% of a
population could distinguish between zinc-free water and water containing zinc at
a level of 4 mg!litre (as zinc sulfate). The detection levels for other zinc salts were
somewhat higher. Water containing zinc at concentrations in the range 3-5 mg/litre also tends to appear opalescent and develops a greasy film when boiled (3).

Major uses
Zinc is used in the production of corrosion-resistant alloys and brass, and for galvanizing steel and iron products. Zinc oxide, used in rubber as a white pigment,
for example, is the most widely used zinc compound. Peroral zinc is occasionally
used to treat zinc deficiency in humans. Zinc carbamates are used as pesticides (1).

13.36.2 Analytical methods
Atomic absorption spectrophotometry is the most widely used method for the
determination of zinc. The detection limit of the direct air-acetylene flame
method is 50 )lgflitre (4). Low concentrations can be measured by chelating zinc
with ammonium pyrrolidine dithiocarbamate and extracting it with methyl isobutyl ketone (detection limit 0.5-1 )lg!litre) (5).

13.36.3 Environmental levels and human exposure
Air
In rural areas, atmospheric zinc concentrations are typically between 10 and 100
ng/m3, whereas levels in urban areas commonly fall within the range 100-500
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ngfm3 (2). Mean concentrations of zinc associated with particulate matter in ambient air in Canada were 85 ngfm3 (6) and in Finland, 170 ngfm3 (7).

Water
In natural surface waters, the concentration of zinc is usually below 10 Jlg!litre,
and in groundwaters, 10-40 Jlg!litre (1). In tapwater, the zinc concentration can
be much higher as a result of the leaching of zinc from piping and fittings (2). The
most corrosive waters are those of low pH, high carbon dioxide content, and low
mineral salts content. In a Finnish survey of 67% of public water supplies, the median zinc content in water samples taken upstream and downstream of the waterworks was below 20 Jlg/litre; much higher concentrations were found in tapwater,
the highest being 1.1 mg/litre (8 ). Even higher zinc concentrations (up to 24
mg!litre) were reported in a Finnish survey of water from almost 6000 wells (9).

Food
Protein-rich foods, such as meat and marine organisms, contain high concentrations of zinc (10-50 mg/kg wet weight), whereas grains, vegetables, and fruit are
low in zinc (usually <5 mg/kg) (I).

Estimated total exposure and relative contribution of drinking-water
Values of 5-22 mg have been reported in studies on the average daily intake of
zinc in different areas (1 ). The zinc content of typical mixed diets of North
American adults varies between 10 and 15 mg/day (10). In Finland, the average
daily intake of zinc from foodstuffs is calculated to be 16 mg (1 I). The recommended dietary allowance for adult men is set at 15 mg/ day, for adult women 12
mg/day, for formula-fed infants 5 mg/day, and for preadolescent children 10
mg/day (12,I3).
Drinking-water usually makes a negligible contribution to zinc intake unless
high concentrations of zinc occur as a result of the corrosion of piping and fittings. Under certain circumstances, tapwater can provide up to 10% of the daily
intake (9,14).

13.36.4 Kinetics and metabolism in laboratory animals and
humans
Absorption of ingested zinc is highly variable (1 0-90%) and is affected by a
number of factors. Homoeostatic mechanisms exist for the gastrointestinal absorption and excretion of zinc. High zinc concentrations are found in prostate,
bone, muscle, and liver. Excretion takes place mainly (75%) via the gastrointestinal tract, and only to a smaller extent via urine and sweat. The biological halftime of retained zinc in humans is of the order of 1 year (I).

383

GUIDELINES FOR DRINKING-WATER QUALITY

Zinc is an essential element in all living organisms. Nearly 200 zinc-containing enzymes have been identified, including many dehydrogenases, aldolases,
peptidases, polymerases, and phosphatases (15).

13.36.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Acute oral LD 50 values in rats are reported to be as follows: zinc chloride 350,
zinc sulfate 2950, and zinc ethanoate 2510 mg/kg of body weight (16).

Long-term exposure
Zinc toxicosis has been documented in various mammalian species, including
ferrets, sheep, cattle, pigs, horses, and dogs, mostly taking the form of copper deficiency caused by excessive zinc intake (I, 17). Signs of toxicosis among a herd of
95 calves began to appear when calves were fed 1.2-2 g of zinc per day and exposed to a cumulative zinc intake of 42-70 g per calf (18). A high-zinc diet has
been shown to induce hypocalcaemia and bone resorption in rats (19).
The antagonistic effects of zinc on the toxic effect of other metals, including
cadmium, lead, and nickel, has been described in several reports (20-22).

Carcinogenicity
One study with rats given zinc ethanoate (1.5 g of zinc per litre) in drinkingwater indicated that there was an increase in the number of metastases following
the intravenous injection of cells from a benzpyrene-induced sarcoma (23).

13.36.6 Effects on humans
Nutritional zinc deficiency in humans has been reported in a number of countries (24-27).
Acute toxicity results from the ingestion of excessive amounts of zinc salts,
either accidentally or deliberately as an emetic or dietary supplement. Vomiting
usually occurs after the consumption of more than 500 mg of zinc sulfate. Mass
poisoning has been reported following the drinking of acidic beverages kept in
galvanized containers; fever, nausea, vomiting, stomach cramps, and diarrhoea
occurred 3-12 h after ingestion. Food poisoning attributable to the use of galvanized zinc containers in food preparation has also been reported; symptoms occurred within 24 h and included nausea, vomiting, and diarrhoea, sometimes
accompanied by bleeding and abdominal cramps (I).
Manifest copper deficiency, which is the major consequence of the chronic
ingestion of zinc (13), has been caused by zinc therapy (150-405 mg/day) for
coeliac disease, sickle cell anaemia, and acrodermatitis enteropathica (28-30).
Impairment of the copper status of volunteers by the dietary intake of 18.5 mg
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of zinc per day has been reported (31 ). Zinc supplementation of healthy adults
with 20 times the recommended dietary allowance for 6 weeks resulted in the impairment of various immune responses (32). Gastric erosion is another reported
complication of a daily dosage of 440 mg of zinc sulfate ( 1). Daily supplements
of 80-150 mg of zinc caused a decline in high-density lipoprotein cholesterol
levels in serum after several weeks (1 ), but this effect was not found in some
other studies. In an Australian study, no detrimental effect of 150 mg of zinc per
day on plasma copper levels was seen in healthy volunteers over a period of
6 weeks (33).
Acute toxic effects of inhaled zinc have been reported in industrial workers
exposed to zinc fumes (1); the symptoms include pulmonary distress, fever,
chills, and gastroeneritis.
In a small-scale study on zinc-refinery workers, no evidence was found of increased mortality from any type of cancer (1). In subjects with low baseline levels
of serum zinc, no significant difference in the risk of death from cancer or cardiovascular diseases, as compared with those with high baseline levels, was observed
(34).

13.36. 7 Conclusions
In 1982, JECFA proposed a daily dietary requirement of zinc of 0.3 mg/kg of
body weight and a provisional maximum tolerable daily intake (PMTDI) of
1.0 mg/kg of body weight (35 ). The daily requirement for adult humans is
15-22 mg/day. It was concluded that, in the light of recent studies on humans,
the derivation of a health-based guideline value is not required at this time.
However, drinking-water containing zinc at levels above 3 mg/litre tends to be
opalescent, develops a greasy film when boiled, and has an undesirable astringent
taste.
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14.
Organic constituents

14.1 Carbon tetrachloride
14.1.1 General description
Identity
CAS no.:
056-23-5
Molecular formula: CC1 4

Physicochemical properties (1, 2)1

Property
Melting point
Boiling point
Density
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

Value
-23 oc
76.5 oc
1.594 g/cm3 at 25 ac
15.36 kPa at 25 ac
785 mg/litre at 20 ac
2.64

Organoleptic properties
The odour thresholds for carbon tetrachloride in water and air are 0.52 mg/litre
and< 64 mgfm3, respectively (3).

Major uses
Carbon tetrachloride is used mainly in the production of chlorofluorocarbon refrigerants, foam-blowing agents, and solvents. It is also used in the manufacture
of paints and plastics, as a solvent in metal cleaning, and in fumigants ( 4).

Environmental fate
Most carbon tetrachloride released to the environment reaches the atmosphere,
where it is uniformly distributed. It does not react with photochemically proI Conversion factor in air: 1 ppm = 6.4 mgfm3.
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duced hydroxyl radicals in the troposphere but may undergo photolysis in the
stratosphere. It has an estimated half-life of 50 years in the atmosphere (1, 5).
Carbon tetrachloride readily migrates from surface water to the atmosphere
in a matter of days or weeks; however, levels in anaerobic groundwater may remain elevated for months or even years (5). Carbon tetrachloride is capable of
being adsorbed onto organic matter in soils (1). Migration to groundwater is
possible (6). Bioaccumulation has not been observed.

14.1.2 Analytical methods
Carbon tetrachloride in drinking-water is determined by purge-and-trap gas
chromatography (7). It is usually detected by mass spectrometry, the detection
limit being about 0.3 )lg/litre (8).

14.1.3 Environmental levels and human exposure
Air
Most urban air concentrations of carbon tetrachloride are close to the background level of 0.8-0.9 )lgfm3 found in the continental air mass. Outdoor concentrations as high as 3.7 )lgfm3 have been reported near point sources. Indoor
concentrations (1 )lgfm3) tend to be higher than outdoor levels (I).

Water
Carbon tetrachloride was detected in the drinking-water of 30 of945 cities in the
USA at mean levels ranging from 0.3 to 0.7 )lg/litre. Levels as high as 2-3 )lg/litre
have been measured (1 ). In Italy, carbon tetrachloride concentrations in drinking-water averaged 0.2 )lgllitre (9). Carbon tetrachloride is an occasional contaminant of the chlorine used for drinking-water disinfection ( 1).

Food
Carbon tetrachloride has been detected in a variery of foodstuffs at levels ranging
from 0.1 to 20 )lg/kg (10). Foods often become contaminated when they are
fumigated with it. However, carbon tetrachloride is now seldom used for this
purpose.

Estimated total exposure and relative contribution of drinking-water
Although available data on concentrations in food are limited, the intake from air
is expected to be much greater than that from food or drinking-water. At a typical carbon tetrachloride concentration of 1 )lgfm3 in air, the daily exposure by
inhalation is estimated to be about 20 )lg for an adult with an air intake of
20 m3fday. At a rypical concentration of 0.5 )lgllitre in drinking-water, a daily
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exposure of 1 jlg is estimated for an adult with an average consumption of 2 litres
of water per day.

14.1.4 Kinetics and metabolism in laboratory animals and humans
Carbon tetrachloride is readily absorbed from the gastrointestinal tract, the respiratory tract, and the skin, the extent depending on the administration vehicle
(I 1-13). It appears to be distributed to all major organs following absorption (2),
the highest concentrations being in fat.
Carbon tetrachloride is thought to be metabolized by the hepatic cytochrome P-450 enzymes with the production of the highly toxic trichloromethyl
radical, which binds to macromolecules, initiating lipid peroxidation and destroying cell membranes (14). The resulting metabolites depend on the aerobic
state of the tissue in which metabolism occurs ( 1) and include chloroform, hexachloroethane, and possibly phosgene (I 5, 16). The trichloromethyl radical can
also combine with oxygen to form peroxy free radicals capable of binding to cellular molecules (17). Carbon tetrachloride and its metabolites are excreted primarily in exhaled air and to a lesser extent in the urine and faeces (2).

14.1.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Oral LD 50 values ranging from 1000 to 12 800 mg/kg of body weight were reported in mice and rats (2).

Short-term exposure
Hepatotoxic effects (increased serum enzymes and histopathology) were observed
in rats given carbon tetrachloride in corn oil by gavage at daily doses of 20 mg/kg
of body weight and above for 9 days. The same effects were observed in rats given
daily oral doses of 10 mg/kg of body weight, 5 days per week for 12 weeks. No
measurable adverse effects were observed in rats given 1 mg/kg of body weight
per day for 12 weeks (18).
Hepatotoxicity (increased serum enzymes, increased organ weight, and
pathological changes) was observed in male and female CD-1 mice given carbon
tetrachloride in corn oil by gavage at doses of 625, 1250, or 2500 mg/kg of body
weight for 14 consecutive days. After 90 days, hepatotoxic effects were observed
in animals that had ingested 12, 120, 540, or 1200 mg/kg of body weight (19).
Male and female CD-1 mice were given carbon tetrachloride at 0, 1.2, 12, or
120 mg/kg of body weight per day for 90 days (5 days per week) by gavage in
corn oil or as an aqueous suspension in 1o/o polysorbate 60 (20). A significant increase in serum enzyme activity was detected at 12 and 120 mg/kg of body
weight per day in the corn oil groups as compared with the polysorbate 60 ones.
Liver and liver-to-body-weight ratios were significantly greater at 120 mg/kg of
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body weight per day. Hepatocellular changes (e.g. necrosis, fat) occurred at 12
and 120 mg/kg of body weight per day and were more frequently observed in the
corn oil groups. Use of a corn oil vehicle yielded a NOAEL that was an order of
magnitude lower than that obtained when the polysorbate 60 suspension was
used (12 v. 1.2 mg/kg of body weight per day).

Long-term exposure
Carbon tetrachloride at doses of 0, 80, or 200 mg/kg of diet (high dose equivalent to about 10-18 mg/kg of body weight per day) was fed to rats (18 per sex,
strain not given) until sacrifice at 2 years (21). Although no adverse effects were
observed, tissues were not examined microscopically, liver weights were not
measured, and survival was below 50% at 21 months.

Reproductive toxicity, embryotoxicity, and teratogenicity
No reproductive effects were noted in rats fed diets containing carbon tetrachloride at 80 or 200 mg/kg for up to 2 years (22). Degeneration of testicular germinal epithelium has been reported in rats exposed to air concentrations of 1280
mgfm3 or above (23). An intraperitoneal dose of 2400 mg/kg of body weight
resulted in adverse effects on testicular function in rats (24).

Mutagenicity and related end-points
In general, carbon tetrachloride is not mutagenic in bacterial test systems or cultured liver cells (2). However, weakly positive results were reported at cytotoxic
levels in an alkaline elution-rat hepatocyte assay that measures DNA singlestrand breaks. It has caused point mutations and gene recombination in a eukaryotic (yeast) test system (25). Carbon tetrachloride induced cell transformation in
Syrian hamster embryo cells (26). In an in vivo-in vitro hepatocyte DNA repair
assay, carbon tetrachloride did not induce unscheduled DNA synthesis in male or
female B6C3F 1 mice (27), although significant increases in hepatic cell proliferation were observed. This effect was also produced by carbon tetrachloride in male
Fischer 344 rats.

Carcinogenicity
In a number of studies, the development of liver tumours (primarily hepatomas
and hepatocellular carcinomas) in several animal species, including hamsters,
mice, and rats, has been reported following oral, subcutaneous, or inhalation exposure. In general, the first tumours appeared early, within 12-16 weeks in some
experiments, and the incidence was high.
Mter inbred strain L mice were exposed to oral doses of 0.04 ml (approximately 64 mg) of carbon tetrachloride 2-3 times per week for 4 months, hepato-
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mas developed in 47% of the treated animals, as compared with 1o/o of controls
(28). In a study in which Syrian golden hamsters (10 per sex per group) were exposed to oral doses of carbon tetrachloride of 6.25-12.5 11llday (approximately
10-20 mg/day) for 43 weeks, all animals that survived the treatment period (5
per sex) developed liver cell carcinomas (29).
Groups of B6C3F 1 mice (50 per sex) were given carbon tetrachloride at 0,
1250, or 2500 mg/kg of body weight five times per week for 78 weeks by corn oil
gavage, and Osborne-Mendel rats were given 47 or 94 mg/kg of body weight
(males) and 80 or 159 mg/kg of body weight (females) (30). The incidence of
hepatocellular carcinomas was markedly increased in treated mice (96-1 00%)
but only slightly in rats (2-8%) as compared with controls (0-6%).

14.1.6 Effects on humans
Single oral doses of 2.5-15 ml (57-343 mg/kg of body weight) do not usually
produce serious effects, although changes may occur in liver and kidney tissue,
including fat accumulation in the liver and renal swelling. Some adults suffer adverse effects (including death) from the ingestion of as little as 1.5 ml (34 mg/kg
of body weight). A dose of0.18-0.92 ml (29-150 mg/kg of body weight) may be
fatal in children. Alcohol consumption potentiates carbon tetrachloride-induced
hepatic and renal effects in humans (1, 2).
Occupational exposure to 128-512 mgfm3 carbon tetrachloride for 2-3
months produced neurological effects (nausea, depression, dyspepsia, and narcosis) in workers. Hepatic and renal effects similar to those described for acute oral
exposures have been reported after short-term exposures to 1280 mgfm3 (1).
Although an epidemiological study of workers in the rubber industry suggested an association between exposure to carbon tetrachloride and lymphosarcoma and lymphatic leukaemia, the authors stressed that the results should be
interpreted cautiously because of multiple exposure, possible bias, and small sample size (31). The development of liver cancer in humans exposed to carbon
tetrachloride fumes has been reported only in a few cases, and the data are insufficient to establish a causal relationship (I).

14. 1. 7 Guideline value
IARC has concluded that there is sufficient evidence that carbon tetrachloride is
carcinogenic in laboratory animals to assign it to group 2B as a possible human
carcinogen (4).
As there is unequivocal evidence that carbon tetrachloride is carcinogenic in
several species, and as it metabolizes to give the highly toxic trichloromethyl
radical, the linearized multistage model was chosen for calculating concentrations of carbon tetrachloride in drinking-water associated with lifetime excess
cancer risks of IQ-4, 10-s, and 10-6. Based on the geometric means of risk estimates for liver cancer from four bioassays in laboratory rodents, the concentra-
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tions in drinking-water associated with lifetime excess cancer risks of 10·4, 10·s,
and 10·6 are 600, 60, and 6 )lg/litre, respectively.
Because carbon tetrachloride has not been shown to be genotoxic in most
available studies, and because there is a possibility that it may act as a nongenotoxic carcinogen, a guideline value has been derived based on the division of a
NOAEL by an uncertainty factor. The NOAEL in a 12-week oral gavage study in
rats was 1 mg/kg of body weight per day (18). A TDI of 0.71 )lglkg of body
weight (allowing for dosing for 5 days per week) was calculated by applying an
uncertainty factor of 1000 (1 00 for intra- and interspecies variation, and 10 for
evidence of possible nongenotoxic carcinogenicity). No additional factor for the
short duration of the study (12 weeks) was incorporated, as the compound was
administered in corn oil in the critical study, and available data indicate that toxicity following administration in water may be an order of magnitude less. The
guideline value based on a 1Oo/o allocation to drinking-water is 2 )lg/litre (rounded figure). This value is lower than the range of values associated with lifetime excess cancer risks of 10·4, 1o·5, and 1o-6 calculated by linear extrapolation.
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14.2 Dichloromethane
14.2.1 General description
Identity

CAS no.:
75-09-2
Molecular formula: CH 2Cl 2
Dichloromethane is also known as methylene chloride.
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Physicochemical properties (1, 2)1

Property
Melting point
Boiling point
Density
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

Value

-95.1 oc
40°C
1.3255 g/cm3 at 20 oc
46.53 kPa at 20 oc
20 000 mg/litre at 20 oc
1.3

Organoleptic properties
The odour thresholds for dichloromethane in air and water are 530-2120 mg/m3
and 9.1 mg/litre, respectively (3, 4).

Major uses
Dichloromethane is widely used as an organic solvent and is found in paints, insecticides, degreasing and cleaning fluids, and other products (2, 5, 6).

Environmental fate
Most dichloromethane released to water and soil will be vaporized. It can persist
in air for up to 500 days, but is rapidly biodegraded in water. In soil, it undergoes
only slight biodegradation and is highly mobile, being leached from subsurface
soil into groundwater (5, 6).

14.2.2 Analytical methods
Purge-and-trap gas chromatography is routinely used for the determination of
dichloromethane and other volatile organohalides in drinking-water (7). This
method is suitable for use at concentrations of 1-1500 ~gllitre, but there are
difficulties at low concentrations because dichloromethane vapour readily penetrates tubing during the procedure. Mass spectrometry (detection limit 0.3 ~g/li
tre) can be used to confirm the identity of the compound ( 8).

1 Conversion factor in air: 1 ppm = 3.53 mgfm3.
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14.2.3 Environmental levels and human exposure
Air
Background levels in air are usually about 0.1 mgfm3; average concentrations in
urban air range between 1 and 7 )lgfm3 (2).

Water
Dichloromethane has been found in surface water samples at concentrations ranging from 0.1 to 743 fig/litre. Levels are usually higher in groundwater because volatilization is restricted; concentrations as high as 3600 )lg!litre have been reported
(5). Mean concentrations in drinking-water were less than 1 )lgflitre.

Food
Food is not expected to be a significant source of exposure to dichloromethane,
which is now rarely used in food-extraction processes (e.g. decaffeination of coffee); however, it is used as a post-harvest fumigant on some foods (e.g. strawberries and grains).

Estimated total exposure and relative contribution of drinking-water
Inhalation is the major route of environmental exposure (2), the estimated average daily intake from urban air being 33-307 )lg (5). Exposure to dichloromethane through food and drinking-water is insignificant.

14.2.4 Kinetics and metabolism in laboratory animals and humans
Dichloromethane appears to be readily absorbed from the gastrointestinal tract
(2, 9). Distribution in rats after oral administration was primarily to liver (10).
The cytochrome P-450 and glutathione S-transferase systems can both metabolize dichloromethane to carbon monoxide or carbon dioxide (5, 11). Animal
data indicate that it is excreted primarily through the lungs, the excretion products depending on the dose (10).

14.2.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Dichloromethane has a low acute toxicity; LD 50 values of 2000 mg/kg of body
weight for rats and mice have been reported (2, 12, 13). The primary effect associated with acute exposure is depression of the central nervous system.
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Short-term exposure
Fischer 344 rats (20 per sex per group) were given dichloromethane in drinkingwater for 90 days (0, 166, 420, or 1200 mg/kg of body weight per day in males,
and 0, 209, 607, or 1469 mg/kg of body weight per day in females) (1-f). Centrilobular necrosis and granulomatous foci were noted in mid- and high-dose animals, and changes in some clinical chemistry parameters were noted in mid- and
high-dose females. An increased incidence of hepatocyte vacuolization (lipid
accumulation) was found in all dose groups. The LOAELs were 166 and
209 mg/kg of body weight per day for male and female rats, respectively.
In a study in which B6C3F 1 mice (20 per sex per group) received dichloromethane in drinking-water for 90 days at doses of 0, 226, 587, or 1911 mg/kg of
body weight per day (males) and 0, 231, 586, or 2030 mg/kg of body weight per
day (females), subtle centrilobular fatty changes in liver and slight decreases in
body weight were seen in the mid- and high-dose groups. The NOAELs were
226 and 231 mg/kg of body weight per day for male and female mice, respectively (I ,f).
Dichloromethane administered to Wistar rats in drinking-water at 125
mg/litre (17.5 mg/kg of body weight per day) (15) for 13 weeks did not affect
behaviour, body weight, blood and urine chemistries, organ-to-body-weight
ratios, or histopathology, except that the urine albumin test was often positive
(2, 16).

Long-term exposure
Fischer 344 rats (85 per sex per group) received estimated mean doses of 6, 52,
125, or 235 mg/kg of body weight per day (males) and 6, 58, 136, or 263 mg/kg
of body weight per day (females) for 104 weeks ( 11). Hepatic histological alterations (including an increased incidence of foci/areas of cellular alterations and
fatty changes) were detected at 52 mg/kg of body weight per day and above.
There were no other treatment-related effects (e.g. on survival, organ weight, or
gross pathology) at any dose tested. The NOAEL for hepatic effects was 6 mg/kg
of body weight per day.
When given to B6C3F 1 mice for 104 weeks at estimated mean doses of 0,
61, 124, 177, or 234 mg/kg of body weight per day for males (100-200 per dose)
and 0, 59, 118, 172, or 238 mg/kg of body weight per day for females (50-100
per dose), dichloromethane did not affect body weight, water consumption,
survival, clinical signs, haematological parameters, or gross pathology in any dose
group. The histological alterations seen consisted of increased Oil Red 0-positive
material in both sexes at the highest dose tested. A NOAEL of 175 mg/kg of
body weight per day (average for males and females) was identified ( 18).
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Reproductive toxicity, embryotoxicity, and teratogenicity
In a two-generation study in which Fischer 344 rats were exposed to dichloromethane via inhalation at levels up to 5.3 gfm3, no effects on fertility, litter size,
neonatal growth and survival, or histopathology were observed (19). In a study
in which mice and rats were exposed to dichloromethane at 4.4 or 15.9 gfm3
during gestation (2, 20, 21), fetal body weights were reduced in rats at 15.9 gfm3
(21), and minor skeletal variants (e.g. decreased incidence of lumbar spur in rats
and increased incidence of a single extra sternal ossification centre in mice) were
found at 4.4 gfm3 (20).

Mutagenicity and related end-points
Dichloromethane was positive in the Salmonella typhimurium assay with and
without activation (22). Test results in cultured mammalian cells are usually
negative, but dichloromethane has been shown to transform rat embryo cells and
to enhance the viral transformation of Syrian hamster embryo cells (23, 24). No
DNA alkylation was detected in rats and mice after inhalation of dichloromethane (25).

Carcinogenicity
Fischer 344 rats (85 per sex per group) received estimated mean doses of 6, 52,
125, or 235 mg/kg of body weight per day (males) and 6, 58, 136, or 263 mg/kg
of body weight per day (females) in drinking-water for 104 weeks ( 17). Although
the incidence of combined hepatocellular carcinomas and neoplastic nodules increased significantly in females in the groups receiving doses of 58 and 263
mg/kg of body weight per day (4/83, 6/85) as compared with controls (01134),
the number of tumours was similar to that for historical controls. No significant
increase in liver tumours was evident in any of the male dose groups. The dose of
235 mg/kg of body weight per day was concluded to be borderline for carcinogenicity in Fischer 344 rats ( 6).
B6C3F 1 mice received dichloromethane in drinking-water for 104 weeks at
estimated mean doses of 0, 61, 124, 177, or 234 mg/kg of body weight per day
(males) and 0, 59, 118, 172, or 238 mg/kg of body weight per day (females)
(18). There was a marginal increase in the incidence of combined hepatocellular
adenomas/carcinomas in male mice in the groups receiving doses of 124, 177
and 234 mg/kg of body weight per day (30/100, 31199, 35/125) as compared
with controls (24/125) but the incidence rates were within the historical control
range. Liver tumours were not observed in female mice. This study is regarded as
providing suggestive but not conclusive evidence for the carcinogenicity of dichloromethane ( 6).
Groups of B6C3F 1 mice (50 per sex per dose) were exposed by inhalation to
0, 7.1 or 14.1 gfm3 dichloromethane for 102 weeks (26). The incidence of alveolar/bronchiolar carcinomas was increased in both dose groups in males (10/50,
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28/50) and females (13/48, 29/48) as compared with controls (2/50 males, 1/50
females). The combined incidence of hepatocellular adenomas and hepatocellular carcinomas was increased in high-dose males (33/49 v. 22/50 and 24/49
for the control and low-dose group) and high-dose females (40/48 vs. 3/50 and
16/48). This study was regarded as clear evidence of carcinogenicity in mice.

14.2.6 Effects on humans
Inhalation of a high concentration of dichloromethane has been associated with a
variety of central nervous system effects, most notably narcosis. Acute exposure
to levels of 1.06 gfm3 in air can impair sensory and motor function (2, 27). Epidemiological studies involving occupational exposure (2, 28-31) have failed to
show a positive correlation between inhalation exposure and increased cancer
incidence.

14.2.7 Guideline value
Dichloromethane is of low acute toxicity. An inhalation study in mice provided
conclusive evidence of carcinogenicity, whereas a drinking-water study provided
only suggestive evidence. IARC has placed dichloromethane in group 2B (possible human carcinogen) (32); however, the evidence suggests that it is not a
genotoxic carcinogen and that genotoxic metabolites are not formed in significant amounts in vivo.
A TDI of 6 p.g/kg of body weight was calculated by applying an uncertainty
factor of 1000 (1 00 for inter- and intraspecies variation and 10 reflecting concern
about carcinogenic potential) to a NOAEL of 6 mg/kg of body weight per day
for hepatotoxic effects in a 2-year drinking-water study in rats (I 7). This gives a
guideline value of 20 p.g!litre (rounded figure), based on the allocation of 1Oo/o of
the TDI to drinking-water. It should be noted that widespread exposure from
other sources is possible.
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14.3 1, 1-Dichloroethane
14.3.1 General description
Identity
CAS no.:

75-34-3

Physicochemical properties ( 1, 2 )1
Property

Value

Melting point
Boiling point
Density
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

-97.4

oc

57.3 oc
1.174 g/cm3 at 20 oc
31.2 kPa at 20 oc
5500 mg!litre at 20 oc

61.7

Organoleptic properties
1,1-Dichloroethane has an aromatic, ethereal and chloroform-like odour. Its
odour threshold in air is 486 or 810 mgfm3 (2).

Major uses
The major use of 1, 1-dichloroethane is as an intermediate in the production of
1,1, 1-trichloroethane, vinyl chloride, and other chemicals (3). It is also used as a
solvent in paint and varnish removers, as a degreaser and cleaning agent, and in
ore flotation. It was formerly used as an anaesthetic.

1 Conversion factor in air: 1 ppm

=

4.05 mgfm3.
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Environmental fate
Most 1, 1-dichloroethane released to the environment will be vaporized and enter
the atmosphere, where photo-oxidation takes place; the estimated half-life is 44
days. Biodegradation is not expected to be significant in aquatic systems (3).

14.3.2 Analytical methods
A purge-and-trap gas chromatographic procedure is used for the determination
of 1, 1-dichloroethane and other volatile organohalides in drinking-water (4).
This method is applicable to the measurement of 1,1-dichloroethane over a concentration range of 0.02-1500 Jlg!litre. Mass spectrometry (detection limit 0.17
Jlg/litre) can be used to confirm the identity of the compound (5).

14.3.3 Environmental levels and human exposure
Air
1, 1-Dichloroethane has been detected in urban air at concentrations ranging
from 0.4 to 6.1 Jlgfm3. A median concentration of0.22 Jlgfm3 was reported for
urban, rural, and industrial sites across the United States. Concentrations in the
vicinity of industrial sources ranged from 0.23 to 0.56 Jlgfm3, and a concentration of22.5 Jlgfm3 was reported near a hazardous waste site. 1,1-Dichloroethane
has also been detected in indoor air at a mean concentration of 12.8 Jlgfm3 (3).

Water
1, 1-Dichloroethane was detected in 4.3% of 945 public water supplies in the
USA at levels of up to 4.2 Jlg!litre. It was also detected in private wells used for
drinking-water and in surface water and groundwater supplies, generally at levels
below 10 Jlg!litre, although concentrations up to 400 11g/litre have been reported
(3).

Estimated total exposure and relative contribution of drinking-water
Exposure to 1,1-dichloroethane may occur through drinking-water, but from the
point of view of the general population the greatest exposure is usually from the
inhalation of ambient air. Based on a median air level of 0.22 !lgfm3, the average
inhalation exposure to 1, 1-dichloroethane is estimated at 4 11g/ day (3).

14.3.4 Kinetics and metabolism in laboratory animals and humans
The detection of metabolites in the urine following oral exposure and its former
use as an anaesthetic provide evidence for the absorption of 1, 1-dichloroethane
by the oral and inhalation routes ( 6). In general, chlorinated organic solvents are
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distributed throughout the body following absorption into the blood but preferentially to adipose tissue (7). Following intraperitoneal administration of 1,1dichloroethane to rats, the compound was detected in liver, kidney, lung, and
stomach tissues (8).
Following oral administration of 1, 1-dichloroethane to mice and rats, 29%
and 7% was metabolized, respectively ( 6), the major metabolite in both species
being carbon dioxide. In vitro studies suggest that the primary route of biotransformation involves the hepatic microsomal cytochrome P-450 system, the major
metabolite being ethanoic acid (9,10). The metabolic capacity of the P-450 system may be exceeded at high oral doses (3). Absorbed 1,1-dichloroethane is excreted mainly in the urine and expired air ( 6, 7).

14.3.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Reported oral LD 50 s in rats range from 0.7 to 14 g/kg of body weight (11,12).

Short-term exposure
Groups of five male and five female Osborne-Mendel rats and B6C3F 1 mice received 1, 1-dichloroethane in corn oil by gavage, 5 days per week for 6 weeks; this
was followed by a 2-week observation period (13). Dose levels were 0, 562,
1000, 1780, 3160, or 5620 mg/kg of body weight per day for rats and 0, 1000,
1780, 3160, 5620, or 10 000 mg/kg of body weight per day for mice. Body
weight was depressed in male rats at 562 and 1000 mg/kg of body weight per day
and in female rats at 1780 and 3160 mg/kg of body weight per day. Two female
rats in the group receiving 3160 mg/kg of body weight per day and two male and
three female mice in that receiving 5620 mg/kg of body weight per day died.
Groups of 10 rats, 10 guinea pigs, four rabbits, and four cats were exposed to
2025 mgfm3 1,1-dichloroethane by inhalation for 6 h per day, 5 days per week
for 13 weeks (14). Because no effects were observed in these animals, the concentration was increased to 4050 mgfm3 for an additional 10-13 weeks. Elevated
blood urea nitrogen values were observed in cats only. At termination, histopathological examination revealed renal tubular dilatation and degeneration.

Long-term exposure
Groups of Osborne-Mendel rats and B6C3F 1 mice were given 1, 1-dichloroethane by gavage in corn oil, 5 days per week for 78 weeks, at time-weighted
average doses of 382 or 764 mg/kg of body weight per day (male rats), 475 or
950 mg/kg of body weight per day (female rats), 1442 or 2885 mg/kg of body
weight per day (male mice), and 1665 or 3331 mg/kg of body weight per day (female mice) (13). High mortality was seen in both treated and control animals;
mortality in male rats and mice showed a significant dose-related trend. The in-
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creased mortality was thought to be related to pneumonia, which was observed in
about 80% of the rats.
Male B6C3F 1 mice were given 1,1-dichloroethane in drinking-water at concentrations of 835 or 2500 mg/litre (high dose equivalent to about 540 mg/kg of
body weight per day) for 52 weeks (15). No histopathological changes were observed in the liver, kidneys, or lungs.

Reproductive toxicity, embryotoxicity, and teratogenicity
1, 1-Dichloroethane has been found to be embryo toxic but not teratogenic
following inhalation exposure. Exposure of pregnant rats to 15.4 or 24.3 gfm3
1, 1-dichloroethane in air 7 h per day on days 6-15 of gestation did not affect the
incidence of fetal resorptions or gross or soft tissue anomalies, although a significantly increased incidence of delayed ossification of the sternebrae, reflecting
retarded fetal development, was observed in offspring of the rats exposed at
24.3 gfm3 (16).

Mutagenicity and related end-points
1,1-Dichloroethane was found to be mutagenic in several strains of Salmonella
typhimurium with or without metabolic activation ( 17) but not in others (3, 18).
It was not mutagenic in Saccharomyces cerevisiae strains with or without metabolic activation (3,18). 1,1-Dichloroethane increased the frequency of DNA viral
transformations in Syrian hamster embryo cells (19) but did not increase cell
transformations in BALB/c-3T3 mouse cells (20). 1, 1-Dichloroethane was positive in DNA binding assays in mouse and rat organs in vivo. Following intraperitoneal injection, it was reported to be covalently bound to macromolecules
(DNA, RNA, proteins) in liver, lung, stomach, and kidney tissues of both species
(B).

Carcinogenicity
Groups of Osborne-Mendel rats and B6C3F 1 mice were given 1,1-dichloroethane by gavage in corn oil, 5 days per week for 78 weeks, at time-weighted
average doses of 382 or 764 mg/kg of body weight per day (male rats), 475 or
950 mg/kg of body weight per day (female rats), 1442 or 2885 mg/kg of body
weight per day (male mice), and 1665 or 3331 mg/kg of body weight per day
(female mice) (13). Marginally significant dose-related increases in mammary
adenocarcinomas and haemangiosarcomas in female rats and a nonsignificant
increase in hepatocellular carcinomas in male mice were observed. A statistically
significant increase in uterine endometrial stromal polyps (benign tumours) was
also observed. Lymphomas of the cervical lymph nodes were reported in 2 of 47
female mice in the high-dose group but not in other groups. The authors concluded that the high mortality in all the groups prevented the appearance of late-
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developing tumours. The results of this study suggest that 1, 1-dichloroethane is
carcinogenic in rats and mice, but the evidence is not considered conclusive.
1,1-Dichloroethane was administered in drinking-water to male B6C3F 1
mice at concentrations of 835 or 2500 mg/litre (the latter is equivalent to about
540 mg/kg of body weight per day) for 52 weeks, either alone or following initiation with diethylnitrosamine (15). Lung and liver tumours were found in all
groups, but neither the incidence nor the number of tumours per animal was increased as compared with controls in any treatment group. This was not a lifetime study, and there was a high incidence of spontaneous tumours in the
controls, so that its value is limited. The authors suggested that 1, 1-dichloroethane may be more toxic by gavage than by drinking-water exposure.

14.3.6 Effects on humans
It can be assumed that inhalation exposures to high concentrations of 1, 1-dichloroethane cause central nervous system depression, as the compound was used as
an anaesthetic until its use was discontinued because of the occurrence of cardiac
arrhythmias at the concentrations required for anaesthesia (> 100 000 mgfm3)
(21).

14.3. 7 Conclusions
The acute toxicity of 1, 1-dichloroethane is relatively low, and only limited data
on its toxicity are available from short- and long-term studies. There is limited in
vitro evidence of genotoxicity. One carcinogenicity study by gavage in mice and
rats provided no conclusive evidence of carcinogenicity, although there was some
evidence of an increased incidence of mammary adenocarcinomas and haemangiosarcomas in treated animals (13).
In view of the very limited database on toxicity and carcinogenicity, it is concluded that no guideline value should be proposed.
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14.4 1,2-Dichloroethane
14.4.1 General description
Identity
CAS no.:
107-06-2
Molecular formula: C 2 H4Cl 2
1,2-Dichloroethane is also known as ethylene dichloride.

Physicochemical properties ( 1) 1
Property

Melting point
Boiling point
Density
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

Value

oc
8rc

-35

1.23 g/cm3 at 20 oc
8.53 kPa at 20 oc
8.69 g!litre at 20 oc
1.48

Organoleptic properties
The odour thresholds for 1,2-dichloroethane in air and water are 356 mgfm3 and
7 mg/litre, respectively (2).

Major uses
The major use of 1,2-dichloroethane is in the production of vinyl chloride (1). It
is also used as a solvent, in the synthesis of other chlorinated solvents, and as a
lead scavenger in leaded petrol.

I Conversion factor in air: I ppm = 4.05 mgfm3.
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Environmental fate
Most 1,2-dichloroethane released to the environment volatilizes to the atmosphere, where it is photo-oxidized with a lifetime of up to 4 months. Biodegradation is not expected to be significant in aquatic systems (3). 1,2-Dichloroethane may persist for long periods in groundwater, where volatilization is
restricted (1).

14.4.2 Analytical methods
A purge-and-trap gas chromatographic procedure is used for the determination
of 1,2-dichloroethane and other volatile organohalides in drinking-water ( 4).
This method is applicable to the measurement of 1,2-dichloroethane over a concentration range of 0.2-1500 rg/litre. Confirmatory analysis is by mass spectrometry, the detection limit being 0.3 rgllitre (5).

14.4.3 Environmental levels and human exposure
Air
1,2-Dichloroethane has been detected in urban air at concentrations ranging
from 0.04 to 38 rgfm3 (6). Concentrations in the vicinity of industrial sources
may be higher (1, 7).

Water
1,2-Dichloroethane was detected in drinking-water in 26 of 80 cities in the USA
at levels up to 6 rg/litre (8). It was not detected in the drinking-water of 100
cities in Germany, but was present at levels up to 61 rgllitre in tapwater in other
areas of Europe (7).

Food
1,2-Dichloroethane was detected in 11 of 17 spice samples at levels of 2-23 rg/g
(9) and in milk products with added fruit at an average concentration of
0.8 rg/kg (7). There is no significant bioconcentration of 1,2-dichloroethane in
fish (9).

Estimated total exposure and relative contribution of drinking-water
The greatest exposure of the general population is usually from the inhalation of
ambient air (3). Exposure from drinking-water may be important for about 5%
of the population and may exceed exposure by inhalation in places where the
water concentration is greater than 6 rg/litre (3). Volatilization of I ,2-dichloroethane from water during showering or other water uses and from consumer
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products (cleaning agents, wallpaper, and carpet glue) may also contribute to
inhalation exposure.

14.4.4 Kinetics and metabolism in laboratory animals and
humans
1,2-Dichloroethane is readily absorbed through the lungs, skin, and gastrointestinal tract by both humans and laboratory animals (I, 1~12). It appears to be
readily distributed following oral or inhalation exposure, accumulating in
the liver and kidneys (13). 1,2-Dichloroethane appears to cross the blood-brain
barrier and the placenta (3), and it has been detected in human milk following
occupational exposure (I 1).
1,2-Dichloroethane is readily metabolized following oral or inhalation exposure. The primary route of biotransformation appears to involve conjugation
with glutathione in the liver to produce several urinary metabolites, including
5-carboxymethylcysteine and thiodiacetic acid (3, 14, 15). Absorbed 1,2-dichloroethane is rapidly excreted, mainly in the urine and expired air ( 14, 15).

14.4.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Reported oral LD 50s are 670 mg/kg of body weight for rats, 489 mg/kg of body
weight for mice, and 860 mg/kg of body weight for rabbits ( 1, 16).

Short-term exposure
Mice exposed to 1,2-dichloroethane at 4.9 or 49 mg/kg of body weight per day
for 14 days by gavage exhibited a significant depression of leukocyte counts at the
higher dose, and a significant reduction in the number of antibody-forming cells
and inhibition of cell-mediated immunity at both doses. No effects on other
haematological parameters, body weights, or the hepatic, renal, or respiratory
systems were observed. Mice exposed to 1,2-dichloroethane at time-weighted
average doses of 3, 24, or 189 mg/kg of body weight per day for 90 days in
drinking-water experienced no significant adverse effects on haematological,
immunological, hepatic, renal, or respiratory parameters (I 7). Liver changes,
including an increase in liver triglycerides and a 15% increase in fat accumulation in the liver, were observed in rats given 1,2-dichloroethane in the diet at 80
mg/kg ofbodyweight per day for 5-7 weeks (12).

Long-term exposure
Significantly increased mortality was reported in groups of rats and mice exposed
to 1,2-dichloroethane by gavage in corn oil for 78 weeks at doses of 95 or 299
mg/kg of body weight per day, respectively ( 18). No treatment-related effects on
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growth or biochemical indices were observed in rats exposed to 1,2-dichloroethane at 250 or 500 mg/kg in the diet (the higher dose is equivalent to about
26-35 mg/kg of body weight per day) for 2 years (12).

Reproductive toxicity, embryotoxicity, and teratogenicity
In rats exposed to 1 ,2-dichloroethane at 250 or 500 mg/kg in the diet for 2 years,
no effect was seen on male fertility or on reproductive activity in either sex (12).
No reproductive effects, as measured by fertility, gestation, viability or lactation
indices, pup survival, or weight gain, were found in a multigeneration reproduction study using male and female ICR Swiss mice that received 0, 5, 15, or 50
mg/kg of body weight per day in drinking-water (19). In a study in which male
and female mice were exposed to 1,2-dichloroethane in drinking-water at doses
of 0, 5, 15, or 50 mg/kg of body weight per day, no statistically significant developmental effects, as indicated by the incidence of fetal visceral or skeletal anomalies, were observed (19).

Mutagenicity and related end-points
1,2-Dichloroethane was mutagenic in several strains of Salmonella typhimurium
and in Escherichia coli in some microsome assay test systems (1, 3, 20, 21) but not
in others (3, 22). The mutagenic effects were enhanced by metabolic activation
(3, 21). Sex-linked recessive lethal and somatic cell mutations were induced in
Drosophila melanogaster (3, 23, 24). 1,2-Dichloroethane also induced mutations
in vitro in human lymphoblasts and was positive in DNA-binding and DNAdamage assays in mice and rats in vivo. It did not induce micronucleus formation
in mice (3).

Carcinogenicity
1,2-Dichloroethane administered by gavage 5 days per week for 78 weeks to
Osborne-Mendel rats (time-weighted average doses of 47 or 95 mg/kg of body
weight per day) and B6C3F 1 mice (time-weighted average doses of 97 or 195
mg/kg of body weight per day (males) and 149 or 299 mg/kg of body weight per
day (females)) was reportedly carcinogenic to both species (1, 18). Statistically
significant increases in the incidence of squamous cell carcinomas of the forestomach and haemangiosarcomas of the circulatory system were observed in male
rats, and female rats showed a statistically significant increased incidence in
adenocarcinoma of the mammary glands. Statistically significant increases in the
incidence of mammary adenocarcinomas and endometrial stromal polyps or
sarcomas were seen in female mice, and the incidence of alveolarlbronchiolar
adenomas was increased in male and female mice.
In a bioassay in which 1,2-dichloroethane was administered in drinkingwater to male B6C3F 1 mice at concentrations of 835 or 2500 mg/litre (the
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higher dose is equivalent to about 470 mg/kg of body weight per day) for 52
weeks, either alone or following initiation with diethylnitrosamine (25), no increase was seen in the incidence of tumours as compared with controls. However,
this was not a lifetime study, and there was a high incidence of spontaneous tumours in the controls. In addition, 1,2-dichloroethane appears to be more toxic
by gavage than by exposure to drinking-water (3, 17).

14.4.6 Effects on humans
Acute oral exposure to 1,2-dichloroethane is reponed to cause central nervous
system, hepatic, gastrointestinal, respiratory, renal, and cardiovascular effects in
humans (1, 3, 26-28). Death following acute intoxication is most often attributed to cardiovascular or respiratory failure (3, 28). Repeated inhalation exposures
in the workplace result in anorexia, nausea, vomiting, weakness and fatigue, nervousness, epigastric pain, and irritation of the respiratory tract and eyes (1, 29).

14.4. 7 Guideline value
IARC has classified 1,2-dichloroethane in Group 2B (possible human carcinogen) (30). It has been shown to produce statistically significant increases in a
number of types of tumour in laboratory animals, including the relatively rare
haemangiosarcoma, and the balance of evidence indicates that it is potentially
genotoxic. There are no suitable long-term studies on which to base a TDI.
On the basis of haemangiosarcomas observed in male rats in a 78-week gavage study (I 8), and applying the linearized mu!tistage model, concentrations in
drinking-water of 300, 30, and 3 11g/litre, corresponding to excess cancer risks of
10-4, 10-5, and 10-6 , respectively, were calculated.
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14.5 1,1, 1-Trich loroethane
14.5.1 General description
Identity
CAS no.:

71-55-6

Physicochemical properties (1,2 )1

Property
Melting point
Boiling point
Density
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

Value
-30.4 oc
74.1 oc
1.339 g/cm3 at 20 oc
13.3 kPa at 25 oc
0.3-0.5 g/litre at 25 oc
2.49

Organoleptic properties
1,1, 1-Trichloroethane has a chloroform-like odour.

Major uses
1, 1, 1-Trichloroethane is widely and increasingly used as a cleaning solvent for
electrical equipment, motors, electronic instruments, and upholstery, as a solvent
for adhesives, coatings, and textile dyes, as a coolant and lubricant in metal
cutting oils, and as a component of inks and drain cleaners (1, 2).

Environmental fate
1, 1, 1-Trichloroethane is found mainly in the atmosphere, where it has a half-life
of approximately 2-6 years. It can be decomposed by photochemically produced
hydroxyl radicals (1). In water, 1,1, 1-trichloroethane is moderately soluble but
can volatilize to air. It can be anaerobically dechlorinated by methane-producing
bacteria to form 1, 1-dichloroethane, and decomposed to give ethanoic acid and
1, 1-dichloroethene by abiotic reactions, with a half-life of 200-300 days. 1,1, 1Trichloroethane is mobile in soils and readily migrates to groundwaters. Volatilization from surface soils is also likely. It does not bioaccumulate in animals (1).

1 Conversion factor in air: I ppm

=

5.4 mgfm3
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14.5.2 Analytical methods
1,1, 1-Trichloroethane in water is usually determined by a purge-and-trap gas
chromatographic procedure (3). It can be detected by mass spectrometry, the
detection limit being 0.3 j.lg/litre (4).

14.5.3 Environmental levels and human exposure
Air
The median concentration of 1,1,1-trichloroethane in air was 0.6 j.lgfm3 in rural
and remote areas, 2.8 jlgfm3 in urban and suburban areas, and 6.5 j.lgfm3 in
source-dominated areas (5). Mean air levels in cities in the USA ranged from
0.001 to 60 jlgfm3 for urban air and from 0.36 to 1.08 j.lgfm3 for rural air (1).
Air concentrations are typically higher in the northern hemisphere (average
0.06-0.1 j.lgfm3) than in the southern hemisphere (average 0.02 j.lgfm3) (6).

Water
Tributaries of the Rhine contained 1,1, 1-trichloroethane at levels of 0.05-2.2
j.lg!litre. Surface waters in Switzerland contained an average of 0.06 j.lg/litre. In
Europe, groundwater levels were in the range 0.04-130 j.lg!litre (6).
In the USA, the mean level of 1,1, 1-trichloroethane in drinking-water was
0.02-0.6 j.lg/litre; in well-water, the corresponding level was 9-24 j.lg!litre (1). A
mean concentration of 0.3 j.lg!litre was reported for drinking-water in Italy (7).
Surface water samples from 20 of 106 drinking-water systems analysed for 1,1, 1trichloroethane in the USA between 1977 and 1981 contained detectable levels
of this compound (0.1-3.3 j.lg/litre, mean 0.6 j.lg!litre; detection limit 0.1 j.lg/litre). Of 316 groundwater systems tested, 15 contained 1,1, 1-trichloroethane
at levels ranging from the detection limit (0.5 j.lg/litre) to 142 j.lg/litre (mean
13 j.lg!litre) (B).

Food
Small amounts of 1,1,1-trichloroethane were found in various foodstuffs in the
United Kingdom; it was present in meats, oils and fats, tea, and fruits and vegetables at levels ranging from 1 to 10 j.lg/kg (9). The highest levels of 1,1,1-trichloroethane found in a survey in the USA were in fatty foods (19 j.lg/kg) and
margarine (45 j.lg/kg) (10).

Estimated total exposure and relative contribution of drinking-water
Exposures to 1,1, 1-trichloroethane are highly variable and should be evaluated
on an individual basis. If an air concentration of 5 j.lgfm3 is assumed, the daily
intake will be 100 j.lg for an adult breathing 20 m3 of air per day. On the assump-
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tion of a 1,1,1-trichloroethane level of 0.6 rgllitre in drinking-water, the daily
intake will be 1.2 rg for an adult consuming 2 litres of drinking-water per day. If
the average concentration in food is 5 rglkg, the intake will be 10 rgl day for an
adult consuming 2 kg of food.

14.5.4 Kinetics and metabolism in laboratory animals and humans
1,1, 1-Trichloroethane appears to be absorbed rapidly and completely from the
lungs of human subjects (1 1). After 4 h of continuous exposure to 378 or 756
mgfm3, a steady-state lung retention of 30% was observed (12,13). The concentration of 1,1, 1-trichloroethane in the expired air of humans after ingestion of
0.6 g/kg of body weight was equivalent to the expired air concentration following
an inhalation exposure of 2700 mgfm3 (1 4).
After inhalation by humans, blood levels of 1,1, 1-trichloroethane were highly correlated with alveolar air levels. Within 2 h of exposure, 60-80% was eliminated from the blood (12). One day after intraperitoneal administration of
1,1,1-trichloroethane at 700 mg/kg of body weight, rats retained 0.9% (as the
parent compound) in the skin, 0.02% in the blood, 0.02% in the fat, and 0.1 o/o
in other sites (15).
1,1, 1-Trichloroethane is metabolized to a very limited extent in mammals
(12); the proportion is probably less than 6% in humans. Metabolites include
trichloroethanol, trichloroethane glucuronide, and trichloroethanoic acid. Less
than 3% of a single intraperitoneal injection of 1,1, 1-trichloroethane was metabolized by rats ( 15). The metabolic fate of inhaled 1,1, 1-trichloroethane in rats
and mice was not altered on repeated exposure (16).
1,1, 1-Trichloroethane was detected in the expired air of human subjects exposed to oral doses (1 4). Metabolites were excreted primarily in urine; very small
amounts of trichloroethanol (1 o/o) were excreted by the lungs (12). Over 99% of
intraperitoneally injected 1,1, 1-trichloroethane was excreted by rats via the pulmonary route (98. 7% unchanged); less than 1o/o was excreted via the urine,
primarily as the trichloroethanol glucuronide (15). Rats and mice exposed via inhalation to radio labelled 1,1, 1-trichloroethane for 6 h excreted more than 96%
of the administered radioactivity during the first 24 h, primarily via exhalation
(16).

14.5.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The acute oral LD 50 for 1,1,1-trichloroethane in several species ranged from 5.7
to 14.3 g/kg of body weight (1 7). A single oral dose of approximately 1.4 g/kg of
body weight depressed the activities of hepatic cytochrome P-450 and epoxide
hydratase in rats ( 18).
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Short-term exposure
1,1, 1-Trichloroethane at doses of 5 or 10 g/kg of body weight per day for 9 days
produced fatalities, transient hyperexcitability, and protracted narcosis in rats.
There were no observed adverse effects at 0.5 g/kg of body weight per day. When
1,1, 1-trichloroethane was administered to rats by gavage five times a week for up
to 12 weeks at doses of 0, 0.5, 2.5, or 5.0 g/kg of body weight, the animals given
2.5 or 5.0 g/kg of body weight exhibited reduced body weight gain and central
nervous system effects. Although 35% of these rats died during the first 50 days
of the experiment, only the group receiving 5.0 g/kg of body weight showed an
increase in serum enzyme levels indicative of toxicity. No adverse effects were observed following ingestion of 0.5 g/kg of body weight for 12 weeks (19).
Male mice were exposed continuously to 1,1, 1-trichloroethane by inhalation
at levels of 1365 or 5460 mgfm3 for 14 weeks, while control mice were exposed
to room air. Significant changes were observed in the centrilobular hepatocytes of
mice in the high-dose group, namely vesiculation of the rough endoplasmic reticulum with loss of attached polyribosomes and increased smooth endoplasmic
reticulum, microbodies, and triglyceride droplets. The NOAEL in this study was
1365 mgfm3 (20).

Long-term exposure
Decreases in survival and body weight gain were noted in mice and rats given
1,1,1-trichloroethane by gavage in corn oil, 5 days per week for 78 weeks. The
rats were given doses of 750 or 1500 mg/kg of body weight per day, and the mice
2800 or 5600 mg/kg of body weight per day (21).

Reproductive toxicity, embryotoxicity, and teratogenicity
In a multigenerational study, no dose-dependent effects on fertility, gestation, or
viability indices were seen in mice exposed to 1,1, 1-trichloroethane in their
drinking-water at dose levels of 100, 300, or 1000 mg/kg of body weight from
premating to lactation (22).

Mutagenicity and related end-points
It was reported in several studies that 1,1, 1-trichloroethane was not mutagenic in
Salmonella typhimurium when tested with or without metabolic activation (I),
but no attempt was made in the testing procedure used to prevent volatilization
of the test compound. 1,1, 1-Trichloroethane was mutagenic in various strains of
S. typhimurium when tested with or without metabolic activation (I, 23), but not
in Saccharomyces cerevisiae or Schizosaccharomyces pombe (24). In several mammalian cell lines, exposure to 1,1, 1-trichloroethane led to an increased frequency
of transformed cells (I).
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Carcinogenicity
Male and female rats (750 or 1500 mg/kg of body weight) and male and female
mice (2800 or 5600 mg/kg of body weight) were given 1,1, 1-trichloroethane in
corn oil by gavage five times per week for 110 weeks (rats) and 78 weeks (mice).
The incidence and types of tumours observed in treated animals were similar to
those observed in controls. Because of the decreased survival time in both mice
and rats, the authors concluded that this bioassay was not adequate to assess carcinogenicity in either species (2, 21).
Rats (375 or 750 mg/kg of body weight) and mice (1500 or 3000 mg/kg of
body weight) were given 1,1, 1-trichloroethane in corn oil by gavage five times per
week for 103 weeks. No treatment-related tumours were observed in male rats, and
the study was inadequate for the evaluation of female rats because of the high mortality rate. Although there was a significant dose-response trend and an increased
incidence of hepatocellular carcinomas in male and high-dose female mice, the
study was judged to be inadequate for assessment of carcinogenicity (25).

14.5.6 Effects on humans
Large oral doses of 1,1,1-trichloroethane have produced nausea, vomiting, and
diarrhoea in humans. Acute inhalation exposures result in neurological effects (1).
Impaired test performance occurs above 945 mg/m3, while dizziness, lightheadedness, and incoordination can occur above 2.7 g/m3. Concentrations of
54 g/m3 result in general anaesthesia. Acute pulmonary congestion and oedema
were often found in fatalities resulting from inhalation (26, 27). Fatty vacuolization was also found in the liver of exposed subjects (26). High concentrations of
1,1, 1-trichloroethane in air can produce respiratory failure and cardiac arrhythmia ( 1), while chronic exposure to low levels had no effect on parameters of
serum and urine chemistry indicative ofliver and kidney damage in humans (1).

14.5.7 Provisional guideline value
IARC has placed 1,1 ,1-trichloroethane in Group 3 (not classifiable as to its carcinogenicity to humans) (28). Available studies of oral administration were considered inadequate for calculation of a TDI. However, as there is an increasing
need for guidance on this compound, a 14-week inhalation study in male mice
was selected for use in calculating the guideline value (20). Based on a NOAEL
of 1365 mg/m3, a TDI of 580 )lg/kg of body weight was calculated from a total
absorbed dose of 580 mg/kg of body weight per day (assuming an average mouse
body weight of 30 g, a breathing rate of 0.043 m3/day, and absorption of 30% of
the air concentration), applying an uncertainty factor of 1000 (1 00 for inter- and
intraspecies variation and 10 for the short duration of the study). A provisional
guideline value of 2000 )lgllitre (rounded value) is proposed, if 10% of the TOI
is allocated to drinking-water.
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This value is provisional only because of the use of an inhalation rather than
an oral study. It is strongly recommended that an adequate oral toxicity study
be conducted to provide more acceptable data for the derivation of a guideline
value.
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14.6 Vinyl chloride
14.6.1 General description
Identity
CAS no.:
75-01-4
Molecular formula: C 2 H 3Cl
The IUPAC name for vinyl chloride is chloroethene; it is also known as monochloroethylene.

Physicochemical properties ( 1-3 J1
Property
Physical state
Boiling point
Vapour density
Log octanol-water
partition coefficient
Water solubility

Value
Colourless gas
-13.4oC
2.2 relative to air at 20 oc
0.6
Slightly soluble (1.1 g/litre) at 25 oc

Organoleptic properties
Vinyl chloride has a mild, sweetish odour at high concentrations. Odour thresholds in air range from 26-52 mgfm3 in sensitive individuals to 10 000 mgfm3
(3, 4). An odour threshold of3.4 mg!litre in water has been reported (5).

Major uses
Vinyl chloride is used primarily for the production of polyvinyl chloride (PVC).
It is also used as a co-monomer with ethenyl ethanoate (vinyl acetate) or 1,1dichloroethene (vinylidene chloride) and as a raw material in the manufacture of
1,1, 1-trichloroethane and monochloracetaldehyde (4).
1 Conversion factor in air: I ppm

=

2.6 mgfm3.
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Environmental fate
In the atmosphere, vinyl chloride reacts with hydroxyl radicals and ozone, ultimately forming formaldehyde, carbon monoxide, hydrochloric acid, and formic
acid; its half-life is about 20 h. It is stable in the absence of sunlight or oxygen
but polymerizes when exposed to air, light, or heat (3).
Vinyl chloride released to surface water migrates to the atmosphere in a few
hours or days. When released to the ground, it is not adsorbed onto soil but migrates readily to groundwater, where it may be degraded to carbon dioxide and
chloride ion or may remain unchanged for several months or even years. Vinyl
chloride has been reported to be a degradation product of trichloroethene and
tetrachloroethene in groundwater ( 6).

14.6.2 Analytical methods
Vinyl chloride in drinking-water can be determined by purge-and-trap gas
chromatography over the concentration range 0.06-1500 Jlg/litre. Mass spectrometry is used for confirmation (detection limit 0.3 Jlgllitre) (6).

14.6.3 Environmental levels and human exposure
Air
The background level of vinyl chloride in ambient air in western Europe is estimated to range from 0.1 to 0.5 Jlgfm3 (3). Concentrations are higher close to
industrial production sources. Vinyl chloride has been found in the smoke of
cigarettes ( 1.3-16 ng per cigarette) and small cigars (14-27 ng) (2).

Water
It was found in one survey that fewer than 2% of all groundwater-derived public
water-supply systems contained vinyl chloride at levels of 1 Jlg!litre or higher.
Those derived from surface water have also been found to contain vinyl chloride
but at lower levels ( 6). The highest concentration of vinyl chloride detected in
drinking-water in the USA was 10 Jlgllitre. In a five-city survey in that country,
concentrations of vinyl chloride of up to 1.4 Jlg/litre were detected in drinkingwater taken from distribution systems in which PVC pipe was used (7). Vinyl
chloride has been detected only occasionally in samples of drinking-water from
100 cities in Germany. The highest level, 1.7 Jlg/litre, was ascribed to dissolution
from PVC tubing (3).

Food
With the implementation of stringent manufacturing specifications for PVC, residual levels of vinyl chloride in food and drinks have decreased from 20 mg/kg
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in the mid-1970s to well below 10 )lg/kg ( 4). In a survey of 50 food samples in
the United Kingdom, it was detected in only five of them, the highest levels being 0.04 )lg/kg in sunflower oil and 0.74 )lg/kg in orange drink (4).

Estimated total exposure and relative contribution of drinking-water
If an ambient air concentration of0.1-0.5 )lgfm3 and a daily inhalation of20 m3
of air are assumed, daily intake by the inhalation route would amount to 2-10
)lg. Heavy smokers may inhale an additional 0.5 )lg/day (2). At a concentration
of 1-2 )lg!Iitre in drinking-water, daily intake would be about 2-4 )lg. Daily intake from food has been estimated to be about 0.02-0.025 )lg ( 4). It appears that
inhalation is the most important route of vinyl chloride intake, although drinking-water may contribute a substantial portion of daily intake where PVC piping
with a high residual content of vinyl chloride monomer is used in the distribution network.

14.6.4 Kinetics and metabolism in laboratory animals and humans
Vinyl chloride is readily absorbed following oral administration or inhalation.
Absorption through the skin is negligible (3). The highest concentrations of metabolites are found in the liver, kidneys, and spleen (2).
Vinyl chloride is metabolized via the microsomal mixed-function oxidase
system, forming chloroethylene oxide, which can rearrange spontaneously to
chloroacetaldehyde; both metabolites are highly reactive and mutagenic. Chloroacetaldehyde can be oxidized to chloroethanoic acid, and all three metabolites
can be conjugated to glutathione or cysteine and excreted in the urine (3).
Vinyl chloride metabolism is dose-dependent and saturable. Low doses administered by gavage are metabolized and eliminated primarily in the urine,
whereas with higher doses a substantial proportion is excreted unchanged via the
lungs. Major urinary metabolites in rats include Nacetyl-S-2-hydroxyethyl cysteine and thiodiglycolic acid. These metabolites have also been found in the
urine of humans following inhalation of vinyl chloride (3).
Vinyl chloride does not accumulate in the body to any significant extent. In
rats, it is estimated to have a biological half-life of 20 min (2).

14.6.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The acute toxicity of vinyl chloride is low, 2-hour LC 50 s ranging from 295 gfm3
for mice to 595 gfm3 for guinea-pigs and rabbits (3).
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Short-term exposure
Groups of 30 rats given vinyl chloride in soybean oil by gavage at 0, 30, 100,
or 300 mg/kg of body weight, 6 days per week for 13 weeks, exhibited a doserelated increase in relative liver weight. A dose-related increase in adrenal gland
weight (males only) was significant at the highest dose level. Histological changes
in the liver and other organs were minimal. Hypertrophy of the endoplasmic
reticulum was observed in hepatocytes of animals in the group given 300 mg/kg
of body weight (8, 9).

Long-term exposure
Groups of Wistar rats (60-80 per sex per dose) were fed diets containing PVC
7 days per week for 135-144 weeks (JO). Oral exposure to vinyl chloride monomer during the period offeeding was 0, 1.7, 5.0, or 14.1 mg/kg of body weight
per day. Another group of rats (80 per sex) received a 1Oo/o solution of vinyl chloride monomer in soybean oil by gavage, 5 days per week for 83 weeks, at a dose
of approximately 300 mg/kg of body weight per day. There was a marked doserelated increase in mortality in the groups given 5.0 and 14.1 mg/kg of body
weight per day. Rats in the groups given 14.1 and 300 mg/kg of body weight
per day exhibited a significant decrease in blood clotting time, slightly increased
levels of a-fetoprotein in the blood serum, liver enlargement, and increased
haematopoietic activity in the spleen. Liver-to-body-weight ratios were higher in
the groups given 14.1 and 300 mg/kg of body weight per day than in controls,
and the incidence of foci of cellular alteration was much higher in both of the
treatment groups than in controls.

Reproductive toxicity, embryotoxicity, and teratogenicity
No significant effects on malformations or anomaly rates were seen following the
inhalation exposure of mice, rats, or rabbits to vinyl chloride during different
periods of pregnancy. The results of other experiments, however, have suggested
that it may be embryotoxic in rats and mice (2, 8).

Mutagenicity and related end-points
Vinyl chloride induced sister chromatid exchange in human lymphocytes in
vitro, mutations in Chinese hamster cells, unscheduled DNA synthesis in rat
hepatocytes, and transformation of BALB/c 3T3 cells. It also caused sex-linked
recessive lethal mutations but not aneuploidy, heritable translocations, or dominant lethal mutations in Drosophila. It was mutagenic to plants including the
yeast Schizosaccharomyces pombe, but not to other fungi. It induced gene conversion in yeast, caused DNA damage and mutation in bacteria and, with metabolic
activation, bound covalently to isolated DNA (I I).
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Vinyl chloride induced chromosomal aberrations, sister chromatid exchange,
and micronuclei in rodents exposed in vivo, but did not induce mutation in the
mouse spot test or dominant lethal mutations in rats or mice. It alkylated DNA
in several tissues of mice and rats exposed in vivo (1 I).

Carcinogenicity
There is sufficient evidence of the carcinogenicity of vinyl chloride to animals.
When administered by inhalation, it induced angiosarcomas of the liver in rats,
mice, and hamsters, Zymbal gland tumours in rats and hamsters, nephroblastomas in rats, pulmonary and mammary gland tumours in mice, and forestomach papillomas in hamsters. The minimum concentrations at which compoundrelated tumours were observed were 26, 130 and 1300 mgfm3 in rats, mice, and
hamsters, respectively ( 4).
In the study in which groups ofWistar rats were fed vinyl chloride monomer
in the diet for 135-144 weeks (0, 1.7, 5.0, or 14.1 mg/kg of body weight per
day) or a 10% solution of vinyl chloride mono mer in soybean oil by gavage, 5
days per week for 83 weeks (300 mg/kg of body weight per day), angiosarcomas
of the liver were observed in the three highest dose groups and there was a doserelated increase in hepatocellular carcinomas. Angiosarcomas were present in the
lungs in the two highest dose groups, and the incidence of adenomas of the
mammary glands was twice as high in the test groups as in the controls (1 0).
In extended studies carried out in the same laboratory using the same methods but lower doses (12), hepatocellular carcinomas and angiosarcomas were
found at the highest dose (1.7 mg/kg of body weight per day), although in smaller numbers. A statistically significant increase in the incidence of liver nodules
(presumed to be hepatomas) was the only neoplastic response at levels below 1.7
mg/kg of body weight per day.
In another study, groups of Sprague-Dawley rats (40 per sex per dose) and
groups of DS rats (75 per sex per dose) were given vinyl chloride monomer in
olive oil at dose levels equivalent to 0, 3.3, 16.6, or 50 mg/kg of body weight
(Sprague-Dawley rats) and 0, 0.03, 0.3, or 1 mg/kg of body weight (DS rats), 5
times a week for 52 or 59 weeks; the study was terminated at 136 weeks. In the
study on Sprague-Dawley rats, there was a dose-related increase in angiosarcomas: 18 at 50 mg/kg of body weight, nine at 16.6 mg/kg of body weight, and
one at 3.3 mg/kg of body weight. In the study on DS rats, four angiosarcomas
were found at 1 mg/kg of body weight, two at 0.3 mg/kg of body weight, and
none at 0.03 mg/kg of body weight. Small numbers of other tumours were also
found, including nephroblastomas, Zymbal gland carcinomas, and hepatomas
(13).
In a study in which Wistar-derived rats (54 per sex per dose) were given vinyl
chloride in drinking-water at concentrations of 0, 2.5, 25, or 250 mg!litre
(equivalent to 0.12, 1.2, and 12 mg/kg of body weight per day for males, and
0.22, 2.2, and 22 mg/kg of body weight per day for females) for 101-152 weeks
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(Evans et al., unpublished data, 1980, cited in references 4 and 8), malignant
tumours occurred with greater frequency in the highest dose groups, the increase
being more pronounced in females. Liver angiosarcomas occurred only in the
highest dose groups. In addition, five males in the group given 250 mg!litre developed angiosarcoma in the spleen, and a single subcutaneous angiosarcoma was
present in a male in the group given 25 mg!litre.

14.6.6 Effects on humans
Vinyl chloride is a narcotic agent, and loss of consciousness can occur at 25 gfm3.
Effects of chronic inhalation exposure include Raynaud's phenomenon, a painful
vasospastic disorder of the hands, and pseudoscleroderma (2).
There is sufficient evidence of the carcinogenicity of vinyl chloride in humans from studies of industrial populations exposed to high concentrations via
the inhalation route, and IARC has classified vinyl chloride in Group 1 (1 1). The
causal association between vinyl chloride exposure and angiosarcoma of the liver
is commonly accepted. There are conflicting opinions, however, regarding the relationship between vinyl chloride exposure and hepatocellular carcinoma, brain
tumours, lung tumours, and malignancies of the lymphatic and haematopoietic
tissues (4, 11).
A number of cytogenetic studies have demonstrated an increased frequency
of chromosomal aberrations in the peripheral lymphocytes of exposed workers,
but negative studies have also been reported (4).
Although some studies suggest that paternal exposure to vinyl chloride may
be associated with adverse reproductive outcomes, the available data cannot be
considered conclusive, and no mechanism whereby the supposed reproductive effects could be produced is known (4).

14.6.7 Guideline value
There is sufficient evidence of the carcinogenicity of vinyl chloride in humans
from industrial populations exposed to high concentrations via the inhalation
route, and IARC has classified vinyl chloride in Group 1 (I 1). A causal association between vinyl chloride exposure and angiosarcoma of the liver is sufficiently
proved, and some studies suggest that vinyl chloride is also associated with
hepatocellular carcinoma, brain tumours, lung tumours, and malignancies of the
lymphatic and haematopoietic tissues.
Animal data show vinyl chloride to be a multisite carcinogen. When administered orally or by inhalation to mice, rats, and hamsters it produced tumours in
the mammary gland, lungs, Zymbal gland, and skin, as well as angiosarcomas of
the liver and other sites.
Because there are no data on carcinogenic risk following oral exposure of humans to vinyl chloride, estimation of the risk of cancer in humans was based on
animal carcinogeniciry bioassays involving oral exposure. Using results from the
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rat bioassay, which yields the most protective value (12), and applying the linearized multistage model, the human lifetime exposure for a 1o-s excess risk of hepatic angiosarcoma was calculated to be 20 11g per day. It was also assumed that,
in humans, the number of cancers at other sites may equal that of angiosarcoma
of the liver, so that a correction (factor of 2) for cancers other than angiosarcoma
is justified. Concentrations in drinking-water of 50, 5, and 0.5 11g/litre were calculated as being associated with excess risks of 10-4, 10-5, and 10-6, respectively.
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14.7 1, 1-Dichloroethene
14.7 .1 General description
Identity
CAS no.:
75-35-4
Molecular formula: C 2 H 2 Cl 2
1, 1-Dichloroethene is also known as vinylidene chloride.

Physicochemical properties (1, 2 )1
Property

Value

Melting point
Boiling point
Density
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

-122.5 oc
31.6oC
1.21 g/cm3 at 20 oc
78.8 kPa at 25 oc
2.5 g/lirre at 25 oc
1.66

Organoleptic properties
1, 1-Dichloroethene has a mild, sweet odour (3). Its odour thresholds in air and
water are 760 mgfm3 and 1.5 mg/litre, respectively (4).

Major uses
1,1-Dichloroethene is used mainly as a monomer in the production of polyvinylidene chloride co-polymers and as an intermediate in the synthesis of other
organic chemicals, such as methyl chloroform and 1, 1,1-trichloroethane (I, 5, 6).

I Conversion factor in air: 1 ppm = 4 mgfm3.
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Environmental fate
Most 1, 1-dichloroethene released to the environment volatilizes to the atmosphere, where it is oxidized by hydroxyl radicals with a lifetime of about 1-3 days
(5, 7). Rapid photolysis is also expected to occur. Volatilization is the major removal mechanism in surface waters and soils, and anaerobic biotransformation to
vinyl chloride is expected to be important in groundwater (5).

14.7.2 Analytical methods
The concentration of 1,1-dichloroethene is measured by a purge-and-trap gas
chromatographic procedure used for the determination of volatile organohalides
in drinking-water. This method is applicable to the measurement of 1, 1-dichloroethene over a concentration range of 0.03-1500 )lgflitre. Mass spectrometry is
used for confirmation (detection limit of 0.2 )lgflitre) (8).

14.7.3 Environmental levels and human exposure
Air
1,1-Dichloroethene has been detected in urban air at mean concentrations of
19.6-120 ngfm3 (7, 9). The median concentration in ambient air from all areas
is less than 4 ng/ m3. Concentrations in the vicinity of industrial plants or hazardous waste sites may be higher. It has also been detected in indoor air at an average
concentration of78.8 )lgfm3 (5).

Water
1,1-Dichloroethene was detected in 2.3% of 945 samples of finished drinkingwater taken from groundwater sources in the USA at median concentrations of
0.28-1.2 )lgflitre and in about 3% of public drinking-water supplies at concentrations ranging from 0.2 to 0.5 )lg/litre. It was not detected in a survey of surface
water in 105 cities (5).

Food
1,1-Dichloroethene residues have been reported in foodstuffs wrapped with copolymer films at levels ranging from 0.005 to 0.01 mg/kg and in household food
wraps at an average concentration of 8.8 mg/kg (5). Because of its high volatility,
residual levels in food are expected to be low.

Estimated total exposure and relative contribution of drinking-water
Estimated average exposure from drinking-water in the USA is less than
0.01 )lg/day; the maximum is about 1 )lg/day (10). At a mean concentration
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of 19.6-120 ngfm3 in urban air, the estimated average inhalation exposure is
0.4-2.5 rg/day (7). Food is not expected to be a significant exposure source.

14.7.4 Kinetics and metabolism in laboratory animals and humans
1,1-Dichloroethene is rapidly and almost completely absorbed from the gastrointestinal tract following administration by gavage (1, 11, 12). It is also readily
absorbed from the lungs (13), and dermal absorption is expected to occur (5).
It is rapidly distributed following oral or inhalation exposure, accumulating preferentially in the liver, kidneys, and lungs (1, 11, 12).
Biotransformation of 1, 1-dichloroethene involves the cytochrome P-450
system and pathways that include the formation of 1,1-dichloroethylene oxide
and chloroacetyl chloride and detoxification via conjugation with glutathione.
The major metabolites include thiodiglycolic acid and N-acetyl-S-(2-carboxymethyl)cysteine (1, 11, 12, 14). Mice metabolize more of an oral dose than rats
(14), in which 1,1-dichloroethene metabolism may be a saturable process (12).
Excretion occurs mainly via the urine and expired air ( 1, 11, 12, 14).

14.7 .5 Effects on laboratory animals and in vitro test systems
Acute exposure
Reported oral LD 50s for 1,1-dichloroethene are 1500 (15) and 1550 (14) mg/kg
of body weight for rats and 194 and 217 mg/kg of body weight for female and
male mice, respectively (14). Histopathological changes in the liver and kidneys
(rats) and lungs (mice) were observed following administration of single oral
doses of 200 mg/kg of body weight (16-18).

Short-term exposure
Increased cytoplasmic vacuolation of hepatocytes was observed in rats exposed to
1,1-dichloroethene in drinking-water at doses of 19.3 or 25.6 mg/kg of body
weight per day in males and females, respectively, for 90 days (19). Beagle dogs
given 1,1-dichloroethene in gelatin capsules at doses of 6.2, 12.5, or 25 mg/kg
of body weight per day for 97 days experienced no adverse effects on hepatic,
haematological, renal, or neurological end-points (1, 20).

Long-term exposure
No treatment-related adverse effects were observed in Sprague-Dawley rats dosed
with 1,1-dichloroethene at 0.5, 5, 10, or 20 mg/kg of body weight per day by
gavage in corn oil for 1 year (1, 21). Renal inflammation was observed in F344
rats receiving 5 mg/kg of body weight per day by gavage in corn oil for 2 years,
but not in those receiving 1 mg/kg of body weight (22). In a study in which
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B6C3F 1 mice were dosed by gavage at 2 or 10 mg/kg of body weight per day, liver necrosis was reported in male mice at the higher dose but not in female mice
(1, 22).
Sprague-Dawley rats exposed to 1,1-dichloroethene in drinking-water for 2
years at doses of 7, 10, or 20 mg/kg of body weight per day (males) and 9, 14,
or 30 mg/kg of body weight per day (females) experienced no treatment-related
effects on mortality, body or organ weights, or haematological, urinary, or
clinical chemistry end-points (1, 20). A statistically significant increase in the
incidence of hepatic lesions (hepatocellular swelling and fatty changes) was
observed in females at all dose levels and in males at the highest dose.

Reproductive toxicity, embryotoxicity, and teratogenicity
Administration of 1, 1-dichloroethene in drinking-water to rats at doses of up to
28 mg/kg of body weight per day for three generations produced no changes in
reproductive outcome or neonatal development (1,23). No evidence of toxicity
to the dams or offspring was observed in rats exposed to drinking-water containing 1, 1-dichloroethene at 200 mg/litre on days 6-15 of gestation (24).

Mutagenicity and related end-points
1,1-Dichloroethene was mutagenic in several strains of Salmonella typhimurium,
Escherichia coli, and Saccharomyces cerevisiae with metabolic activation but not
without (1, 2~28). It increased the frequency of chromosomal aberrations and
sister chromatid exchanges in Chinese hamster CHL cells (29), and was also positive in host-mediated gene mutation and conversion assays in yeast (28). Negative results were reported in assays for dominant lethal mutations in mice and
rats (30, 31) and in a micronucleus test in mice (29).

Carcinogenicity
In a study in which F344/N rats and B6C3F 1/N mice were given 1,1-dichloroethene by gavage for 104 weeks at 1 or 5 mg/kg of body weight per day (rats) and
2 or 10 mg/kg of body weight per day (mice), the only significant effect was an
increase in the incidence of lymphomas or leukaemias in female mice in the lowdose group (22). Similarly, in a study in which Sprague-Dawley rats received 1,1dichloroethene in drinking-water at 7, 10, or 20 mg/kg of body weight per day
(male) or 9, 14, or 30 mg/kg of body weight per day (female) for 2 years, a significant increase in the incidence of combined mammary gland fibroadenomas
and adenofibromas was observed only in the low-dose females (1,20). Neither
increase was considered to be treatment-related, because the effects were not seen
in high-dose females or in male mice at either dose.
Swiss mice were exposed by inhalation to 1, 1-dichloroethene for 4 h per day,
4-5 days per week for 1 year at 40 or 100 mgfm3 (32). Carcinomas of the mam-
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mary gland were significantly increased in females at both doses, pulmonary
adenomas were increased in males at 40 mgfm3 and in both sexes at 100 mg/m3,
and renal adenocarcinomas were significantly increased in high-dose males.

14.7.6 Effects on humans
1,1-Dichloroethene reportedly induces central nervous system depression at
high concentrations (16 gfm3 in air) (5). A possible association of 1,1-dichloroethene with liver and kidney toxicity following exposure to lower concentrations
has also been suggested (5).

14.7.7 Guideline value
IARC has placed 1,1-dichloroethene in Group 3 (33). It was found to be genatoxic in a number of test systems in vitro but was not active in the dominant lethal assay in vivo. It induced kidney tumours in mice in one inhalation study but
was not carcinogenic in other studies, including several in which it was given in
drinking-water.
A TDI of 9 )lglkg of body weight per day was calculated from a LOAEL
of 9 mg/kg of body weight per day in a 2-year drinking-water study in rats (20),
using an uncertainty factor of 1000 (1 00 for intra- and interspecies variation and
10 for the use of a LOAEL in place of a NOAEL and the potential for carcinogenicity). This gives a guideline value of 30 )lg!litre (rounded figure) for a 10%
contribution to the TDI from drinking-water.
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14.8 1,2-Dichloroethene
14.8.1 General description
Identity
Compound

CAS no.

czs-Isomer
trans-isomer

156-59-2
156-60-5

Molecular formula

Physicochemical properties ( 1, 2 )1
Property
Melting point (QC)
Boiling point (QC)
Density (g/cm3 at 20 QC)
Vapour pressure (kPa at 25 QC)
Water solubility (g!litre at 20 QC)
Log octanol-water partition coefficient

czs-zsomer
-80.5
60.3
1.2837
27.7
3.5
1.86

tram-isomer
-50
47.5
1.2565
35.3
6.3
2.09

Organoleptic properties
A mixture of 1,2-dichloroethene isomers has a pleasant odour (3). The odour
thresholds for trans-1,2-dichloroethene in air and water are 68 mgfm3 and 0.26
mg!litre, respectively ( 4).

Major uses
1,2-Dichloroethene (cisltrans mixture) is used mainly as an intermediate in the
synthesis of chlorinated solvents and compounds (5). It has also been used as an
extraction solvent for organic materials.

Environmental fate
1,2-Dichloroethene is removed from the atmosphere mainly through reaction
with photochemically generated hydroxyl radicals; the estimated half-lives for the
cis- and trans-isomers are 8.3 and 3.6 days, respectively. Most 1,2-dichloroethene
in surface water and surface soils is expected to be volatilized. The compound
may be leached through subsurface soils to groundwater. Anaerobic biodegrada1 Conversion factor in air: 1 ppm

=

3.97 mgfm3.
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tion may remove both isomers from groundwater, the half-life then being 13-48
weeks (5).

14.8.2 Analytical methods
The concentrations of cis- or trans-1 ,2-dichloroethene are measured by a purgeand-trap gas chromatographic procedure used for the determination of volatile
organohalides in drinking-water (6). The method can differentiate between the
cis- and tram-isomers at concentrations of 0.03-1500 pg/litre. Mass spectrometry is used for confirmation; the detection limit is 0.17 Jlgllitre (7).

14.8.3 Environmental levels and human exposure
Air
1,2-Dichloroethene has been detected in the air of urban and industrial areas at
concentrations in the range 0.04-0.3 Jlgfm3 (mean) for the cis-isomer to 10.3
Jlgfm3 (maximum) for a mixture of isomers. Mean concentrations up to 32.2
pgfm3 have been measured in indoor air (5).

Water
1,2-Dichloroethene has been detected in industrial effluents, surface water,
groundwater, and drinking-water supplies in the USA. It was detected in 16 of
466 randomly selected and 38 of 479 purposely selected drinking-water supplies
derived from groundwater at levels of up to 2 and 120 Jlg/litre, respectively (5).
The cis-form of 1,2-dichloroethene is more frequently found as a water contaminant. The presence of the two isomers, which are metabolites of other unsaturated halogenated hydrocarbons in wastewater and anaerobic groundwater,
may indicate the simultaneous presence of other more toxic organochlorine
chemicals, such as vinyl chloride. Accordingly, more intensive monitoring is necessary if they are found to be present.

Food
1,2-Dichloroethene was not detected in fish samples at 95 stations covered by the
STORET database of the US Environmental Protection Agency, but was found
in fish tissue samples from Commencement Bay, WA, at mean levels of 0.04
mg/kg (5).

Estimated total exposure and relative contribution of drinking-water
Based on urban air levels of0.04-0.3 Jlgfm3, the average inhalation exposure to
1,2-dichloroethene is about 1-6 Jlg/ day (5). At a drinking-water concentration
of 2 pg/litre, the daily intake by an adult would be about 4 Jlg.
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14.8.4 Kinetics and metabolism in laboratory animals and humans
As the cis- and trans-isomers of 1,2-dichloroethene are lipid-soluble compounds
of low relative molecular mass, they would be expected to be readily absorbed by
the oral or dermal routes (8). In humans, about 75% of inhaled tram-1,2-dichloroethene is absorbed through the lungs (9). 1,2-Dichloroethene may be preferentially distributed to adipose tissue (I 0). On the basis of distribution data for
1, 1-dichloroethene, the highest concentrations might be expected to occur in liver and kidney (I I).
The first step in the metabolism of both isomers of 1,2-dichloroethene appears to be the formation of the chloroethylene epoxide, which undergoes rearrangement to form dichloroacetaldehyde and possibly monochloroacetic acid
(12, 13). In vitro studies indicate that biotransformation involves the hepatic microsomal cytochrome P-450 system (14, 15). The cis-isomer is metabolized at a
faster rate than the tram-isomer (14). High doses may saturate the P-450 system
and exceed its metabolic capacity (5). If excretion is similar to that of 1, 1-dichloroethene, elimination would be expected to be relatively rapid, so that most of a
single dose would be excreted in the urine within 24-72 h (15).

14.8.5 Effects on laboratory animals and in vitro test systems
Acute exposure
For a mixture of isomers, the reported oral LD 50 for rats is 770 mg/kg of body
weight (16). Reported oral LD 50 s for trans-1,2-dichloroethene are 1275 mg/kg of
body weight for female rats, 7902 mg/kg of body weight for male rats, 2221
mg/kg of body weight for male mice, and 2391 mg/kg of body weight for female
mice (I 7-19). Administration of single doses of cis -1,2-dichloroethene at 400 or
1500 mg/kg of body weight to rats caused significant elevations of liver alkaline
phosphatase, whereas the same doses of tram-isomer did not (20).

Short-term exposure
tram-1,2-Dichloroethene was administered by gavage to male CD-1 mice for 14
days at doses of 0, 21, or 210 mg/kg of body weight per day (21). No changes in
body or organ weights, serum alanine aminotransferase, or blood urea nitrogen
were reported at any dose level. However, fibrinogen levels, prothrombin times,
and lactate dehydrogenase levels were significantly decreased at the highest dose.
In a similar study, the tram-isomer, administered by gavage at doses equal to 1o/o
and 10% of the LD 50 (22 or 222 mg/kg of body weight per day) to male mice for
14 days, caused no significant changes in body or organ weights, haematological
or blood coagulation parameters, serum enzyme levels, or humoral immune response (I 8).
In a study on CD-1 mice (15-24 per sex per dose), male mice received tram1,2-dichloroethene in doses of 17, 175, or 387 mg/kg of body weight per day
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and female mice received doses of 23, 224, or 452 mg/kg of body weight per day
in drinking-water for 90 days (21). No changes in water consumption, body
weight, or gross pathology were observed in any dose group. There were significant increases in serum alkaline phosphatase levels in male mice at the two highest doses, and liver glutathione concentrations were decreased at the highest dose.
In females, thymus weight was significantly decreased at the two highest doses,
and lung weight was depressed at the highest dose. A significant decrease in aniline hydroxylase activity was also observed in females exposed to the highest dose.
In another phase of this study (22), dose-dependent effects were observed either
in cell-mediated immunity in either sex or in the humoral immune status of
female mice. However, a significant decrease in spleen antibody-forming cells was
noted at all dose levels in male mice. Female mice exposed to the highest dose
demonstrated an enhanced spleen cell response to lipopolysaccharide at some,
but not all, concentrations.
CD rats were exposed to trans-l ,2-dichloroethene at doses of 402, 1314, or
3114 mg/kg of body weight per day (males) and 353, 1257, or 2809 mg/kg of
body weight per day (females) in drinking-water for 90 days (19). No compound-related effects on water consumption, body weight, serum chemistry, or
urinary parameters were observed, nor were any effects on gross or histological
pathology noted. However, a significant dose-dependent decrease in kidney
weight was observed at the two highest doses in females.

Mutagenicity and related end-points
In vitro investigations of the genotoxic potential of 1,2-dichloroethene yielded
negative results for both isomers. 1,2-Dichloroethene was not found to be mutagenic in Escherichia coli, several strains of Salmonella typhimurium, or Saccharomyces cerevisiae, with or without metabolic activation (23-26). Neither isomer
induced chromosomal aberrations or sister chromatid exchanges in Chinese hamster lung fibroblasts (27).
In vivo studies indicate that the cis-, and possibly the trans-, isomer may be
genotoxic. The cis-isomer was found to be mutagenic in S. typhimurium and S.
cerevisiae strains in two host-mediated assays in mice (23, 24). Repeated intraperitoneal injections of cis-1 ,2-dichloroethene induced chromosomal aberrations
in mouse bone marrow cells (24). The trans-isomer gave negative results in these
studies. However, an increase in the number of aneuploid V 79 Chinese hamster
cells was reported following treatment with the trans-isomer (28).

14.8.6 Effects on humans
Inhalation of high concentrations (38 gfm3 and above) of 1,2-dichloroethene in
air causes central nervous system depression (17). Neurological effects, including
nausea, drowsiness, fatigue, and vertigo, have been reported following exposure
to lower levels (9). A burning sensation in the eyes was also reported. The trans441
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isomer is reportedly about twice as potent a central nervous system depressant as
the cis-isomer (17), which has been used as an anaesthetic.

14.8.7 Guideline value
In a 3-month study in mice given the trans-isomer in drinking-water, there was
an increase in serum alkaline phosphatase and reduced thymus and lung weights,
as well as transient immunological effects, the toxicological significance of which
is unclear. Only one rat toxicity study is available for the cis-isomer. There are
limited data to suggest that both isomers may possess some genotoxic activity.
There is no information on carcinogenicity.
Data on the toxicity of the trans-isomer in mice (21) were used to calculate
a joint guideline value for both isomers because of the lack of adequate toxicity
data for the cis-isomer and because data suggest that the mouse is a more sensitive
species than the rat. Accordingly, the NOAEL of 17 mg/kg of body weight per
day from the tram-isomer toxicity study was used with an uncertainty factor of
1000 ( 100 for intra- and interspecies variation and 10 for the short duration
of the study) to derive a TDI of 17 Jlg!kg of body weight. This gives a guideline
value of 50 Jlg!litre (rounded figure) for an allocation of 1Oo/o of the TDI to
drinking-water.

References
1.

Weast RC. CRC handbook of chemistry and physics, 67th ed. Boca Ratan, FL, CRC
Press, 1986.

2.

Verschueren K. Handbook of environmental data on organic chemicals, 2nd ed. New
York, NY, Van Nostrand Reinhold, 1983:488.

3.

American Conference of Governmental Industrial Hygienists. Documentation of the
threshold limit values and biological indices, 5th ed. Cincinnati, OH. 1986:185.

4.

Amoore JE, Hautala E. Odor as an aid to chemical safety: odor thresholds compared
with threshold limit values and volatilities for 214 industrial chemicals in air and
water dilution. journal ofapplied toxicology, 1983, 3:272-290.

5.

Agency for Toxic Substances and Disease Registry. Toxicological profile for 1,2-dichloroethenes. Atlanta, GA, US Department of Health and Human Services, 1990.

6.

Environmental Monitoring and Support Laboratory. Method 502.1. Volatile halogenated organic compounds in water by purge-and-trap gas chromatography. Cincinnati,
OH, US Environmental Protection Agency, 1985.

7.

Environmental Monitoring and Support Laboratory. Method 524.1. Volatile organic
compounds in water by purge-and-trap gas chromatography/mass spectrometry. Cincinnati, OH, US Environmental Protection Agency, 1985.

442

14. ORGANIC CONSTITUENTS

8.

Office of Drinking Water. Draft health effects criteria document for the dichloroethylazes. Washington, DC, US Environmental Protection Agency, 1988.

9.

Lehmann KB, Schmidt-Kehl L. [Study of the most important chlorohydrocarbons
from the standpoint of industrial hygiene.] Archiv fur Hygiene und Bakteriologie,
1936, 116:131-268 (in German).

10. Sato A, Nakajima T. Pharmacokinetics of organic solvent vapors in relation to their
toxicity. Scandinavian journal of work, environment and health, 1987, 13:81-93.
11. McKenna MJ et al. The pharmacokinetics of [14C]-vinylidene chloride in rats following inhalation exposure. Toxicology and applied pharmacology, 1978, 45:599-610.
12. Henschler D. Metabolism and mutagenicity of halogenated olefins: a comparison of
structure and activity. Environmental health perspectives, 1977, 21:61-64.
13. Leibman KC, Ortiz E. Metabolism of halogenated ethylenes. Environmental health
perspectives, 1977, 21:91-97.
14. Costa AK. The chlorinated ethylenes: their hepatic metabolism and carcinogenicity.
Dissertation abstracts international, B, 1983, 44(6):1797-B.
15. Costa AK, Ivanetich KM. The 1,2-dichloroethylenes: their metabolism by hepatic
cytochrome P-450 in vitro. Biochemical pharmacology, 1982, 31:2093-2102.
16. National Institute of Occupational Safety and Health. Registry of Toxic Effects of
Chemical Substances (RTECS), 1983 suppl. Cincinnati, OH, 1983:741.
17. Freundt KJ, Liebaldt GP, Lieberwirth E. Toxicity studies on trans-1,2-dichloroethylene. Toxicology, 1977,7:141-153.
18. Munson AE et al. In vivo assessment of immunotoxicity. Em•ironmemal health perspectives, 1982, 43:41-52.
19. Hayes JR et al. The acute and subchronic toxicity in rats of trans-1,2-dichloroethylene in drinking water. Journal of the American College of Toxicologists, 1987, 6:471478.
20. Jenkins LJ Jr, Trabulus MJ, Murphy SD. Biochemical effects of 1, 1-dichloroethylene
in rats: comparison with carbon tetrachloride and 1,2-dichloroethylene. Toxicology
and applied pharmacology, 1972, 23:501-510.
21. Barnes DW et al. Toxicology of trans-1 ,2-dichloroethylene in the mouse. Drug chemistry and toxicology, 1985, 8:373-392.
22. Shopp GM et al. Humoral and cell-mediated immune status of mice exposed to
trans-1 ,2-dichloroethylene. Drug chemistry and toxicology, 1985, 8:393-407.

443

GUIDELINES FOR DRINKING-WATER QUALITY

23. Bronzetti Get al. Comparative genetic activity of cis- and trans-1,2-dichloroethylene
in yeast. Teratogenesis, carcinogenesis and mutagenesis, 1984, 4:365-375.
24. Cerna M, Kypenova H. Mutagenic activity of chloroethylenes analyzed by screening
tests. Mutation research, 1977, 46:214-215 (abstract).
25. Galli A et al. (a) Studio in vitro. Attivitit genetica dell' 1,2-dichloroetilene. [In vitro
study. Genetic activity of 1,2-dichloroethylene.) Bollettino del/a Societa Italiana di
Biologia Sperimentale, 1982, 58:860-863.
26. Monelmans Ketal. Salmonella mutagenicity tests. II. Results from the testing of 270
chemicals. Environmental mutagenesis, 1986, 8 (Suppl. 7): 1-119.
27. Sawada M, Sofuni T, Ishidate M Jr. Cytogenetic studies on 1, 1-dichloroethylene and
its two isomers in mammalian cells in vitro and in vivo. Mutation research, 1987,
187:157-163.
28. Onfelt A. Spindle disturbances in mammalian cells. III. Toxicity, c-mitosis and aneuploidy with 22 different compounds. Specific and unspecific mechanisms. Mutation
research, 1987, 182:135-154.

14.9 Trichloroethene
14.9.1 General description
Identity
CAS no.:
79-01-6
Molecular formula: C 2 HC1 3
Trichloroethene is also known as trichloroethylene.

Physicochemical properties (1, 2)1
Property

Boiling point
Density
Vapour pressure
Water solubility

Value

86.7 ac
1.4 g/cm3 at 25 ac
10.3 kPa at 25 ac
1.07 gflitre at 20 ac

Organoleptic properties
The odour thresholds for trichloroethene in air and water are 546-1092 mgfm3
and 0.3 mg/litre, respectively (3, 4).

1 Conversion factor in air: 1 ppm = 5.46 mgfm3.
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Major uses
Trichloroethene is used mainly in dry cleaning, for the degreasing of fabricated
metal parts, as a solvent for fats, waxes, resins, oils, rubber, paints, and varnishes,
and as an inhalation analgesic and anaesthetic (1, 5).

Environmental fate
Trichloroethene is readily released to the atmosphere, where it is highly reactive
and does not persist for any significant length of time. In water, biodegradation
occurs, possibly with some partitioning to sediment and suspended organic matter. Trichloroethene in anaerobic groundwater may be degraded to more toxic
compounds, including vinyl chloride. It is highly mobile in soil and may be
leached into groundwater supplies. Bioconcentration of trichloroethene in aquatic species is low to moderate (5).

14.9.2 Analytical methods
A purge-and-trap gas chromatographic procedure can be used to measure trichloroethene in drinking-water at concentrations of 0.01-1500 rgflitre ( 6). Mass
spectrometry is used for confirmation (detection limit 0.2 rgllitre) (7).

14.9.3 Environmental levels and human exposure
Air
Mean concentrations of0.16 rgfm3 and 2.5 rgfm3 have been detected in the atmosphere of rural and urban areas, respectively (5).

Water
Trichloroethene may be released directly into wastewater, deposited in water
from the atmosphere, or formed as a by-product during water chlorination (5, 8).
In a survey of drinking-water in the USA it was found at a mean concentration of
2.1 rg/litre in 28 of 113 cities in 1976-77 (9). It was present in 24% of 158
nonrandom samples collected in a groundwater supply survey in the USA; median levels of 1 rgflitre were reported and a maximum of 130 rgflitre was found in
one sample (5).

Food
Trichloroethene has been found at concentrations of up to 10 rg/kg in meat, up
to 5 rg/kg in fruits and vegetables, and up to 60 rg/kg in tea in the United Kingdom (1, 10). It has also been detected in margarine samples in the USA at levels
of 440-3600 rg/kg and in grain-based food at concentrations of up to 2.7 rglkg
(5).
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Estimated total exposure and relative contribution of drinking-water
Because of its high vapour pressure, potential human exposure to trichloroethene is greatest from the inhalation of contaminated air. Exposure from drinking-water or food is not expected to pose a significant health risk, as it volatilizes
rapidly from water and does not bioaccumulate to any significant extent.

14.9.4 Kinetics and metabolism in laboratory animals and humans
Analysis of human blood and breath following inhalation of 546 mgfm3 trichloroethene showed that peak levels were reached within 1 h of exposure (1,5). In
rats, 72-85% of an orally administered dose was detected in expired air and
10-20% in urine (I 1), indicating that at least 80% of ingested trichloroethene is
systemically absorbed. Transplacental diffusion has been demonstrated in humans following inhalation; the ratio of the concentrations in fetal and maternal
blood ranged between 0.52 and 1.90 (12). Trichloroethene was widely distributed in rats given it by gavage (13), the highest concentration being in body fat.
Inhalation studies in humans show that 40-75% of the retained dose is
metabolized (5). The principal urinary metabolites are trichloroacetaldehyde,
trichloroethanol, trichloroethanoic acid, and trichloroethanol glucuronide (I 4).
An important metabolic intermediate is the reactive epoxide, trichloroethene
oxide, which can alkylate nucleic acids and proteins (I 1). Trichloroethene is
eliminated with a half-time of about 1.5 h (15). Metabolites are excreted more
slowly; the biological half-life measured in human urine is about 50 h for trichloroethanol and 36-73 h for trichloroethanoic acid (16, 17).

14.9.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The acute oral LD 505 for trichloroethene in rats and mice are 4920 mg/kg of
body weight and 2400 mg/kg of body weight, respectively (1, 5, 18).

Short-term exposure
In a study in which groups of 12-24 male Swiss-Cox mice received trichloroethene by gavage in corn oil, 5 days per week for 6 weeks, at doses of 0, 100, 200,
400, 800, 1600, 2400, or 3200 mg/kg of body weight per day, dose-related increases in hepatic DNA, relative liver weight, and hypertrophy of the liver were
apparent at 100 mg/kg of body weight per day and above, and glucose-6phosphate levels were decreased by 30-40% at 800 mg/kg of body weight per
day and above. The LOAEL was 100 mg/kg of body weight per day (19).
Fischer 344/N rats and B6C3F 1 mice (1 0 per sex per dose) were given trichloroethene at doses of up to 2000 (male rats), 1000 (female rats), or 6000
(mice) mg/kg of body weight per day in corn oil by gavage, 5 days per week for
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13 weeks. Survival in mice was greatly decreased at 3000 and 6000 mg/kg of
body weight per day. Body weight was decreased in male rats at 2000 mg/kg of
body weight per day and in male mice at 750 mg/kg of body weight per day and
above. Mild to moderate cytomegaly and enlarged cell nuclei of the renal tubular
epithelial cells in the inner cortex were observed in both sexes of both species at
1000 and 2000 mg/kg of body weight per day (rats) and 3000 and 6000 mg/kg
of body weight per day (mice) (20).
In rats exposed to air containing 300 mg/m3 trichloroethene 5 days per week
for 14 weeks, liver weights were elevated, possibly as the result of fatty accumulation. Haematological parameters, liver and renal function tests, blood glucose,
and organ-to-body-weight ratios were the same as in controls (21).

Long-term exposure
The toxicity of trichloroethene (epichlorohydrin-free) was investigated in F344
rats and B6C3F 1 mice (50 per sex per dose) given 0, 500, or 1000 mg/kg of body
weight per day (rats) and 0 or 1000 mg/kg of body weight per day (mice) in corn
oil, 5 days per week for 103 weeks. Survival was reduced in male rats and mice
but not in females. Toxic nephrosis, characterized as cytomegaly, occurred in rats
at 500 and 1000 mg/kg of body weight per day and in mice at 1000 mg/kg of
body weight per day. LOAELs of 500 mg/kg of body weight per day for rats and
1000 mg/kg of body weight per day for mice were identified (20).

Reproductive toxicity, embryotoxicity, and teratogenicity
No statistically significant effects on sperm count, motility, or morphology were
detected in male Long-Evans rats (10 per dose) intubated with 1, 10, 100, or
1000 mg of trichloroethene per kg of body weight per day, 5 days a week for 6
weeks. Copulatory behaviour was impaired at 100 mg/kg of body weight per day
during the initial4 weeks of exposure but returned to normal by week 5 (13).
A continuous-breeding fertility study was conducted in which male and
female Fischer 344 rats were fed diets containing microencapsulated trichloroethene at dose levels of approximately 0, 75, 150, or 300 mg/kg of body weight
per day from 7 days before mating to the birth of the F 2 generation. Although
testicular and epididymal weights decreased in the F 1 generation, no histopathological changes were observed (22). In a similar study in CD-1 mice given up
to 750 mg of trichloroethene per kg of body weight per day, sperm motility was
reduced by 45% in Fa males and 18% in F 1 males. There were no treatmentrelated effects on mating, fertility, or reproductive performance in the Fa or F 1
mice (23).
Mice and rats exposed to trichloroethene vapour at a concentration of 1600
mg/m3 on days 6-15 of gestation for 7 h per day did not experience any teratogenic effects, although there was some evidence of haemorrhages in the cerebral
ventricles and a few cases of undescended testicles (24).
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Mutagenicity and related end-points
There are numerous studies of the genotoxicity of trichloroethene, but the evidence is conflicting, in part because of impurities in the test material and the
presence of stabilizers that are themselves mutagenic. In a range of in vitro assays,
the data indicate that it is either negative or only weakly positive (1, 25). A dosedependent increase in DNA single-strand breaks was observed in liver and kidney, but not lung, of male NMRI mice 1 h, but not 24 h, after intraperitoneal
injection of 4-10 mmol of trichloroethene per kg of body weight (26).

Carcinogenicity
There was a significant increase in hepatocellular tumours in both sexes of
B6C3F 1 mice given trichloroethene by gavage in corn oil (27). However, in a
similar study in a strain of mice with a low background incidence of liver tumours, there was no evidence of increased tumour incidence (28). There was
some indication of a small increase in renal tumours in male rats given 250 mg of
trichloroethene per kg of body weight by gavage in corn oil, but these tumours
are of doubtful significance for humans (1, 29).
In an inhalation study, a dose-related increase in malignant lymphomas was
reported in female HAN:NMRI mice exposed to 546 or 819 mgfm3 trichloroethene vapour 6 h per day, 5 days per week for 18 months (30); this strain of
mice has a high incidence of spontaneous lymphomas. An increased incidence
of pulmonary adenocarcinomas was found in female ICR mice exposed to 820
or 2460 mgfm3 trichloroethene vapour as compared with controls, but no such
increase was found in female Sprague-Dawley rats (31).

14.9.6 Effects on humans
Acute exposure to high concentrations of trichloroethene causes central nervous
system depression (32). Exposure to 147 mgfm3 in air for 4 h caused drowsiness
and mucous membrane irritation; at 442 mgfm3, it caused headaches. Drowsiness, lethargy, and nausea were observed within 5 min at 10.9 gfm3. Coma and
respiratory depression may occur following prolonged exposure to levels above
10.9 gfm3 (5). Hepatic failure and subsequent death were reported following the
use of trichloroethene as an anaesthetic, generally in patients with complicating
transfusions (33). Oral exposure of humans to 15-25 ml (21-35 g) resulted in
vomiting and abdominal pain, followed by transient unconsciousness (34).
Humans exposed occupationally to trichloroethene had an increase in serum
aminotransferases, indicating damage to the liver parenchyma (35). Neurological
abnormalities were associated with occupational exposure to 76-464 mgfm3 trichloroethene for between 1 month and 15 years, including decreased appetite,
sleep disturbances, ataxia, vertigo, headache, and short-term memory loss (5).
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14.9.7 Provisional guideline value
Trichloroethene has been classified by IARC in Group 3: not classifiable as to its
carcinogenicity to humans (35). Although it induces lung and liver tumours in
mice, there is no conclusive evidence that it causes cancer in other species. Trichloroethene is a weakly active mutagen in bacteria and yeast.
A TDI of 23.8 jlg!kg of body weight has been calculated by applying an uncertainty factor of 3000 to a LOAEL of 100 mg/kg of body weight per day (normalized for 5 days per week exposure) for minor effects on relative liver weight
in a 6-week study in mice (19). The uncertainty factor components are 100 for
inter- and intraspecies variation, 10 for limited evidence of carcinogenicity, and
an additional factor of 3 in view of the short duration of the study and the use of
a LOAEL rather than a NOAEL. A provisional guideline value of 70 jlgflitre
(rounded figure) is derived by allocating 1Oo/o of the TDI to drinking-water.
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14.10 Tetrachloroethene
14.10.1 General description
Identity
CAS no.:
127-18-4
Molecular formula: C 2 Cl4
Tetrachloroethene is also known as tetrachloroethylene and perchloroethylene.

Physicochemical properties (1-3 )1

Property
Melting point
Boiling point
Density
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

Value
-19

oc

121 oc
1.623 g/ml at 25 oc
2.53 kPa at 25 oc
150 mg/litre at 25 oc
2.86

Organoleptic properties
The odour thresholds for tetrachloroethene in water and air are 0.3 mg/litre and
7 mgfm3, respectively (3).

Major uses
Tetrachloroethene is used primarily as a solvent in the dry-cleaning industry. It is
also used as a degreasing solvent in metal industries, as a heat transfer medium,
and in the manufacture of fluorohydrocarbons (1, 4).

Environmental fate
Most tetrachloroethene released to the environment is found in the atmosphere,
where photochemically produced hydroxyl radicals degrade it to phosgene and
chloroacetyl chlorides with a half-life of 96-251 days (3). In water, it does not
readily undergo hydrolysis or photolysis but is biodegraded by microorganisms to

1 Conversion factor in air: 1 ppm

=

6.78 mgfm3.

452

14 ORGANIC CONSTITUENTS

dichloroethene, vinyl chloride, and ethene. Tetrachloroethene can persist in waters where volatilization cannot occur. It volatilizes less readily from soil than
from water and, with a soil adsorption coefficient of 72-534, is expected to be
fairly mobile in soils. Degradation may occur in anaerobic soils. It does not appear to bioaccumulate in animals or food-chains (3).

14.10.2 Analytical methods
A purge-and-trap gas chromatographic procedure is used for the determination
of tetrachloroethene in drinking-water (5). Mass spectrometry or electron capture, flame-ionization, and halide-sensitive detectors may be used for detection,
the detection limits ranging from 0.1 to 1.9 ~g/litre in water (3, 6).

14.10.3 Environmental levels and human exposure
Air
Concentrations of tetrachloroethene in city air in the United Kingdom range
from less than 0.7 to 70 ~gfm3 (7). In Munich, suburban and urban air concentrations were 4 and 6 ~g/m3, respectively (8). Surveys in the USA indicated
concentrations of less than 0.01 ~gfm3 in rural areas and up to 6.7 ~gfm3 in urban areas (9).
Water
A survey of drinking-water in the USA in 197 6-77 detected tetrachloroethene in
nine of 105 samples at levels ranging from 0.2 to 3.1 ~g/litre (mean 0.8 ~g!litre)
(10). In other surveys of drinking-water supplies in the USA, it was found that
3% of all public water-supply systems that used well-water contained tetrachloroethene at concentrations of 0.5 ~g/litre or higher, whereas those that used
surface water contained lower levels (2). In the United Kingdom, it has been
detected at levels of 0.4 ~g/litre in municipal waters (1, 7) and, in Japan, in
approximately 30% of all wells, at concentrations ranging from 0.2 to 23 000
~g!litre (3). In Switzerland, tetrachloroethene concentrations as high as 954
~g/litre have been found in contaminated groundwater (11). Tetrachloroethene
in anaerobic groundwater may degrade to more toxic compounds, including
vinyl chloride (3).

Food
Tetrachloroethene concentrations in seafood in the United Kingdom ranged
from 0.5 to 30 ~g/kg (7, 12). Those in other foodstuffs ranged from almost undetectable (0.01 ~g/kg) in orange juice to 13 ~g/kg in butter (13). Some foods
(particularly those with a high fat content) stored or sold near dry-cleaning facilities may contain considerably higher concentrations (14).
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Estimated total exposure and relative contribution of drinking-water
Based on a tetrachloroethene concentration in air of 6 rg/ m 3, estimated exposure
would be about 120 rg/ day for an adult with an air intake of 20 m3. If drinkingwater contains 0.5 rg of tetrachloroethene per litre, the average daily exposure
would be 1 rg for an adult consuming 2 litres of water per day. There are insufficient data on the levels of tetrachloroethene in foods to allow an average exposure
to be determined.

14.10.4 Kinetics and metabolism in laboratory animals and
humans
The results of animal studies indicate that tetrachloroethene is rapidly and completely absorbed from the gastrointestinal tract (3, 15). It reached near-steadystate levels in the blood of human volunteers after 2 h of continuous inhalation
(16). Rats given a gavage dose of radiolabelled tetrachloroethene contained
radioactivity in the liver, kidneys, and fat (15). Occupationally exposed subjects
had whole-blood levels as high as 2500 rgllitre, as compared with 0.4 rgllitre in
controls (17).
Metabolic products appear to be similar in humans and experimental animals (1,18,19). Tetrachloroethene is metabolized by a cytochrome P-450mediated oxidation to tetrachloroethene oxide and trichloroacetyl chloride to
form trichloroethanoic acid and trichloroethanol. In mice, trichloroethanoic acid
is the major metabolite formed, whereas it is formed in relatively small amounts
in rats (20). In humans, only 1.8% of the retained dose was converted into trichloroethanoic acid; l.Oo/o was converted into an unknown metabolite in 67 h
(21).
Saturation of metabolism has been observed both in inhalation studies in rats
(22) and in gavage studies in mice (23). After saturation of metabolism via the
oxidative pathway, a second metabolic pathway through conjugation with glutathione to form a highly reactive trichlorovinylthiol compound has been shown to
occur in rat kidney, activated by renal ~-lyase enzyme. This metabolic pathway
appears to be absent in humans (22) and to be significant only in male rats (24).
Tetrachloroethene is eliminated from the body primarily via the lungs; the
half-life is about 65 h (1, 25). Trichloroethanoic acid is eliminated via the urine
with a half-life of 144 h (1, 26).

14.10.5 Effects on laboratory animals and in vitro test systems
Acute exposure
LD 50s of 3835 and 3005 mg/kg of body weight were found for male and female
rats to which single doses of tetrachloroethene were administered by gavage.
Acute effects were dominated by central nervous system depression (27).
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Short-term exposure
Groups of male Swiss-Cox mice were given oral doses of tetrachloroethene in
corn oil at 0, 20, 100, 1000, or 2000 mg/kg of body weight, 5 days per week for
6 weeks (equivalent to 0, 14, 70, 700, or 1400 mg/kg of body weight per day).
Mice treated with doses as low as 70 mg/kg of body weight per day exhibited significantly increased liver triglyceride levels and liver-to-body-weight ratios. At
higher doses, hepatotoxic effects included decreased DNA content, increased
serum alanine aminotransferase, decreased glucose-6-phosphatase serum levels,
and hepatocellular necrosis, degeneration, and polyploidy. The NOAEL was
14 mg/kg of body weight per day (23).
Sprague-Dawley rats (20 per sex per dose) were given tetrachloroethene in
drinking-water at doses of 14, 400, or 1400 mg/kg of body weight per day for 90
days. Males in the high-dose group and females in the mid- and high-dose groups
exhibited depressed body weights. Increased liver- and kidney-to-body-weight
ratios (equivocal evidence of hepatotoxicity) were also observed at the two highest doses (27).
There was moderate fatty degeneration of the liver in mice following a 4-h
exposure to air containing 1340 mg of tetrachloroethene per m3 (28). Exposure
to this level for 4 h per day, 6 days per week for up to 8 weeks increased the severity of the lesions (29).

Long-term exposure
Male and female Osborne-Mendel rats and B6C3F 1 mice were exposed to tetrachloroethene by corn oil gavage for 78 weeks at doses ranging from 471 to 1072
mg/kg of body weight per day. Increased mortality and nephropathy, as shown by
degenerative tubule changes, fatty changes, and cloudy swelling, were observed in
all treated animals (30).
Exposure of F344 rats to tetrachloroethene administered by inhalation at
doses of 0, 1.36, or 2.72 gfm3 for 103 weeks, 5 days per week, resulted in a significant reduction in survival, increased renal karyomegaly in both sexes, and
renal tubular cell hyperplasia in males at both doses. Similar exposure ofB6C3F 1
mice to 0, 1.36, or 2.72 gfm3 resulted in reduced survival and increased renal
nephrosis, tubular cell karyomegaly, and renal casts, as well as hepatic degeneration and necrosis (31).

Reproductive toxicity, embryotoxicity, and teratogenicity
Inhalation exposures to tetrachloroethene have resulted in maternal and fetal toxicity in mice, rats, and rabbits (3).
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Mutagenicity and related end-points
Short-term studies indicate that tetrachloroethene induces single-strand DNA
breaks in the mouse but does not cause chromosomal aberrations in rat bone
marrow or human lymphocytes (I, 30, 32). In vitro assays in Salmonella typhimurium, Escherichia coli, and Saccharomyces cerevisiae were negative both with and
without microsomal activation.

Carcinogenicity
The exposure by inhalation (6 h per day, 5 days per week for 103 weeks) of
F344/N rats to 0, 1.36, or 2.72 gfm3 tetrachloroethene produced a small (but
not statistically significant) increase in the combined incidence of renal tubularcell adenomas and adenocarcinomas in males but not in females. In both sexes,
there was an increase in the incidence of mononuclear cell leukaemias at both
doses, but the incidence was also unusually high in concurrent as compared with
historical controls (31).
It has been suggested that the induction of kidney tumours in male rats is the
combined result of the formation of a highly reactive metabolite and cell damage
produced by renal accumulation of hyaline droplets (33, 34).
The exposure by inhalation (6 h per day, 5 days per week for 103 weeks) of
B6C3F 1 mice at 0, 1.36, or 2.72 gfm3 resulted in an increase in hepatocellular
carcinomas in both males and females (31). In an earlier bioassay, in which tetrachloroethene was administered by gavage in corn oil, there was an increase in the
incidence of hepatocellular carcinomas in both male and female mice but not in
Osborne-Mendel rats. In this experiment, survival was reduced in both species as
a result of pneumonia, and impurities later shown to be carcinogenic were
present in the tetrachloroethene (30).
Hepatotoxic and related carcinogenic effects of tetrachloroethene in mice appear to be due to trichloroethanoic acid, which is formed in greater amounts by
mice than by rats or humans (19, 35). In addition, mice are more sensitive than
rats to trichloroethanoic acid, a peroxisome proliferator in mice (36).

14.10.6 Effects on humans
Oral doses of 4.2-6 g of tetrachloroethene administered to patients to control
parasitic worm infections caused central nervous system effects, such as inebriation, perceptual distortion, and exhilaration (37). Several developmental effects,
such as eye, ear, central nervous system, chromosomal, and oral cleft anomalies,
were associated with exposure to tetrachloroethene and other solvents in contaminated drinking-water supplies (38). Inhalation exposures have been associated in
female dry-cleaning workers with reproductive effects, including menstrual disorders and spontaneous abortions (39, 40).
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A few case reports and small-scale epidemiological and clinical studies involving a group of men occupationally exposed to tetrachloroethene at levels of
1890-2600 mgfm3 suggest an association between such exposure and serious
central nervous system problems (1,41-43). However, workers were often simultaneously exposed to several solvents (44). Evidence for the carcinogenicity of
tetrachloroethene was obtained by observing laundry and dry-cleaning workers,
but was rated as inadequate by IARC (45). Although an increased incidence of
cancer was reported in several cohort and proportionate mortality studies
(1,46-48) and increased risks of cancer in workers exposed to tetrachloroethene
were found in case-control studies (49, 50), study limitations, such as concomitant exposures to other chemicals and small sample size, make it difficult to reach
a definite conclusion.

14.1 0. 7 Guideline value
IARC (45) has concluded that there is sufficient evidence of carcinogenicity in
animals to classify tetrachloroethene in Group 2B: possible human carcinogen. It
reportedly produces liver tumours in mice, with some evidence of mononuclear
cell leukaemia in rats and kidney tumours in male rats. However, overall evidence
indicates that this compound is not genotoxic.
In view of the overall evidence for nongenotoxicity and evidence for a saturable metabolic pathway leading to kidney tumours in rats, it is appropriate to use
a NOAEL with a suitable uncertainty factor for calculation of the TO I. A 6-week
gavage study in male mice and a 90-day drinking-water study in male and
female rats both indicated a NOAEL for hepatotoxic effects of 14 mg/kg of body
weight per day (23, 27). A TDI of 14 11g/kg of body weight was calculated by
applying an uncertainty factor of 1000 (1 00 for intra- and interspecies variation
and 10 for carcinogenic potential). In view of the database on tetrachloroethene
and considerations regarding the application of the dose via drinking-water in
one of the two critical studies, it was deemed unnecessary to include an additional uncertainty factor to reflect the length of the study. The guideline value is
40 11g/litre (rounded figure) for a drinking-water contribution of 1Oo/o.
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14.11 Benzene
14.11.1 General description
Identity
CAS no.:
71-43-2
Molecular formula: C6H6

Physicochemical properties (1,2 J1
Property

Value

Physical state
Melting point
Boiling point
Density
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

Colourless liquid
5.5 oc
80.1 oc
0.88 g/cm3 at 20 oc
13.3 kPa at 26.1 oc
1.8 g/litre at 25 oc

2.13

Organoleptic properties
Benzene has a characteristic odour. Its odour threshold in water is 10 mg/litre (2).

Major uses
Benzene is used in the chemical industry for the production of styrene/ethylbenI Conversion factor in air: 1 ppm = 3.2 mgfm3 at 20 oc and 101.3 kPa.
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zene, cumene/phenol, and cyclohexane (1). Its use as a solvent has been greatly
reduced in the last few years (3). Benzene is used as an additive in petrol to increase the octane number (2).

Environmental fate
In soil, benzene biodegrades under aerobic conditions only. In surface water, it
rapidly volatilizes to the air, biodegrades with a half-life of a few days to weeks, or
reacts with hydroxyl radicals with a half-life of several weeks to months. In air, it
reacts with hydroxyl radicals, with a half-life of about 5 days ( 4).

14.11.2 Analytical methods
Benzene can be determined by a purge-and-trap gas chromatographic procedure
with photoionization detection, a method which is applicable over a concentration range of 0.02-1500 )lgflitre. Confirmation is by mass spectrometry (detection limit 0.2 )lg!litre) ( 4).

14.11.3 Environmental levels and human exposure
Air
Rural background concentrations of benzene, which may originate from natural
sources (forest fires and oil seeps), have been reported to range from 0.3 to 54
)lgfm3. The general urban atmosphere reportedly contains 50 )lgfm3. In several
studies conducted since 1963, average concentrations in ambient air ranged from
5 to 112 )lgfm3, mainly derived from vehicular emissions (1).
Exposure inside homes can occur from cigarette smoke or when houses are
built on soil polluted with benzene. In one case, levels varying from 34 )lgfm3 (in
the living space) up to 230 )lgfm3 (beneath the floor) were found. Benzene is
found both in the main stream (0.01-0.1 mg/cigarette) and in the side stream
(0.05-0.5 mg/cigarette) of cigarette smoke (3). In a study in three states of the
USA, weighted median concentrations were 9.8-16 )lgfm3 in indoor air and
0.4-7.2 )lgfm3 in outdoor air (5).

Water
The major sources of benzene in water are atmospheric deposition, spills of petrol and other petroleum products, and chemical plant effluents. Levels of up to
179 )lg!litre have been reported in chemical plant effluents (1). In seawater, levels
were reported to be in the range 5-20 ng/litre (coastal area) and 5 ng/litre (central part) (3). Levels between 0.2 and 0.8 )lgflitre were reported in the Rhine in
1976 ( 6). Levels of 0.03-0.3 mg/litre were found in groundwater contaminated
by point emissions ( 7).
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Benzene was detected in 50-60% of potable water samples taken at 30 treatment facilities across Canada; mean concentrations ranged from 1 to 3 p.g/litre
(maximum 48 p.g/litre) (8). Federal drinking-water surveys in the USA estimated
that approximately 1.3% of all groundwater systems contained benzene at concentrations greater than 0.5 p.g!litre (highest level reported 80 p.g!litre) ( 4).

Food
Benzene may occur in food naturally, through migration from metallic covering
layers of packaging material, or through contamination from the environment.
It has been reported in several foods (eggs: 500-1900 p.g/kg; rum: 120 p.g/kg;
irradiated beef: 19 p.g/kg; heat-treated or canned beef: 2 p.g/kg), and has also
been detected in such foodstuffs as haddock, cheese, cayenne pepper, pineapple,
and blackcurrants (9).

Estimated total exposure and relative contribution of drinking-water
Exposure to benzene may vary considerably. For nonsmokers, the estimated average daily intake is 200-450 p.g/day. The estimated contribution from food is 180
p.g/day but, as information on benzene levels in food is very scanty, this background level should be considered only as an approximate reference point. For
smokers, the intake levels are increased by a factor of 2-3 (urban areas) or 2-6
(rural areas). The levels commonly found in drinking-water are minimal compared with the intake from food and air (3).

14.11.4 Kinetics and metabolism in laboratory animals and
humans
Benzene is rapidly and efficiently (30-50%) absorbed following inhalation. Following ingestion, animal data suggest about 100% absorption from the gastrointestinal tract. Less than 1o/o is absorbed through the skin. After absorption,
benzene is widely distributed throughout the body, independently of the route of
administration. Levels fall rapidly once exposure stops. Following uptake, adipose tissues have been found to contain high levels of benzene metabolites.
The metabolism and elimination of absorbed benzene appear to follow similar pathways in laboratory animals and humans. Benzene is converted mainly to
phenol by the mixed-function oxidase system, primarily in the liver, but also in
bone marrow. A small amount of phenol is metabolized to hydroquinone and
catechol, and an even smaller amount is transformed into phenylmercapturic or
trans-muconic acid. Berween 12% and 14% (up to 50% in laboratory animals) of
the absorbed dose is excreted unchanged in expired air. The respiratory elimination of benzene in humans is triphasic. In the urine, a small part is excreted unchanged, the remainder being excreted as phenol conjugates (3, 9---11).
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14.11.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Benzene has a low acute toxicity. The oral LD 50 in mice and rats is 1-10 g/kg of
body weight; the 2.8-h LC 50 is 15-60 gfm3 (3).

Long-term exposure
Repeated exposure to low levels of benzene produces toxic effects principally in
the blood and blood-forming tissues (3). Long-term exposure of mice to concentrations of 32-65 mgfm3 results in inhibition of early differentiating blood cell
elements (12).
In a study in which benzene was administered by gavage in corn oil 5 days
per week for 103 weeks at doses of 0, 5, 100, or 200 mg/kg of body weight to
F344/N rats or 0, 25, 50, or 100 mg/kg of body weight to B6C3F 1 mice, haematological effects, including lymphoid depletion of the splenic follicles (rats)
and thymus (male rats), bone marrow haematopoietic hyperplasia (mice), lymphocytopenia, and associated leukocytopenia (rats and mice), were observed even
at the lowest dose (1~15).

Reproductive toxicity, embryotoxicity, and teratogenicity
Benzene is not teratogenic even at maternally toxic dose levels. However,
embryotoxicity/fetotoxicity was observed in rats and mice at levels as low as 65
mgfm3 (9).

Mutagenicity and related end-points
Benzene was not mutagenic in several bacterial and yeast systems, in the sexlinked recessive lethal mutation assay with Drosophila melanogaster, or in the
mouse lymphoma cell forward mutation assay. It can cause chromosome damage
in plants and in mammalian somatic cells both in vitro and in vivo. Its clastogenic potential is partly due to its hydroxylated metabolites. Benzene and its
metabolites may interfere with the formation of the mitotic spindle and perhaps
do not interact directly with DNA. However, binding of benzene to nucleic acids
has been reported (3, I 0, 15).

Carcinogenicity
Benzene is carcinogenic in rats and mice after oral and inhalation exposure, producing malignant tumours at many sites. In a study by the National Toxicology
Program, it was administered by gavage in corn oil5 days per week for 103 weeks
at doses of 0, 5, 100, or 200 mg/kg of body weight to F344/N rats and 0, 25, 50,
or 100 mg/kg of body weight to B6C3F 1 mice. Compound-related nonneoplastic or neoplastic effects on the haematopoietic system, Zymbal gland,
464

14 ORGANIC CONSTITUENTS

forestomach, and adrenal gland were seen in both sexes of both species. In addition, the oral cavity was affected in rats, and the lung, liver, harderian gland,
preputia! gland, ovary, and mammary gland in mice (1~15).

14.11.6 Effects on humans
Acute exposure of humans to high concentrations of benzene primarily affects
the central nervous system. Acute exposure to 65 gfm3 may cause death. Extensive haemorrhages have been observed in fatal cases (3).
Occupational exposure to more than 162 mgfm3 results in toxic effects on
the haematopoietic system, including pancytopenia. The white blood cells are
the most sensitive (1 O).
There is considerable evidence that exposure to high benzene concentrations
(;;. 325 mg/ m3) may eventually result in leukaemia, in many cases preceded by
pancytopenia or aplastic anaemia. Both epidemiological studies (16, 17) and several case-studies showed that exposure to benzene was correlated with the occurrence ofleukaemia (particularly acute myeloid leukaemia). Cytogenetic effects in
peripherallymphocytes were observed in human subjects with benzene haemopathy (3, 9, 11, 18).

14.11. 7 Guideline value
Benzene is carcinogenic in mice and rats after both inhalation and oral exposure,
producing malignant tumours at many sites. It is considered to be a human carcinogen and is classified by IARC in Group 1 (18). Although it does not induce
mutations or DNA damage in standard bacterial assay systems, it has been shown
to cause chromosomal aberrations in a variety of species in vivo.
Because of the unequivocal evidence of the carcinogenicity of benzene in humans and laboratory animals and its documented chromosomal effects, quantitative risk extrapolation was used to estimate lifetime cancer risks. Based on a risk
estimate using data on leukaemia from epidemiological studies involving inhalation exposure, it was calculated that a drinking-water concentration of 1 fig/litre
was associated with an excess lifetime cancer risk of 10-6 (10 flg/litre is associated
with an excess lifetime risk of 10-5 and 100 flg/litre with an excess lifetime risk of
10-4) (15).
As data on the carcinogenic risk to humans following the ingestion of benzene are not available, risk estimates were also carried out on the basis of a 2-year
gavage study in rats and mice (13). The robust linear extrapolation model was
used, as there was a statistical lack of fit of some of the data with the linearized
multistage model. The estimated range of concentrations in drinking-water corresponding to excess lifetime cancer risks of 1o-4' 1o-5' and 1o-6' based on leukaemia and lymphomas in female mice and oral cavity squamous cell carcinomas in
male rats, are 100-800, 10-80, and 1-8 flg!litre, respectively. These estimates are
similar to those derived from epidemiological data, which formed the basis for
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the previous guideline value of 10 Jlgflitre associated with a 1o-5 excess lifetime
cancer risk.
Guideline values corresponding to excess lifetime cancer risks of 10-4, 10-5,
and 10-6 are therefore 100, 10, and 1 Jlg/litre, respectively.
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14.12 Toluene
14.12.1 General description
Identity
CAS no.:
105-88-3
Molecular formula: C 7 Hs
The IUPAC name for toluene is methylbenzene.
Physicochemical properties ( 1, 2 )1
Property

Value

Physical state
Melting point
Boiling point
Vapour pressure
Density
Water solubility
Log octanol-water
partition coefficient

Clear, colourless liquid

-95 oc
110.6 oc
3.78 kPa at 25 oc
0.8623 g/cm3 at 15.6 oc
535 mg!litre
2.69

I Conversion factor in air: 1 ppm = 3.75 mgfm3.
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Organoleptic properties
Toluene has a sweet, pungent, benzene-like odour. The lowest concentrations reported to be perceptible to humans on inhalation range from 0.64 to 139 mg/m3
(3). The odour threshold in water is 0.024-0.17 mg!litre. The reported taste
threshold ranges from 0.04 to 0.12 mg/litre (2, 4, 5).

Major uses
Toluene is used as a solvent, especially for paints, coatings, gums, oils, and resins,
and as raw material in the production of benzene, phenol, and other organic solvents. Most toluene (in the form of benzene-toluene-xylene mixtures) is used in
the blending of petrol.

Environmental fate
Toluene degrades readily in air. It is removed from the atmosphere mainly by reactions with atomic oxygen, peroxy- or hydroxyl radicals, and ozone. Its half-life
in the atmosphere ranges between 13 hand 1 day (1, 6).
When toluene is released to surface water, it volatilizes to air very rapidly, the
half-life being about 5 h at 25 oc and increasing with the depth of the water column. Biodegradation and sorption are less important for the removal of toluene
from surface waters. The extent to which it is biodegraded in soil ranges from
63% to 86% after 20 days (7).
The amount of toluene in environmental compartments can be estimated
with the aid of models ( 8) when emission data are known. In the Netherlands,
for example, the estimated percentages of total toluene in air, water, and soil are
98.6%, 0.8%, and 0.6%, respectively (6).

14.12.2 Analytical methods
A purge-and-trap gas chromatographic procedure with photoionization detection
can be used for the determination of toluene in water over a concentration range
of0.02-1500 flg!litre (9). Confirmation is by mass spectrometry (10). Methods
for the determination of toluene in air, soil, and other matrices have been reviewed and compiled by Fishbein & O'Neill (11).

14.12.3 Environmental levels and human exposure
Air
Mean atmospheric concentrations of toluene in urban areas around the world
range from 2 to 200 flg/m3; concentrations are higher in areas with high traffic
density. Lower levels (0.2-4 flg/m3) have been reported in rural areas. Indoor
concentrations range from 17 to 1000 flg/m3 and are related both to outdoor
concentrations and to the presence of cigarette smoke (1, 6).
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Water
The concentration of toluene in rainwater in Germany has been reported to be
0.13-0.70 p.g!litre (12). In the Netherlands, a median value of0.04 p.g/litre was
found (6).
Toluene was found at concentrations of 1-5 p.g!litre in water samples from a
number of rivers in the USA (1). Concentrations of 0.8 p.g!litre and 1.9 Jlg!litre
have been reported in the Rhine in Germany and Switzerland, respectively (13).
In coastal waters, levels of 0. 01-1 Jlg!litre were found ( 14).
In groundwater contaminated by point emissions, toluene levels of 0.2-1.1
mg!litre were reported ( 15). The highest level reported in groundwater in the
USA in 1983 was 1.4 Jlg/litre (2).
In approximately 1o/o of all groundwater-derived public drinking-water systems in the USA, toluene levels are above 0.5 Jlg/litre (2). In Canada, in a study
of 30 water-treatment plants, drinking-water contained an average of 2 Jlg/litre
(1 6). In a study of Ontario drinking-water, concentrations of up to 0.5 Jlg!litre
were found (1 7). Toluene can be leached from synthetic coating materials commonly used to protect drinking-water storage tanks (18).

Food
Toluene concentrations of 1 mg/kg have been reported in fish (19). In cyclodextrin flavour complexes, residual concentrations can be in the range 2.7-10.2
mg/kg (20).

Estimated total exposure and relative contribution of drinking-water
Although information on the intake of toluene via food and drinking-water is
limited, it can be expected that this intake will be low compared with that via air.
Studies in the Netherlands suggest that the population is exposed to at least 30
Jlgfm3. If a mean ventilation volume of 20 m3fday and an absorption of 50% are
assumed, the daily absorption ranges from 0.3 to 12 mg (6). Exposure is increased by traffic and cigarette smoking.

14.12.4 Kinetics and metabolism in laboratory animals and
humans
In humans, toluene is probably completely absorbed from the gastrointestinal
tract after oral uptake. The compound is rapidly distributed in animals, and tissue distribution is comparable after administration by inhalation and by mouth.
After uptake, the compound is preferentially found in adipose tissue, followed in
succession by the adrenal glands, kidneys, liver, and brain. It is rapidly converted
into benzyl alcohol by the microsomal mixed-function oxidase system in the
liver, then to benzoic acid, which is conjugated with either glycine or glucuronic
acid and excreted in urine as hippuric acid or benzoyl glucuronide. Toluene is
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also metabolized to a small extent to o- and p-cresol. In the lungs, part of the absorbed toluene is excreted unchanged (3).

14.12.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Toluene has a low acute toxicity via the oral route; LD 50 s in rats range from 2.6
to 7. 5 g/kg of body weight.

Short-term exposure
In most short-term studies, toluene was administered by inhalation; liver enzyme
induction, liver weight increase, and neurophysiological changes are the main effects seen in these studies (3). Few oral studies are available, and only one is of
value for assessment purposes. This study was carried out in rats and mice with
doses ofO, 312, 625, 1250,2500, or 5000 mg/kg ofbodyweight administered 5
days per week for 13 weeks. In rats, increased liver and kidney weights (without
concomitant histopathological changes) were the most sensitive effects, occurring
at doses of 625 mg/kg of body weight and above; the NOAEL in this study was
312 mg/kg of body weight. In mice, an increased relative liver weight was the
most sensitive effect, being present at 312 mg/kg of body weight in females (21).

Long-term exposure
In the only adequate toxicity study, toluene was administered via the inhalation
route in rats. In this study, the only significant difference between the treatment
groups and the control group was a decrease in blood haematocrit (erythrocyte
volume fraction), observed at 380 and 1100 mgfm3 but not at 110 mgfm3 (exposure 6 h per day, 5 days per week) (3).

Reproductive toxicity, embryotoxicity, and teratogenicity
Toluene has been tested for teratogenicity via the inhalation route (in rats, mice,
and rabbits) and via the oral route (mice only). In the inhalation studies, embryotoxicity and fetotoxicity, but not teratogenicity, were observed at high dose levels
(~100 mgfm3). In one of the two oral studies, a significant increase in embryonic
deaths occurred at all dose levels (~260 mg/kg of body weight); a teratogenic effect (increased incidence of cleft palate) was observed at the highest dose level
(870 mg/kg of body weight) only (3, 12).
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Mutagenicity and related end-points
Toluene was found to be nongenotoxic in a number of in vitro systems (bacteria,
yeasts, mammalian cells). In vivo studies on insects, rats, and mice have yielded
conflicting results; chromosomal aberrations in rat bone marrow cells were observed in studies carried out in the former USSR but not in other countries, perhaps as a result of contamination with benzene in these studies. In mice, the
induction of micronuclei in erythrocytes was observed, but not consistently. It
has been concluded that toluene has not been demonstrated to be genotoxic
(3, 12).

Carcinogenicity
In an inhalation study in rats exposed to 110, 380, or 1100 mgfm3, 6 h per day,
5 days per week, no clear evidence for the carcinogenicity of toluene was found;
the same results were found in several special carcinogenicity studies, all of
which, however, were very limited in design (3). In an adequate inhalation carcinogenicity study carried out in rats and mice, no evidence for a carcinogenic effect was found (21). IARC concluded that there is inadequate evidence for the
carcinogenicity of toluene in both experimental animals and humans and classified it in Group 3 (not classifiable as to its carcinogenicity to humans) (1).

14.12.6 Effects on humans
Virtually all the available data relate to exposure to toluene by inhalation. For
acute exposure, the predominant effects were impairment of the central nervous
system and irritation of mucous membranes. Fatigue and drowsiness were the
most sensitive effects, being present at 375 mgfm3 and absent at 150 mgfm3.
The toxic effects of toluene after long-term exposure are basically the same.
There have been few controlled long-term studies via the oral and inhalation
routes (3, 12,22).
Studies designed to detect a possible increase in the frequency of chromosomal aberrations or sister chromatid exchanges in the peripherallymphocytes of
people occupationally exposed to toluene have yielded inconclusive results
(1, 3, 12). Epidemiological studies on the occurrence of cancer as a consequence
of the exposure of human populations to toluene alone are not available (3).

14.12. 7 Guideline value
The available evidence suggests that toluene should not be regarded as an initiating carcinogen; a TDI approach can therefore be used to derive the guideline value. The NOAEL from a 13-week gavage study in rats (21) was 312 mg/kg of
body weight (administration 5 days per week); this dosage level had marginal effects in an identical study in mice. A TDI of 223 11g/kg of body weight can be
derived using the LOAEL for marginal hepatotoxicity in mice of 312 mg/kg of
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body weight (equivalent to 223 mg/kg of body weight 7 days per week) and applying an uncertainty factor of 1000 (1 00 for inter- and intraspecies variation
and 10 for the short duration of the study and use of a LOAEL instead of a
NOAEL). This TDI yields a guideline value of 700 rgllitre (rounded figure), allocating 10% of the TDI to drinking-water. It should be noted, however, that
this value exceeds the lowest reported odour threshold in water of 24 rgllitre.
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14.13 Xylenes
14.13.1 General description
Identity
CAS no.:
1130-20-7
Molecular formula: C 8H 10
The IUPAC name for xylene is dimethylbenzene. There are three possible xylene
isomers: 1,2-, 1,3-, and 1,4-dimethylbenzene; these will be referred to as o- (orrho), m- (meta), and p- (para) xylene. The xylenes are for the most part manufactured and marketed as a mixture of the isomers, which will here be called xylene.

Physicochemical properties ( 1, 2 )1

Property
Melting point ( C)
Boiling point (°C)
Vapour pressure at 25 oc (kPa)
Density at 20 oc (g/cm3)
Water solubility at 20 oc (mg/litre)
Log octanol-water
partition coefficient
0

o-Xylene

m-Xylene

p-Xylene

-25
144.4
0.906
0.88
175

-48
139.0
1.11
0.86
160

13
138.4
1.17
0.86
198 (25 °C)

2.77-3.12

3.20

3.15

Organoleptic properties
The lowest xylene concentrations in air reported to be perceptible to humans
range from 0.6 to 16 mgfm3 (3, 4). The odour threshold for xylene isomers in
water is 0.02-1.8 mg/litre (4,5). Concentrations of 0.3-1.0 mg!litre in water
produce a detectable taste and odour ( 6).

Major uses
Xylene is used in the manufacture of insecticides and pharmaceuticals, as a component of detergents, and as a solvent for paints, inks, and adhesives. Xylenecontaining petroleum distillates are used extensively and increasingly in blending
petrol. The three isomers are used individually as starting materials in the manufacture of various chemicals (1, 2).

Environmental fate
Releases of xylene to the environment are largely to air because of its volatility;
the calculated distribution of xylene is: air, 99.1 o/o; water, 0. 7%; soil, 0.1 o/o; and
1 Conversion factor in air: 1 ppm = 4.41 mgfm3.
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sediment, 0.1% (7). Xylene degrades in air with a half-life of a few days. It is also
readily biodegraded in soils and surface waters (2). Under aerobic conditions, it
can be degraded in groundwater; half-lives of from 24 to over 161 days have been
reported (8, 9). In anaerobic groundwater, no biotransformation is expected
(1 0). When xylene is released to surface water, it volatilizes to air very rapidly.

14.13.2 Analytical methods
A purge-and-trap gas chromatographic procedure with photoionization detection
can be used for the determination of xylene in water over a concentration range
of 0.02-1500 j-lg!litre (1 1). Confirmation is by mass spectrometry (12). Methods for the determinaion of xylene in air, soil, and other matrices have been reviewed and compiled by Fishbein & O'Neill (13).

14.13.3 Environmental levels and human exposure
Air
Mean atmospheric concentrations of xylene in urban areas around the world
range from 3 to 390 j-lgfm3 (I). Outdoor concentrations of 0.6-61 j-lgfm3 have
been reported in the USA (1,14). Concentrations of 100 j-lgfm3 were found at
cross-roads (1). Indoor air concentrations range from 5.2 to 29 j-lgfm3 and are
higher (200 ]-lgfm3) in the presence of cigarette smoke. The average ratio of indoor to outdoor air concentration is 1.2 for m-xylene and 4.0 foro-xylene (15).

Water
Xylene has been found at levels of2-8 j-lg!litre in the surface water of Florida Bay
(16). In the Netherlands section of the Rhine, the average xylene concentration
in 1987 was 0.3 j-lg!litre (0.1 j-lg!litre for each isomer); the maximum value was
1.2 j-lgflitre. In the surface water of Lake IJsselmeer, the average and maximum
concentrations were 0.3 and 0.9 j-lg!litre, respectively (I 7).
In groundwater contaminated by point emissions, xylene levels of 0.3-5.4
mg/litre have been reported; levels in uncontaminated groundwater are low
(<0.1 j-lg!litre) (18). The highest level in groundwater in the USA (1983) was 2.5
]-lg!litre (2). In the Netherlands, xylene was detected in 10.1% of 304 samples of
groundwater used for potable water production; the maximum concentration
found was 0.7 ]-lg/litre (19).
Xylene levels in approximately 3o/o of all groundwater-derived public drinking-water systems and 6% of all surface-water-derived drinking-water systems in
the USA were greater than 0.5 j-lg!litre, the maximum level being 5.2 j-lg!litre (2).
In Canada, m-xylene was found in seven out of 30 potable water treatment plants
at concentrations below 1 j-lg/litre (20). In Ontario, xylene was found in drinking-water at concentrations of less than 0.5 ]-lgflitre (21). In drinking-water and
tapwater in New Orleans, concentrations of 3-8 j-lg!litre were reported (16).
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Concentrations in drinking-water can be increased by the leaching of xylene
from the synthetic coating materials commonly used to protect the tanks used for
its storage (22).

Estimated total exposure and relative contribution of drinking-water
Because of the low levels of xylene reported in drinking-water, air is likely to be
the major source of exposure. If a mean ventilation volume of 20 m3fday (75%
indoor air; 25% outdoor air) and an absorption of 65% are assumed, the daily
exposure can be estimated to range from 0.05 to 0.5 mg. This exposure will be
increased when air is polluted with cigarette smoke.

14.13.4 Kinetics and metabolism in laboratory animals and
humans
Data on absorption after ingestion are not available. Xylene isomers are readily
absorbed after inhalation, with retention percentages of 60-65% in humans.
They are absorbed to some extent (exact percentages not known) via the skin; the
few data available indicate rapid distribution of the compound after uptake.
Xylenes can cross the placenta. They are stored in adipose tissue in both laboratory animals and humans. A small part (< 5%) of the absorbed amount is exhaled
unchanged; the remainder is converted almost quantitatively into methyl benzoic
acid, which is excreted in urine as methyl hippuric acid. Few data on rates of excretion are available; it is eliminated from subcutaneous fat in humans with a
half-life ranging from 25 to 128 h (2, 7, 23).

14.13.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Xylene isomers have a low acute toxicity via the oral route; LD 50 s in rats range
from 3.6 to 5.8 g/kg of body weight (1).

Short-term exposure
Available short-term oral studies are of limited design. The toxicological significance of the ultrastructural liver changes observed in rats (24) at the only dose
level tested (200 mg of a-xylene per kg of feed) is questionable given the absence
of any histopathological signs in the livers of rats tested at much higher dose
levels in oral studies carried out under the US National Toxicology Program
(25). In addition, the results of the single-dose study are presented only for the
group of methylated benzenes tested; the results observed with the individual
compounds are not reported. In inhalation studies in rats, liver enzyme induction was observed at concentrations of 217 mg/ m 3 and above, 6 h per day
(NOAEL not determined) (23, 26).
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Long-term exposure
A carcinogenicity study in rats and mice provided some relevant information on
the toxic effects of xylenes after oral administration. In rats, 0, 250, or 500 mg/kg
of body weight per day was administered by gavage in corn oil, 5 days per week
for 103 weeks. Growth was decreased at 500 mg/kg of body weight per day; no
compound-related histological lesions were observed. The NOAEL for rats was
250 mg/kg of body weight per day. In mice, the dose levels tested were 0, 500,
and 1000 mg/kg of body weight per day. The only observed effect in this species
was hyperactivity at 1000 mg/kg of body weight per day (25).

Reproductive toxicity, embryotoxicity, and teratogenicity
Both of the oral studies carried out in mice showed maternal toxicity with concurrent embryotoxicity and teratogenicity (increased incidence of cleft palate) at
the higher dose levels tested (LOAEL 640 mg/kg of body weight; NOAEL 255
mg/kg of body weight) (27, 28). Teratogenicity studies carried out in rats and
mice by the inhalation route showed maternal toxicity at high dose levels but no
teratogenicity (7, 23).

Mutagenicity and related end-points
The mutagenic activity of xylenes was examined in bacteria and in mammalian
cells (both in vitro and in vivo) with negative results. The significance of a weak
positive effect observed with technical xylene in a Drosophila recessive lethal test
is not clear, given the negative results in the same test system obtained with the
individual components of the technical mixture (7, 23, 29).

Carcinogenicity
An oral carcinogenicity study in rats (0, 250, or 500 mg/kg of body weight per
day administered by gavage in corn oil, 5 days per week for 103 weeks) and mice
(0, 500, or 1000 mg/kg of body weight per day) did not show xylenes to be carcinogenic (25).

14.13.6 Effects on humans
No oral data are available. In acute inhalation studies, irritation of eyes and
throat was observed at concentrations of 480 mgfm3 and above. Mter short-term
exposure (6 h per day, 5 days per week), reaction time, manual coordination,
body equilibrium, and electroencephalogram were affected at concentrations of
390 mgfm3 and above (NOAEL not determined). Controlled studies of longer
duration are not available (7, 23).
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14.13. 7 Guideline value
On the basis of the available evidence, xylenes should not be regarded as initiating carcinogens, so that a TDI approach may be used. A TDI of 179 11g/kg of
body weight was derived using a NOAEL of 250 mg/kg of body weight per day
based on decreased body weight in a 103-week gavage study in rats (25) with administration 5 days per week (equivalent to 179 mg/kg of body weight per day 7
days per week) and an uncertainty factor of 1000 (1 00 for intra- and interspecies
variation and 10 for the limited toxicological end-point). This TDI yields a
guideline value of 500 11g/litre (rounded figure), allocating 1Oo/o of the TDI to
drinking-water. This value, however, exceeds the lowest reported odour threshold
for xylenes in drinking-water of 20 11g/litre.

References
1.

International Agency for Research on Cancer. Some organic solvents, resin monomers
and related compounds, pigments and occupational exposures in paint manufacture and
painting. Lyon, 1990:125-126 (IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume 47).

2.

US Environmental Protection Agency. USEPA Office of Drinking Water health advisories. Reviews ofenvironmental contamination and toxicology, 1988, 106:189-203.

3.

Agency for Toxic Substances and Disease Registry. Toxicological profile for xylenes.
Atlanta, GA, Department of Health and Human Services, 1990.

4.

Van Gemert LJ, Nettenbrijer AH, eds. Compilation of odour threshold values in air
and water. Zeist, Netherlands, National Institute for Water Supply/Central Institute
for Nutrition and Food Research TNO, 1977.

5.

Verschueren K. Handbook of environmental data on organic chemicals, 2nd ed. New
York, NY, Van Nostrand Reinhold Company, 1983:1188-1195.

6.

Middleton FM, Rosen AA, Burtschell RH. Taste and odor research tools for water
utilities. journal ofthe American Water Works Association, 1958, 50:21-28.

7.

European Chemical Industry Ecology and Toxicology Centre. joint assessment of
commodity chemicals No. 6: Xylenes CAS: 95-47-6(o), 108-38-3(m), 106-42-2(p),
1330-20-7(mixture). Brussels, 1986.

8.

Barker JF et al. The organic geochemistry of a sanitary landfillleachate plume. journal ofcontaminant hydrology, 1986, 1:171-189.

9.

Wilson JT et al. Relationship between the ATP content of subsurface material and
the rate of biodegradation of alkylbenzenes and chlorobenzene. journal of contaminant hydrology, 1986, 1:163-170.

478

14 ORGANIC CONSTITUENTS

10. Wilson JT et al. Biotransformation of selected organic pollutants in groundwater.
Developments in industrial microbiology, 1983, 24:225-233.
11. Environmental Monitoring and Support Laboratory. Method 503.1. Volatile aromatics and unsaturated organic compounds in water by purge and trap gas chromatography.
Cincinnati, OH, US Environmental Protection Agency, 1985.
12. Environmental Monitoring and Support Laboratory. Method 524.1. Volatile organic
compounds in water by purge-and-trap gas chromatography/mass spectrometry. Cincinnati, OH, US Environmental Protection Agency, 1985.
13. Fishbein L, O'Neill IK, eds. Environmental carcinogens: methods of analysis and exposure measurement. Vol. 10. Benzene and alkylated benzenes. Lyon, International Agency for Research on Cancer, 1988 (IARC Scientific Publications No. 85).
14. Wallace LA. The TEAM Study: personal exposures to toxic substances in air, drinking-water, and breath of 400 residents of New Jersey, North Carolina, and North
Dakota. Environmental research, 1987, 43:290-307.
15. Montgomery DD, Kalman DA. Indoor/outdoor air quality: reference pollutant concentrations in complaint-free residences. Applied industrial hygiene, 1989, 4:17-20.
16. Merian E, Zander M. Volatile aromatics. In: Hutzinger 0, ed. Handbook ofenvironmental chemistry. Vol. 3, Part B. Anthropogenic compounds. Berlin, Springer,
1982:117-161.
17. De samenstelling van het Rijnwater in 1986 en 1987. [The composition of the water of
the Rhine in 1986 and 1987.] Amsterdam, Netherlands, RIWA (Rhine and Maas
Waterworks Association), 1989.
18. Department of the Environment. Environmental hazard assessment: xylenes. Garston,
Building Research Establishment, 1993.
19. Veenendaal G, van Beek CGEM, Puyker LM. Het voorkomen van organische sto./fen
in het grondwater onttrokken door de Nederlandse Waterleidingbedrijven. [The occurrence of organic compounds in groundwater withdrawn by the Netherlands water-supply
undertakings.] Nieuwegein, KIWA (Netherlands Waterworks Testing and Research
Institute), 1986 (KIWA Report No. 97).
20. Otson R, Williams DT, Bothwell PD. Volatile organic compounds in water in thirty
Canadian potable water treatment facilities. journal ofthe Association ofOfficial Analytical Chemists, 1982,65:1370-1374.
21. Smillie RD, Sakuma T, Duholke WK. Low molecular weight aromatic hydrocarbons
in drinking water. journal of environmental science and health, 1978, A13(2):187191.

479

GUIDELINES FOR DRINKING-WATER QUALITY

22. Bruchet A, Shipert E, Alben K. Investigation of organic coating material used in
drinking water distribution systems. journal ftanrais d'hydrologie, 1988, 19:101-111.
23. Janssen P, Van der Heijden CA, Knaap AGAC. [Short summary and evaluation oftoxicological data on xylene.] Bilthoven, Netherlands, National Institute of Public Health
and Environmental Protection, 1989 (in Dutch).
24. Bowers DE, Cannon MS, ]ones DH. Ultrastructural changes in livers of young and
aging rats exposed to methylated benzenes. American journal of veterinary research,
1982, 43:679-683.
25. National Toxicology Program. Toxicology and carcinogenesis studies ofxylenes (mixed)
(60% m-xylene, 14% p-xylene, 9% o-xylene, 17% ethylbenzene) (CAS no. 1330-20-7)
in F344/N rats and B6C3F1 mice (gavage studies). Research Triangle Park, NC. 1986
(NTP Technical Report Series No. 327).
26. US Environmental Protection Agency. USEPA Office of Drinking Water health advisories. Reviews ofenvironmental contamination and toxicology, 1987, 106:213-222.
27. Marks TA, Ledoux TA, Moore ]A. Teratogeniciry of a commercial xylene mixture in
the mouse. journal oftoxicology and environmental health, 1982, 9:97-105.
28. Nawrot PS, Staples RE. Embryofetal toxiciry and teratogenicity of isomers of xylene
in the mouse. Toxicologist, 1981, 1:A22.
29. Donner M et al. Genetic toxicology of xylenes. Mutation research, 1980, 7 4:171-172.

480

14 ORGANIC CONSTITUENTS

14.14 Ethylbenzene
14.14.1 General description
Identity
CAS no.:
100-41-4
Molecular formula: C 8 H 10

Physicochemical properties (1 )1

Property
Physical state
Melting point
Boiling point
Vapour pressure
Density
Water solubility
Log octanol-water
partition coefficient

Value
Colourless liquid
-95 ac
136.2 ac
0.933 kPa at 20 ac
0.86 g/cm3 at 20 ac
152 mg!litre at 20 ac
3.15

Organoleptic properties
Ethylbenzene has an aromatic odour. The odour threshold is in the range
0.27-0.4 mgfm3 in air (1, 2) and 0.002-0.13 mg/litre in water (1, 3). The taste
threshold ranges from 0.072 to 0.2 mg!litre (2, 3).

Major uses
Ethylbenzene is present in xylene mixtures at levels up to 15-20% (4). This mixture is used in the paint industry, in insecticide sprays, and in petrol blends.
Ethylbenzene is used primarily in the production of styrene and acetophenone, as
a solvent, and as a constituent of asphalt and naphtha.

Environmental fate
The primary source of ethylbenzene in the environment is the petroleum industry. Because of its high vapour pressure and low solubility, it will disperse into the
atmosphere if released. More than 96% of ethylbenzene can be expected in the
air compartment. It is phototransformed in the air by reaction with hydroxyl
radicals; the half-life is approximately 1 day (5).
Biodegradation of ethylbenzene in soil under aerobic conditions with a halflife of 24.2 days has been reported. In activated sludge and water, it can be biodegraded under aerobic conditions (6).
1

Conversion factor in air: 1 ppm = 4.35 mgfm3.
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14.14.2 Analytical methods
A purge-and-trap gas chromatographic procedure with photoionization detection
can be used for the determination of ethylbenzene in water over a concentration
range of 0.02-1500 Jlgllitre (7). Confirmation is by mass spectrometry (8).
Methods for the determination of ethylbenzene in air, soil, and other matrices
have been reviewed and compiled by Fishbein & O'Neill (9). Continuous monitoring of ethylbenzene and other volatile hydrocarbons is possible at the microgram per litre level (1 O).

14.14.3 Environmental levels and human exposure
Air
In Germany, average indoor and outdoor ethylbenzene concentrations of 13
Jlgfm3 were found (1 1). In Italy, mean indoor and outdoor air concentrations of
27 and 7.4 Jlgfm3 were reported (12).
The median daily concentrations of ethylbenzene in the urban air of nine
major cities in the USA were 1.3-6.5 Jlgfm3 (13). In the Netherlands, mean and
maximum values of 0.9-2.8 and 10.0-25.7 Jlgfm3, respectively, were reported
(14).

Water
The maximum ethylbenzene concentration in the Bes6s river in Spain was 15
Jlg/litre and in the Llobregat river 1.9 Jlg/litre (15). Levels of 0.03-0.3 rug/litre
were reported in groundwater contaminated by point emissions (16).
In a survey of groundwater supplies (17), it was found that approximately
0.6% of 945 such supplies contained ethylbenzene; the median concentration
was 0.87 Jlg!litre. In the Netherlands, ethylbenzene was detected in 1o/o of 304
samples of groundwater (18); the maximum concentration was 0.4 Jlg!litre.
Concentrations of up to 0.07 Jlg/litre were found in aquifers in the United Kingdom (19). In Canada, in a study of 30 water-treatment plants, concentrations in
drinking-water were below 1 Jlg/litre (20).
In Los Angeles, USA, an ethyl benzene concentration of 9 ng/litre was found
in rainwater (21).

Food
Ethylbenzene has been identified in volatiles of roasted hazelnuts. It can migrate
from polystyrene food packaging into food. Concentrations of 2.5-21 Jlg!litre
have been reported in milk and soup (5).

Estimated total exposure and relative contribution of drinking-water
Although there is little information concerning the intake of ethylbenzene via
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food and drinking-water, it is expected to be low compared with that via air. In
the Netherlands, the estimated daily exposure is 40 p.g (14), based on a ventilation volume of20 m3/day.

14.14.4 Kinetics and metabolism in laboratory animals and
humans
Ethylbenzene in liquid form is easily absorbed by humans via both the skin and
the intestinal tract (exact absorption percentages not reported); the vapour is
readily absorbed when inhaled (reported absorption percentage 64% for humans,
44% for rats). Both distribution and excretion are rapid. In humans, storage of
ethylbenzene in fat has been reported, and the compound has been observed to
cross the placental barrier. Biotransformation in humans is almost completely to
mandelic acid and phenylglyoxalic acid, both these metabolites being excreted in
urine. Metabolism in experimental animals differs from that in humans in that
benzoic acid is the major metabolite together with mandelic acid. Urinary excretion of metabolites is almost complete within 24 h (1, 5).

14.14.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Ethylbenzene has a low acute toxicity via the oral route; LD 50 s in rats range from
3.5 to 4.7 g/kg of body weight (22).

Short-term exposure
In a short-term oral study in rats, effects on liver and kidneys were observed at
400 mg/kg of body weight and higher dose levels (administered 5 days per week
for 6 months); there were no such effects at 136 mg/kg of body weight (23). Liver effects were also found in a number of inhalation studies; the LOAEL for this
type of effect was 1305 mgfm3, no effects being seen at 218 or 430 mgfm3 (concentrations administered for 6 h per day, 5 days per week) (5, 24, 25).

Reproductive toxicity, embryotoxicity, and teratogenicity
In all the teratogenicity studies in rats and rabbits, dosing was via the inhalation
route. No definite conclusions with regard to the observed effects (maternal toxicity, reduced fertility and, possibly, teratogenicity) can be drawn from the
reports available (5, 22).

Mutagenicity and related end-points
Studies were carried out in bacteria, yeasts, insects, mammalian cells (in vitro),
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and intact mammals; negative results were obtained in all test systems, showing
ethylbenzene to be devoid of mutagenic activity (I, 5, 22).

14.14.6 Effects on humans
Relevant oral data are lacking. Data for the inhalation route are limited to acute
studies considered to be insufficient as a basis for a guideline value (I, 5, 22).

14.14.7 Guideline value
No carcinogenicity data on ethylbenzene are available. The compound was
shown to be nonmutagenic in a number of tests. Given these findings, a TDI approach may be applied.
The TDI is derived using a NOAEL of 136 mg/kg of body weight per day
based on hepatotoxicity and nephrotoxicity observed in a limited 6-month study
in rats (administration 5 days per week) (23); this dose level is equivalent to 97.1
mg/kg of body weight per day for dosing 7 days per week. After application of an
uncertainty factor of 1000 (1 00 for intra- and interspecies variation and 10 for
the limited database and short duration of the study), a TDI of 97.1 11g/kg of
body weight results. This yields a guideline value of 300 11g/litre (rounded figure), allocating 10% of the TDI to drinking-water, which exceeds the lowest reported odour threshold in drinking-water (2.4 11g/litre).
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14.15 Styrene
14.15.1 General description
Identity
CAS no:
100-42-5
Molecular formula: C 8H 8
The IUPAC name for styrene is phenylethene. It is also known as vinylbenzene,
ethenylbenzene, and styrol.

Physicochemical properties (1-3 )1

Property

Value

Physical state
Melting point
Boiling point
Vapour pressure
Density
Water solubility
Log octanol-water
partition coefficient

Colourless, viscous liquid
-30.6 oc
145 oc
0.6 kPa at 20 oc
0.91 g/cm3 at 20 oc
300 mg!litre at 20 oc

2.95

1 Conversion factor in air: 1 pprn = 4.2 rng/m3.
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Organoleptic properties
The average taste threshold reported for styrene in water at 40 oc is 0.12 mg/litre
(4). Styrene has a sweet odour, and odour thresholds for solutions in water range
from 0.02 to 2.6 mg/litre (5). An odour threshold for solutions in water at 60 oc
of0.0036 mg!litre has also been reported (4). The estimated odour threshold for
styrene in air is 0.1 mgfm3 ( 6).

Major uses
Styrene is used for the production of plastics and resins (I, 6).

Environmental fate
Styrene in air is very reactive in the presence of hydroxyl radicals and ozone, having a half-life of about 2 h (7). In air, it is oxidized to aldehydes, ketones, and
benzoic acid. High relative molecular mass peroxides can also be formed (6).

14.15.2 Analytical methods
The styrene content of water is determined by a purge-and-trap gas chromatographic procedure with photoionization detection, a method which is applicable
over a concentration range of0.05-1500 ~g/litre. Confirmation is by mass spectrometry (detection limit 0.3 ~g/litre) (2, B).

14.15.3 Environmental levels and human exposure
Air
Concentrations of styrene far from a source are negligible because of its high
reactivity with ozone and hydroxyl radicals. In Munich, styrene was detected
in the open air in industrial areas at a mean concentration of 0.5-5.9 ~gfm3.
Near styrene production plants, concentrations were 0.3-3000 ~g/m3. Indoor air
concentrations of styrene may be significantly higher in homes of smokers
than nonsmokers (6). Reported median values for personal exposure are 1.3-1.9
~g/m3 for indoor air and 0.1-0.7 ~gfm3 for outdoor air (9).

Water
In 1985, styrene was detected in the Rhine at a maximum concentration of 0.1
~g/litre. In the Great Lakes, USA, it was detected at concentrations of 0.1-0.5
~g/litre. It was not detected in the raw water of groundwater pumping stations in
Germany (6), but has been found in finished drinking-water in the USA at concentrations of less than 1 ~g/litre and in commercial, charcoal-filtered drinkingwater in New Orleans, USA (I).
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Food
Styrene has been found in food packaged in polystyrene containers, especially
yoghurt (2.5-34.6 flg/kg). In other milk products and honey, some tens of micrograms were found up to 120 days after packaging (I). In east Australia, 146
food samples packaged in polystyrene, especially milk products, were analysed.
About 85% of the yoghurt samples contained less than 50 flg/kg (maximum 100
flg/kg); the lowest concentrations were found in margarine (90% contained less
than 10 flg/kg) (1 0). In a study on 133 different types of foodstuffs packaged in
styrene-based materials (100-500 mg/kg), the concentration in the foodstuffs
ranged from less than 1 to 200 flg/kg. In meat products, styrene was present in
the outermost layers and was not detected after cooking (1 I).

Estimated total exposure and relative contribution of drinking-water
The population exposure level for styrene is estimated to be approximately 40 flg
per person per day for nonsmokers in nonindustrial areas. This figure is based on
the levels in the open air (2 flg/day), traffic (mean of 10-50 flg/day), and food (5
flg derived from the consumption of 500 g of milk products in styrene-based
packages). The most important exposure is active smoking (500 flg/day). Passive
smoking accounts for only a few micrograms per day. In industrial areas, the exposure via open air is 400 flg/ day. Exposure via drinking-water is negligible ( 6).

14.15.4 Kinetics and metabolism in laboratory animals and
humans
Mter exposure by inhalation or administration by gavage, 60-90% of styrene is
absorbed. Controlled laboratory studies in animals and humans have shown that
uptake of styrene is rapid and that it is widely distributed to the whole body with
a preference for lipids. Elimination from lipid depots is slower (half-life 2-4 days)
than from other tissues. There is no tendency towards long-term accumulation.
Styrene is biotransformed mainly to styrene-7,8-oxide via the mixed function oxidase system. This occurs in the liver as well as in a number of other tissues and organs. The epoxide is further hydrolysed by the action of epoxide
hydrolase to styrene glycol which, in turn, can be converted into mandelic acid,
phenylglyoxylic acid, and hippuric acid, or conjugated to give glucuronic acid.
Styrene-7,8-oxide can also be conjugated with glutathione to form mercapturic
acid derivatives.
A small percentage of the dose absorbed is excreted unchanged in the expired
air in both laboratory animals and humans after exposure via various routes.
More than 90% of an oral dose is excreted rapidly as metabolites, mainly via the
urine. In general, the metabolites in the urine of laboratory animals and humans
are qualitatively the same, but the amounts are species-dependent. Major
metabolites in humans are mandelic acid and phenylglyoxylic acid. Elimination
of styrene and its metabolites can be described by a rwo-compartment kinetic
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model with an initial rapid phase and a slow terminal phase. At high exposure
levels, elimination in animals appeared to be monophasic, suggesting a saturable
metabolic pathway (2, 5, 12, 13).

14.15.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Styrene has a low acute toxicity. For the rat, the oral LD 50 is 5-8 g/kg of body
weight, and the 4-h and 6-h LC 50 s are 11 and 19 gfm3 of air, respectively (5, 12).
At lethal oral doses, rats became comatose before death. Autopsy revealed hepatic
changes and incidental renal changes (5).

Short-term exposure
The NOAEL in a 6-month oral toxicity study in the rat was 133 mg/kg of body
weight ( 14). In rats given dose levels above 200 mg/kg of body weight, enhanced
activities of drug-metabolizing enzymes and decreased glurathione-5-transferase
activity in the liver were seen (5). An increased sensitivity of dopamine receptors
was found at 200 and 400 mg/kg of body weight, suggesting involvement of
neurotransmitter function in the central nervous system effects caused by styrene
(15). At dose levels above 400 mg/kg of body weight, decreased body weight
gain, increased liver and kidney weights, significantly reduced glutathione concentrations in liver, kidneys, and brain, significantly enhanced liver enzyme activities, and histopathological changes in the liver were observed (5). At doses above
500 mg/kg of body weight, irritation of the oesophagus and stomach and hyperkeratosis of the forestomach were observed and deaths occurred. No haematological changes were observed in short-term oral studies in the rat (5). In a
19-month oral study in dogs, a dose-related increased incidence in Heinz bodies
in erythrocytes was observed down to the lowest dose tested (200 mg/kg of body
weight) (16).

Long-term exposure
In a study in which pregnant BDIV rats received a styrene dose of 1350 mg/kg of
body weight in olive oil on day 17 of pregnancy and their offspring received 500
mg/kg of body weight in olive oil weekly from weaning for 120 weeks, congestion of lungs and kidneys and necrotic foci in liver parenchyma were seen in rats
that died before 60 weeks. Rats dying after 80-90 weeks showed lesions of the
forestomach (atrophy or local desquamation of epithelium, necrotic areas with
inflammatory reactions of underlying tissues) and kidneys (hyperplasia of pelvis
epithelium) (17).
In a study in which F344 rats were given styrene at 500, 1000, or 2000
mg/kg of body weight in corn oil, significantly increased mortality was seen in
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males at the highest dose level, probably due to hepatic necrosis. A dose-related
growth depression in males was seen at all dose levels (1 B).
In a 2-year oral toxicity study, Charles River COBS CD (SD) rats received 0,
125, or 250 mg of styrene per litre of drinking-water. At 250 mg!litre, females
showed a significantly lower terminal body weight than control females. No other treatment-related effects were seen. The parameters studied were clinical signs,
mortality, growth, food and water intake, haemograms, clinical chemistry, urinalysis, gross necropsy, and histopathology. The NOAEL in this study was 125
mg/litre (corresponding to 7.7 mg/kg of body weight for males and 12 mg/kg of
body weight for females) (19).

Reproductive toxicity, embryotoxicity, and teratogenicity
In a three-generation reproductive study, Charles River COBS CD (SD) rats received 0, 125, or 250 mg of styrene per litre in drinking-water. No effect on reproductive parameters was observed (19). An oral teratogenicity study in rats did
not reveal maternal toxicity, teratogenic effects, or embryotoxic effects at dose
levels up to and including 300 mg/kg of body weight (20). In a study in which
pregnant BDIV rats received styrene at 1350 mg/kg of body weight in olive oil
on day 17 of pregnancy and their offspring received 500 mglkg of body weight
in olive oil weekly from weaning for 120 weeks, neonatal mortality in the test
group was 10% compared with 2.5% in the control group (17).
Styrene was not teratogenic in studies on mice, rats, hamsters, and rabbits
exposed by inhalation. Embryo toxic effects were seen at dose levels above 1050
mgfm3. Styrene-7,8-oxide caused embryotoxic but not teratogenic effects in rats
and rabbits exposed to concentrations above 73.5 mgfm3 (5).

Mutagenicity and related end-points
Styrene is mutagenic in a variety of test systems but only with metabolic activation. It induces gene mutations in both prokaryotic and eukaryotic microorganisms, Drosophila, and mammalian cells in vitro, as well as chromosomal
abnormalities in mammalian cells in vitro. In vivo tests for chromosomal abnormalities gave contradictory results; positive results were observed mainly at high
doses (3, 5).
Styrene-7,8-oxide, the main reactive intermediate of styrene biotransformation, is a direct-acting mutagen that induces gene mutations in microorganisms,
Drosophila, and mammalian cells in vitro as well as chromosomal abnormalities in
mammalian cells in vitro. In vivo studies of chromosomal aberrations, DNA breaks,
and sister chromatid exchange gave contradictory results (3, 5).

Carcinogenicity
Oral carcinogenicity studies were carried out with two strains of mice already ex-
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posed in utero. In the first study, with 0 20 mice, a significantly increased incidence oflung tumours (adenomas and adenocarcinomas) was observed in the test
group. However, only one extremely high dose level (1350 mg/kg of body weight
in olive oil) was used in this study, and dosing was terminated at 16 weeks of age
because of high mortality. The experiment was terminated at 100 weeks when all
animals had died (17). In the second study, with C57B1 mice, no significantly
increased tumour incidences were observed in the test group. Only one dose level
of 300 mg/kg of body weight was tested ( 17).
In an oral carcinogeniciry study with B6C3F 1 mice, a significantly increased
incidence of lung tumours (adenomas and carcinomas) was seen in males at the
highest dose level only (300 mg/kg of body weight in corn oil). However, the
control group was rather small ( 18).
In a study on in utero exposure, pregnant BDIV rats received sryrene at 1350
mg/kg of body weight in olive oil on day 17 of pregnancy. Their offspring received 500 mg of sryrene per kg of body weight in olive oil weekly from weaning
for 120 weeks. The incidence of tumours was not significantly increased (17). In
a study with F344 rats dosed at 500, 1000, or 2000 mg/kg of body weight in
corn oil, no significantly increased tumour incidences were observed (18). The
same result was found both in a study, terminated after 140 weeks, in which
Sprague-Dawley rats received 0, 50, or 250 mg of sryrene per kg of body weight
in olive oil, 4-5 days per week for 52 weeks (21), and in a study in which Charles
River COBS CD (SO) rats received 0, 125, or 250 mg of styrene per litre in
drinking-water (19).
In rwo long-term gavage studies in rats with sryrene-7,8-oxide, significantly
increased incidences of papillomas and carcinomas in the forestomach were observed. Dose levels were as high as 250 mg/kg of body weight (22, 23).

14.15.6 Effects on humans
Short-term controlled studies in volunteers exposed by inhalation showed that
sryrene at concentrations above 210 mgfm3 in air can cause irritation of the mucous membranes of the eyes, nose, and respiratory tract and depression of the
central nervous system, as indicated by listlessness, drowsiness, incoordination,
increased simple reaction times, and changes in visual evoked response and EEG
amplitude (5, 12).
In clinical studies in humans occupationally exposed for long periods, effects
were generally observed at concentrations above 200 mgfm3. Irritation of conjunctival and respiratory mucosa and prenarcotic symptoms were reported. Neurotoxiciry involving the central as well as the peripheral nervous systems was seen
in some cases. Effects were reported at dose levels of 100-200 mgfm3. Some
studies in workers suggested hepatotoxiciry after long-term exposure to sryrene,
but no clear evidence for this effect could be found (3, 5, 12). In an extensive
study in workers (24), 84 mgfm3 caused only marginal effects. Because of the
number of workers examined, the great number of parameters studied, and the
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absence of effects in other studies at concentrations below 100 mgfm3, 84 mgfm3
can be considered as the lowest observed marginal effect concentration in air for
humans (5).
A few limited studies have reported on styrene-induced reproductive and
teratogenic effects in occupationally exposed female workers. The results were
contradictory, so that no definite conclusions could be drawn (3, 5, 12).
No chromosomal aberrations in peripherallymphocytes could be detected in
workers occupationally exposed to low concentrations of styrene, but significantly elevated frequencies of such chromosomal aberrations were observed in
those occupationally exposed to much higher concentrations (5).
An association berween the occurrence of leukaemia and lymphoma in humans and occupational exposure to styrene has been suggested. In the reinforced
plastics industry, retrospective cohort mortality studies did not reveal any significantly increased mortality due to carcinogenicity. However, all the studies had
serious defects, such as small or ill-defined cohorts and limited follow-up. In
addition, mixed exposure to other compounds and/or past exposure to benzene
had taken place (2, 5, 25).

14.15.7 Guideline value
On the basis of the available data, IARC classified styrene in Group 2B (25). It
has been shown to be mutagenic in in vitro systems but only with metabolic activation. In vivo studies showed positive effects, but only at high doses. As the
main metabolite, styrene-7,8-oxide, is a direct-acting mutagen, this compound is
probably responsible for the positive effect of styrene after metabolic activation.
Although carcinogenicity studies in mice and rats by various routes of administration did not provide evidence for the carcinogenicity of styrene, styrene-7,8oxide was carcinogenic in long-term oral studies in rats. The available data
therefore suggest that the carcinogenicity of styrene is due to the formation of the
carcinogenic metabolite styrene-7 ,8-oxide as a consequence of the overloading of
the detoxification mechanisms (e.g. glutathione conjugation and hydrolysis by
epoxide hydrolase) after exposure to high styrene levels.
Based on the data given above, a TDI of7.7 rg/kg of body weight can be derived from a NOAEL of 7. 7 mg/kg of body weight per day for reduced body
weight in the 2-year drinking-water study in rats (19), applying an uncertainty
factor of 1000 (1 00 for intra- and interspecies variation and 10 for carcinogenicity and genotoxicity of the reactive intermediate styrene-7 ,8-oxide). If 1Oo/o of
the TDI is allocated to drinking-water, a guideline value of 20 )lg/litre (rounded
figure) can be calculated. It should be noted that the lowest observed odour
threshold for styrene in water is also 20 )lgllitre.
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14.16 Polynuclear aromatic hydrocarbons
14.16.1 General description
Polynuclear aromatic hydrocarbons (PAHs) are a large group of substances with a
molecular structure that includes two or more fused aromatic rings. Most of the
available literature on PAHs is concerned with benzo[a]pyrene (BaP), on which
this section will therefore be focused; information on other PAHs is included
where appropriate.

Identity ( 1)
Benzo[a]pyrene (BaP)
CAS no.:
50-32-8
Molecular formula: C20 H 12

Physicochemical properties

Property
Melting point
Boiling point
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

Value

179 oc
495 oc
7.47 x 10-7 Pa at 25 oc
3.8 ~g/litre at 25 oc
6.1 at 25

oc

Major uses
PAHs have no industrial uses but are produced primarily as a result of the incomplete combustion of organic material (J). The principal natural sources are forest
fires and volcanic eruptions (2), while anthropogenic sources include the incomplete combustion of fossil fuels, coke oven emissions, aluminium smelters, and
vehicle exhausts (3, 4).

Environmental fate
PAHs are microbially biodegraded in the surface layers of soil (5). Biodegradation is faster in the presence of oxygen (1); the rate also depends on redox conditions, nitrate levels, and the presence of organic soil constituents and chemicals
toxic to the degrading microorganisms (5). Half-lives for microbial degradation
range from 5 to 240 days (J).
Direct atmospheric input appears to be the major source of BaP in surface
waters (6). In water, most PAHs are adsorbed onto sediments and suspended
solids. Volatilization may be important over periods exceeding 1 month. Most

495

GUIDELINES FOR DRINKING-WATER QUALITY

PAHs are susceptible to aqueous photolysis under optimal conditions; they are
biodegraded in water and taken up by aquatic organisms (1).

14.16.2 Analytical methods
Concentrations of BaP and other PAHs in water may be determined by gas
chromatography in conjunction with mass spectrometry; the practical quantification limit is 0.01 rg!litre (Department of National Health and Welfare
(Canada), unpublished data, 1988). High-pressure liquid chromatography with
spectrof1uorimetric detection (detection limit 0.1 ng/litre) can be used for the
determination of BaP in drinking-water (7).

14.16.3 Environmental levels and human exposure
Air
Mean levels of BaP in air are generally less than 1 ngfm3 (5, 8, 9), although levels
as high as 37.3 ngfm3 have been measured (10); the levels tend to be higher in
winter than in summer (8, 9). The mean level of total PAHs in Canadian cities
sampled from 1984 to 1986 was 100 ngfm3 (8).
Concentrations ofPAHs in indoor air are likely to vary considerably depending on indoor sources, such as woodstoves and tobacco smoke. Levels of BaP in
indoor air in New Jersey ranged from 0.1 to 8.1 ngfm3 (7).

Water
Water from 17 groundwater and 89 surface water systems was analysed for BaP,
benzo[b]f1uoranthene, and indeno[1,2,3-c,d]pyrene in 1976-77 in the USA;
none of the systems sampled contained quantifiable levels of these PAHs (detection limits 0.03-0.1 rgllitre) (1).
The typical level of BaP in drinking-water in the USA is estimated to be
0.55 ng!litre (1 I). It was not detected (detection limit 1.0 rgllitre) in water from
seven water-treatment plants in the area of Niagara Falls (12). The only PAH
detected in treated drinking-water in Ontario (Canada) in surveys carried out
in 1987 were benzo[k]f1uoranthene (twice at 1 ng/litre), f1uoranthene (20 and
30 ng!litre), and pyrene (twice at 40 ng/litre) (13). In 277 samples of municipal
water supplies in the Atlantic provinces of Canada taken during 1985 and 1986,
f1uoranthene, benzo[b]f1uoranthene, benzo[k]f1uoranthene, BaP, indeno[1,2,3c,d]pyrene, and benzo[g,h,t]perylene were detected in 58, 4, 1, 2, 0.4, and 0.7%
of samples, respectively (detection limits 0.001-0.006 rg/litre; detected concentrations 0.001-0.024 rgllitre) (14-17).
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Food
BaP may be present in foodstuffs as a result of the absorption and deposition of
particulates during processing (e.g. of smoked foods and leafY vegetables), the
pyrolysis of fats, and the incomplete combustion of charcoal (I 8--20). Typical
concentrations in food products range from nondetectable (<0.01 11g/kg) to
44 !lg/kg.

Estimated total exposure and relative contribution of drinking-water
Estimated daily intakes of total PAH in food range from 1.1 to 22.5 11g (I 1, 18);
the corresponding figures for BaP range from 0.0014 to 1.6 11g (7, 11, 18,21).
Ranges for the estimated average daily intake of fluoranthene, benzo[k]fluoranthene, dibenzo [a, t]pyrene, 9,1 0-dimethylbenzanthracene, benzo[a] anthracene,
benzo[b]fluoranthene, and dibenzo[a,h]anthracene in food by Canadians
are 2.5-2.6, 0.026-0.030, 1.0-2.8, 0.046-0.12, 0.15-0.39, 0.082-0.12, and
0.061-0.10 11g/person, respectively (20, 22). Estimated daily intakes from water,
food, and air are 20, 90-300, and 110 ng, respectively, for fluoranthene, and 0.4,
20-60, and 20 ng, respectively, for benzo[g,h,t]perylene (23,24).
The mean total daily intake of BaP from air has been estimated to range
from 0.025 11g/day (7) to 2.0 11g/day (I). The contribution of air to the daily intake is lower in rural areas than in urban areas (23, 24). Tobacco smoking is estimated to add a further 0.6 11g of BaP to daily intake (23, 24).
Daily intake of total PAHs from drinking-water is reported to be 0.027 11g
(I 1). Daily intake of BaP in drinking-water is estimated to range from 0.1 to
1 ng (7, 11).
It would appear that food is the major and most variable source of daily exposure both to BaP and to PAHs in general; drinking-water makes only a minor
contribution, probably no more than 1% of the total (I, 25).

14.16.4 Kinetics and metabolism in laboratory animals and
humans
BaP is absorbed principally through the gastrointestinal tract and the lungs.
Sprague-Dawley rats given BaP by duodenal infusion at 9.1-15.1 pmol!min
absorbed approximately 40% of the dose from the duodenum (26). The rate of
absorption of the different PAHs is influenced by their lipid solubilities (27) and
by the content of polyunsaturated fatty acids in the diet (28). Absorbed BaP is
rapidly distributed to the organs and tissues (29) and may be stored in mammary
and adipose tissues (30). It crosses the placenta and is distributed in the developing fetus (31).
BaP is metabolized primarily in the liver, although significant metabolism
can also occur in the tissues of the lung, gastrointestinal tract, placenta, skin, and
kidney (32). It is metabolized in two steps, the first of which involves oxidation
or hydroxylation via the cytochrome P-450-mediated mixed-function oxidase
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system, giving epoxides or phenols; the second step is detoxification of these metabolites to produce glucuronides, sulfates, or glutathione conjugates. Some of
the epoxides may, however, be metabolized to dihydrodiols, which may undergo
oxidation to diol-epoxides; these are thought to be responsible for carcinogenicity where this has been demonstrated. BaP metabolites are eliminated primarily in the faeces; only small amounts are excreted in the urine as water-soluble
conjugates (25).

14.16.5 Effects on laboratory animals and in vitro test systems
The health effect of primary concern is carcinogenicity; doses of at least an order
of magnitude greater than those that result in neoplastic lesions are required to
induce other effects.

Acute exposure
The oral LD 50s for various PAHs are reported to range between 490 and 18 000
mg/kg of body weight (33). Effects induced in animals following acute exposure
include inflammation, hyperplasia, hyperkeratosis and ulceration of the skin,
pneumonitis, damage to the haematopoietic and lymphoid systems, immunosuppression, adrenal necrosis, ovotoxicity, and antispermatogenic effects (I 1).

Short-term exposure
No treatment-related effects were observed in groups of CO-l mice given anthracene by gavage at doses of 0, 250, 500, or 1000 mg/kg of body weight per day for
at least 90 days. Male and female CO-l mice given 0, 125, 250, or 500 mg of
fluoranthene per kg of body weight per day for 13 weeks by gavage exhibited increased alanine aminotransferase levels, kidney and liver changes, and clinical
and haematological changes at 250 mg/kg of body weight per day. In a study in
which CD-I mice were exposed to fluorene suspended in corn oil at 0, 125, 250,
or 500 mg/kg of body weight per day by gavage for 13 weeks, a significant decrease in red blood cell count and packed cell volume was observed in females
treated with 250 mg/kg of body weight per day and in males and females treated
with 500 mg/kg of body weight per day; decreased haemoglobin concentrations
and increased total serum bilirubin levels were also observed in the group given
500 mg/kg of body weight per day. Male and female CD-1 mice gavaged with
pyrene in corn oil at 0, 75, 125, or 250 mg/kg of body weight per day for 13
weeks exhibited kidney effects (renal tubular pathology, decreased kidney
weights) at 125 mg/kg of body weight per day (34).
Other reported effects after short-term exposure to various PAHs include:
hepatic changes in rats dosed orally with 1 g of naphthalene per kg of body
weight per day for l 0 days; decreased spleen weight in females and lowered
hepatic aryl hydrocarbon hydroxylase activity in both sexes at the highest dose in
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CD-1 mice given 5.3, 53, or 133 mg of naphthalene per kg of body weight per
day for 90 days; loss of body weight and mild pathological changes in the liver
and kidney in rats given oral doses of acenaphthene in olive oil at 2 g/kg of body
weight per day for 32 days; and depression of body weight gain, elevated liver
weight, and lowered spleen weight at the higher dose levels in rats fed diets containing 0.062-1.0% fluorene for 104 days (25).

Reproductive toxicity, embryotoxicity, and teratogenicity
In the offspring of pregnant CD-1 mice given oral doses of 0, 10, 40, or 160 mg
of BaP per kg of body weight per day on days 7-16 of gestation, total sterility was
noted in 97% of the two highest dose groups, whereas 20% of males and 34% of
females exposed in utero to 10 mg/kg of body weight per day were infertile; fertility was reduced in the remaining animals in the lowest dose group (35).
Topical administration of BaP to pregnant mice on days 13-17 of gestation
resulted in the appearance of a highly mutagenic dihydrodiol epoxide attached to
the haemoglobin in the newborn (36). Transplacental carcinogenesis has been
observed following subcutaneous administration of large doses (37). However,
little BaP was transferred to the fetus following the oral administration to mice of
a single dose of 12 mg/kg of body weight on days 11-18 of gestation (38).

Mutagenicity and related end-points
BaP was mutagenic in Salmonella typhimurium strain TA 1538 after metabolic
activation by a preparation of microsomal enzymes from a liver homogenate,
fraction S9, obtained from rats (39); it has also induced mutations in cultured
human lym phoblastoid cells ( 40). The diol-epoxide metabolites of BaP are considerably more mutagenic than the parent compound. Induction of sister chromatid exchanges in Chinese hamsters following intraperitoneal administration of
BaP has been reported (41), and a correlation has been observed between sister
chromatid exchange and the production of BaP metabolites in two variant mouse
hepatoma cell lines (42).

Carcinogenicity
Many PAH-containing mixtures have been associated with an increased incidence of cancer, but the contribution of each of the individual components to
the overall carcinogenic potency is difficult to assess (43). The relative carcinogenic potencies of various PAHs, based on bioassays by several routes of administration and related toxicological data, have been ranked in decreasing order as
follows: dibenz[a,h]anthracene, BaP, anthanthrene, indeno[l ,2,3-cd]pyrene,
benzo[a]anthracene, benzo[b]fluoranthene, pyrene, benzo[k]fluoranthene, benzo [j] fluoranthene, cyclopentadieno [c,d] pyrene, benzo [g, h, t] perylene, chrysene,
and benzo[e]pyrene ( 44). The Environmental Protection Agency in the USA has
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determined that acenaphthene, anthracene, fluoranthene, fluorene, and pyrene
are not classifiable as to human carcinogenicity because of the absence of human
data and the inadequacy of the data from animal bioassays (34).
BaP is one of the most potent PAH carcinogens; primary tumours have been
produced, both at the site of administration and in other tissues, in mice, rats,
hamsters, guinea-pigs, rabbits, ducks, and monkeys following intragastric, subcutaneous, dermal, or intratracheal administration. The target sites appear to be
proliferating tissues such as the intestinal epithelia, bone marrow, lymphoid organs, and testes, which interact with the active metabolites of BaP (1 I). There
appear to be interspecies differences in the formation of DNA adducts, as the
binding of anti-BaP 7,8-dihydrodiol-9,10-epoxide to endometrial DNA has been
determined to be greatest in humans, followed by hamsters, mice, and rats ( 45).
Groups of CFW mice of varying ages (23-73 per dose; number per sex not
specified) were fed BaP in the diet at concentrations of 0.001, 0.0 1, 0.02, 0.03,
0.04, 0.045, 0.05, 0.10, or 0.25 mg/g offood for periods of98-197 days. The
control group consisted of 171 males and 289 females. There was a significant
dose-related increase in stomach tumours, mostly squamous cell papillomas
and some carcinomas, in the treated animals as compared with the controls.
The incidence of gastric tumours was 0 in the controls, and 0, 0, 5, 0, 2.5, 10,
70, 82, and 90% in the treatment groups in order of increasing dietary concentration ( 46).
In an additional study conducted by the same authors, groups of9-26 CFW
mice were fed diets containing 0.25 mg of BaP per g for periods ranging from 1
to 30 days, then observed for up to 105 days. The incidence of gastric tumours in
these groups was 0, 11, 10, 44, 30, and 100% for periods of administration of
1, 2, 4, 5, 7, and 30 days, respectively (46).
A total of 63 male CF 1 mice given BaP by forced drinking (0.003% solution
in 95% ethanol), 5 days per week for up to 22 months developed 11 oesophageal
tumours (10 papillomas and one carcinoma) and 15 forestomach tumours (13
papillomas and two carcinomas), as compared with no oesophageal tumours and
five forestomach tumours (all papillomas) in the 67 controls ( 47).
Groups of 160 female albino mice fed diets containing 4 mg of BaP per kg or
3 mg of 9,1 0-dimethylbenzanthracene per kg for 14 months had an incidence of
gastric tumours of 8.1 and 28% and an incidence of mesenteric tumours of 0 and
69%, respectively ( 48).

14.16.6 Effects on humans
There have been few studies on the human health effects of PAHs. Human subjects skin-painted with BaP developed skin lesions ( 49, 50). Cases of accidental
poisoning by naphthalene, resulting in death by acute haemolytic anaemia, have
been reported (51).
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14.16. 7 Guideline value
Available toxicological data are sufficient to serve as a basis for the derivation of a
guideline value only for BaP, one of the most potent carcinogens among the
PAHs tested to date. IARC has classified BaP in Group 2A (probably carcinogenic to humans) (52). The guideline value is therefore derived on the basis of
the lifetime cancer risk estimated by extrapolation of the tumour incidence data
observed in the most appropriate carcinogenicity bioassay in animals.
The only study by the most appropriate route of administration (i.e. the oral
route) in which there was an increase of stomach tumours associated with an increase in the ingested concentration of BaP was that in which CFW mice were
fed BaP in the diet at concentrations of 0.001, 0.01, 0.02, 0.03, 0.04, 0.045,
0.05, 0.10, or 0.25 mg/g offood for periods ranging from 98 to 197 days (46).
Because of the variable dosing patterns and age of the animals at sacrifice, data on
tumour incidence from this study cannot be confidently extrapolated by meam
of the models currently employed in quantitative risk assessment (i.e. model-free
or linearized multistage extrapolation, which was used in deriving the previous
BaP guideline), as they assume constant exposure and sacrifice at the median
point of the life span. However, the tumour incidence data have been extrapolated using the two-stage birth-death mutation model, which can incorporate
the variable exposure and sacrifice patterns (53). With this model, the estimate
of the upper bound on the low-dose risk was 0.46 (mg/kg of body weight
per day)-l without correction for differences in body surface area, as BaP is an
indirect-acting carcinogen, i.e. the carcinogenicity appears to be attributable to a
metabolite rather than to BaP itself. The resulting estimated concentrations of
BaP in drinking-water corresponding to excess lifetime cancer risks of 10-4, 10-5,
and 10-6 for stomach tumours are 7, 0.7, and 0.07 )lg!litre.
There are insufficient data available to derive drinking-water guidelines for
other PAHs. However, the following recommendations are made for the PAH
group:
• Because of the close association of PAHs with suspended solids, the application of treatment, when necessary, to achieve the recommended level of turbidity will ensure that PAH levels are reduced to a minimum.
• Contamination of water with PAHs should not occur during water treatment or distribution. Therefore, the use of coal-tar-based and similar
materials for pipe linings and coatings on storage tanks should be discontinued. It is recognized that it may be impracticable to remove coal-tar linings
from existing pipes. Research is needed on methods of minimizing the leaching of PAHs from such lining materials.
• To monitor PAH levels, the use of several specific compounds as indicators
for the group as a whole is recommended. The choice of indicator compounds will vary for each individual situation. PAH levels should be monitored regularly in order to determine the background levels against which
any changes can be assessed so that remedial action can be taken, if necessary.
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•

In situations where drinking-water is known to have been contaminated by
PAHs, the specific compounds present and the source of the contamination
should be identified, as the carcinogenic potential of PAH compounds
vanes.
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14.17 Monochlorobenzene
14.17.1 General description
Identity
CASno.:
108-90-7
Molecular formula: C 6 H 5Cl

Physicochemical properties ( 1-3) t
Property
Melting point
Boiling point
Density
Water solubility
Log octanol-water
partition coefficient
Vapour pressure

Value
-45.6 oc
132.0 oc
1.1058 g/cm3 at 20 oc
500 mg!litre at 20 oc

2.84
1.18 kPa at 20

oc

Organoleptic properties
Taste and odour thresholds of 10-20 flg!litre (4) and odour thresholds of 50,
40-120, and 100 [lgflitre (2, 5, 6) have been reported for monochlorobenzene
(MCB).

Major uses
MCB is used mainly as a solvent in pesticide formulations, as a degreasing agent,
and as an intermediate in the synthesis of other halogenated organic compounds.

Environmental fate
The concentration ofMCB released into water and onto land will decrease mainly because of volatilization into the atmosphere. In water, some biodegradation
also occurs, proceeding more rapidly in fresh water than in estuarine and marine
waters. The rate is also more rapid if there has been acclimatization of the
degrading microorganisms. Some adsorption onto organic sediments occurs (3).
MCB is relatively mobile in sandy soil and aquifer material and biodegrades
slowly in these soils; it may therefore leach into groundwater (3). The octa1 Converswn factor 111 air: 1 ppm = 4.60 mgfm3.
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nol-water partmon coefficient suggests that little or no bioconcentration of
MCB will occur in aquatic species.

14.17.2 Analytical methods
A standard method for chlorobenzenes involves extraction with hexane followed
by capillary column gas-liquid chromatography with electron-capture detection.
The method is capable of achieving detection limits in tapwater and river water
of about 0.1 11g/litre (7).

14.17.3 Environmental levels and human exposure
Air
Because MCB is volatile and is used extensively as a solvent, large quantities are
released to air. However, atmospheric concentrations are usually very low, often
much less than 4.6 11g/m3 (3, 8).

Water
MCB has been detected in wastewaters, surface and groundwaters, and drinkingwater. In some Canadian potable water sources, mean concentrations were less
than 1 11gllitre; the maximum value recorded was 5 11g/litre (9).

Food
Chlorobenzene has been found in edible freshwater and marine organisms, although levels are not significant. Human milk may be a source of exposure for
infants; MCB was detected in five out of eight samples of human milk in a study
in the USA (10).

Estimated total exposure and relative contribution of drinking-water
Despite the low levels of MCB in air, inhalation is probably the major route of
environmental exposure.

14.17.4 Kinetics and metabolism in laboratory animals and
humans
MCB appears to be readily absorbed via the oral and inhalation routes and accumulates mainly in fatty tissue ( 11, 12). The major metabolites of MCB in mammals are p-chlorophenol mercapturic acid, 4-chlorocatechol, and p-chlorophenol.
In humans, the main metabolite is 4-chlorocatechol (13). The major route of
MCB excretion is the urine; little is excreted in the faeces or retained in the body.
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14.17.5 Effects on laboratory animals and in vitro test systems
Acute exposure
MCB is of low acute toxicity to experimental animals via the oral and inhalation
routes. Oral LD~ 0 s in the grams per kilogram range have been reported for
rodents. Major target organs of acute exposure are the liver and kidneys.

Short-term exposure
In a 13-week study, groups of 10 Fischer 344 rats and 10 B6C3F 1 hybrid mice of
each sex received MCB in corn oil at 0, 60, 125, 250, 500, or 750 mg/kg of body
weight by gavage, for 5 days per week. Effects were seen mainly in the liver, kidney, and haematopoietic system. A NOAEL of 125 mg/kg of body weight was
identified in the study. The LOAEL was 250 mg/kg of body weight, which
caused a slight decrease in spleen weight and lymphoid or myeloid depletion of
the thymus, spleen, or bone marrow (14,15).

Long-term exposure
In a 2-year study, groups of 50 Fischer 344 rats and 50 B6C3F 1 mice of each sex
received MCB in corn oil by gavage, 5 days per week for 103 weeks. The doses
administered were 0, 60, or 120 mg/kg of body weight for female mice and rats
of both sexes, and 0, 30, or 60 mg/kg of body weight for male mice. No evidence
of MCB-related toxicity was reported. Although survival was reduced in male
rats at 120 mg/kg of body weight and slightly reduced in male mice at 30 and 60
mg/kg of body weight, this was not thought to be compound-related, as body
weight gains were unaffected and MCB-induced toxic lesions related to death
were not observed. A NOAEL of 60 mg/kg of body weight was therefore identified for male mice and one of 120 mg/kg of body weight for female mice and
male and female rats (14,15).

Reproductive toxicity, embryotoxicity, and teratogenicity
Exposure of Fischer 344 rats and New Zealand white rabbits to 0, 75, 210, or
'590 ppm MCB (0, 345, 966 or 2714 mgfm3) via inhalation for 6 h per day during the major period of organogenesis did not cause embryotoxicity or teratogenicity in the rats. Fetal effects in rats were limited to slight delays in skeletal
development, which occurred only at concentrations causing maternal toxicity
(2714 mgfm3). In rabbits, fetuses exhibited a low incidence of visceral malformations that were not dose-related ( 16). In a two-generation inhalation study, exposure levels of 50, 150, and 450 ppm (230, 690, and 2070 mgfm3) did not have
any adverse effects on reproductive performance or fertility in male and female
rats (1 7).

508

14 ORGANIC CONSTITUENTS

Mutagenicity and related end-points
MCB was not mutagenic in Salmonella typhimurium strains TA98, TAlOO,
TA1535, or TA1537, with or without activation with rat or hamster liver 59
enzymes (18). In one study, the intraperitoneal injection of MCB in corn oil
(up to 70% of the LD 50 ) to groups of five mice led to a dose-related increase
in the formation of micronucleated polychromatic erythrocytes. The authors
considered that the effects were due to the clastogenic activity of MCB (19).
However, similar results have not been reported by other workers (20). MCB
appears to bind covalently to DNA in liver, kidney, and lung of rats and mice
following intraperitoneal injection (21), but the level of binding was considered
to be low (20).

Carcinogenicity
In the 2-year study in which groups of 50 Fischer 344 rats and 50 B6C3F 1 mice
of each sex received MCB in corn oil by gavage, 5 days per week for 103 weeks,
doses of 60 or 120 mg/kg of body weight caused slight (statistically significant at
120 mg/kg of body weight) increases in the frequency of neoplastic nodules of
the liver in male rats (14, 15). Increased incidences of hepatocellular carcinoma~
were not observed in male or female rats. No increased tumour incidences were
observed in female rats or in male or female mice. Rare tumours observed in
three exposed animals were not statistically significant; they included one renal
tubular-cell adenocarcinoma in a high-dose (120 mg/kg of body weight) female
rat and transitional cell papillomas of the bladder in two male rats, one in the
low-dose group (60 mg/kg of body weight) and one in the high-dose group (120
mg/kg of body weight). The frequency of pituitary tumours was reduced in rats
receiving MCB; the significance of this finding is not known. The study provided some not altogether convincing evidence of carcinogenicity in male Fischer
344 rats, but none in female Fischer 344 rats or in male or female B6C3F 1 mice
(14, 15,20).

14.17.6 Effects on humans
MCB is toxic to humans; poisoning and occupational exposure caused central
nervous system disturbances. In addition, subjects occupationally exposed ro
MCB for 2 years suffered from headaches, dizziness, and sleepiness (22).

14.17.7 Guideline value
Although there was a weak dose-related increase in neoplastic liver nodules
in male rats, the weight of evidence suggests that MCB is not genotoxic; a TDI
approach can therefore be adopted.
Based on the 2-year study with rats and mice in which a NOAEL of 60
mg/kg of body weight for neoplastic nodules was identified ( 14, 15), a 1'D I of
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85.7 p.g/kg of body weight can be calculated by applying an uncertainty factor of
500 (1 00 for inter- and intraspecies variation and 5 for the limited evidence of
carcinogenicity) to the NOAEL and allowing for dosing 5 days per week. This
gives a guideline value of 300 p.g!litre (rounded figure), based on an allocation of
10% of the TDI to drinking-water. However, this value far exceeds the lowest reported taste and odour threshold in water of 10 p.g!litre.
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14.18 Dichlorobenzenes
14.18.1 General description
Identity
Compound
1,2-Dichlorobenzene ( 1,2-DCB)
1,3-Dichlorobenzene (1,3-DCB)
1,4-Dichlorobenzene (1,4-DCB)

CAS no.
95-50-1
541-73-1
106-46-7
511

Molecularformula
C 6 H 4 Cl 2
C 6 H 4 Cl 2
CGH4Cl 2
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Physicochemical properties (1-3)1
Property
Melting point (°C)
Boiling point (°C)
Water solubility at 25 oc (mg/lirre)
Vapour pressure at 25 oc (kPa)
Density at 20 oc (g/cm3)
Log octanol-water partition coefficient

1,2-DCB
-17.0
180.5

91
0.2
1.305
3.38

1,3-DCB
-24.7
173.0
123
0.31
1.288
3.48

1,4-DCB
53.1
174.0
31
0.226
1.247
3.38

Organoleptic properties
The organoleptic thresholds for all three isomers are low. Odour thresholds of
2-10, 20, and 0.3-30 flg/litre have been reported for 1,2-DCB, 1,3-DCB, and
1,4-DCB, respectively (4, 5). Taste thresholds of 1 and 6 flg!litre have been reported for 1,2-DCB and 1,4-DCB, respectively (4, 6).

Major uses
The DCBs are widely used in industry and in domestic products such as odourmasking agents, dyestuffs, and pesticides. 1,2-DCB and 1,4-DCB are the most
widely used ( 7).

Environmental fate
The DCBs are expected to be adsorbed moderately to tightly onto soils of high
organic content and are not expected to leach appreciably into groundwater. In
soils, they are biodegraded slowly under aerobic conditions; volatilization may be
important in surface soils. In water, the major DCB-removal processes are likely
to be adsorption onto sediments and bioaccumulation in aquatic organisms.
Evaporation from surface water may also be important, but not aquatic hydrolysis, oxidation, or direct photolysis. DCBs may biodegrade in aerobic water after
microbial adaptation. However, they are not expected to biodegrade under the anaerobic conditions that may exist in lake sediments or various groundwaters (2).

14.18.2 Analytical methods
A standard method for chlorobenzenes involves extraction with hexane followed
by capillary-column gas-liquid chromatography with electron-capture detection
(detection limit in tapwater and river water approximately 0.01 flg/litre) (8).

1

Conversion factor in air: lppm = 6.01 mgfm3.
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14.18.3 Environmental levels and human exposure
Air
The DCBs have been detected in the atmosphere at extremely low levels. In the
USA, mean 1,2-DCB concentrations of 1.2, 0.3 and 0.01 rglm-' have been
measured in industrial, urban, and rural locations, respectively; the overall mean
concentration was 0.54 rgfm3. Similarly, mean 1,3-DCB concentrations of 0.9,
0.5 and 0.04 rgfm3 have been reported for the same three locations, respectively;
the overall mean concentration was 0.57 rgfm3. Mean 1,2-DCB and 1,4-DCB
concentrations of 0.06-0.18 rgfm3 and 0.24-0.42 rgfm3 were detected in the
ambient air of three New Jersey (USA) cities in 1981 (2).

Water
DCBs have been detected in wastewater, raw water, surface water, and drinkingwater (2). Although all have been detected in drinking-water, 1,4-DCB is generally present in the greatest concentration. DCBs have been found in potable
water sources before treatment at levels as high as 10 rgllitre and in drinkingwater at 0.01-3 rg/litre (7). In a survey of the water supplies of three Canadian
cities, total mean DCB concentrations ranged from 1.0 to 13 ngllitre, most of
which was 1,4-DCB (9). In a study in the USA on the contamination of 685
groundwaters, 1,2-DCB, 1,3-DCB, and 1,4-DCB were detected in 20, 19, and
19 samples at maximum concentrations of 6800, 236 and 996 rg/litre, respectively (2).

Food
DCBs tend to accumulate in biological materials rich in lipids, such as fatty tissue and milk. Mean levels of 1,2-DCB, 1,3-DCB, and 1,4-DCB of2.6, 0.14,
and 5.5 rg/kg, respectively, have been measured in milk (2, 10). Fish have also
been shown to be a major source of DCBs; mean levels were 1, 0.3-3, and 1-4
rg/kg for 1,2-DCB, 1,3-DCB, and 1,4-DCB, respectively (2).

Estimated total exposure and relative contribution of drinking-water
General population exposure may occur through the inhalation of contaminated
air, especially in areas where DCBs are manufactured, and from the ingestion of
contaminated drinking-water and food, particularly contaminated fish.

14.18.4 Kinetics and metabolism in laboratory animals and
humans
DCBs are almost completely absorbed from the gastrointestinal tract. Once absorbed, they are rapidly distributed, primarily to fat or adipose tissue because of
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their lipophilicity and to kidney, liver, and lungs. They are metabolized mainly
by oxidation in the liver to the respective dichlorophenols and their glucuronide
and sulfate conjugates, although other minor metabolites have been detected.
The metabolites are excreted mainly via the kidneys, and excretion is relatively
slow. In rats, almost 100% of an oral dose of 1,4-DCB was excreted within 5
days, mostly in the urine (7).

14.18.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The DCBs are of low acute oral toxicity in experimental animals. Oral LD 50 s in
rodents range from 500 to 3863 mg/kg of body weight. The major target organs
are the liver and kidneys (7).

Short-term exposure
F344/N rats and B6C3F 1 mice were given 1,2-DCB in corn oil at 0, 30, 60, 125,
250, or 500 mg/kg of body weight per day by gavage 5 days per week for 13
weeks. Decreased survival in male and female mice and female rats was seen at
the highest dose level. Liver necrosis, hepatocellular degeneration, and depletion
of lymphocytes were seen in the thymus and spleen of both sexes of rats and
mice. At 250 mg/kg of body weight, necrosis of individual hepatocytes was observed in both sexes of rats and in male mice. Minimal hepatocellular necrosis
was observed in a few rats at 125 mg/kg of body weight, bur no hepatic alterations were observed in mice at this dose. A NOAEL of 125 mg/kg of body weight
per day was identified (7).

Long-term exposure
In a 2-year gavage study, B6C3F 1 female and male mice were given 0, GO, or 120
mg of 1,2-DCB per kg of body weight per day by gavage in corn oil, 5 days per
week. The only evidence of toxicity was a dose-related trend towards tubular degeneration of the kidney in male mice, the incidence of which increased at the
highest dose level. Otherwise, there was no evidence of non-neoplastic toxicity.
NOAELs of 60 and 120 mg/kg of body weight per day were identified for male
and female mice, respectively (7).
1,4-DCB was administered by gavage for 2 years, 5 days per week, to male
and female Fischer 344 rats at dose levels of 0, 150, or 300, and 0, 300, or 600
mg/kg of body weight per day in corn oil. In males, reduced survival and body
weight gain were observed at 300 mg/kg of body weight. Increased severity of
nephropathy and hyperplasia of the parathyroid were observed at 150 mg/kg of
body weight in males. In females, there was a dose-related increase in nephropathy at or above 300 mg/kg of body weight. LOAELs of 150 and 300 mg/kg of
body weight per day were identified for male and female rats, respectively (7).
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Reproductive toxicity, embryotoxicity, and teratogenicity
All three isomers were reported to be non-teratogenic when Sprague-Dawley rats
were given oral doses of 50, 100, or 200 mg/kg of body weight per day on days
6-15 of gestation (1 1). In another study, CD rats were given 1,4-DCB by gavage
at doses of 0, 250, 500, 750, or 1000 mg/kg of body weight per day on days
6-15 of gestation. Reduction of fetal weight was seen at the highest dose, and an
increase in skeletal variations was observed at or above 750 mg/kg of body weight
per day. A dose-related increase in extra ribs was observed at doses at or above
500 mg/kg of body weight per day. A LOAEL and a NOAEL of 500 and 250
mg/kg of body weight per day were identified, respectively ( 7).

Mutagenicity and related end-points
All three isomers were non-mutagenic in Salmonella typhimurium strains TA98,
TA100, TA1535, or TA1537, both in the presence and in the absence of metabolic activation. A number of other in vitro tests, such as those for the induction
of chromosomal aberrations in Chinese hamster ovary cells, forward mutations in
mouse lymphoma cells, and unscheduled DNA synthesis in human lymphocytes,
have also given negative results for 1 ,4-DCB. In all bur one study, 1,4-DCB has
not produced chromosome damage in bone marrow of mice when administered
in vivo. Negative results have also been obtained for this isomer in an assay of
DNA damage in liver of mice following oral exposure. Low-level covalent binding
of 1 ,4-DCB to the liver, kidneys, and lungs of mice has been reponed (1).

Carcinogenicity
In the 2-year gavage study in which B6C3F 1 female and male mice were given 0,
60, or 120 mg of 1,2-DCB per kg of body weight in corn oil, 5 days per week,
there was a dose-related trend in the incidence of malignant histiocytic lymphomas in both sexes; however, the authors concluded that there was no evidence for
the carcinogenicity of 1,2-DCB in this study (7).
In the study in which 1,4-DCB was administered by gavage for 2 years, 5
days per week, to male and female Fischer 344 rats at dose levels of 0, 150, or
300, and 0, 300, or 600 mg/kg of body weight in corn oil, respectively, a dose-related increase in the incidence of tubular-cell adenocarcinomas of the kidney
was observed in males only. A marginal increase in the incidence of mononuclear
cell leukaemia was also noted in males when compared with the controls. It was
concluded that the induction of kidney tumours in male rats was a species- and
sex-specific response, probably a result of hyaline droplet formation. In the same
study, 1,4-DCB increased the incidences of hepatocellular adenomas and carcinomas in mice dosed at 600 but not at 300 mg/kg of body weight (1).
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14.18.6 Effects on humans
Data on the health effects of exposure to DCBs are restricted to case reports of
accidental exposure to, or misuse of DCB products. Reported acute effects following short-term exposure (all of which are reversible) include acute haemolytic
anaemia, respiratory irritation, glomerulonephritis, and allergic response of the
skin. Prolonged exposure to 1,4-DCB has caused granulomatosis, anaemia, disturbances of the reticuloendothelial system, central nervous system effects, and
liver damage. In workers exposed to 1,4-DCB, probably in combination with
other chemicals, there have been case reports ofhaematological disorders, including anaemia, splenomegaly, and gastrointestinal and central nervous system effects. Two cases of acute myeloblastic anaemia were reported in females exposed
mainly to 1,2-DCB over 1 year (7).

14.18. 7 Guideline values
1,2-Dich/orobenzene
IARC has placed 1,2-DCB in Group 3 (12). This isomer is of low acute toxicity
by the oral route of exposure. Oral exposure to high doses affects mainly the liver
and kidneys. The balance of evidence suggests that 1,2-DCB is not genotoxic,
and there is no evidence for its carcinogenicity in rodents. Using the NOAEL of
60 mg/kg of body weight per day for tubular degeneration of the kidney, identified in a 2-year mouse gavage study with administration 5 days per week (7), and
applying an uncertainty factor of 100 (for inter- and intraspecies variation), a
TDI of 429 )lglkg of body weight can be calculated. An allocation of 1Oo/o of the
TDI to drinking-water gives a guideline value of 1000 )lg!litre (rounded figure).
This value far exceeds the lowest reported taste threshold in water of 1 )lg/litre.
1,3-Dich/orobenzene
There are insufficient toxicological data on this compound to permit a guideline
value to be proposed, but it should be noted that it is rarely found in drinkingwater.
1,4-Dich/orobenzene
1,4-DCB is of low acute toxicity, but there is evidence that it increases the incidence of renal tumours in rats and hepatocellular adenomas and carcinomas in
mice after long-term exposure. IARC has placed it in Group 2B (12).
1,4-DCB is not considered to be genotoxic, and the relevance for humans of
the tumours observed in animals is doubtful. It is therefore valid to calculate a
guideline value using the TDI approach. A TDI of 107 )lg/kg of body weight has
been calculated by applying an uncertainty factor of 1000 (1 00 for inter- and intraspecies variation and 10 for the use of a LOAEL instead of a NOAEL and be-
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cause the toxic end-point is carcinogenicity) to a LOAEL of 150 mg/kg of body
weight per day for kidney effects observed in a 2-year rat gavage study (administration 5 days per week) ( 7). A guideline value of 300 Jlg!litre (rounded figure) is
proposed, based on an allocation of 10% of the TDI to drinking-water. This value far exceeds the lowest reported odour threshold in water of 0.3 Jlg!litre.
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14.19 Trichlorobenzenes
14.19.1 General description
Identity
Compound
1,2,3-Trichlorobenzene ( 1,2,3-TCB)
1,2,4-Trichlorobenzene (1 ,2,4-TCB)
1,3,5-Trichlorobenzene (I ,3,5-TCB)

CAS no.
76-61-6
120-82-1
108-70-3

Molecular formula
C 6H 3Cl 3
C6H3Cl3

C 6H 3Cl 3

Physicochemical properties {1-4)
Property
Melting point (QC)
Boiling point (QC)
Water solubility (mg/litre)
Log octanol-water partition coefficient
Vapour pressure at 2'5 QC (kPa)

1,2,3-TCB
53-54
218-219
12 (22 QC)
4.04

1,2,4-TCB
17
213.5
19 (22 QC)
4.02
0.04

1,3,5-TCB
63-64
208
5.8(20 QC)
4.49
0.08

Organoleptic properties
Odour thresholds of 10, 5-30, and 50 )lgllitre have been reported for 1,2,3TCB, 1,2,4-TCB, and 1,3,5-TCB, respectively (5, 6). A taste and odour threshold concentration of 30 )lgllitre has been reported for 1,2,4-TCB (7).

Major uses
1,2,4-TCB i~ economically the most important isomer. Industrial-grade TCB,
which consists of 93-98% 1,2,4-TCB and the remainder 1,2,3-TCB, is used as
an intermediate in chemical synthesis, a solvent, a coolant, a lubricant, and a
heat-transfer medium; it is also used in polyester dyeing, in termite-control
preparations, and as an insecticide ( 8).

Environmental fate
The TCBs are expected to be adsorbed onto soils of high organic content, but
not to leach appreci;1hly into groundwater. They are not hydrolysed and are unlikely to biodegrade significantly. Some evaporation may occur from soil surfaces.
In water, TCBs are likely to be adsorbed onto sediments and to bioconcentrate in
aquatic organisms. Evaporation from water may be a significant removal process
(3).
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14.19.2 Analytical methods
A standard method for chlorobenzenes involves extraction with hexane followed
by capillary column gas-liquid chromatography with electron-capture detection.
Detection limits in tapwater and river water are about 0.1 flg/litre for TCBs (9).

14.19.3 Environmental levels and human exposure
Air
Levels are likely to be significant only in areas where TCBs are produced. Mean
levels of 22-51 ngfm3 have been reported for three sites in California (10). An
average of 181 ng/ m3 was reported in areas where they are produced in the USA
(3).

Water
TCBs have been detected in wastewater, surface and groundwater, and drinkingwater (3). In a Canadian river, levels of 2, 7, and 2 flg/litre were reported for
1,2,3-TCB, 1,2,4-TCB, and 1,3,5-TCB, respectively (11). Tapwater concentrations were reported in the same study, the highest being for 1,2.4-TCB, for
which the mean reported level was 2 ng!litre. The maximum value for all isomers
found in a groundwater survey in the Netherlands was 1.2 ~tg!litre (12).

Food
TCBs tend to accumulate in biological materials rich in lipids, such as fatty tissue
and milk; residues at levels of 0.1-4 mg/kg on a fat basis were found in the liver
of cod from areas polluted by industrial effluents (I 3). Mean levels reported in
human milk were 1, 1, and 5 flg/kg for 1 ,3,5-TCB, I ,2,4-TCB, and 1,2,3-TCB,
respectively ( 14).

Estimated total exposure and relative contribution of drinking-water
General population exposure will occur mainly through the inhalation of contaminated air in areas where TCBs are manufactured and from the ingestion of
contaminated food, especially fish.

14.19.4 Kinetics and metabolism in laboratory animals and
humans
All three TCB isomers were readily absorbed following oral administration in
rats. High concentrations of the parent compound were found in fat, skin, and
liver, whereas high levels of metabolites were found in kidney and muscle (15).
The major metabolic products are trichlorophenols (16). Species differences ap-
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pear to exist in the metabolism of TCBs. Rats and rhesus monkeys given 1,2,4TCB orally and intravenously excreted different urinary metabolites. Excretion
was more rapid in rats than in monkeys; after 24 h, rats had excreted 84% of the
oral dose in the urine and 11% in the faeces, as compared with 40% and < 1%,
respectively, in monkeys (I 7). There is also evidence that the TCBs are broad inducers of metabolizing enzymes (16).

14.19.5 Effects on laboratory animals and in vitro test systems
Acute exposure
TCBs are of low to moderate acute toxicity. Oral LD 50s in rodents range from
300 to 800 mg/kg of body weight. Major target organs of acute exposure are the
liver and kidneys ( 16).

Short-term exposure
In a 13-week study, weanling Sprague-Dawley rats were fed diets contammg
TCB isomers at 1, 10, 100, or 1000 mg/kg. All three isomers at 1000 mg/kg
caused increased relative liver and kidney weights and histological changes in the
liver and thyroid of male rats. Males fed 1000 mg of 1,2,3-TCB per kg showed
reduced weight gain; no other clinical signs of toxicity were observed. Only
1,2,4-TCB at 1000 mg/kg caused increases in hepatic aminopyrine methyl
transferase and aniline hydroxylase activities in males and aminopyrine methyl
transferase in females. The serum biochemical and haematological parameters
measured were not affected. Only 1,3,5-TCB elicited moderate renal changes in
male rats at 1000 mg/kg. Microscopic changes in females were milder than those
in males. NOAELs were 100 mg/kg for all three isomers, equal to 7.8 mg/kg of
body weight per day (1,2,4-TCB), 7.7 mg/kg of body weight per day (1,2,3TCB), or 7.6 mg/kg of body weight per day (1,3,5-TCB) (18).

Long-term exposure
Relevant chronic studies via the oral route have not been carried out. In a 2-year
dermal study, S1c:ddy mice given 0.03 ml of a 30% or 60% solution of 1,2,4TCB twice a week showed signs of clinical toxicity, decreased survival, and keratinization of the epidermis (19). The main causes of death were respiratory
infection, amyloidosis, and tumours.

Reproductive toxicity, embryotoxicity, and teratogenicity
No evidence of teratogenic effects was reported when Sprague-Dawley rats were
given oral doses of75, 150, or 300 mg/kg of body weight per day of 1,2,4-TCB
or 150, 300, or 600 mg/kg of body weight per day of 1,2,3-TCB and 1,3,5-TCB
on days 6-15 of gestation (20). Rats exposed to 0, 25, 100, or 400 mg/litre of
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1,2,4-TCB in their drinking-water from the birth of the F 0 generation to the
weaning of the F 2 generation did not show any effects on fertility (2 J).

Mutagenicity and related end-points
None of the isomers of TCB was mutagenic in Salmonella typhimurium strains
TA98, TA100, TA1535, and TA1537, with or without metabolic activation
(22, 23). All three caused dose-related increases in the formation of micronucleated polychromatic erythrocytes in mice injected with TCBs in corn oil at doses
up to 70% of the LD 50 (24). It was considered that the effects were due to the
clastogenic activity of the TCBs; however, these results have not been confirmed
by other workers (16).

Carcinogenicity
Relevant carcinogenicity studies via the oral route have not been carried out. In
the 2-year dermal study in which S1c:ddy mice were given 0.03 ml of a 30% or
60% solution of 1,2,4-TCB twice a week (19), tumours occurred in both experimental and control groups, suggesting that they were spontaneous in origin and
not due to the carcinogenic effects of this compound.

14.19.6 Effects on humans
TCBs are moderately toxic when ingested or inhaled. They produce irritation of
the skin, eyes, and respiratory tract (8). There has been one report of aplastic
anaemia in a woman chronically exposed to 1,2,4-TCB from washing work
clothes (25).

14.19.7 Guideline value
The TCBs are of moderate acute toxicity. Mter short-term oral exposure, all three
isomers show similar toxic effects, predominantly on the liver. Long-term toxicity and carcinogenicity studies via the oral route have not been carried out, but
the data available suggest that all three isomers are non-genotoxic.
A TDI of7.7 flg/kg of body weight was calculated by applying an uncertainty factor of 1000 (1 00 for inter- and intraspecies variation and 10 for the short
duration of the study) to the NOAEL of 7.7 mg/kg of body weight per day for
liver toxicity identified in a 13-week rat study ( 18). The guideline value would be
20 flg/litre (rounded figure) for each isomer based on an allocation of 1Oo/o of the
TDI to drinking-water; however, because of the similarity in the toxicity of the
TCB isomers, the guideline value of 20 flg!litre is proposed for total TCBs. This
value exceeds the lowest reported odour threshold in water of 5 flg/litre.
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14.20 Di(2-ethylhexyl)adipate
14.20.1 General description
Identity
CAS no.:

103-23-1
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This compound is also known as DEHA, bis(2-ethylhexyl)adipate (BEHA), and
dioctyladipate (DOA).

Physicochemical properties (1-3)
Property
Physical state
Melting point
Boiling point
Density
Vapour pressure
Water solubiliry
Log octanol-water
partition coefficient

Value
Light-coloured oily liquid
-67.8 oc
417 oc at 101.3 kPa
0.922 g/cm3 at 25 oc
< 0.00133 kPa at 20 oc
Insoluble (0.78 ± 0.16 mg!litre)
6.3

Major uses
DEHA is used mainly as a plasticizer for synthetic resins such as polyvinyl chloride (PVC), but significant amounts are also used as a lubricant and for hydraulic
fluids (I).

Environmental fate
Model experiments with activated sewage sludge systems have demonstrated the
essentially complete biodegradation, measured as carbon dioxide evolution, of
relatively high concentrations of DEHA in 35 days (3, 4). Because of its low
water solubility, DEHA released into the environment would be expected to
partition to solids (biota, sediment, soil). Under ideal equilibrium conditions, it
would partition mainly to the atmosphere and to terrestrial soil, and less than 1o/o
of environmental DEHA would be found in the aquatic environment (3).

14.20.2 Analytical methods
DEHA in tapwater and surface water has been determined by gas chromatography with flame ionization detection or identification by mass spectrometry.
In surface water, the detection limit is stated to be 0.2 rgllitre (3), although lower levels have been reported for both surface water (5) and drinking-water ( 6).

14.20.3 Environmental levels and human exposure
Water
DEHA was been found at microgram per litre levels in two out of five samples of
finished water from a waste-treatment plant in the USA ( 6). A survey of 23 major rivers and lakes in the USA showed that 7% of the samples contained DEHA
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at levels ranging from 0.25 to 1.0 Jlg!litre (3). Water samples from the Great
Lakes contained a maximum level of7.0 Jlg!litre (5). In Europe, DEHA has been
identified as a trace-level contaminant of the Rhine (7). Finished drinking-water
in five cities in the USA had levels of about 0.001-0.1 Jlg/litre (6, 8,9).

Food
Food is the major source of exposure of the general population to DEHA because
of its migration, particularly to fatty foods such as cheese and meat, from PVC
films used for food packaging that have been plasticized with it. The estimated
daily intake of DEHA through the diet in the United Kingdom is 16 mg (10);
in the USA, it has been estimated to be as high as 20 mg (US Food and Drug
Administration, personal communication, 1981).

Estimated total exposure and relative contribution of drinking-water
Air and drinking-water are insignificant sources of human exposure to DEHA
compared with the intake via food.

14.20.4 Kinetics and metabolism in laboratory animals and
humans
DEHA appears to be readily absorbed when given orally to rats and mice. It is
widely distributed in the body; the highest levels have been reported in adipose
tissue, liver, and kidney (I 1, 12). Transplacental transport of DEHA has been
noted (12).
DEHA is initially hydrolysed to mono(2-ethylhexyl)adipate (MEHA), adipic
acid, and 2-ethylhexanol, which are excreted as such or further oxidized to several different compounds before being eliminated in the expired air, urine, and
faeces of experimental animals. Major metabolites of DEHA are MEHA and its
glucuronide (monkey), the glucuronide of2-ethylhexanoic acid (mouse, rat), and
adipic acid (mouse, rat). Single oral doses of DEHA seem to be completely excreted by rats, mice, and monkeys in 48 h (I 1, 13).

14.20.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The acute oral toxicity of DEHA is low. The oral LD 50 has been estimated to be
45 g/kg of body weight in male rats, 25 g/kg of body weight in female rats, 15
g/kg of body weight in male mice, and 25 g/kg of body weight in female mice
(14).
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Short-term exposure
Short-term (3-4 weeks) mouse and rat toxicity studies have demonstrated that
high dietary levels of DEHA (;;;. 6000 mg/kg) induce liver toxicity, including increased liver weights, histopathological liver changes, and proliferation of liver
peroxisomes, accompanied by increased activities of catalase and of enzymes involved in the oxidation of fatty acids as well as hypolipidaemia. DEHA-induced
peroxisomal proliferation with accompanying biochemical events was found to
be a dose-dependent phenomenon. A NOAEL of 100 mg/kg of body weight per
day can be identified from these studies { /5--17).
A 13-week toxicity study was conducted in F344 rats and B6C3F 1 mice at
dietary concentrations of up to 2'5 000 mg of DEHA per kg. At 25 000 mg/kg,
decreased weight gain was observed in both species and sexes. At 12 500 mg/kg,
male and female rats as well as male mice showed slightly reduced body weight
gain. At 6300 mg/kg, body weight gain was decreased in female mice and male
rats. No compound-related increased mortality, histopathological changes, or reduction in feed consumption were observed ( 14).

Long-term exposure
In a 103-week study in which DEHA was administered to F344 rats and B6C3F 1
mice at dietary levels of 12 000 or 25 000 mg/kg, no dose-related effect on longevity was seen. A dose-related depression of growth rate was observed in mice.
Except in the liver, where tumours developed, no histopathological changes
were observed in the mouse. Growth rare was depressed in rats fed 25 000 mg of
DEHA per kg. No DEHA-related histopathological changes were seen in rats
(14).

Reproductive toxicity, embryotoxicity, and teratogenicity
A fertility study was performed in which male and female Wistar rats were
fed DEHA in the diet from 10 weeks before mating up to 36 days postpartum at
levels of 300, 1800, or 12 000 mg/kg. At 12 000 mg/kg of diet, body weight gain
was marginally reduced in females, and liver weights of both male and female
parental animals were significantly increased. There were no effects on male or
female fertility or on gestation length. At the highest dose level, total litter
weights, body weight gain of pups, and mean litter size were reduced. No effect
on pup survival was found at any treatment level. No treatment-related macroscopic abnormalities were found in the pups (18).
In a teratogenicity study, pregnant Wistar rats were fed DEHA in the diet at
levels of 300, 1800, or 12 000 mg/kg, corresponding to daily doses of 28, 170, or
1080 mg/kg of body weight, on days 1-22 of gestation. Administration of
12 000 mg/kg resulted in slight maternal toxicity, expressed as a small reduction
in body weight gain. There were no effects at any dietary level on fetal weight, litter weight, or number of intrauterine deaths. At the highest dose level, a small in-
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crease in pre-implantation loss as well as a minimal increase in post-implantation
loss were noted. Incidences of major or minor external or visceral effects were low
and were not increased by treatment with DEHA. However, two visceral variants
(dilated and kinked ureter) were observed in increasing incidences in a doserelated manner at the two highest dose levels. Minor skeletal defects, indicating
slightly poorer ossification, were also increased in a dose-related manner at the
two highest dietary DEHA levels. No fetal effects were noted at 300 mg of
DEHA per kg of diet. A NOAEL of 28 mg/kg of body weight can be identified
from this study ( 19).

Mutagenicity and related end-points
A large number of short-term tests have failed to demonstrate any mutagenic
activity of DEHA (20-23). One in vitro test with Chinese hamster ovary cells
demonstrated some capacity to induce chromosomal aberrations in the absence
of activation by a rat liver homogenate (59 fraction). Studies of sister chromatid
exchange in the same in vitro system were negative without activation and
equivocal with it (24). Orally administered DEHA does not bind covalently to
mouse liver DNA (25).

Carcinogenicity
In a 103-week carcinogenicity study, DEHA was administered to F344 rats and
B6C3F 1 mice in the diet at levels of 12 000 or 25 000 mg/kg, equivalent to a
daily intake of 600 or 1250 mg/kg of body weight in rats and 1715 or 3570
mg/kg of body weight in mice. No increased tumour incidences were noted in
rats. An increased number of hepatocellular carcinomas was found in female
mice at both doses. Hepatocellular adenomas and carcinomas combined occurred
in high-dose mice of both sexes and in low-dose female mice at incidences that
were dose-related and significantly higher than those in control mice. The association of liver tumours in male mice with the administration of DEHA was not
considered to be conclusive because the increased number of liver tumours in
males reflected only an increase in adenomas in the high-dose group and because
the time to observation of tumours was not significantly different in dosed and
control males (14).
As DEHA fails to elicit mutagenic or genotoxic responses in available test
systems and does not form adducts with DNA, it may be an epigenetic carcinogen for which a dose threshold exists, probably related to its ability to induce peroxisomal proliferation. Liver tumours are likely to occur only at doses causing
proliferation of peroxisomes and, as there is a dose threshold for such proliferation, there is probably also a dose threshold for tumour development. The available information suggests that primates are less sensitive than rodents to
chemically induced peroxisomal proliferation (26).
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14.20.6 Guideline value
IARC has concluded that there is limited evidence that DEHA is carcinogenic in
mice (1). It is not classifiable as to its carcinogenicity in humans (27).
Although DEHA is carcinogenic in mice, its toxicity profile and lack of
mutagenicity support the use of a TDI approach to setting a guideline value for
DEHA in drinking-water. A TDI of 280 jlg!kg of body weight can be calculated
by applying an uncertainty factor of 100 (for inter- and intraspecies variation) to
the lowest observed NOAEL for DEHA of 28 mg/kg of body weight in a fetotoxicity study in rats (19). This gives a guideline value of 80 jlg!litre (rounded figure), based on an allocation of 1o/o of the TDI to drinking-water.
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14.21 Di(2-ethylhexyl)phthalate
14.21.1 General description
Identity

CAS no.:

117-81-7

Di(2-ethylhexyl)phthalate (DEHP) is also known as 1,2-benzenedicarboxylic
acid bis(2-ethylhexyl)ester, bis(2-ethylhexyl) phthalate, and dioctyl phthalate
(DOP).
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Physicochemical properties (1, 2 )1

Property
Physical state
Melting point
Boiling point
Density
Vapour pressure
Water solubility
Log octanol-water
partition coefficient

Value
Light-coloured, viscous liquid
-46 ac (pour-point)
370 oc at 101.3 kPa
0.98 g/cm3 at 20 ac
0.056 X w-7 kPa at 20 oc
23-340 Jlg!litre at 25 ac
4.88

Organoleptic properties
DEHP is odourless.

Major uses
DEHP is used primarily as a plasticizer in many flexible polyvinyl chloride products and in vinyl chloride co-polymer resins. It is also used as a replacement for
polychlorinated biphenyls in dielectric fluids for small (low-voltage) electrical
capacitors (I, 2).

Environmental fate
DEHP is insoluble in water (23-340 Jlgflitre) (2, 3). Because of the readiness
with which it forms colloidal solutions, its "true" solubility in water is believed to
be 25-50 Jlg!litre. DEHP has a very low volatilization rate. Photolysis in water is
thought to be a very slow process (2). Hydrolysis half-lives of over 100 years at
pH 8 and 30 ac have been found. DEHP biodegrades rapidly in water and
sludges, especially under aerobic conditions; degradation of 40-90% in 10-35
days has been found. Biodegradation in sediment and water under anaerobic
conditions is assumed to be very slow; however, the available information is contradictory (3).

14.21.2 Analytical methods
DEHP can be determined by gas chromatography with electron-capture detection; the method has a detection limit of 0.1 ng (4). The detection limit with
flame ionization detection is 1 Jlg/litre. The identity of the compound can be
confirmed by mass spectrometry with "single-ion" monitoring, especially when
electron-capture detection is used (3, 5).

1 Conversion factor in air: 1 ppm = 1.59 mgfm3.
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14.21.3 Environmental levels and human exposure
It should be noted that some reported occurrences of DEHP in certain matrices
have been found to result from contamination of the latter by plasticizer extracted from plastic tubing or other equipment (1, 2).
Air

DEHP has been detected in ocean air at levels ranging from 0.4 ngfm3 over the
Gulf of Mexico to 2.9 ngfm3 over the North Atlantic (1, 2). Ambient air above
the Great Lakes contains an average of2 ngfm3 (range 0.5-5 ngfm3) (6). In the
North Pacific, the average concentration in air was 1.4 ngfm3 (range 0.3-2.7
ngfm3) (3).
In city air, concentrations of phthalates in atmospheric particulate matter
range from 5 to 132 ngfm3 (7, 8), but a concentration of 300 ngfm3 has been reported in the vicinity of a municipal incinerator (9). Where DEHP is used inside
houses, the concentration increases with temperature but decreases with humidity; after 4 months, the concentration will be about 0.05 mgfm3 (5).
Water
In Japan, DEHP was detected in 71 out of 111 samples of rainwater; average
concentrations were in the range 0.6-3.2 flg!litre, the highest average value being
found in an industrial town (5). In the North Pacific, the average concentration
in rainwater was 55 ng!litre (range 5.3-213 ngflitre) (3).
DEHP has been detected in water from several rivers at levels of up to 5
flg/litre (1,2,5). In the Netherlands, sediments of the Rhine and the Meuse
contained 1-70 and 1-17 mg/kg, respectively (1). The average concentration
in water from the Rhine in 1986 was 0.3 flg!litre (range 0.1-0.7 flg/litre) and in
suspended particulate matter 20 mg/kg (range 10-36 mg/kg) (10). In surface
water near industrial areas, levels of up to 300 flg/litre were found (I, 2).
In contaminated groundwater in the Netherlands, 20-45 flg of DEHP per
litre was reported (I 1). A groundwater sample from New York State contained
170 fig/litre (12).
DEHP was detected in tapwater in two cities in the USA at an average level
of 1 flg/litre and in Japan at levels in the range 1.2-1.8 flg!litre. In "finished"
drinking-water in two cities in the USA, average concentrations were 0.05-11
flg!litre; in several major eastern cities in the USA, average levels were below
1 flg/litre. The highest concentrations in drinking-water (up to 30 flg/litre) were
reported in older surveys (1975) (I, 2).
Food

Levels of DEHP below 1 mg/kg were detected in fish in different parts of the
USA; most fish contained less than 0.2 mg/kg. In a sampling of a wide variety of
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foods, the highest levels were found in milk (31.4 mg!litre, fat basis) and cheese
(35 mg/kg, fat basis). In a study of the migration of DEHP from plastic packaging films, it was found in tempura (frying) powder (0.11-68 mg/kg), instant
cream soup (0.04-3.1 mg/kg), fried potato cake (0.05-9.1 mg/kg), and orange
juice (0.05 mg/kg) (1, 2).
Analysis of bottled beverages with polyvinyl chloride seals plasticized with
DEHP demonstrated that very little migration occurs; all the concentrations
reported were less than 0.1 mg/kg, the vast majority being below 0.02 mg/kg.
Draught beer samples contained similar levels of DEHP (<0.01-0.04 mg/kg)
(13).

Estimated total exposure and relative contribution of drinking-water
Exposure among individuals may vary considerably because of the wide variety of
products into which DEHP is incorporated. The estimated average daily adult
dose from the consumption of commodities highly likely to be contaminated
(such as milk, cheese, margarine) is about 200 ~g (14). Levels in community
drinking-water are generally thought to be negligible, although there may be individual instances of high levels of contamination. Exposure from air is negligible
compared with that associated with food (e.g. when the concentration in city air
is 50 ngfm3, the daily exposure will be less than 1 ~g).
Patients undergoing kidney dialysis may be exposed to high levels of DEHP;
it is estimated that each patient will receive up to 90 mg per treatment (15). Exposure also occurs during the transfusion of stored whole blood. Concentrations
will be low in frozen plasma. The Netherlands standard for the migration of
DEHP from blood containers is 10 mg ofDEHP per 100 ml of ethanol (16).

14.21.4 Kinetics and metabolism in laboratory animals and
humans
In rats, DEHP is readily absorbed from the gastrointestinal tract after oral administration. It is hydrolysed to a large extent to mono(2-ethylhexyl)phthalate
(MEHP) with release of 2-ethylhexanol (EH) before intestinal absorption (1 1).
Absorption is lower in primates (including humans). In rats, over 90% was excreted in urine after dietary administration, whereas only 0.9% was excreted in
urine by marmosets (2,18). In humans, 11-25% of an ingested dose was found
in urine (2, 19).
DEHP undergoes further modification after hydrolysis to the monoester.
Several species (primates, including humans, and some rodents) form glucuronide conjugates with the monoester, but rats appear unable to do so. In rats, the
residual 2-ethylhexyl moiety is oxidized extensively (17). In mice and rats, urinary metabolites consist primarily of terminal oxidation products (diacids, ketoacids); in primates (monkeys, humans), they consist primarily of unoxidized or
minimally oxidized products (MEHP, hydroxyacid) (18).
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DEHP and its metabolites are extensively distributed throughout the body
in rodents, the highest levels being found in the liver and adipose tissue. Little or
no accumulation occurs in rats. Estimated half-lives for DEHP and its metabolites in rats are 3-5 days for fat and 1-2 days for other tissues (20).

14.21.5 Effects on laboratory animals and in vitro test systems
Acute exposure
DEHP has a low acute oral toxicity in animals; the oral LD 50 for mice and rats is
over 20 g/kg of body weight (I).

Short-term exposure
Liver and testes appear to be the main target organs for DEHP toxicity. DEHP
can cause functional hepatic damage, as reflected by morphological changes, alterations in energy-linked enzyme activity, and changes in lipid and carbohydrate
metabolism. The most striking effect is the proliferation of hepatic peroxisomes
(21).
In short-term oral studies in rats with dosing periods ranging from 3 days to
9 months and dose levels ranging from 50 to 25 000 mg/kg of diet (2.5-2500
mg/kg of body weight per day), doses greater than 50 mg/kg of body weight per
day caused a significant dose-related increase in liver weight, a decrease in serum
triglyceride and cholesterol levels, and microscopic changes in the liver, namely
periportal accumulation of fat and mild centrilobular loss of glycogen. An initial
burst of DNA synthesis in the liver (indicative of liver hyperplasia) followed by a
decrease in liver DNA content (indicative of liver hypertrophy) was observed.
Changes in peroxisomes, mitochondria, and endoplasmic reticulum in the liver
were seen. Significant increases in hepatic peroxisomal enzyme activities and
in the number of peroxisomes in the liver were found (22-26). NOAELs for
changes in liver weight were 25 mg/kg of body weight per day by gavage (23)
and 500 mg/kg of diet (25 mg/kg of body weight per day) (22). Morton (22)
found significantly decreased serum triglyceride levels at 50, 100, and 500 mg/kg
of diet, whereas Barber et al. (25) did not find this effect at 1000 and 100 mg/kg
of diet.
NOAELs for peroxisomal proliferation (based on changes in peroxisomerelated enzyme activities or ultramicroscopic changes) were 25 mg/kg of body
weight per day (LOAEL 100 mg/kg of body weight per day) in a 14-day gavage
study in Sprague-Dawley rats (23), 50 mg/kg of diet (2.5 mg/kg of body weight
per day) in a 7-day study in Sprague-Dawley rats (22) (LOAEL 100 mg/kg of
diet or 5 mg/kg of body weight per day), and 100 mg/kg of diet (10 mg/kg of
body weight per day) in a 3-week study in F344 rats (LOAEL 1000 mg/kg of diet
or 100 mg/kg of body weight) (25). Marked species differences in the occurrence
of peroxisomal proliferation exist, the available information suggesting that primates, including humans, are less sensitive to this effect than rodents (26).
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Changes in the kidneys and thyroid in Wistar rats have also been observed.
The effects on the thyroid (increased activity accompanied by a decrease of plasma T 4) were observed at doses of 10 000 mg/kg of diet (1000 mg/kg of body
weight per day) and higher (24).

Long-term exposure
In 2-year oral toxicity studies in rats, doses of 100-200 mg/kg of body weight per
day and higher caused growth depression, liver and kidney enlargement, microscopic changes in the liver, and testicular atrophy. The NOAEL was 50-65
mg/kg of body weight (2, 27, 28). Increased activities of peroxisome-associated
enzymes were found in another study even at the lowest dose level of 200 mg/kg
of diet (1 0 mg/kg of body weight per day) (26).

Reproductive toxicity, embryotoxicity, and teratogenicity
Testicular effects, namely atrophy, tubular degeneration, and inhibition or cessation of spermatogenesis, were seen in mice, rats, guinea-pigs, and ferrets (29),
supposedly caused by MEHP (2, 30). In rats, testicular changes were seen at oral
doses above 100 mg/kg of body weight per day (3 I).
In a reproduction study in mice, complete suppression of fertility in both
sexes was seen at 0.3% DEHP in the diet (430 mg/kg of body weight per day). At
0.1 o/o in the diet (140 mg/kg of body weight), significantly reduced fertility indices, again in both sexes, were observed, but no effects on fertility were seen at
0.01 o/o in the diet (15 mg/kg of body weight) (26).
In mice, fetal mortality, fetal resorption, decreased fetal weight, neural tube
effects, and skeletal disorders (exencephaly, spina bifida, open eyelid, exophthalmia, major vessel malformations, dub-foot, and delayed ossification) were seen
in teratogenicity studies. The NOAEL for these effects was 0.025% in the diet
(35 mg/kg of body weight per day) (32). The LOAELs were 0.05 mg/kg of body
weight per day (33) and 0.05% in diet (70 mg/kg of body weight per day) (32).
MEHP was more active than DEHP, which may, therefore, act as a result of conversion into MEHP. However, it was also hypothesized that 2-ethylhexanoic acid,
the oxidation product of 2-ethylhexanol, was the proximate teratogen, as indicated in studies with rats (26).
Rats were less susceptible than mice to DEHP-related adverse effects on fetal
development. At oral doses above 200 mg/kg of body weight per day, decreased
fetal weights and an increased number of resorptions were observed (34, 35).
Teratogenic effects were not observed in F344 rats at dose levels of 0.5-2.0% in
the diet (250-1000 mg/kg of body weight per day). Embryofetal toxicity was
seen at levels of 1.0% in the diet and higher (;;. 500 mg/kg of body weight per
day) (32).
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Mutagenicity and related end-points
DEHP showed negative results in most short-term mutagenicity studies in vitro
and in vivo (i.e. it did not induce gene mutations in bacterial systems, eukaryotic
systems, or mammalian systems in vitro, or chromosomal aberrations or sister
chromatid exchange in mammalian cells in vitro, or chromosomal aberrations in
somatic or germ cells in vivo). No evidence was found for a covalent interaction
ofDEHP with DNA, the induction of single-strand breaks in DNA, or unscheduled DNA repair. However, DEHP induced aneuploidy in eukaryotic cells in
vitro and cell transformation in mammalian cells in vivo and in vitro (20, 36).
In general, MEHP and EH did not induce gene mutations in bacteria or
mammalian cells in vitro. Contradictory results were reported for MEHP with
respect to the induction of chromosomal aberrations and sister chromatid exchange in mammalian cells in vitro, but EH showed negative results in these test
systems. In mammalian cells in vivo, MEHP and EH did not induce chromosomal aberrations (36).

Carcinogenicity
In a 2-year oral study in mice, increased incidences of hepatocellular carcinomas
were seen in males and females at 3000 and 6000 mg/kg of diet. Rats given 6000
or 12 000 mg of DEHP per kg of diet for 2 years showed increased incidences of
hepatocellular carcinomas and hepatic neoplastic nodules (2, 37).
It has been suggested that the increased incidences of liver tumours in mice
and rats in chronic bioassays are caused by the prolonged proliferation of hepatocellular peroxisomes and the enhanced production of the peroxisomal metabolic
by-product, hydrogen peroxide. Primates, including humans, are far less sensitive
to peroxisomal proliferation than mice and rats (38).
In in vivo studies with B6C3F 1 mice, DEHP had no tumour-initiating activity in the liver but, in the same strain, showed promoting activity, also in the
liver, as indicated by an increase in focal hepatocellular proliferative lesions, including hyperplastic foci and neoplasms. In rats, in vivo studies showed neither
tumour-initiating or promoting activity, nor sequential syncarcinogenic activity
in the liver (26).

14.21.6 Effects on humans
Two male volunteers dosed with 10 g of DEHP experienced mild gastric disturbances and moderate catharsis; a 5-g dose had no effect (1, 2).
Dialysis patients receiving approximately 150 mg of DEHP intravenously
per week were examined for liver changes. At 1 month, no morphological changes were observed by liver biopsy but, at 1 year, peroxisomes were reported to be
"significantly higher in number" (20).
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A high incidence of polyneuropathy was reported in studies on industrial
workers exposed to different phthalic acid esters, including OEHP (39), but this
was not confirmed in another study ( 40). In a small cohort study, eight deaths
were observed among 221 workers exposed to OEHP for periods ranging from 3
months to 24 years. One carcinoma of the pancreas and one bladder papilloma
were reported. The study was considered to be inadequate to provide proof of a
causal association (1, 2).
Occupational exposure to 0.01-0.016 mg ofOEHP per m3 over 10-34 years
did not cause an increase in the frequency of chromosomal aberrations in blood
leukocytes (1, 2).

14.21.7 Guideline value
IARC has concluded that OEHP is possibly carcinogenic to humans (Group 2B)
( 41). Induction of liver tumours in rodents by 0 EHP was observed at high
dietary dose levels. A relationship between the occurrence of hepatocellular carcinoma and prolonged induction of peroxisomal proliferation in the liver was
suggested, although the mechanism of action is still unknown. On the basis of
toxicity data in experimental animals, the induction of peroxisomal proliferation
in the liver seems to be the most sensitive effect of 0 EHP, and the rat appears to
be the most sensitive species. The available literature suggests that humans are
less sensitive to chemically induced peroxisomal proliferation than rodents.
In 1988, JECFA evaluated OEHP and recommended that human exposure
to this compound in food be reduced to the lowest level attainable. The Committee considered that this might be achieved by using alternative plasticizers or
alternatives to plastic material containing OEHP (26).
In view of the absence of evidence for genotoxicity and the suggested relationship between the occurrence of hepatocellular carcinomas and prolonged
proliferation of liver peroxisomes, a TOI was derived using the lowest observed
NOAEL of 2.5 mg/kg of body weight per day based on peroxisomal proliferation
in the liver in rats (22). Although the mechanism for hepatocellular tumour
induction is not fully resolved, using a NOAEL derived from the species by far
the most sensitive with respect to the particularly sensitive end-point of peroxisomal proliferation justifies the use of an uncertainty factor of 100 (for inter- and
intraspecies variation). Consequently, the TOI is 25 11g/kg of body weight. This
yields a guideline value of 8 11g/litre (rounded figure), allocating 1o/o of the TOI
to drinking-water.
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14.22 Acrylamide
14.22.1 General description
Identity
CAS no.:
79-06-1
Molecular formula: C3H 5NO

Physicochemical properties ( 1)

Property

Value

Physical state
Melting point
Boiling point
Densiry
Water solubility
Vapour pressure

White crystalline solid

84-85

oc

125 ac at 3.33 kPa
1.122 g/cm3 at 30 ac
2150 g/1 at 30 ac
0.009 kPa at 25 ac

Major uses
Most of the acrylamide produced is used as a chemical intermediate or as a
monomer in the production of polyacrylamide. Both acrylamide and polyacrylamide are used mainly in the production of flocculants for the clarification of
potable water and in the treatment of municipal and industrial effluents. They
are also used as grouting agents in the construction of drinking-water reservoirs
and wells (1).

Environmental fate
Acrylamide is highly mobile in aqueous environments and readily leachable in
soil. As it has a higher mobility and lower rate of degradation in sandy soils than
in clay soils (2), it may contaminate groundwater. However, its behaviour in subsurface soil, where most grouting takes place, has not been studied.
Acrylamide is susceptible to biodegradation in both soil and surface water. Its
concentration decreased from 20 to 1 11g/litre in 24 h in the effluent from a
sludge dewatering process (3). One of the most important mechanisms for the
removal of acrylamide from soils is enzyme-catalysed hydrolysis; nonbiological
hydrolysis may be important in natural water. Volatilization is not an important
removal process. As acrylamide is both highly soluble in water and degraded by
microorganisms, it is not likely to bioconcentrate significantly (4).

14.22.2 Analytical methods
The methods used for measuring acrylamide include polarography, electroncapture gas chromatography, and high-performance liquid chromatography.
541

GUIDELINES FOR DRINKING-WATER QUALITY

A high-performance liquid chromatography/ultraviolet absorption detection
procedure for the determination of acrylamide in water has a detection range of
0.2-100 Jlg/litre (5).

14.22.3 Environmental levels and human exposure
Air
Because of its low vapour pressure and high water solubility, acrylamide is not
expected to be a common contaminant in air. Available monitoring data are
insufficient to confirm this.
Water
The most important source of drinking-water contamination by acrylamide is
the use of polyacrylamide flocculants containing residual levels of acrylamide
monomer. Generally, the maximum authorized dose of polymer is 1 mg/litre. At
a monomer content of 0.05%, this corresponds to a maximum theoretical concentration of0.5 flg!litre monomer in water (6). In practice, concentrations may
be lower by a factor of 2-3. This applies to both the anionic and nonionic polyacrylamides, but residual levels from cationic polyacrylamides may be higher.
Acrylamide was detected at levels of less than 5 Jlg!litre in both river water
and tapwater in an area where polyacrylamides were used in the treatment of
potable water. Samples from public drinking-water supply wells in West Virginia
(USA) contained 0.024-0.041 Jlg of acrylamide per litre. In one study in the
United Kingdom tapwater levels in the low microgram per litre range were reported (5).

Food
No studies on the occurrence of acrylamide in foods were identified. However,
polyacrylamide is used in the refining of sugar, and small amounts of acrylamide
may remain in the final product.

14.22.4 Kinetics and metabolism in laboratory animals and
humans
Acrylamide is readily absorbed by ingestion and inhalation, and through the skin
(I), and is then widely distributed in body fluids. It can cross the placental barrier. The tissue distribution following intravenous injection of l-[ 14C]acrylamide
(lOO mg/kg ofbodyweight) into male Porton strain rats was highest (up to 1360
1-lmol per g of tissue) in blood; progressively lower amounts were present in kidney, liver, brain, spinal cord, sciatic nerve, and plasma (7).
In rats, biotransformation of acrylamide occurs through glutathione conjugation and decarboxylation. At least four urinary metabolites have been found in
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rat urine; N-acetyl-5-(3-amino-3-oxypropyl)cysteine accounted for 48% of the
oral dose, and unmetabolized acrylamide (2%) and three non-sulfur-containing
metabolites (total 14%) were also present. Acrylamide and its metabolites are accumulated (protein-bound) in both nervous system tissues and in blood, where it
is bound to haemoglobin. Accumulation in the liver and kidney as well as in the
male reproductive system has also been demonstrated (8).
The results of animal studies indicate that acrylamide is largely excreted as
metabolites in urine and bile. Because of the enterohepatic circulation of biliary
metabolites, faecal excretion is minimal. Two-thirds of the absorbed dose is excreted with a half-life of a few hours. However, protein-bound acrylamide or
acrylamide metabolites in the blood, and possibly in the central nervous system,
have a half-life of about 10 days. Acrylamide has been identified in rat milk during lactation (8).
There are no data indicating any major differences in acrylamide metabolism
between humans and other mammals (1).

14.22.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Oral LD 50s for acrylamide were reported to range from 100 to 270 mg/kg of
body weight in various strains of mice and rats. The dermal LD 50 in rats was reported to be 400 mg/kg of body weight (9-12).

Short-term exposure
Studies have shown convincingly that acrylamide is a cumulative neurotoxin.
Rats, cats, and dogs receiving 5-30 mg/kg of body weight per day in the diet exhibited weakness and ataxia in hind limbs for 14-21 days, which progressed to
paralysis with continued exposure (13, 14). Other characteristic symptoms were
testicular atrophy and degeneration of germinal epithelium (15).

Long-term exposure
Signs of acrylamide toxicity in animals exposed for longer periods of time (several
months to 1 year) are generally the same as those in animals exposed for short
times, but average daily doses as low as 1 mg/kg of body weight per day sometimes
produce effects. When male and female F344 rats were exposed to 0, 0.05, 0.2,
1.5, or 20 mg/kg of body weight per day in drinking-water for 90 days, definite
peripheral nerve and spinal cord lesions and testicular atrophy were observed in
the group receiving 20 mg/kg of body weight per day; although 1.5 mg/kg of
body weight per day caused no external signs of toxicity, histological evidence of
neuropathy was noted. The NOAEL was 0.2 mg/kg of body weight per day (16).
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Reproductive toxicity, embryotoxicity, and teratogenicity
Male Long-Evans rats exposed to acrylamide doses of up to 5.8 mg/kg of body
weight per day for 10 weeks in their drinking-water experienced increased preimplantation and post-implantation loss after mating (17). Another series of experiments carried out by the same authors suggested that acrylamide affected the
spermatid-spermatozoa stages ( 18).
Acrylamide was administered to pregnant Porton rats either as a single intravenous dose (1 00 mg/kg of body weight) on day 9 of gestation or in the diet as a
cumulative dose of either 200 or 400 mg/kg of body weight between days 0 and
20 of gestation. Apart from a slight decrease in the weight of individual fetuses
from rats dosed with 400 mg/kg of body weight, no fetal abnormalities were
seen, even at doses that induced neuropathy in the dams ( 19).
When fertilized chicken eggs were injected with 0.03-0.6 mg of acrylamide
on days 5, 6, or 7 of incubation, embryonic mortality increased and leg deformities were observed in hatched chicks (20).

Mutagenicity and related end-points
Acrylamide does not cause mutations in bacterial test systems but does cause
chromosome damage to mammalian cells both in vitro and in vivo (1, 21, 22).

Carcinogenicity
Recent results indicate that acrylamide may be a carcinogen. Male and female
Fischer 344 rats were given 0, 0.01, 0.02, 0.5, or 2 mg/kg of body weight per day
in drinking-water for 2 years. In male rats receiving doses of 0.5 and 2 mg/kg of
body weight per day, there was an increase in the frequency of scrotal, thyroid,
and adrenal tumours. In female rats receiving 2 mg/kg of body weight per day,
there was an increased incidence of malignant tumours of the mammary gland,
central nervous system, thyroid, and uterus (23).
Eight-week-old AI] male and female mice given oral doses of 6.3, 12.5, or
25.0 mg/kg of body weight three times per week for 3 weeks or intraperitoneal
doses of 1, 3, 10, 30, or 60 mg/kg of body weight three times per week for 8
weeks showed a dose-dependent increased incidence of lung adenomas at 9 and 8
months of age, respectively (22).

14.22.6 Effects on humans
Subacute toxic effects were experienced by a family of five exposed through the
ingestion and external use of well-water contaminated with 400 mg of acrylamide per litre as the result of a grouting operation (24). Symptoms of toxicity developed about a month later and included confusion, disorientation, memory
disturbances, hallucinations, and truncal ataxia. The family recovered fully within 4 months.
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Many other cases of human exposure to acrylamide have been reported,
generally the result of the dermal or inhalation exposure of workers in grouting
operations or factories manufacturing acrylamide-based flocculants (25-28).
Typical clinical symptoms were skin irritation, generalized fatigue, foot weakness,
and sensory changes, which reflect dysfunction of either the central or peripheral
nervous system.

14.22.7 Guideline value
In mutagenicity assays, acrylamide does not cause mutations in bacterial test systems but does cause chromosome damage to mammalian cells in vitro and in
vivo. In a long-term carcinogenicity study in rats exposed via drinking-water, it
induced tumours at various sites (23). IARC has placed acrylamide in Group 2B
(29).
On the basis of the available information, it was concluded that acrylamide
is a genotoxic carcinogen. Therefore, the risk evaluation was carried out using
a non-threshold approach. On the basis of combined mammary, thyroid, and
uterine tumours observed in female rats in a drinking-water study (23) and using
the linearized multistage model, guideline values associated with excess lifetime
cancer risks of w-4, w-s, and w-6 are estimated to be 5, 0.5, and 0.05 rgllitre,
respectively.
The most important source of drinking-water contamination by acrylamide
is the use of polyacrylamide flocculants that contain residual acrylamide monomer. Although the practical quantification level for acrylamide is generally of the
order of 1 rg/litre, concentrations in drinking-water can be controlled by product and dose specification.
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14.23 Epichlorohydrin
14.23.1 General description
Identity
106-89-8
CAS no.:
Molecular formula: C 3H 5Cl0

Synonyms of epichlorohydrin (ECH) include 1-chloro-2,3-epoxypropane, 3chloro-1 ,2-epoxypropane, 1-chloropropeneoxide, and 3-chloropropeneoxide.
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Physicochemical properties (1, 2 )1

Property

Value

Physical state
Melting point
Boiling point
Vapour pressure
Density
Water solubility
Log octanol-water
partition coefficient

Colourless liquid
-25.6 oc
116.2 oc
1.60 kPa at 20 oc
1.18 g/cm3 at 20 oc
66 g/litre at 20 oc
0.26

Major uses
ECH is used mainly for the manufacture of glycerol and unmodified epoxy
resins, and to a lesser extent in the manufacture of elastomers, water-treatment
resins, surfactants, ion exchange resins, plasticizers, dyestuffs, pharmaceutical
products, oil emulsifiers, lubricants, and adhesives (3).

Environmental fate
ECH is released to the environment as a result of its manufacture, use, storage,
transport, and disposal. Its half-lives in neutral, acidic, and alkaline solutions are
148, 79, and 62 hat room temperature, respectively. The rate of hydrolysis increases sevenfold when the temperature is raised to 40 oc (4).

14.23.2 Analytical methods
ECH in water can be determined by a purge-and-trap gas chromatographic/mass
spectrometric procedure (GC-MS) (2), and by gas chromatography with flameionization (5) (detection limit 0.01 mg/litre), or electron-capture detection (6)
(detection limit 0.05 11g/litre). A GC-MS method can also be used for the determination of ECH in ambient water and sediment (7) (detection limit 0.003
11gllitre).

14.23.3 Environmental levels and human exposure
Air
Data on ambient air levels of ECH are extremely limited and relate mainly to
occupational exposure. At 100-200 m from a factory discharging ECH into
the atmosphere in the former USSR, the airborne ECH concentration ranged

1

Conversion factor in air: 1 ppm = 3.78 mg/cm3.
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from 0.5 to 1.2 mgfm3. At 400 m, 5 out of 29 samples had levels exceeding
0.2 mgfm3, whereas no ECH was detected at 600 m (3, 8).

Water
ECH can enter drinking-water supplies through the use of flocculating agents
containing it and through leaching from epoxy resin coatings on pipes. No ECH
residue was found in water kept in containers coated with epoxy resins (detection
limit 3 Jlg/litre) (9).

Food
Migration into food and drinking-water of ECH used as a cross-linking agent in
packing materials and epoxy resins is possible but is expected to be low (3). No
studies on its occurrence in food were identified. The compound has little potential for bioaccumulation in the food-chain ( 1 0).

14.23.4 Kinetics and metabolism in laboratory animals and
humans
The pharmacokinetics ofECH have been reviewed by WHO (3) and the US Environmental Protection Agency (2). It is rapidly and extensively absorbed following oral administration and may be absorbed following both inhalation and
dermal exposures (11).
Following oral administration of [14C]-ECH to rats, peak tissue levels were
reached after 2 h in males and 2-8 h in females, depending on the tissue. The tissues containing the highest levels of radioactivity were the kidneys, liver, pancreas, spleen, and adrenal glands. ECH is rapidly removed from blood and is
therefore not likely to accumulate during chronic exposures. Metabolites of
ECH, however, are much more persistent and may therefore accumulate to a
small extent during chronic exposures (11).
ECH has two electrophilic centres, Cl and C3, and may thus bind to cellular
nucleophiles such as glutathione. This binding is catalysed by glutathione-5epoxide transferase, resulting in a considerable increase in reaction rate. The
major metabolites in urine were identified as N-acetyl-S-(3-chloro-2-hydroxypropyl)-L-cysteine, formed by conjugation with glutathione, and a-chlorohydrin, accounting for about 36% and 4% of the administered dose, respectively
(11, 12).
Following oral administration and inhalation, ECH metabolites are rapidly
excreted in the urine and expired air. Urinary excretion is approximately twice
that in expired air. Only minor amounts (4%) are excreted in the faeces. Unmetabolized ECH has not been detected in any excreta (11).
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14.23.5 Effects on laboratory animals and in vitro test systems
Acute exposure
ECH is a strong irritant and acutely toxic following oral, percutaneous, subcutaneous, or respiratory exposure. Death is due to effects on the central nervous system and the respiratory centre (13). Oral LD 50 s were reported to range from 90
to 260 mg/kg of body weight in rats (2).

Long-term exposure
There was a gradual increase in mortality following the oral administration of
ECH in water by gavage to weanling Wistar rats of both sexes for 5 days per week
for 2 years; clinical symptoms included dyspnoea, weight loss, a decrease in
leukocytes, and hyperplasia in the forestomach at 2 and 10 mg/kg of body weight
per day (14).
Lifetime inhalation of ECH by non-inbred male SD rats for 6 h per day, 5
days per week, caused weight loss, high mortality, severe inflammatory changes
in the nasal cavity, lung congestion and pneumonia, tubular dilation, and dosedependent tubular degeneration in the kidney at 38 and 114 mgfm3 (15).

Reproductive toxicity, embryotoxicity, and teratogenicity
The sperm of rats that had received an oral dose of25 or 50 mg ofECH per kg of
body weight showed an increased percentage of abnormal sperm heads at the
higher dose and a reduced number of sperm heads at the lower dose; no microscopic changes in the testes or changes in their weight were observed (16). When
male rabbits and male and female rats were exposed for 6 h per day, 5 days per
week, to ECH vapour at concentrations ofO, 19.7, 93.4, or 189.0 mgfm3 for 10
weeks, a dose-related transient infertility was induced at the two highest levels in
male rats but not in female rats or male rabbits. Microscopic examination did not
reveal any abnormalities in the reproductive organs. The sperm of the rabbits was
investigated, but no adverse effects were found (17).
Female rats received oral doses of 0, 40, 80, or 160 mg of ECH per kg of
body weight per day and female mice received 0, 80, 120, or 160 mg ofECH per
kg of body weight per day in cottonseed oil between days 6 and 15 of pregnancy.
Although the highest dose levels were toxic to the dams, no embryotoxic, fewtoxic, or teratogenic effects were observed (I 8). Similar negative results were obtained when female rats and rabbits inhaled vapours of ECH at concentrations of
0, 9.4, or 94.5 mgfm3 for 7 h per day between days 6 and 15 or 18 of pregnancy
(19).
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Mutagenicity and related end-points
ECH induced base-change-type mutations in Salmonella typhimurium and Escherichia coli in the absence of metabolic activation (20). It has been shown to cause
chromosomal aberrations in mammalian cells in vitro (3) but was negative in the
mouse micronucleus assay (21) and in the mouse dominant lethal assay (22).

Carcinogenicity
Male Wistar rats that received 18, 39, or 89 mg of ECH per kg of body weight
per day in drinking-water for 81 weeks developed forestomach tumours characterized as squamous cell papillomas and carcinomas at the two highest doses and
hyperplasia at all three doses (23). Similar findings were reported in a 104-week
study in which Wistar rats were given 0, 2, or 10 mg of ECH per kg of body
weight by gavage in distilled water (24). Male SD rats exposed for 30 days to
ECH at 378 mg/m3 of air, 6 h per day, 5 days per week, developed squamous cell
carcinomas in the nasal cavities during subsequent lifetime observation (15). In
100 rats, lifetime exposure to 113 mgfm3 yielded only one malignant squamous
cell carcinoma of the nasal cavity and one nasal papilloma. Subcutaneous injection of EHC in ICR/Ha Swiss mice induced local sarcomas and adenocarcinomas (25).

14.23.6 Effects on humans
Acute toxic responses following dermal exposure are characterized by an initial
redness and itching or burning sensation. With time, the redness intensifies and
the tissue becomes swollen and blistered. The initial symptoms following inhalation are local irritation, burning of the eyes and throat, swelling of the face,
nausea, vomiting, and severe headache (26).
In a case study, long-term effects due primarily to damage to the liver and
kidneys were still present 2 years after exposure (26). In workers occupationally
exposed to ECH, increased incidences of chromatid and chromosomal breaks in
peripherallymphocytes and decreases in blood cell counts were observed (27).
An epidemiological study was undertaken on 863 workers with probable exposure to ECH at two chemical plants (28). All deaths due to cancer and leukaemia, and deaths from most other causes, were related to estimated levels of exposure to ECH. The most consistent relationship was between exposure level and
heart disease.
The fertility status of 64 glycerol workers in the USA exposed to ECH, allyl
chloride, and 1,3-dichloropropane was compared with that of a control group of
63 workers who had not handled chlorinated hydrocarbons for more than 5
years. No association was found between levels, duration, or intensity of exposure
and sperm characteristics or hormone levels (29). A similar negative result for
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sperm count and hormone levels was obtained for a group of 128 workers from
two plants compared with other chemical plant workers who had not been exposed to any chemical known to be toxic to the testes. In one of these plants,
most of the employees were exposed to ECH concentrations below 3.8 mgfm3.
The number of non-participating employees was high in both plants, namely
172 in total (30).

14.23.7 Provisional guideline value
The major toxic effects of ECH are local irritation and damage to the central nervous system. In rats, by the inhalation and oral routes, it induces squamous cell
carcinomas in the nasal cavity and forestomach tumours, respectively. It has been
shown to be genotoxic in vitro and in vivo. IARC has placed ECH in Group 2A
(probably carcinogenic to humans) (31).
Although ECH is a genotoxic carcinogen, the use of the linearized multistage
model for estimating cancer risk was considered inappropriate because tumours
are seen only at the site of administration, where ECHis highly irritating. A TDI
of 0.14 rglkg of body weight was therefore calculated by applying an uncertainty
factor of 10 000 (10 for the use of a LOAEL instead of a NOAEL, 100 for
inter- and intraspecies variation, and 10 reflecting carcinogenicity) to a LOAEL
of 2 mg/kg of body weight per day for forestomach hyperplasia in a 2-year study
in rats by gavage (administration 5 days per week) (14). This gives a provisional
guideline value of 0.4 rgllitre (rounded figure) based on an allocation of 1Oo/o of
the TDI to drinking-water. A practical quantification level for ECH is of the
order of 30 rgllitre, but concentrations in drinking-water can be controlled by
specifying the ECH content of products coming into contact with water.
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14.24 Hexachlorobutadiene
14.24.1 General description
Identity
CAS no.:
87-68-3
Molecular formula: C4Cl6
Synonyms of hexachlorobutadiene (HCBD) include perchlorobutadiene, 1,3hexachlorobutadiene, and 1,1 ,2,3,4,4-hexachloro-1 ,3-butadiene.

Physicochemical properties (1)

Property

Value

Physical state
Melting point
Boiling point
Density
Vapour pressure
Log octanol-water
partition coefficient
Water solubility

Clear, colourless liquid
-19 to -22 oc
210-220 oc
1.55 g/cm3 at 20 oc
0.02 kPa at 20 oc
3.67
2.6 mg/litre

Organoleptic properties
The odour threshold for HCBD in air is 12 mg/m3 (2).

Major uses
HCBD is used as a solvent in chlorine gas production, an intermediate in the
manufacture of rubber compounds, a lubricant, a gyroscopic fluid, a pesticide,
and a fumigant in vineyards (I).

Environmental fate
HCBD may not volatilize rapidly from water because of its low vapour pressure.
Adsorption onto soil particles in water is important.

14.24.2 Analytical methods
HCBD can be determined by means of gas chromatography; the minimum detection limit is 0.34 rgllitre. The purge-and-trap gas chromatography/mass spectrometry (GC-MS) technique has a minimum detection limit of 0.4 rg/litre.
Closed-loop stripping analysis with GC-MS can detect HCBD at nanogram per
litre levels (3).
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14.24.3 Environmental levels and human exposure
Air

In a study of nine chemical plants, the highest levels ofHCBD in air were found
near those producing tetrachloroethene and trichloroethene (maximum 463
rgfm3) (I).
Water

In Europe, HCBD was detected in ambient water at 0.05-5 rgllitre, and in the
USA at 0.9-1.9 rg/litre in Mississippi River water. It was also found in mud and
soil at concentrations of up to 800 rglkg in Louisiana (I). In the Rhine HCBD
was found at concentrations of 0.1-5 rgllitre (I). HCBD was not detected in
ambient water and mud in Japan (minimum detection limits: water 0.02 rgllitre;
mud 2-200 rg/g) (4). It has been detected at 6.4 rg/litre in the effluent from a
European chemical plant and at 0.27 rg/litre in European drinking-water (I).
Food

HCBD residues have been found at levels of 4 rg/kg in evaporated milk, 42
rg/kg in egg yolk, and 33 rg/kg in margarine. They were found in the United
Kingdom at levels of 0.08 rg/kg in fresh milk, 2 rg/kg in butter, 0.2 rg/kg in
cooking oil, 0.2 rg/kg in light ale, 0.8 rg/kg in tomatoes, and 3.7 rglkg in black
grapes (I).

14.24.4 Kinetics and metabolism in laboratory animals and
humans
In rats, about 95% of the ingested dose of HCBD is absorbed (5); it was found
in the blood, liver, and brain 3 h after a single injection and in the kidney, spleen,
and mesentery after 6 h (6). When a mixture of chlorinated hydrocarbons, including HCBD, was administered orally to rats at doses of2 or 4 mg/kg of body
weight per day for up to 12 weeks, less than 7 mg of HCBD per kg of body
weight accumulated in adipose tissue (7).
HCBD is metabolized in rats and mice via conjugation with glutathione
(GSH), followed by biliary excretion of S-(1,2,3,4,4-pentachloro-1 ,3-butadienyl)-GSH (PCBD-GSH) (5, 8, 9). The GSH conjugate of HCBD is further
metabolized in the gastrointestinal tract and kidney to a number of water-soluble
metabolites that are excreted mainly in the urine (5, 9). Experimental evidence
suggests that the metabolism of PCBD-GSH involves, in part, degradation to
PCBD-cysteine (PCBD-Cys), which is nephrotoxic via activation of the renal enzyme Cys conjugate P-lyase (5, 9, 10). PCBD-Cys is Nacetylated, presumably in
a detoxification reaction, to give the mercapturic acid, Nacetyl-PCBD-Cys (I 1).
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After a single oral administration of [14C]-HCBD to rats, the principal route
of excretion was in the bile; 17-20% of the initial dose was excreted on each of
the first 2 days. Extensive enterohepatic circulation must have occurred, because
faecal elimination amounted to only 5% of the total dose of radioactivity per day
(5). In another study, 42-67% and 11-31 o/o of the radioactivity was excreted in
the faeces and urine by 72 h, respectively (9). Similar results were obtained in
mice (67.5-76.7% in faeces, 6.6-7.6% in urine) (12).

14.24.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Oral LD 50s were reported to be 200-400 and 504-667 mg/kg of body weight, in
adult female and male rats, respectively (13).

Short-term exposure
Weanling Wistar rats given HCBD by gavage for 13 weeks at dose levels of 0,
0.4, 1, 2.5, 6.3, or 15.6 mg/kg of body weight per day exhibited an increase in
relative kidney weight at the two highest doses and degeneration of the proximal
renal tubules at and above 2.5 mg/kg of body weight per day (females) or 6.3
mg/kg of body weight per day (males). Increased cytoplasmic basophilia of hepatocytes associated with an increase in liver weight occurred in males at the two
highest doses (1 4).

Long-term exposure
The kidney was the primary target organ in a study in which Sprague-Dawley
rats were given HCBD by feed for 2 years at dose levels of 0, 0.2, 2, or 20 mg/kg
of body weight per day. Effects included a treatment-related increase in relative
and absolute kidney weights in males at 20 mg/kg of body weight per day, an increased incidence of multifocal or disseminated renal tubular epithelial hyperplasia in rats at 20 and possibly at 2 mg/kg of body weight per day, and focal
adenomatous proliferation of renal tubular epithelial cells in some males at 20
mg/kg of body weight per day and some females at 20 and 2 mg/kg of body
weight per day. No discernible ill effects attributable to treatment were found at
0.2 mg/kg of body weight per day, which was the NOAEL in this study (15).

Reproductive toxicity, embryotoxicity, and teratogenicity
In a 148-day study in which groups of 10-17 male and 20-34 female adult rats
per group were fed diets containing HCBD at doses of 0, 0.2, 2.0, or 20 mg/kg
of body weight per day for 90 days prior to mating, 15 days during mating, and
subsequently throughout gestation (22 days) and lactation (21 days), there were
no treatment-related effects on pregnancy or neonatal survival. The body weights
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of 21-day-old weanlings in the highest dose group were slightly but significantly
lower than those of controls. No toxic effects were observed in neonates at doses
of0.2 or 2.0 mg/kg of body weight per day (13).
When oral doses of 8.1 mg of HCBD per kg of body weight per day were
given to pregnant rats throughout gestation, ultrastructural changes in neurocytes and higher levels of free radicals in the brain and spinal cord were seen in
the offspring, which also had lower body weights and shorter crown-rump
lengths than controls ( 16).
Pups of rats injected intraperitoneally with 10 mg of HCBD per kg of body
weight per day on days 1-15 of gestation experienced three times as many soft
tissue anomalies as controls, although no particular type of anomaly was predominant (17).

Mutagenicity and related end-points
Negative results have been reported in most (18, 19) but not all (20) tests for
the mutagenicity of HCBD in Ames test Salmonella strains. Metabolites and
derivatives of HCBD were mutagenic to Salmonella typhimurium with metabolic
activation (11, 21), and some putative metabolites were mutagenic in this organism without such activation ( 8).

Carcinogenicity
Administration of HCBD in the diet at doses of 20 mg/kg of body weight per
day for 2 years caused renal tubular adenomas and adenocarcinomas in SO rats.
No renal tubular neoplasms were observed in rats ingesting 2.0 or 0.2 mg/kg of
body weight per day. The authors concluded that HCBD-induced renal neoplasms developed only at doses higher than those causing discernible renal injury
( 15). Induction of lung adenomas was not observed in male strain A mice following intraperitoneal administration ofHCBD (4 or 8 mg/kg of body weight) three
times per week until a total of 52 or 96 mg had been administered (22). It did
not act as an initiator in an initiation/promotion experiment in mouse skin, nor
did it cause tumours in the skin or distant organs after repeated application to the
skin (23).

14.24.6 Effects on humans
Farm workers exposed intermittently for 4 years to HCBD exhibited higher incidences of hypotension, myocardial dystrophy, nervous disorder, liver function
disorders, and respiratory tract lesions (24).
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14.24.7 Guideline value
Kidney tumours were observed in a long-term oral study in rats. HCBD has not
been shown to be carcinogenic by other routes of exposure. IARC has placed
HCBD in Group 3 (25). Both positive and negative results for HCBD have been
obtained in bacterial assays for point mutation; however, several metabolites have
given positive results.
On the basis of the available metabolic and toxicological information, it was
considered that a TDI approach was most appropriate for derivation of a guideline value. A TDI of 0.2 Jlg!kg of body weight was therefore calculated by applying an uncertainty factor of 1000 (1 00 for inter- and intraspecies variation and
10 for limited evidence of carcinogenicity and the genotoxicity of some metabolites) to the NOAEL of 0.2 mg/kg of body weight per day for renal toxicity in a
2-year feeding study in rats (15). This gives a guideline value of 0.6 Jlg/litre,
based on an allocation of 10% of the TDI to drinking-water. A practical quantification level for HCBD is of the order of 2 Jlg!litre, but concentrations in drinking-water can be controlled by specifying the HCBD content of products coming
into contact with water.

References
1.

International Agency for Research on Cancer. Some halogenated hydrocarbons. Lyon,
1979:179-193 (IARC Monographs on the Evaluation of the Carcinogenic Risk of
Chemicals to Humans, Volume 20).

2.

Ruth JH. Odor thresholds and irritation levels of several chemical substances: A review. journal ofthe American Industrial Hygiene Association, 1986, 47:A142-A15 1.

3.

Li RT, Going JE, Spigarelli JL. Sampling and analysis ofselected toxic substances, Task
IB-Hexachlorobutadiene. US Environmental Protection Agency, 1976 (Report No.
EPA-560/6-76-015; available from National Technical Information Service, Springfield, VA, as report no. PB253491).

4.

Office of Health Studies. [Chemicals in the environment.] Tokyo, Japan Environment
Agency, Environmental Health Department, 1982 (in Japanese).

5.

Nash JA et al. The metabolism and disposition of hexachloro-1,3-butadiene in the
rat and its relevance to nephrotoxicity. Toxicology and applied pharmacology, 1984,
73:124-137.

6.

Gul'ko AG, Dranovskaja KM. [Distribution and excretion of hexachlorobutadiene
from rats.] Aktual'nye voprosy epidemiologij, 1974, 1972:58-60 (in Russian) ( Chemical abstracts, 1974, 81:346q).

7.

Jacobs A et al. [Accumulation of noxious chlorinated substances from Rhine River
water in fatty tissue of rat.] Vom Wasser, 1974, 43:259 (in German).

559

GUIDELINES FOR DRINKING-WATER QUALITY

8.

Dekant W et al. Bacterial beta-lyase mediated cleavage and mutagenicity of cysteine
conjugates derived from the nephrocarcinogenic alkenes, trichloroethylene, tetrachloroethylene and hexachlorobutadiene. Chemico-biological interactions, 1986, 60:
31-45.

9.

Reichert D, Schutz S, Metzler M. Excretion pattern and metabolism of hexachlorobutadiene in rats. Biochemical pharmacology, 1985, 34:499-505.

10. Jaffe DR et al. In vivo and in vitro nephrotoxicity of the cysteine conjugate of hexachlorobutadiene. Journal oftoxicology and environmental health, 1983, 11:857-867.
11. Reichert D, Schutz S. Mercapturic acid formation is an activation and intermediary
step in the metabolism of hexachloroburadiene. Biochemical pharmacology, 1986,
35:1271-1275.
12. Dekant Wet al. Metabolism of hexachloro-1,3-butadiene in mice: in vivo and in vitro evidence for activation by glutathione conjugation. Xenobiotica, 1988, 18:803816.
13. Schwetz BA et al. Results of a reproduction study in rats fed diets containing hexachlorobutadiene. Toxicology and applied pharmacology, 1977, 42:387-398.
14. Harleman JH, Seinen W. Short-term toxicity and reproduction studies in rats with
hexachloro-(1 ,3)-butadiene. Toxicology and applied pharmacology, 1979, 47:1-14.
15. Kociba RJ et al. Results of a rwo-year chronic toxicity study with hexachlorobutadiene
in rats. journal ofthe American Industrial Hygiene Association, 1977, 38:589-602.
16. Badaeva LN, Ovsiannikova LM, Kiseleva NI. [Manifestation of the neurotoxic effect
of the organochlorine pesticide hexachlorobutadiene in the postnatal period of ontogeny in the rat]. Arkhiv anatomiz~ gistologil i ernbriologiz: 1985, 89(8):44-49 (in
Russian).
17. Harris SJ, Bond GP, Niemeier RW. The effect of 2-nitropropane, naphthalene and
hexachlorobutadiene on fetal rat development. Toxicology and applied pharmacology,
1979, 48:A35 (Abstract).
18. Vamvakas Set al. Mutagenicity ofhexachloro-1,3-butadiene and its S-conjugates in
the Ames test-role of activation of the mercapturic acid pathway in its nephrocarcinogenicity. Carcinogenesis, 1988, 9:907-910.
19. Reichert D et al. Mutagenicity of dichloroacetylene and its degradation products trichloroacetyl chloride, trichloroacryloyl chloride and hexachlorobutadiene. Mutation
research, 1983, 117:21-29.
20. Reichert D, Neudecker T, Schutz S. Mutagenicity of hexachlorobutadiene, perchlorobutenoic acid and perchlorobutenoic acid chloride. Mutation research, 1984,
137:89-93.

560

14 ORGANIC CONSTITUENTS

21. Wild D, Schutz S, Reichert D. Mutagenicity of the mercapturic acid and other Scontaining derivatives of hexachloro-1 ,3-butadiene. Carcinogenesis, 1986, 7:431-434.
22. Theiss JC et al. Tests for carcinogenicity of organic contaminants of United States
drinking waters by pulmonary tumor response in strain A mice. Cancer research,
1977,37:2717-2720.
23. Van Duuren BL et al. Carcinogenicity of halogenated olefinic and aliphatic hydrocarbons in mice. journal ofthe National Cancer Institute, 1979, 63:1433-1439.
24. Krasniuk EP et al. [Health condition of vine-growers in contact with fumigants
hexachlorobutadiene and polychlorbutan-80.] Vraclmoi Delo, 1969, 7:111-115 (in
Russian).
25. International Agency for Research on Cancer. Overall evaluations of carcinogenicity:
an updating of !ARC Monographs volumes 1-42. Lyon, 1987:64 (IARC Monographs
on the Evaluation of Carcinogenic Risks to Humans, 1987, Suppl. 7).

14.25 Edetic acid
14.25.1 General description
Identity
CAS no.:

60-00-4

Edetic acid (ethylenediaminetetraacetic acid) and its salts are commonly referred
to as EDTA. The IUPAC name for EDTA is (1,2-ethanediyldinitrilo)tetraaceticacid.

Physicochemical properties ( 1)
Property

Value

Physical state
Melting point
Water solubility

White crystalline solid
Decomposes at 240 ac
0.5 g!litre at 25 ac

Organoleptic properties
EDTA has a slight salty taste (1).

Major uses
EDTA is widely used in many industrial processes, in agriculture, in domestic
products, including food additives, and in drugs for chelation therapy; calcium
EDTA is the drug of choice in the treatment of lead poisoning in humans and
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domestic animals. EDTA is also used in laundry detergents, cosmetics, photochemicals, pharmaceuticals, galvanizing, water softening, electroplating, polymerization, textile treatments, and paper production.

Environmental fate
EDTA is only poorly degraded in the aquatic environment (2). It is present in
the environment in the form of metal complexes (3). Although the mobilization
of heavy metals by EDTA in water is a matter of some concern, it has been calculated that 40 11g ofEDTA per litre-the maximum concentration observed in the
Rhine and Meuse-would complex at most 4-15 p.g of metals per litre. This
would be likely to pose problems for drinking-water with regard to cadmium,
but the effect on cadmium leaching would be limited because EDTA is primarily
bound to other metals at these concentrations (2).

14.25.2 Analytical methods
EDTA can be determined by potentiometric stripping analysis, which has been
used to measure EDTA in a wide variety of wastewater and natural water samples; it has a detection limit of 1 11gllitre ( 4).

14.25.3 Environmental levels and human exposure
Water
EDTA is released to the aquatic environment in industrial emissions. It has been
estimated that concentrations of 50-500 11g/litre are present in wastewaters (2).
Measured concentrations in natural waters have been reported to range from
10 to 70 11g/litre; the median value is 23 11g/litre (5). Annual average concentrations of EDTA in European surface waters ranged from 1 p.g/litre to over 60 p.g/
litre; a concentration of 900 11g/litre was found in the Zerka river in Jordan (2).

Food
EDTA is used as a food additive in a range of products, including canned
shrimps and prawns, canned mushrooms, and frozen chips. Maximum levels of
EDTA in these products have been limited by the Codex Alimentarius Commission to 250, 200, and 100 mg/kg, respectively (6).

14.25.4 Kinetics and metabolism in laboratory animals and
humans
Calcium disodium edetate is poorly absorbed from the gut; it is metabolically inert, and does not accumulate in the body (7, 8).
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14.25.5 Effects on laboratory animals and in vitro test systems
Long-term exposure
The long-term toxicity of EDTA is complicated by its ability to chelate essential
and toxic metals, both in water and in animals. Toxicity data are therefore
equivocal and difficult to interpret.
In long-term feeding studies in rats and dogs, no evidence was found of interference with mineral metabolism in either species. Adverse effects on mineral
metabolism and nephrotoxicity were seen only after parenteral administration of
high doses (7, 8).

Reproductive toxicity, embryotoxicity, and teratogenicity
The overall results of various studies indicate that EDTA and its salts have little
or no propensity to teratogenicity in rats, when given orally ( 8-1 0).

Carcinogenicity
High doses ofEDTA tested on animals in the USA were not carcinogenic (7, 8).

14.25.6 Effects on humans
The vast clinical experience of the use ofEDTA in the treatment of metal poisoning has demonstrated its safety in humans.
Calcium disodium edetate as a food additive was evaluated toxicologically in
1973 by JECFA (7). An ADI of 0-2.5 mg/kg of body weight was allocated to
this compound (equivalent to 0-1.9 mg/kg as the free acid). However, JECFA
recommended that no sodium edetate should remain in foods. There have been
few new toxicological studies subsequent to this evaluation, and those that are
available indicate that the apparent toxicological effects of EDTA have in fact
been due to zinc deficiency as a consequence of complexation (9 -11).
The view that the major problem for human health of oral exposure to
EDTA is zinc complexation was reaffirmed by workers in the Netherlands in a
recent review of EDTA toxicology (B); its possible effects on the metabolism of
metal ions were not addressed in detail in the 1973 JECFA evaluation. It has also
been suggested that EDTA may enter kidney cells and, by interfering with zinc
metabolism, exacerbate the toxicity of cadmium (12). However, the very low
absorption of EDTA from the gastrointestinal tract after oral intake would suggest that it will be the major site of any zinc complexation.
It has been concluded that the present levels of EDTA found in drinkingwater do not present a significant risk to human health (2).
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14.25.7 Provisional guideline value
JECFA proposed an ADI for calcium disodium edetate as a food additive of
2.5 mg/kg of body weight (equivalent to 1.9 mg/kg of body weight as the free
acid) (7). However, JECFA recommended that no sodium edetate should remain in foods.
An extra uncertainty factor of 10 was introduced to reflect the fact that the
JECFA ADI has not been considered since 1973 and concern over zinc complexation, giving a TDI of 190 flg/kg of body weight. In view of the possibility of
zinc complexation a provisional guideline value was derived by assuming that a
10-kg child consumes 1 litre of water per day. The provisional guideline value is
thus 200 fig/litre (rounded figure), allocating 10% of the TDI to drinking-water.
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14.26 Nitrilotriacetic acid
14.26.1 General description
Identity

CAS no:

139-13-9

Physicochemical properties ( 1)
Property
Physical state

Melting point
Water solubility
pH of saturated solution

Value
Needles or prismatic crystals in the undissociated
acid form
241.5 oc
1.28 g/1 at 22.5 oc
2-3

Major uses
The trisodium salt of nitrilotriacetic acid (NTA) is used in laundry detergents as
a "builder" to replace phosphates because of its ability to chelate calcium and
magnesium ions (1). NTA is used extensively in the treatment of boiler water to
prevent the accumulation of mineral scale and, to a lesser extent, in photography,
textile manufacture, paper and cellulose production, and metal plating and cleaning operations. Its use as a therapeutic chelating agent for the treatment of manganese poisoning (2) and iron overloading has been suggested (3).

Environmental fate
NTA is degraded principally by microorganisms by carbon-nitrogen cleavage
with the formation of such intermediates as iminodiacetate, glyoxylate, glycerate,
glycine, and ammonia ( 4-6); the metabolic end-products are carbon dioxide,
water, ammonia, and nitrate (7 ). NTA mobilizes heavy metals from aquatic
sediments (B) and is present in water mainly in the form of metal complexes
(9), most of which degrade rapidly. Under certain conditions, it is broken down
by photochemical and chemical reactions (7).
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The half-life for biodegradation of NTA in ground water at 1-100 Jlgllitre is
approximately 31 h (1 0). Concentrations of 5-50 mg!litre completely disappeared from river water containing acclimatized microorganisms in 2-6 days;
concentrations below 5 mg/lirre are expected to degrade within 1 day (11, 12).
Acclimatization of microorganisms in two lake waters resulted in the reduction of
the disappearance time of up to 10 mg ofNTA per litre from 6 and 11 days to 4
and 3 days, respectively (13). Sand-associated bacteria adapt more quickly to
NTA and degrade it more actively than do plankton and algae (14).

14.26.2 Analytical methods
NTA concentrations in water may be determined by gas chromatography with a
nitrogen-specific detector. This method is suitable for the detection of levels as
low as 0.2 Jlg!litre (15).

14.26.3 Environmental levels and human exposure
Water
NTA has been detected in both raw and treated water. In a national survey of 70
Canadian municipalities, the mean concentrations of NTA in drinking-water
and raw water samples were 2.8 Jlg/litre (range< 0.2-30.4 Jlg!litre) and 3.9 Jlg/litre (range< 0.2-33.5 Jlg/litre), respectively. Concentrations exceeded 10 Jlg!litre
in only 14% of the locations (15). In a survey of tapwater in eight cities in New
York State, 68% of the samples contained no detectable levels ofNTA (detection
limit 1 Jlg/litre); the remaining samples contained an average of 2.1 Jlg/litre (16).
Mean concentrations in surface water ranged from 0.3 to 4. 7 Jlg!litre in Germany
(17) and from 1.0 to 12.0 Jlg/litre in Switzerland (18).

Other routes of exposure
No information on NTA concentrations in food or ambient air has been found.
For a very small proportion of the population in households in which dishes are
washed with detergents containing NTA, residues present on unrinsed dishes left
to drip dry may be a source of exposure. Intake from this source may approximate 0.0025 mg/kg of body weight per day (0.15 mg for a 60-kg adult) (19).

Estimated total exposure and relative contribution of drinking-water
The daily intake ofNTA in drinking-water can be calculated to be 5.6 Jlg, using
the mean concentration in drinking-water reported in the Canadian national survey (2.8 Jlg/litre) (15) and assuming an average daily water consumption of 2
litres.
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14.26.4 Kinetics and metabolism in laboratory animals and
humans
Absorption ofNTA from the gastrointestinal tract is rapid; however, there is considerable variation among species in the proportion of NTA eliminated in the
urine. It does not appear to be metabolized by mammals: this conclusion is based
on studies in mice, rats, dogs, and humans in which unchanged NTA is excreted
in the urine (20-23).
NTA accumulates in bone because it forms complexes with divalent cations
such as calcium; its turnover time in bone is similar to that of calcium (7). Deposition of NTA in the kidney has also been reported, although this may be an
artefact associated with the retention of urine in the kidney rather than uptake by
renal tissue ( 7).

14.26.5 Effects on laboratory animals and in vitro test systems
Acute exposure
NTA does not appear to be highly acutely toxic to mammals. Oral LD 50s in rats
and mice of 1470 mg/kg of body weight and 3160 mg/kg of body weight, respectively, have been reported (24). The oral LD 50 of Na 3 NTA- H 2 0 in rodents is
about 2000 mg/kg of body weight (7). The oral LD 50s in rats for the metal complexes of NTA commonly found in drinking-water range from 810 rug/kg of
body weight for CuNaNTA to over 22 500 mg/kg of body weight for NiNaNTA
(7).

Short-term exposure
Results of short-term studies in which NTA was administered orally indicate that
the kidney is the target organ and that damage is dose-dependent and rapidly induced. In two studies in which male Sprague-Dawley rats and Charles River CD
rats consumed drinking-water containing between 0.01 and 0.1% Na 3NTA for
10 weeks, elevated blood glucose levels were observed at all dose levels. Six of the
nine Sprague-Dawley rats in the high-dose group died by the fourth week; animals in this group showed marked vacuolization of renal tubules, and glycosuria
was present in five rats (25). In a bioassay in which groups of weanling rats were
fed diets containing 0, 2000, 7500, 10 000, or 20 000 mg of the trisodium salt
per kg of diet for 90 days, hydronephrosis was observed in 63% of the animals in
the group given 20 000 mg/kg; hydropic degeneration of the kidney tubular
cells, tubular atrophy, and dilatation were reported in the groups given 7500 and
10 000 mg/kg; no adverse effects were observed at 2000 mg/kg (26). In a limited
investigation in which two skeletally mature dogs were given 2. 5 mg of trisodium
salt per kg of body weight per day in their drinking-water for 7 months, radial
closure rates and the percentage of osteoid seams taking a fluorescent label were
decreased, suggesting interference with the mineralization process (27).
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Long-term exposure
Weanling Charles River CD rats (50 per sex per dose) were fed diets containing
0.03, 0.15, or 0.5% of the trisodium salt or 0.5% of the calcium chelate of NTA
for 2 years. A dose-dependent increase in urinary zinc was reported in the groups
receiving 0.15 and 0.5% Na3 NTA, accompanied by a dose-dependent increase in
renal tubular cell toxicity. Mild nephrosis consisting of hydropic degeneration of
tubular cells and the minor tubule was observed at 6 months at 0.15 and 0.5%
Na 3NTA; its incidence and severity became more pronounced as the study continued. Renal effects at 0.5o/o for the trisodium salt and 0.5% for the calcium
chelate were severe. The NOAEL for nephrosis or nephritis in rats was considered to be 0.03% for the trisodium salt, equivalent to 30 mg/kg of body weight
per day in young rats and 15 mg/kg of body weight per day as they grew older (or
10 and 20 mg ofNTA per kg of body weight per day, respectively) (19).

Reproductive toxicity, embryotoxicity, and teratogenicity
NTA may be beneficial in neonatal development because it increases the bioavailability of essential elements (28).
NTA was not teratogenic or embryotoxic in studies with mice (0.2% NTA)
(29), rats (0.1 or 0.5% trisodium salt), or rabbits (250 mg of trisodium salt per
kg of body weight) (30).

Mutagenicity and related end-points
The mutagenic and clastogenic potential of NTA has been investigated both in
vivo and in vitro, but the results of the assays conducted to date have been largely
negative (J, 7, 31, 32). It enhances the induction of sister chromatid exchange in
Chinese hamster cells by insoluble salts of some heavy metals (33, 34), and some
insoluble salts of chromium(VI) are mutagenic in the Salmonella microsome
assay in the presence ofNTA (35).

Carcinogenicity
There was no evidence of carcinogenicity in studies in which weanling Charles
River CD rats were fed diets containing 0.03, 0.15, or 0.5% of the trisodium salt
or 0.5% of the calcium chelate ofNTA for 2 years (19), groups of 80 Swiss mice
were given drinking-water containing 5 g ofNTA per litre or 5 g ofNTA plus 1 g
of sodium nitrite per litre for 26 weeks (36), or groups of 15 male and 15 female
MRC rats were exposed to the same levels for 84 weeks (37).
In an experiment in which groups of 24 male and 24 female Fischer 344 rats
were fed diets containing 200, 2000, or 20 000 mg of Na 3NTA- H 2 0 per kg of
diet for 2 years, a significant increase in primary neoplasms of the urinary tract
was reported in both males and females in the highest dose group; in addition,
five males and five females in this group developed metastatic transitional cell
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carcinomas, which appeared most frequently in the lung and often in the lymph
nodes, pancreas, adrenal gland, and seminal vesicle (38).
In an 18-month study, Fischer 344 rats were fed diets containing 7500 or
15 000 mg ofNTA per kg of diet or 7500 or 15 000 mg ofNa3NTAH 20 per kg
of diet, and B6C3F 1 mice were fed diets containing 7500 or 15 000 mg of NTA
per kg of diet or 2500 or 5000 mg of Na 3 NTA H 2 0 per kg of diet. Several carcinogenic effects were observed in both rats and mice. In rats, these included a
significant increase in the incidence of a variety of neoplastic lesions of the urinary tract in those exposed to 15 000 mg ofNTA per kg of diet, a slight increase
in the incidence of neoplasms of the urinary system in those exposed to 7500 and
15 000 mg/kg of the trisodium salt, a positive dose-response relationship for the
incidence of tumours of the endocrine system, and a dose-related increase in the
incidence of neoplastic nodules of the liver in female rats consuming NTA. In
mice, effects included a statistically significant increase in tumours of the kidney,
especially tubular-cell adenocarcinomas, in males ingesting 15 000 mg of NTA
per kg and a dose-related increase in the incidence of tumours of the haematopoietic system in males consuming Na3NTAH 20 (38).
In a study in which male Sprague-Dawley albino rats were exposed to
drinking-water containing 1000 mg of trisodium salt per litre for 2 years, the
incidence of renal tumours, including renal adenomas and adenocarcinomas, was
significantly increased in the exposed animals (39).
The induction of tumours is considered to be due to cytotoxicity resulting
from the chelation of divalent cations such as zinc and calcium in the urinary
tract, leading to the development of hyperplasia and neoplasia. It has been observed, for example, that only NTA doses that increase urinary calcium are associated with transitional epithelial-cell tumours, leading to the hypothesis that
uncomplexed NTA in urine extracts extracellular calcium from the transitional
epithelial cells of the urinary tract faster than it can be replenished (7).

14.26.6 Effects on humans
There is little information on the toxicity of NTA in humans. On the basis of
physical examination, blood chemistry analysis, and urinalysis, no adverse health
effects were reported in a metabolism study in which volunteers ingested a single
dose of 10 mg ofNTA (23).

14.26.7 Guideline value
NTA is poorly absorbed in humans as compared with experimental animals and
does not appear to be metabolized in mammals. It has not been shown to be
teratogenic or genotoxic in the studies conducted to date but has induced urinary
tract tumours in rats and mice at high doses (38, 39). IARC has placed NTA in
Group 2B (40).
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The reported induction of tumours in rodents is considered to be due to
cytotoxicity resulting from the chelation of divalent cations such as zinc and
calcium in the urinary tract, leading to the development of hyperplasia and subsequently neoplasia. In general, neoplasms have occurred only following longterm ingestion of NTA at concentrations greater than 100 mg/kg of body weight
per day, whereas nephrotoxicity occurs at a lower level, between 10 and 60 mg/kg
of body weight per day ( 7).
Because NTA is nongenotoxic and induces tumours only after prolonged exposure to doses higher than those that produce nephrotoxicity, the guideline value is derived on the basis of a NOAEL for nephrotoxic effects but incorporating a
larger uncertainty factor to account for the evidence of urinary tumour induction
at high doses. A TDI of 10 ~g/kg of body weight was calculated by applying an
uncertainty factor of 1000 (1 00 for inter- and intraspecies variation and 10 for
carcinogenic potential at high doses) to the NOAEL of 10 mg/kg of body weight
per day for nephritis and nephrosis in a 2-year study in rats (19). In view of the
higher absorption of NTA in rats than in humans, it should be noted that this
TDI is probably conservative. Because there is no substantial exposure from
other sources, 50% of the TDI was allocated to drinking-water, resulting in a
guideline value of200 ~tg/litre (rounded figure).
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14.27 Organotins
14.27.1 General description
Identity
The organotins are a large class of compounds which differ in their properties
and applications. They can be divided into four groups of general formula R 4Sn,
R 3SnX, R2SnX2 , and RSnX3 , where R is usually an organic group and X an anion, e.g. chloride, fluoride, oxide, or hydroxide.

Major uses
Of the various organotins, the disubstituted and trisubstituted compounds are
the most widely used, the former being employed as stabilizers in plastics, including polyvinyl chloride (PVC) water pipes, and the latter in the preservation of
materials (wood, stone, textiles), as fungicides, miticides, and disinfectants, as
bactericides in cooling water, and in antifouling paints.

14.27.2 Analytical methods
Mono-, di-, and tributyltins can be determined by extraction followed by derivatization to form hexylbutyltins, which are measured by gas chromatography/mass
spectrometry or gas chromatography with flame-photometric detection (GCFPD). A detection limit of2 ng/litre is reported (I). Similar detection limits are
obtained when organotins are measured by preconcentration using a tropoleneloaded silica column, followed by ethylation, separation, and detection by capillary GC-FPD (2).
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14.27.3 Environmental levels and human exposure
Air
Unknown quantities of organotins may be released into air from factories that
produce polyurethane or PVC resins in which they are used as stabilizers.
Water
Tributylrins have been detected in raw water and sediment as a result of their use
as antifouling agents (3, 4); levels of up ro 2.6, 0.3, and 0.08 )lgflitre have been
found in marinas, estuaries, and the open sea, respectively. There is evidence that
organotin stabilizers leach into water from plastic pipes; a dibutylrin sulfide concentration of 100 )lg/litre was reported after a plastic pipe had been in contact
with static water (5).
Food
Tributyltin is thought ro accumulate in aquatic food-chains incorporating crabs,
mussels, or oysters (6, 7). In addition, the use of organotin compounds as miticides in agriculture and as PVC stabilizers may result in their presence in food.
Triphenyltin residues in various foodstuffs, such as potatoes, carrots, and sugarbeet, rarely exceed 0.1 mg/kg and can be considerably reduced by washing (8).

14.27.4 Kinetics and metabolism in laboratory animals and
humans
The available data suggest that organotins are poorly absorbed (9); for example,
it was reported that only 20% of dioctyltin dichloride was absorbed in rats (10).
Organotins tend to be primarily distributed in the liver and kidney following oral
administration in rodents (I 1,12). Low levels of dioctyltin dichloride have been
found in the adrenal, pituitary, and thyroid glands (10).
It appears that alkylrins are metabolized by dealkylation (13). In vitro, tributyltin was metabolized to dibutyltin, hydroxybutyltins, butanol, and butene
(14), whereas di-, tri-, and tetraethyltin appeared to form ethene and ethane (15).
Carbon dioxide and butene were detected as metabolites of both dibutyltin diethanoate and tributyltin ethanoate in mice in vivo (14).
After oral administration, it appears that the principal route of excretion of
organotins is in the faeces (11). Bile is also a significant route for some compounds, such as tetraalkyltins (13). For others, significant amounts are expired as
carbon dioxide (14).
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14.27.5 Effects on laboratory animals and in vitro test systems
Dialkyltins

Acute exposure
Acute oral LD 50 s of dioctyltins in rodents range from 880 to 8500 mg/kg of
body weight (16, 17). The acute oral LD 50 of dibutyltin dichloride in rats has
been reported to be 100 mg/kg of body weight ( 18).
Short-term exposure
Rats were fed diets containing dioctyltin dichloride at 0, 50, or 150 mg/kg
(equivalent to 0, 2.5, and 7.5 mg/kg of body weight) for 6 weeks. The principal
effect was a reduction in thymus weight at both dose levels. Lymphocyte depletion was observed in the thymus and the thymus-dependent areas of the spleen
and lymph nodes (19). A weekly oral dose of 500 mg/kg of body weight for 8
weeks reduced thymus weight and induced immunodeficiency in mice, whereas a
dose of 100 mg/kg of body weight did not cause such effects (20).
Dibutyltin dichloride was fed to rats at 0, 10, 20, 40, or 80 mg/kg of diet
(equivalent to 0, 0.5, 1, 2, or 4 mg/kg of body weight) for 90 days. Reduction in
food intake, depressed growth, and mild anaemia were noted at the highest dose
level, but no treatment-related effects were observed at lower doses (21). A reduction in thymus weight and immunocompetence was observed in rats fed diets
containing dioctyltin dichloride at 75 mg/kg (about 3.8 mg/kg of body weight
per day) for 8 or 12 weeks (22).
Mutagenicity and related end-points
Dioctyltin dichloride gave negative results in the Ames test and in tests for the induction of unscheduled DNA synthesis in primary cultures of rat hepatocytes
(23). No evidence of mutagenicity was found for dibutyltin diethanoate in the
Ames test (24). Dibutyltin dichloride and dioctyltin dichloride have been reported to give positive results in mammalian cell mutation assays in vitro in the
absence of metabolic activation (23, 25), and dibutyltin sulfide increased the incidence of chromosomal aberrations in rat bone marrow cells in vivo (5).
Carcinogenicity
F344 rats and B6C3F 1 mice were fed diets containing dibutyltin diethanoate at
66.5 or 133 mg/kg (rats) and 76 or 152 mg/kg (mice) for 78 weeks. Nonsignificant increased incidences of hepatocellular adenomas in female mice and both
hepatocellular adenomas and carcinomas in male mice were noted (26).
Rats were fed a mixture of octyltin trichloride and dioctyltin dichloride in the
diet at doses equivalent to approximately 0.3, 0.7, 2.3, and 6.0 mg/kg of body
weight for 2 years. A highly significant increased frequency of primary tumours of
the thymus, especially thymic lymphomas, was noted in females in the highest
dose group. The females also showed an increased incidence of generalized malignant lymphomas, as did the males in the two higher dose groups, although there
seemed to be an unusually low incidence of such tumours in the control groups.
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In animals treated at the lower dose levels, no increase in the incidence of primary
thymic tumours or generalized malignant lymphomas was observed (27).

Trimethyltins
Acute exposure
An acute oral LD 50 of 12.6 mg/kg of body weight for trimethyltin chloride in
rats has been reported (28).
Short-term exposure
Trimethyltin is a potent neurotoxicant in rodents (28, 29). In a group of rats fed
diets containing 15 mg oftrimethyltin per kg (equivalent to 0.8 mg/kg of body
weight per day) for 2 weeks, there were some deaths, relative thymus and spleen
weights were decreased, and relative kidney, testes, and adrenal weights increased.
Pathological changes indicative of severe neurotoxicity were observed in the
brain. At 5 mg/kg, there was growth retardation but no effects on organ weights
or brain (30).
Mutagen·lcity and related end-points
Trimethyltin may have spindle-inhibiting properties. Human lymphocyte cultures treated with rrimethyltin in vitro exhibited a reduction in average chromosome length (31).
Triethyltins
Short-term exposure
Triethyltin, like trimethyltin, is a potent neurotoxicant. Its effects tend to be
more persistent than those of trimethyltin but can be reversible. The effects of
triethyltin toxicity in rats are hind-limb weakness and cerebral oedema (32).
Rats fed diets containing 15 mg of triethyltin per kg (equivalent to 0.8
mg/kg of body weight per day) for 2 weeks exhibited growth retardation, a reduction in the relative weights of the thymus and spleen, and an increase in relative
adrenal weight. At 50 mg/kg, 30% of animals died, and survivors exhibited brain
oedema (30).
Groups of rats were fed diets containing triethyltin hydroxide at 0, 5, 10, or
20 mg/kg (equivalent to 0, 0.3, 0.5, and 1 mg/kg of body weight) for 90 days. All
the rats given 20 mg/kg died during the experiment, as did 7 of 20 given 10
mg/kg. Brain weights were significantly increased in rats at 10 mg/kg, and the
growth of animals was affected at 5 mg/kg. Interstitial oedema in the central nervous system was found in rats at all doses (33).
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Tributyltins
Acute exposure
Acute oral LD~ 0 s of 46-114, 117-122, 85-197, and 10-234 mg/kg of body
weight have been reported in rodents for tributyltin ethanoate, chloride, fluoride,
and oxide, respectively (34).
Short-term exposure
Reductions in food consumption, weight gain, and absolute thymus weight were
reported in rats fed tributyltin oxide (TBTO) at 100 mg/kg in the diet (about
5 mg/kg of body weight per day) for 4 weeks. No effects were observed at 4 or
20 mg/kg (0.2 or 1 mg/kg of body weight per day) (35).
Wistar rats fed diets containing 0, 5, 20, 80, or 320 mg ofTBTO per kg (0,
0.3, 1, 4, and 16 mg/kg of body weight per day) for 4 weeks exhibited decreased
mean relative weight of the thymus at 20 (males only), 80, and 320 mg/kg of
diet. The only effect noted at 5 mg/kg of diet was some histopathological change
in the spleen, which became more severe with increasing dose. Histopathological
changes in the thymus, mesenteric lymph nodes and liver, and haematological
and clinical chemistry effects were also evident in the higher dose groups (36).
Using the same dose levels, Vos et al. (37) found effects on a number of immunological parameters at both 20 and 80 mg/kg of diet.
TBTO was fed to rats in their diet for 13-14 weeks. At 20 mg/kg (about 1
mg/kg of body weight per day), there was a slight increase in blood coagulation
time in males and a slight decrease in food consumption without growth retardation in females. At 100 mg/kg, there were reductions in the weight of the thymus, lymph nodes, and thyroid, but an increase in adrenal weight. The NOAEL
in this study was reported to be 4 mg/kg (about 0.2 mg/kg of body weight per
day) (35).
Long-term exposure
TBTO was fed to male and female Wistar rats at 0, 0.5, 5, or 50 mg/kg in their
diet for 106 weeks. At 50 mg/kg of diet, the ovaries, adrenals, spleen (females),
heart (males), pituitary, liver, and kidneys were all increased in weight, but thyroid weight was decreased in females. Non-neoplastic alterations included a decrease in the cell weight of the thyroid follicles in all dose groups. In addition,
vacuolation and pigmentation of the proximal tubular epithelium and nephrosis
were enhanced at 50 mg/kg. On the basis of marginal effects at 5 mg/kg, a
NOAEL of 0.5 mg of TBTO per kg can be established, equivalent to 0.025
mg/kg of body weight per day (38).
In a study in which weanling Wistar rats were fed diets containing 0, 0.5, 5, or
50 mg of TBTO per kg for up to 17 months, TBTO was found to alter both acquired and natural host resistance, particularly at the highest dose (39). In a similar experiment, Wistar rats given the same diets for 30 months exhibited changes,
mostly at the highest dose level, that included a decrease in IgG and an increase
in lgM in females, a decrease in lymphocyte numbers, elevated adrenal weight,
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reductions in liver glycogen and spleen iron, and bile duct hyperplasia (40).
Adverse effects on thymus-dependent immunity and nonspecific resistance
in rats were reported following exposure to TBTO for 17 months. A dose-related
suppression of resistance to the nematode Trichinella spiralis was reported at 5
and 50 mg/kg of diet. A NOAEL of 0.5 mg/kg of diet (equivalent to 0.025
mg/kg of body weight) was identified ( 4 I).

Reproductive toxicity, embryotoxicity, and teratogenicity
Pregnant NMRI mice were given oral doses ofO, 1.2, 3.5, 5.8, 11.7, 23.4, or 35
mg of TBTO per kg of body weight per day on days 6-15 of gestation. At the
highest dose, there was a significant increase in numbers of resorptions. A slight
reduction in average fetal weight was noted at 23.4 mg/kg of body weight but
was more pronounced at the highest dose. The frequency of cleft palate increased
in a dose-dependent fashion, being statistically significant at 11.7 mg/kg of body
weight. However, there was also evidence of maternal toxicity at this and higher
dose levels (42).
Groups of pregnant Long-Evans rats were given oral doses of 0, 2.5, 5, 10,
12, or 16 mg ofTBTO per kg of body weight per day on days 6-20 of gestation.
Retarded fetal growth, a reduction in numbers of live births, and effects on postnatal growth and behaviour were observed at doses of 10 mg/kg of body weight
per day and above. Maternal toxicity was also evident at these dose levels. At 12
mg/kg of body weight per day, two pups born dead exhibited cleft palate (43).

Mutagenicity and related end-points
TBTO gave negative results in bacterial and yeast mutagenicity tests. In mammalian cells in vitro, it gave negative results for induction of point mutations and
sister chromatid exchange, but chromosomal aberrations were induced in Chinese hamster ovary cells in the presence of the 59 fraction of a ratliver homogenate. Mice given oral doses failed to show an increased incidence of micronuclei in
bone marrow polychromatic erythrocytes (34, 35, 42).

Carcinogenicity
In a 106-week TBTO feeding study in rats, the incidence of benign tumours of
the pituitary was significantly elevated at 0.5 and 50 mg/kg. At 50 mg/kg of diet
(about 2.5 mg/kg of body weight per day), increases in phaeochromocytomas in
the adrenal medulla and parathyroid adenomas were noted. There was also a low
incidence of rare pancreatic adenocarcinomas. The incidence of tumours was not
dose-related (34, 38).

Tricyclohexy/tins

Acute exposure
Acute oral LD 50 s for tricyclohexyltin hydroxide in rodents range from 235 to
1070 mg/kg of body weight (44).
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Long-term exposure
Groups of rats were fed diets containing tricyclohexyltin hydroxide at 0, 0.8, 3.
6, or 12 mg/kg of body weight per day for 2 years. At 12 mg/kg of body weight
per day, there was reduced body weight gain and increased relative spleen and
liver weights in females. Similar, but milder, effects were noted at 6 mg/kg
of body weight per day, whereas no adverse effects were observed at 3 mg/kg of
body weight per day. A NOAEL of0.8 mg/kg of body weight per day was reported for dogs given the same doses for 2 years (8).
Reproductive toxicity, embryotoxicity, and teratogenic1ty
In a multigeneration study on rats, it was found that tricyclohexyltin hydroxide
had no effects on reproduction at a dose of 4-6 mg/kg of body weight per day.
Similarly, no evidence for teratogenicity was observed in rabbits receiving up to
3 mg/kg of body weight per day on days 8-16 of gestation ( 8).
Carcinogenicity
No evidence of carcinogenicity was found in a study of rats receiving tricyclohexyltin hydroxide at concentrations of up to 12 mg/kg of body weight per day
for 2 years (8).
Triphenyltins
Acute exposure
Acute oral LD 50 s of81-491, 80-135, 1170, and 108-500 mg/kg of body weight
have been reported in rodents for triphenyltin ethanoate, chloride, fluoride, and
hydroxide, respectively (44).
Short-term exposure
Weanling rats fed a diet containing 25 mg of triphenyltin hydroxide per kg for 3
or 4 weeks exhibited suppression of cell-mediated immunity but not humoral
immunity ( 45). A reduction in relative thymus weight was observed in rats fed
triphenyltin chloride at 15 mg/kg in the diet for 2 weeks. Relative spleen weight
was reduced at a dietary concentration of 50 mg/kg (30).
Rats were fed diets containing up to 50 mg/kg (abour 2.5 mg/kg of body
weight per day) of either triphenyltin ethanoate or triphenyltin hydroxide for 90
days. Guinea-pigs received similar diets but only three times per week. Growth in
rats and guinea-pigs was affected at 25 and 5 mg/kg for triphenyltin ethanoate
and 50 and 20 mg/kg for triphenyltin hydroxide, respectively. Guinea-pigs given
5-20 mg of triphenyltin ethanoate per kg exhibited lymphocytopenia and histological changes in the lymphopoietic system and spleen (33).
Long-term exposure
In 2-year studies, the dietary NOAEL for triphenyltin hydroxide in rats was
approximately 2 mg/kg (0.1 mg/kg of body weight); for triphenyltin ethanoate in
guinea-pigs, it was 5 mg/kg (0.3 mg/kg of body weight) (8).
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Reproductive toxicity, embryotoxicity, and teratogenicity
Groups of pregnant rats were given oral doses of triphenyltin ethanoate of 0, 5,
10, or 15 mg/kg of body weight on days 6-15 of gestation. A reduction in the
body weight gain of dams and an increase in post-implantation loss were apparent at the highest dose. A reduction in fetal skeletal ossification was observed in
all treated groups, but there was no evidence of teratogenicity ( 46).
Mutagenicity and related end-points
Triphenyltin hydroxide gave negative results for mutagenicity in bacteria but was
positive for the induction of point mutations in mammalian cells in vitro (46)
and in an early mouse dominant lethal assay (48).
Carcinogenicity
Groups of Fischer 344 rats and B6C3F 1 mice (50 per sex per dose) were fed triphenyltin hydroxide in their diet at 37.5 or 75 mg/kg for 78 weeks; they were
then kept under observation for a further 26 weeks. There appeared to be no increase in tumour incidence as compared with controls (49).

14.27.6 Effects on humans
There is evidence that trimethyltin is neurotoxic in humans. Mental confusion
and generalized epileptic seizures were noted in two chemists who had been
exposed to trimethyltin in a pilot plant manufacturing dimethyltin dichloride.
Both subjects recovered and regained apparently normal health (50). Severe neurological damage was reported in some workers exposed over 3 days to a mixture
of trimethyltin and dimethyltin dichloride (51).
A drug containing triethyltin as an impurity produced neurological symptoms in 209 patients, 110 of whom died. Most symptoms were indicative of
raised intracranial pressure as a consequence of cerebral oedema, but some patients developed paraplegia. For those patients that survived, the paraplegia was
largely irreversible, but other neurotoxic effects were not (52).

14.27.7 Guideline values
Diatkyltins
The disubstituted compounds that may leach from PVC water pipes for a short
time after installation are primarily immunotoxins, although they appear to be of
low general toxicity. The data available are insufficient to permit the proposal of
guideline values for individual dialkyltins.

Tributyltin oxide
TBTO is not genotoxic. Although one carcinogenicity study was reported in
which neoplastic changes were observed in endocrine organs, the significance of
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these changes is considered questionable. The most sensitive end-point appears
to be immunotoxicity, with a lowest NOAEL of0.025 mg/kg of body weight per
day in a 17 -month feeding study in rats related to the suppression of resistance to
the nematode Trichinella spiralis (41). The significance to humans of this finding
is not completely clear, but this NOAEL is consistent, within an order of magnitude, with other NOAELs for long-term toxicity.
A TDI of 0.25 rg/kg of body weight was calculated by applying an uncertainty factor of 100 (for inter- and intraspecies variation) to the NOAEL of
0.025 mg/kg of body weight per day. The guideline value for TBTO is 2 rg/litre
(rounded figure) based on an allocation of 20% of the TDI to drinking-water.
The database on the toxicity of the other trisubstituted organotin compounds is either limited or rather old. It was therefore not considered appropriate
to propose guideline values for these compounds.
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15.
Pesticides
15.1 Introduction
The evaluation of the health effects of pesticides was based on reviews of all available relevant information, including unpublished proprietary data developed by
manufacturers of pesticides. The fact that pesticide manufacturers made available
to the review groups their proprietary toxicological information on the products
under discussion is gratefully acknowledged.
For the sake of completeness, these unpublished studies are included in the
reference lists of the monographs as appropriate. Copies of the reports may be requested directly from the manufacturers; they are not available from WHO.
It should be noted that the recommended guideline values for pesticides in
drinking-water are set at a level to protect human health; they may not be suitable for the protection of the environment or aquatic life.
It is recognized that the environmental degradation products of pesticides
may be a problem in drinking-water. In most cases, however, the toxicities of
these degradation products have not been taken into consideration in these
guidelines, as data on their identity, presence, and biological activity are inadequate.

15.2 Alachlor
15.2.1 General description
Identity
CAS no.:
Molecular formula:

15972-60-8
C 14 H 20 ClN0 2

Alachlor is the common name for 2-chloro-N-(2,6-diethylphenyl)-N-(methoxymethyl)acetamide.

Physicochemical properties (1, 2)
Property
Physical state
Water solubility
Vapour pressure
Log octanol-water partition coefficient
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Value
White crystalline solid at 23 ac
242 mg!Iitre at 25 ac
2.9 x I0-3 Pa at 25 ac
2.6-3.1
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Organoleptic properties
Taste and odour thresholds in water of 33 and 110 mg/litre, respectively, have
been reported (1).

Major uses
Alachlor is used pre- or early post-emergence to control annual grasses and many
broad-leaved weeds mainly in maize, but also in cotton, brassicas, oilseed rape,
peanuts, radish, soy beans, and sugar-cane (2).

Environmental fate
Alachlor dissipates from soil mainly through volatilization, photodegradation,
and biodegradation (3-5 ). Many metabolites have been identified; diethylaniline, detected in some soil studies, interacts rapidly with humic substances in
the soil (3). A half-life in soil of7-38 days has been reported (6). Under certain
conditions, alachlor can leach beyond the root zone and migrate to groundwater
(1, 3).

15.2.2 Analytical methods
Water samples are extracted with chloroform, and alachlor determined in the extracts by gas-liquid chromatography with electrolytic conductivity detection in
the nitrogen mode or by capillary column gas chromatography with a nitrogenphosphorus detector (7). The detection limit is about 0.1 flg/litre.

15.2.3 Environmental levels and human exposure
Water
Alachlor was detected in the surface water and groundwater of 10 states of the
USA between 1979 and 1987 (3). In two recent surveys in the USA, alachlor was
detected in one of750 and in 38 of 1430 private wells sampled (A.J. Klein, Monsanto Agricultural Company, personal communication). A review of monitoring
data showed that alachlor was present in groundwaters in the USA at levels ranging from less than 0.1 to 16.6 flg/litre (8). In Italy, in a survey carried out in
1987-88, alachlor was detected in three out of 322 drinking-water supplies at a
maximum level of 1.6 flg/litre (9).

Food
Food does not appear to be a major route of exposure for the general population
since residues of alachlor in food are usually below the detection limit. It is rapidly metabolized by crops after application and does not bioaccumulate ( 1). In tolerant plants, it is detoxified by rapid conjugation with glutathione (10).
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15.2.4 Kinetics and metabolism in laboratory animals and humans
Alachlor is absorbed through the gastrointestinal tract of rats and distributed to
the blood, spleen, liver, kidney, heart, and, to a lesser extent, eyes, brain, stomach, and ovaries ( 11). Rats, mice, and monkeys differ in the ways in which they
metabolize, distribute and excrete it (12-14). 4-Amino-3,5-diethylphenol, which
is suspected to be a key metabolite from the point of view of the carcinogenicity
of alachlor has been found in much larger quantities in the urine of rats than in
that of mice and monkeys. Alachlor and its metabolites in urine and faeces are excreted much more slowly in rats than in mice and monkeys. Mice excrete alachlor
metabolites mainly via the faeces, rats in equal proportions in the urine and
faeces, and monkeys mainly via urine (I 5, 16).

15.2.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Acute oral LD 50 s of 930-1350 and 1100 mg/kg of body weight for rats and
mice, respectively, have been reported (2).

Short-term exposure
In a 6-month feeding study, dogs were given alachlor at 0, 5, 25, 50, or 75 mg/kg
of body weight per day; dose-related hepatotoxicity was seen at all dose levels
(17). In a subsequent 1-year feeding study in which dogs were given alachlor at
1, 3, or 10 mg/kg of body weight per day, the NOAEL was 1 mg/kg of body
weight per day (18).

Long-term exposure
A 2-year feeding study in Long-Evans rats showed alachlor to be toxic at all doses
tested (14, 42, or 126 mg/kg of body weight per day). Effects observed included
dose-related hepatotoxicity at all dose levels and highly significant levels of ocular
lesions, identified as the uveal degeneration syndrome, in the mid- and high-dose
groups (19). In another 2-year feeding study in which the same strain of rats was
given alachlor at 0, 0.5, 2.5, or 15 mg/kg of body weight per day, 2.5 mg/kg of
body weight per day was considered to be the NOAEL for uveal degeneration
syndrome (20).

Reproductive toxicity, embryotoxicity, and teratogenicity
In a three-generation study, 10 male and 20 female CD rats were fed a diet containing 0, 3, 10, or 30 mg of alachlor per kg. No effects were observed on the reproductive cycle or on postnatal development (21 ). After female CD rats were
treated by gastric intubation with 0, 50, 150, or 400 mg of technical alachlor per
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kg of body weight per day on days 6 to 19 of gestation, no signs of embryotoxicity were observed at any of the doses tested (22).
Female Dutch Belted rabbits were exposed to alachlor by gavage on days
7-19 of gestation at 0, 10, 30, or 60 mg/kg of body weight per day. No signs of
maternal toxicity or embryotoxicity were observed at these doses (23).

Mutagenicity and related end-points
Alachlor does not induce gene mutations in bacteria or in mammalian cells in
vitro (24), but does induce chromosomal aberrations in mammalian cells
in vitro (25) and is weakly active in a gene conversion test in yeast (26) and in an
in vitro/in vivo test of DNA repair in rat hepatocytes (27). Samples of varying
purity gave contrasting results for chromosomal aberrations in in vivo tests in the
rat (26, 28). A broad spectrum of genetic damage was observed in plant systems
(29, 30). There are positive mutagenicity data for 2,6-diethylaniline, which is a
known metabolite of alachlor in animals.

Carcinogenicity
Doses of 0, 14, 42, or 126 mg/kg were administered in the diet to Long-Evans
rats (50 of each sex) for 2 years. This study provided clear evidence of carcinogenicity based on a statistically significant increase in the incidence of adenomas
of the nasal turbinate, malignant stomach tumours, and thyroid follicular tumours in high-dose males. This conclusion is also based on the incidence of
adenocarcinomas of the nasal turbinate in mid-dose males and females and the
observation of submucosal hyperplasia in nasal tissues, and was supported by a
repeated study of the highest dose only (126 mg/kg), in which adenomas and
adenocarcinomas of the nasal cavity and malignant stomach tumours were found
(31).
A second study on the same rat strain at doses of 0, 0.5, 2.5, and 15 mg/kg
for 2 years also provided clear evidence of carcinogenicity. A statistically significant increase in the incidence of adenomas of the nasal turbinate was observed at
the highest dose. Submucosal gland hyperplasia of the nasal turbinate was also
noted. The presence of stabilizers in the technical material is unlikely to have influenced the carcinogenic response observed in the rat (20).
CD-1 mice were fed technical-grade alachlor in the diet for 18 months at
doses of 0, 26, 78, or 260 mg/kg of body weight per day. Statistically significant
increases in lung bronchiolar tumours at the highest dose tested were seen in
female mice (32). The increase of lung tumours in male mice was not significant
at any dose. In the United States, the Environmental Protection Agency has concluded that this study provides inadequate evidence of carcinogenicity (A.J.
Klein, Monsanto Agricultural Company, personal communication).
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15.2.6 Effects on humans
The probable oral lethal dose in humans is 0.5-5 g/kg of body weight.!

15.2. 7 Guideline value
IARC has not evaluated alachlor. On the basis of available experimental data,
evidence for the genotoxicity of alachlor is considered to be equivocal. However,
a metabolite of alachlor has been shown to be mutagenic. Available data from
two studies in rats clearly indicate that this compound is carcinogenic, causing
benign and malignant tumours of the nasal turbinate, malignant stomach tumours, and benign thyroid tumours.
In view of the data on carcinogenicity, guideline values were calculated by
applying the linearized multistage model to data on the incidence of nasal tumours in rats (20). Concentrations of 200, 20, and 2 rg/litre in drinking-water
are associated with excess lifetime cancer risks of 1o-4, 10-5, and I0- 6, respectively.
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15.3 Aldicarb
15.3.1 General description
Identity
CAS no.:
Molecular formula:

116-06-3

C7 H 14N 2 0 2S

Aldicarb is the common name for 2-methyl-2(methylthio)propionaldehyde 0methylcarbamoyloxime.

Physicochemical properties (1-3)
Property
Vapour pressure
Water solubility
Log octanol-water partition coefficient

Value
13Paat25oC
6 g!litre at 20 oc
1.359

Major uses
Aldicarb is a systemic carbamate insecticide used to control nematodes in soil
and insects and mites on a wide variety of crops, including citrus fruits, grain,
peanuts, potatoes, soy beans, sugar-beet, and tobacco.

Environmental fate
Aldicarb is oxidized by microorganisms in soil to the sulfoxide and sulfone ( 4);
its degradation half-life ranges from a few days to more than 2 months (5, 6).
Aldicarb and its degradation products are generally mobile in soil (5, 6); leaching
is most extensive in soils with a low content of organic matter (5).
Aldicarb is very persistent in groundwaters, particularly those that are acidic;
the half-life for degradation to nontoxic products ranges from a few weeks to as
long as several years (7). The primary mode of degradation is chemical hydrolysis, although there may also be some microbial decay in shallow groundwater (8).

15.3.2 Analytical methods
Aldicarb and its degradation products in water may be determined by highperformance liquid chromatography (3 ). When followed by post-column derivatization to form fluorescent compounds, this method has detection limits of
about 1.3, 0.8, and 0.5 j.lg!litre for aldicarb, the sulfoxide, and the sulfone,
respectively (9 ). Aldicarb and its oxidation products can also be determined
as their nitrile derivatives by capillary gas chromatography with a nitrogenphosphorus detector (10).
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15.3.3 Environmental levels and human exposure
Water
Aldicarb was detected in Ill of 1017 samples in surveys of private and municipal
drinking-water supplies in Canada (detection limits 0.01-3.0 rgflitre); the maximum concentration was 28 rg/litre (11 ). It has been detected in well-water in
the USA at concentrations ranging from less than 10 to 500 rgflitre (7). Neither
aldicarb nor its metabolites were detected in over 700 community groundwater
drinking supplies in Florida (detection limit 2-5 rgflitre for each compound)
(12). Concentrations in groundwater near potato fields to which it had been applied were detectable C~ 1 rg/litre) in 31.3% of samples taken in Long Island,
NY; 0.9% of samples contained aldicarb at concentrations above 100 rgflitre
(13). Aldicarb sulfoxide and aldicarb sulfone residues are found in an approximately 1: 1 ratio in groundwater (5, 6).

Food
Aldicarb was detected in 94% of potatoes analysed in the USA in 1980 at concentrations ranging from 50 to 520 rglkg (14). Aldicarb sulfoxide was found in
1981-1986 in seven of 6391 samples of domestic agricultural commodities at
levels at or below 1.0 mg/kg (15).

Estimated total exposure and relative contribution of drinking-water
Based on maximum residue limits for aldicarb established by the Codex Alimentarius Commission (16), the theoretical maximum daily intake of aldicarb from
food is about 0.09 mg/day for a 60-kg adult (1.5 rglkg of body weight per day).
The average daily intake for a male aged 25-30 years has been estimated to be
0.2 rglkg of body weight per day, based on residues in foods in the USA ( 17).
Based on a concentration of aldicarb in drinking-water of 5 rg/litre and consumption of 2 litres of drinking-water per day by a 60-kg adult, the daily intake
by this route can be estimated to be 10 rg (0.2 rglkg of body weight), which is
about the same as that from food.

15.3.4 Kinetics and metabolism in laboratory animals and humans
Aldicarb is rapidly absorbed from the gastrointestinal tract, the respiratory tract,
and the skin. It is rapidly oxidized to aldicarb sulfoxide, which is metabolized
more slowly by oxidation and hydrolysis to aldicarb sulfone. Both metabolites
and the parent compound are degraded to the corresponding oximes and nitriles,
which are then broken down into aldehydes, acids, and alcohols (1, 18).
Elimination of aldicarb is rapid; in rats, 80o/o of an orally administered dose
was eliminated in the urine within 24 h (19). It does not accumulate in tissues
(19), but appears to cross the placental barrier (20).
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Aldicarb forms a complex with acetylcholinesterase, thus inhibiting the enzyme's action. The complex can dissociate to form aldicarb and the enzyme or
break down into the oxime plus a carbamylated enzyme, which is then hydrolysed into the free enzyme and methyl carbamic acid, thus detoxifYing the insecticide (18, 21).

15.3.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Aldicarb is highly acutely toxic in animals; the oral LD 50 in rats ranges from 650
to 930 flg/kg of body weight (22), depending on the vehicle (21). The oral LD 50
in rats for aldicarb sulfoxide is similar to that of the parent compound, whereas
the LD 50 for the sulfone is approximately 25 times higher (18).

Short-term exposure
A 1:1 mixture of aldicarb sulfoxide and aldicarb sulfone was administered in
drinking-water to Wistar rats (1 0 per sex per dose) at nominal concentrations of
0, 0.075, 0.3, 1.2, 4.8, or 19.2 mg/litre for 29 days. Mean plasma and erythrocyte cholinesterase activities were reduced by 54-77% in both males and females
at 19.2 mg/litre at 8, 15, and 29 days. Although male rats exposed to 4.8 mg!litre
experienced a 28% reduction in plasma cholinesterase activity at day 8 and a
25% reduction in erythrocyte cholinesterase activity at day 29, the authors considered these effects to be of questionable biological significance and determined
the "no-ill-effect level" to be 4.8 mg/litre, equivalent to 0.5 mg/kg of body
weight per day. Because the actual concentration in drinking-water was on average approximately 80% of the nominal concentration (1, 23), the NOAEL can
be considered to be 0.4 mg/kg of body weight per day.

Long-term exposure
Groups of rats (15 per sex per dose, strain unspecified) were fed diets containing
concentrations of aldicarb sulfoxide equivalent to doses of 0, 0.125, 0.25, 0.5, or
1.0 mg/kg of body weight per day for 6 months. Plasma and erythrocyte cholinesterase activities were depressed in males consuming 0.25 mg/kg of body
weight per day and above and in females consuming 0.5 mg/kg of body weight
per day and above. No cholinesterase inhibition was observed in rats allowed to
recover for 1 day before sacrifice. The NOAEL for cholinesterase inhibition was
considered to be 0.125 mg/kg ofbodyweight per day (1, 24).
In a 2-year study, groups of rats (20 per sex per dose) were fed diets containing aldicarb (0.3 mg/kg of body weight per day), aldicarb sulfoxide (0.3 or 0.6
mg/kg of body weight per day), aldicarb sulfone (0.6 or 2.4 mg/kg of body
weight per day), or a 1:1 mixture of aldicarb sulfoxide and aldicarb sulfone (0.6
or 1.2 mg/kg of body weight per day). Plasma cholinesterase activity and body
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weight gain were depressed in males consuming 1.2 mg/kg of body weight per
day of the aldicarb sulfoxide/ sulfone mixture. Mortality was increased in male
and female rats consuming 0.6 mg of aldicarb sulfoxide per kg of body weight
per day. The authors considered the NOAELs to be 0.3 mg/kg of body weight
per day for aldicarb and aldicarb sulfoxide, 2.4 mg/kg of body weight per day for
aldicarb sulfone, and 0.6 mg/kg of body weight per day for the 1:1 mixture of
aldicarb sulfoxide and sulfone (25).
No adverse effects were observed in two 2-year studies in which rats (26) and
beagle dogs (27) were fed aldicarb in the diet at concentrations ranging from 0 to
0.1 mg/kg of body weight per day.

Reproductive toxicity, embryotoxicity, and teratogenicity
No significant effects on fertility, gestation, viability of offspring, lactation, mean
weights, or histological features in litters were observed in a three-generation reproduction study in CFE rats in which aldicarb was administered in the diet at
doses of 0.05 or 0.1 mg/kg of body weight per day (28). In a three-generation
study in Harlan-Wistar albino rats, there was a significant difference in the body
weight of second-generation pups at 0.7 mg/kg of body weight per day (29), although no adverse effects on reproduction were observed when aldicarb sulfone
was administered in the diet at doses of up to 9.6 mg/kg of body weight per day
(30).

Single doses of 0.001, 0.01, or 0.1 mg of aldicarb per kg of body weight per
day administered by gastric intubation to pregnant Sprague-Dawley rats on day
18 of gestation caused a significant inhibition of brain acetylcholinesterase activity, which was greater in fetal than in maternal tissues (20, 31).
No significant differences in fetal malformations or developmental variations
were observed in the offspring of pregnant Dutch Belted rabbits given daily aldicarb doses of 0, 0.1, 0.25, or 0.50 mg/kg of body weight per day via gavage on
days 7-27 of gestation (32). Similarly, teratogenic effects were not observed in a
study in which pregnant CD rats were given up to 0.5 mg/kg of body weight per
day orally for 10 days during gestation (1, 33).

Mutagenicity and related end-points
Most in vivo and in vitro assays of aldicarb for mutagenicity have been negative
(34, 35), although increases in both chromosomal aberrations in bone marrow
cells (36) and sister chromatid exchange in cultured human lymphocytes (1, 37)
have been observed.
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Carcinogenicity
No significant increases in the incidence of tumours of any type were reported in
studies in rats (0-0.3 mg/kg of body weight per day) and mice (0-0.7 mg/kg of
body weight per day) fed aldicarb in the diet for periods ranging from 18 months
to 2 years (25, 26, 38, 39).

15.3.6 Effects on humans
Clinical symptoms of aldicarb intoxication include dizziness, weakness, diarrhoea, nausea, vomiting, abdominal pain, excessive perspiration, blurred vision,
headache, muscular convulsions, temporary paralysis of the extremities, and
dyspnoea. Recovery is rapid, usually within 6 h (21).
Aldicarb is one of the most acutely toxic pesticides. Poisoning has resulted
from the ingestion of contaminated cucumbers at a dose ranging from 0.006 to
0.25 mg/kg of body weight ( 40) and contaminated melons at a dose as low as
0.0021 mg/kg of body weight ( 41).
Groups of four adult male volunteers ingested single doses of aqueous aldicarb of 0.025, 0.05, or 0.1 mg/kg of body weight. Cholinergic symptoms were
observed at 0.1 mg/kg of body weight. A dose-related depression of acetylcholinesterase activity (47-73%), predominantly in the first 2 h following exposure,
was observed in all subjects. It should be noted, however, that acetylcholinesterase levels in individuals varied considerably between 18 h and 1 h before
dosing ( 42). In a study in which two volunteers ingested doses of aqueous aldicarb of 0.05 or 0.26 mg/kg of body weight, clinical signs of intoxication were observed only in the subject receiving 0.26 mg/kg of body weight (43).
The effects of chronic ingestion of aldicarb on human immune function
were investigated in two limited cross-sectional epidemiological studies of women
(1, 44, 45). In the first study, an association was found between the consumption
of aldicarb in drinking-water (1-61 rgllitre) and abnormalities in various subsets
of T-cell populations in women with otherwise intact immune systems (44).
However, the study had several limitations, including the limited size of the exposed group, the failure to calculate aldicarb dose on a body weight basis, and the
failure to match exposed and control groups with respect to water supply. In a
follow-up study (45), which suffered from many of the same limitations as the
first, the authors concluded that changes in the cellular distribution of immune
system parameters occurred in women exposed to aldicarb in their drinkingwater. The findings of these studies suggest that further research on the effects of
aldicarb on the immune system is warranted.
A significant association between the age-adjusted rates for all neurological
syndromes and increasing aldicarb concentration was found in a study on the
relationship between levels of aldicarb in drinking-water and delayed neuropathy
(46 ) . Information on somewhat subjective symptoms was obtained from
individuals by self-administered questionnaire; no clinical examinations were
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conducted. It was not reported whether the subjects were classified blindly on the
basis of the results of the questionnaire or whether the respondents were aware of
their exposure status.
No relationship between aldicarb concentrations in drinking-water and food
consumption or other reported symptoms or diagnosed illnesses was found in a
survey of 1035 residents of 462 households in Long Island, NY (47).

15.3. 7 Guideline value
IARC has concluded that aldicarb is not classifiable as to its carcinogemctty
(Group 3) (48). The only consistently observed toxic effect with both long-term
and single-dose administration of aldicarb in studies conducted to date is the rapidly reversible inhibition of acetylcholinesterase activity. The toxic effects of aldicarb appear to be dependent both on the method (i.e. single or repeated dosing)
and the means of administration (e.g. by gavage, in the diet or in drinkingwater), possibly because of reduced bioavailability of the compound or the bolus
effect of certain forms of administration. The studies considered most appropriate for the derivation of the guideline, therefore, are those in which aldicarb was
administered in the diet or drinking-water.
In 1992, the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) recommended an ADI of 0.003 mg/kg of body weight, based on a single oral dose
study in human volunteers with a NOAEL of 0.025 mg/kg of body weight per
day and an uncertainty factor of 10 ( 49).
For the purposes of deriving a guideline value for drinking-water, the TDI is
derived from a NOAEL of 0.4 mg/kg of body weight per day for acetylcholinesterase inhibition found in a 29-day study in rats given drinking-water containing a 1: 1 mixture of aldicarb sulfoxide and aldicarb sulfone (1, 23). This study is
considered to be the most relevant to the derivation of a drinking-water guideline
because the rats were given water containing the two aldicarb metabolites in a
ratio similar to that normally found in drinking-water. Based on an uncertainty
factor of 100 (for inter- and intraspecies variation), the TDI is 4 ~g/kg of body
weight. No allowance was made for the short duration of the study in view of the
extremely sensitive and rapidly reversible biological end-point used. The guideline value is 10 ~g/litre (rounded figure), assuming an allocation of 1Oo/o of the
TDI to drinking-water.
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15.4 Aldrin and dieldrin
15.4.1 General description
Identity

Compound
Aldrin
Dieldrin

CAS no.
309-00-2
60-57-1

Molecular formula
C 12 H 8Cl6
C 12 H 8Cl6 0
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The IUPAC name for aldrin is (IR,4S,4aS,5S,8R,8aR)-1,2,3,4,10,10-hexachloro-1 ,4,4a,5,8,8a-hexahydro-1,4:5,8-dimethanonaphthalene (HHDN). Aldrin is
most commonly used to mean HHDN with a purity greater than 95%, except in
Denmark and the countries of the former Soviet Union, where it is the name
given to pure HHDN. Impurities include octachlorocyclopentene, hexachlorobutadiene, toluene, and polymerization products (1).
The IUPAC name for dieldrin is (lR,4S,4aS,5R,6R,7S,8S,8aR)-1,2,3,4,10,10hexachloro-1 ,4,4a,5,6, 7 ,8,8a-octahydro-6, 7 -epoxy-1 ,4:5 ,8-dimethanonaphthalene (HEOD). Dieldrin is most commonly used to mean HEOD with a purity
greater than 85%, except in Denmark and the countries of the former Soviet
Union, where it is the name given to pure HEOD. Impurities include other polychloroepoxyoctahydrodimethanonaphthalenes and endrin (I).

Physicochemical properties (1, 2)

Property
0

Melting point ( C)
Density at 20 oc (g/cm3)
Water solubility at 20 oc ()lg/litre)
Log octanol-water partition coefficient
Vapour pressure at 20 oc (Pa)

Technical aldrin
(95% pure)

Technical dieldrin

49-60
1.54
27
3.0
8.6x10-3

175-176
1.62
186
4.6
0.4x10-3

Organoleptic properties
Odour threshold values of 17 and 41 )lgflitre have been reported for aldrin and
dieldrin, respectively, in water (3, 4).

Major uses
Aldrin and dieldrin are highly effective insecticides for soil-dwelling pests and for
the protection of wooden structures against termites and wood borers. Dieldrin
has also been used against insects of public health importance (1 ). Although the
use of aldrin and dieldrin has been severely restricted or banned in many parts of
the world since the early 1970s, they are still used in termite control in some
countries (5).

Environmental fate
In soil, aldrin is removed by oxidation to dieldrin and evaporation. In temperate
climates, only 75% is oxidized within a year after application. The further
disappearance of dieldrin is very slow under these conditions; the half-life is
approximately 5 years. Under tropical conditions, both oxidation and further
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disappearance of dieldrin are rapid, 90% disappearing within 1 month, primarily
by volatilization (I).

15.4.2 Analytical methods
Aldrin and dieldrin are determined by extraction with pentane followed by gas
chromatography with electron-capture detection. The detection limits in tapwater and river water are about 0.001 rgllitre for aldrin and 0.002 rgllitre for
dieldrin.

15.4.3 Environmental levels and human exposure
Air

Dieldrin has been detected at very low concentrations in ambient air, on dust
particles, and in rainwater. In nonagricultural areas, concentrations of 0.06-1.6
ngfm3 have been reported; in agricultural areas, mean levels are in the range 1-2
ngfm3, with a maximum of about 40 ngfm3 (I).
Concentrations found in the air of houses treated for termites are much
higher (40-7000 ngfm3). The presence of aldrin/dieldrin-treated wood in houses
results in indoor air concentrations of 10-500 ngfm3 (1).
Water

The concentrations of aldrin and dieldrin in aquatic environments and drinkingwater are normally less than 10 ng!Iitre. Higher levels are attributed to contamination from industrial effluents and soil erosion during agricultural use. River
sediments may contain higher amounts (up to 1 mg/kg). These pesticides are
rarely present in groundwater, as little leaching from soils occurs (I).

Food
Dieldrin is stored in the adipose tissue, liver, brain, and muscle of mammals, fish,
birds, and other parts of the food-chain. The reduction in use since the 1970s has
decreased the residues in food in many countries to well below the levels that may
result in an intake of 0.1 jlg/kg of body weight per day (the ADI established by
the Joint FAO/WHO Meeting on Pesticide Residues) (6). The intake in 1980-82
was estimated to be 0-0.2 jlg/kg ofbodyweight per day in several countries (I).
Dieldrin has been detected in breast milk at a mean concentration of 0.5-11
Jlg!kg of milk in Europe and the USA. Breast-fed babies receive doses of approximately 1 rglkg of body weight per day when mothers' milk contains 6 Jlg of dieldrin per litre (I). Although concentrations in breast milk decreased from an average of 1.33 ]lg/kg of milk in 1982 to 0.85 rglkg of milk in 1986 (7), higher
concentrations (mean 13 Jlg!litre) have been found in breast milk from women
whose houses were treated annually with aldrin (8).
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15.4.4 Kinetics and metabolism in laboratory animals and humans
Aldrin and dieldrin are absorbed by the oral, inhalation, and dermal routes. They
tend to accumulate in adipose tissue. A steady state between intake, storage, and
excretion is reached following repeated dosing. Aldrin and dieldrin can be mobilized from the adipose tissue compartment, causing an increase in blood level
that results in toxic manifestations. Dieldrin is metabolized in the liver and is excreted, with its metabolites, primarily in the faeces via the bile in humans and in
most animals tested (mouse, rat, monkey). The major metabolite is 9-hydroxy
dieldrin. Small amounts of trans-6,7-hydroxy dieldrin, dicarboxylic acids, and
bridged pentachloroketone are excreted, but only in laboratory animals. The
ratios between the amounts of the various metabolites produced differ for different animals (I).

15.4.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Acute oral LD 50 s of 33-65 mg/kg of body weight have been reported for aldrin
and dieldrin for mice, rats, dogs, pigs, and rabbits. The reported value for dieldrin in monkeys is 3 mg/kg of body weight ( 1).

Short-term exposure
Short-term studies on rodents have shown that the liver is the major target organ
of aldrin and dieldrin exposure. The liver-to-body-weight ratio increases, and
histopathological changes are observed, which have become known as "chlorinated hydrocarbon insecticide rodent liver". In rats, the changes were minimal at
a dose of 0.025 mg/kg of body weight per day, and this value was selected as the
LOAEL (1).

Long-term exposure
Dogs seem more sensitive to aldrin and dieldrin than rats. In a 2-year study with
beagle dogs receiving dieldrin in olive oil at doses of0.005 or 0.05 mg/kg ofbody
weight per day, female dogs given 0.05 mg/kg of body weight per day had an
increased liver-to-body-weight ratio. The NOAEL was estimated to be 0.005
mg/kg of body weight per day (I).

Reproductive toxicity, embryotoxicity, and teratogenicity
The results of a number of reproductive studies suggest that dieldrin at levels of
2 mg/kg in the rat diet and 3 mg/kg in the mouse diet has no effects on reproduction. At these levels, however, there may be biochemical and histopathological
effects.
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In a limited study with dogs fed aldrin or dieldrin, pup survival was generally lower. No effects were observed in dogs receiving 0.2 mg of dieldrin per kg in
the diet (1).

Mutagenicity and related end-points
The majority of studies on aldrin and dieldrin have not shown them to be mutagenic. In one study in which dieldrin was mutagenic in two out of three strains of
Salmonella typhimurium, a dose-response relationship was not demonstrated (1).

Carcinogenicity
A number of long-term studies have shown aldrin and dieldrin to produce
benign and malignant tumours of the liver in various strains of mice but not in
other species. This indicates rhat the effect of aldrin/dieldrin on the mouse liver
is species-specific. Aldrin and dieldrin have also been tested for carcinogenicity
by the oral route in hamsters, dogs, and monkeys (J). After assessing much of the
available data, IARC concluded that the evidence for the carcinogenicity to animals of both aldrin and dieldrin is limited, and classified both chemicals in
Group 3 (9).

15.4.6 Effects on humans
Both aldrin and dieldrin are highly toxic to humans, the target organs being the
central nervous system and the liver. Severe cases of both accidental and occupational poisoning and a number of fatalities have been reported. The lethal dose of
dieldrin is estimated to be approximately 10 mg/kg of body weight per day. The
majority of those poisoned by aldrin or dieldrin recover, and irreversible effects
have not been reported.
Male volunteers exposed to dieldrin doses of 0-3 )lg/kg of body weight per
day for 18 months showed no effects on health. The concentration of dieldrin in
blood and adipose tissue was found to be proportional to the daily intake (1).
Effects on occupationally exposed workers have been studied in two epidemiological mortality studies. In one study (232 subjects), no indication of specific carcinogenic activity was found. In another study (1040 subjects), the
mortality due to malignant neoplasms was lower than expected. There was a
slight excess of cancers of the oesophagus, rectum, and liver, based on very small
numbers. The only disease showing higher mortality rates than expected was
nonmalignant respiratory system disease, specifically pneumonia ( 1).
Chromosome studies have been carried out on human peripheral lymphocytes from agricultural workers and workers engaged in the control of Chagas
disease with at least 10 years of exposure to dieldrin. There were no differences
between the control and exposure groups in structural chromosomal aberrations
and sister chromatid exchange (1).
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15.4. 7 Guideline value
As already mentioned, IARC has classified aldrin and dieldrin in Group 3 (9).
All the available information on aldrin and dieldrin taken together, including
studies on humans, supports the view that these chemicals make very little contribution, if any, to the incidence of cancer in humans. Therefore, a TDI approach can be used to calculate a guideline value.
In 1977 JMPR recommended an ADI of 0.1 11g/kg of body weight (combined total for aldrin and dieldrin). This was based on NOAELs of 1 mg/kg of
diet in the dog and 0.5 mg/kg of diet in the rat, which are equivalent to 0.025
mg/kg of body weight per day in both species. JMPR applied an uncertainty factor of 250 based on concern about carcinogenicity observed in mice ( 6).
This ADI is reaffirmed. Although levels of aldrin and dieldrin in food have
been decreasing, dieldrin is highly persistent and bioaccumulates. There is also
the potential for exposure in the atmosphere of houses where it is being used for
termite control. The guideline value is therefore based on an allocation of 1o/o of
the ADI to drinking-water, giving a value of 0.03 rg/litre.
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15.5 Atrazine
15.5.1 General description
Identity
CAS no.:
Molecular formula:

1912-24-9
C 8 H 14 ClN 5

The IUPAC name for atrazine is 6-chloro-Nethyl-N'-isopropyl-1,3,5-triazine2,4-diamine or 2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine (I). Most
commercial atrazine products are about 95% pure. Common impurities include
sodium chloride and other symmetric triazines, such as simazine and propazine.

Physicochemical properties (1-3)
Property
Melting point
Density
Water solubility
Log octanol-water partition coefficient
Vapour pressure

Value

175-177 oc
1.187 g/cm3 at 20 oc
30 mg/litre at 20 oc
2.3
40 x 10-6 Pa at 20 oc

Major uses
Atrazine is used as a selective pre- and post-emergence herbicide for the control
of weeds in asparagus, maize, sorghum, sugar-cane, and pineapple. It is also used
in forestry and for non-selective weed control on non-crop areas (I). Several
countries have restricted its use.

Environmental fate
Atrazine can be degraded in surface water by photolysis and microorganisms via
N-dealkylation and hydrolysis of the chloro substituent; the corresponding halflives are greater than 100 days at 20 oc. Hydrolysis and microbial degradation
also take place in soil, depending mainly on temperature, moisture, and pH.
Half-lives of 20-50 days at 20-25 oc have been found under laboratory conditions, increasing at lower temperatures ( 4). These are similar to the half-lives
found under natural conditions, but longer half-lives have been seen under special conditions (5). Degradation rates normally decrease with increasing depth,
and atrazine can be fairly stable in groundwater ( 6).
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Atrazine's degradation products in soil include 2-chloro-4-amino-6-isopropylamino-1 ,3,5-triazine, 2-chloro-4-ethylamino-6-amino-1 ,3,5-triazine, 2-chloro4-amino-6-amino-1 ,3, 5-triazine,
2-hydroxy-4-ethylamino-6-isopropylamino1,3,5-triazine, and 2-hydroxy-4-amino-6-isopropylamino-1 ,3,5-triazine (the
main metabolite) (7). Unsubstituted amino metabolites and triazine are formed
later and may be mineralized completely. Atrazine and its dealkylated metabolites
are moderately to very mobile in sandy, silt, and clay soils (8). Hydroxytriazines,
however, are of low mobility (9) and persist for long periods in the soil (1 0).

15.5.2 Analytical methods
Atrazine is determined by extraction with pentane followed by gas chromatography with nitrogen-phosphorus detection. The detection limit in tapwater and
river water is about 0.1 rg/litre (4).

15.5.3 Environmental levels and human exposure
Air
Evaporation tests in fields treated with atrazine have shown a loss of about 0.2%
of the dose per day. It is found in precipitation just after spraying (1 I) and may
then also be expected to be found in air.

Water
In many countries, after application in agricultural areas, atrazine has been found
in groundwater at levels of0.01-6 rg/litre. It has also been detected in drinkingwater in several countries at levels of0.01-5 jlg/litre (11, 12).
Food
Hydroxy metabolites of atrazine have been found in plants grown in soil treated
with it (10), but atrazine itself has not been found on crops. When sprayed on
maize, it is quickly transformed by the plant into its hydroxy metabolites (13).

15.5.4 Kinetics and metabolism in laboratory animals and humans
Atrazine appears to be readily absorbed from the gastrointestinal tract. In a study
of rats given a single dose by gavage, at least 80o/o of the dose was absorbed.
Within 3 days, 66% of the dose was excreted in the urine, 14% was retained in
tissues, mainly the blood cells, and only 0.1% was found in the expired air (14).
Doses given orally are retained mainly in erythrocytes, liver, spleen, and kidney.
Most of the metabolites found in soil can also be found as degradation products
in rats, 2-chloro-4,6-diamino-1 ,3,5-triazine being the major compound present
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in urine (15 ). Absorption through skin is limited, amounting to less than 2%
after a 10-h exposure (I 6).

15.5.5 Effects on laboratory animals and in vitro test systems
Acute exposure
When technical atrazine (97% active ingredient) was administered to very young
rats (< 7 weeks), LD 50 s of 1900-2300 mg/kg of body weight were found, whereas LD 50 s in the range 670-740 mg/kg of body weight were found for 3-monthold rats (I 7). LD 50 s of 1750-4000 mg/kg of body weight were established in
mice (18).
Atrazine causes moderate irritation to rabbit skin but is not appreciably irritating to the rabbit eye. It causes dermal sensitization in the guinea-pig. The dermal LD 50 was reported to be higher than 3100 mg/kg of body weight in the rat
(19).

Short-term exposure
A 2-week study on female rats on oral toxicity and hormonal effects showed that
100 mg/kg of body weight per day influenced the serum concentrations of estrogen, luteinizing hormone, prolactin, and progesterone. These effects may be important in the development of breast cancer in rats (20).

Long-term exposure
In a 1-year oral study on beagle dogs with technical atrazine (97% active ingredient) at doses of 0, 0.5, 5, or 34 mg/kg of body weight per day, the heart was the
main target organ. Dogs given 34 mg/kg of body weight per day showed ECG
alterations and clinical signs referable to cardiac toxicity after only 17 weeks.
Treatment-related changes in haematological values were also reported in males
of this group. Slight decreases in total serum protein and albumin were reported
for males at 34 mg/kg of body weight per day. The NOAEL in this study was
5 mg/kg of body weight per day (21).
Technical atrazine (98.9% active ingredient) was fed to Sprague-Dawley rats
for 2 years at 0, 10, 70, 500, or 1000 mg/kg in the diet. At 500 and 1000 mg/kg,
there was a significant decrease in mean body weights of both sexes and decreased
food consumption. At 1000 mg/kg, females were found to have a consistent reduction in red blood cell count, haemoglobin and haematocrit, and glucose levels
were depressed in both females and males during the first 12 months. The
NOAEL in this study was 70 mg/kg (equivalent to 3.5 mg/kg of body weight per
day) based on non-neoplastic effects as well as reduced body weight and food
consumption (22).
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Reproductive toxicity, embryotoxicity, and teratogenicity
In a two-generation rat study utilizing technical atrazine (97% active ingredient)
in doses of 0, 0.5, 2.5, or 25 mg/kg of body weight per day, pup weights in the
second generation at the two highest doses were statistically significantly lower
than those of the control group. Both parental animals had significant decreases
in body weight, body weight gain, and food consumption at 25 mg/kg of body
weight per day. In addition, a statistically significant increase in relative testis
weight was seen in both generations at this dose level. Thus, the reproductive
NOAEL was 0.5 mg/kg of body weight per day, and the parental NOAEL 2.5
mg/kg of body weight per day (23).
No teratogenic response was found in New Zealand white rabbits that received atrazine by gavage on days 7-19 of gestation at dose levels of 1, 5, or 75
mg/kg of body weight per day. Maternal toxicity, in the form of decreased body
weight gain and food consumption, was seen in the mid- and high-dose groups.
Fetotoxicity was demonstrated only at 75 mg/kg of body weight per day by an
increased resorption rate, reduced fetal weights, and delay of ossification. The
embryotoxic NOAEL appears to be 5 mg/kg of body weight per day, and the maternal NOAEL is 1 mg/kg of body weight per day (24).

Mutagenicity and related end-points
Atrazine has been tested in several systems, but there is no convincing evidence
that it has any significant genotoxic action. However, deficiencies exist with respect to certain of the tests performed, and some evidence of genotoxic effects in
vivo needs confirmation (25-28).

Carcinogenicity
In the study in which technical atrazine (98.9% active ingredient) was fed to
Sprague-Dawley rats for 2 years at 0, 10, 70, 500, or 1000 mg/kg in the diet, a
significant increase in the incidence of mammary tumours in females was seen at
the three highest doses (22). The doses in the middle of the range (70 and 500
mg/kg) showed 95% significance for the occurrence of adenocarcinomas and carcinosarcomas, suggesting that atrazine interferes with hormonal regulation in
male rats. The effect of atrazine on rat hormones confirms this hypothesis (20).
The NOAEL in this study was 10 mg/kg, equivalent to 0.5 mg/kg of body
weight per day. Studies on mice have not shown any signs of tumours (29).

15.5.6 Effects on humans
In an epidemiological study in northern Italy, an increased relative risk of ovarian
neoplasia was found among women exposed to triazine herbicides (30). An 80%
formulation of atrazine did not cause skin sensitization on repeated application
to humans.
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15.5. 7 Guideline value
The weight of evidence from a wide variety of genotoxicity assays indicates that
atrazine is not genotoxic. There is some evidence that it can induce mammary
tumours in rats as a result of hormonal changes, but it is highly probable that the
mechanism for this process is non-genotoxic. No significant increase in neoplasia
has been observed in mice. IARC has concluded that there is inadequate evidence
in humans and limited evidence in experimental animals for the carcinogenicity
of atrazine (Group 2B) (31).
A TDI approach can therefore be used to calculate a guideline value. Based
on a NOAEL of 0.5 mg/kg of body weight per day in a carcinogenicity study in
the rat (22) and an uncertainty factor of 1000 (I 00 for inter- and intraspecies
variation and 10 to reflect potential neoplasia), a TD I of 0. 5 flg/kg of body
weight can be calculated. With an allocation of 10% of the TDI to drinkingwater, the guideline value is 2 fig/litre (rounded figure).
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15.6 Bentazone
15.6.1 General description
Identity
CAS no.:
Molecular formula:

50 723-80.3

C 10 H 12 N 2 0 3S

The IUPAC name for bentazone is 3-isopropyl-(1H)-2,1,3-benzothiadiazin4(3H)-one 2,2-dioxide. Technical bentazone is 92-96% pure. Its main impurities are Nisopropylsulfamoyl anthranilic acid (reactant; 2.4%), sodium chloride
(raw material; l.Oo/o), and anthranilic acid (reactant; 0.6%). Some 50 other compounds have been found as impurities at very low concentrations (I).
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Physicochemical properties (1-3)

Property
Melting point
Density
Water solubility
Log octanol-water partition coefficient
Vapour pressure

Value

137-139 oc

1.5 g/cm3 at 20 oc
500 mg/litre at 20 oc
Low
0.46 x 10-3 Pa at 20 oc

Major uses
Bentazone is a contact herbicide used in winter and spring cereals, maize, peas,
rice, and soy beans. It is absorbed by the leaves and has a short herbicidal effect
(2).

Environmental fate
The mechanism for degradation in soil is not known. The metabolite 2-aminoNisopropyl benzamide (AlBA) has been found; two others, 6- and 8-hydroxy
bentazone, may occur but are not extractable from soils after application and may
be incorporated in the humic fraction. In a sandy soil assay, 80% of radioactively
labelled bentazone was still present in the soil a year after application. The halflife of bentazone under optimal conditions is 1.5-15 weeks, depending on soil
type. At temperatures below 10 oc, the half-life is longer than 20 weeks. In lysimeter and laboratory assays of mobility, 20-50% of bentazone and AlBA appears in the eluate (I).

15.6.2 Analytical methods
Bentazone may be determined by extraction with dichloromethane followed by
gas chromatography with electron-capture detection. The detection limit in tapwater and river water is about 0.05 ~g/litre (I).

15.6.3 Environmental levels and human exposure
Air
Bentazone is unlikely to occur in air owing to its low vapour pressure.

Water
Bentazone can be detected in groundwaters in cultivated areas where it is used.
Surface waters can be polluted by effluents from production plants, drainage
waters, and actual use in the water (rice fields). Concentrations range from <0.1
to 6 ~g/litre in groundwater and from <0.1 to 2 ~g/litre in surface water (4).
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Food
Bentazone may be present in crayfish farmed in rice fields where it is sprayed (3).

15.6.4 Kinetics and metabolism in laboratory animals and humans
In rats, 14C-labelled bentazone was rapidly absorbed from the gastrointestinal
tract and distributed via the bloodstream to various organs and tissues. Liver and
kidneys exhibited the highest activity, but no penetration across the blood-brain
barrier was observed. Of the dose administered, 90% was excreted in the urine
within 24 has unchanged bentazone. Little was recovered in the faeces (1 %), and
even less detected in exhaled air (<0.02%) (5). More than 80% of a single dose
of bentazone administered to a rabbit in the feed was excreted in the urine unmetabolized. Two unidentified metabolites, accounting for about 3% of the dose,
were detected, together with small quantities of 6- and 8-hydroxy bentazone
( 6, 7).

15.6.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The acute toxicity ofbentazone appears to be moderate to low. For rats, the LD 50
for oral intake in carboxymethylcellulose gel was 1220 mg/kg of body weight,
and for dermal exposure in water, greater than 2500 mg/litre. Poor muscle coordination, tremor, and breathing difficulties were noted, but no exposurerelated pathological changes were discovered on necropsy (8, 9).

Short-term exposure
Beagle dogs were given technical bentazone at 0, 2.5, 7.5, 25, or 75 mg/kg of
body weight per day for 13 weeks (10). The highest dose level produced weight
loss, reduced haemoglobin, and fatty degeneration of liver and heart muscle.
One-third of males and two-thirds of females died. Effects at lower dose levels
were much less marked or absent. Prostatitis was observed in all males at 75
mg/kg of body weight per day and in one male at 25 and another at 7.5 mg/kg of
body weight per day. This suggests a compound-related dose-dependent effect,
with 2.5 mg/kg of body weight per day as the NOAEL (1 I). Others have suggested that 7.5 mg/kg of body weight per day is the NOAEL (12).

Long-term exposure
In a 2-year study, rats were fed bentazone in the diet at 10, 40, or 200 mg/kg of
body weight per day. Decreased mean body weight gain, increased absolute and
relative kidney weights, increased water consumption, and changes in urine and
blood data were apparent in animals of both sexes at the highest dose level. In ad-

616

15. PESTICIDES

clition, males had depressed food consumption and an equivocal increase in eye
lesions and cataracts. Less severe effects were seen in the group receiving 40
mg/kg of body weight per day, and no compound-related effects were observed at
10 mg/kg of body weight per day (13).
In a 52-week feeding study carried out in dogs at dose levels of 0, 100, 400,
and 1600 mg/kg, the NOAEL was 400 mg/kg (13.1 mg/kg of body weight per
day). At the highest dose, various clinical signs were observed in males, an increase in prothrombin time and in partial thromboplastin time was observed in
both sexes, and two dogs showed reduced spermiogenesis (14).
In a long-term toxicity/carcinogenicity study in which mice were given bentazone at concentrations of 0, 100, 400, or 2000 mg/kg in the diet, the NOAEL
was 100 mg/kg, equal to 12 mg/kg of body weight per day, based on increases in
prothrombin time and changes in pituitary weights in males (1 5).

Reproductive toxicity, embryotoxicity, and teratogenicity
Pregnant Sprague-Dawley rats were given technical bentazone by gavage at doses
of 22.2, 66.7, or 200 mg/kg of body weight per day on days 6-15 after conception. At 200 mg/kg of body weight per day, a dose level not associated with maternal toxicity, signs of fetotoxicity and teratogenicity were observed, such as
increased late resorptions, fetuses with thickened and/or shortened extremities,
runting, and anasarca. The NOAELs for fetuses and dams were 66.7 and 200
mg/kg ofbodyweight per day, respectively (16).
Pregnant Wistar rats were fed bentazone at 40, 100, or 250 mg/kg of body
weight per day on days 6-15 after conception. At 250 mg/kg of body weight per
day, the dams showed significantly decreased food intake but no weight decrease.
Signs of fetotoxicity, such as increased resorption, smaller litter sizes, and lower
mean pup weight, were also noticed. The NOAEL for both fetuses and dams was
100 mg/kg of body weight per day (1 7).
In a two-generation rat study at dose levels of 0, 200, 800, or 3200 mg/kg of
feed, no reproductive or teratogenic effects were observed. The NOAELs for reduced body weight were 800 mg/kg (50 mg/kg of body weight per day) in parental animals and 200 mg/kg (15 mg/kg of body weight per day) in pups (1 8).
In a study in which pregnant Chinchilla rabbits were given 75, 150, or 375
mg of bentazone per kg of body weight per day by gavage on days 6-18 of gestation, maternal toxicity was observed at the highest dose level. There were no indications of teratogenicity or effects on fetal or embryonic development at any dose
level. The NOAEL was 150 mg/kg of body weight per day (19).

Mutagenicity and related end-points
Mutagenicity tests, Ames tests, and cytogenetic tests gave negative results, except
for a mouse liver cell assay and a point mutation test carried out on CHO cells,
in which bentazone gave a weak mutagenic response (20).
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Carcinogenicity
No carcinogenic effects have been observed in the different studies carried out.

15.6.6 Effects on humans
No cases of human poisoning have been reported following bentazone exposure.

15.6.7 Guideline value
Long-term studies conducted in rats and mice have not indicated a carcinogenic
potential, and a variety of in vitro and in vivo assays have indicated that bentazone is not genotoxic. The guideline value is therefore derived using a TDI approach.
]MPR evaluated bentazone in 1991 (20) and established an ADI of 0.1
mg/kg of body weight by applying an uncertainty factor of 100 to a NOAEL of
10 mg/kg of body weight per day, based on haematological effects at higher
doses, derived from a 2-year dietary study in rats (13) and supported by
NOAELs in dogs and mice (14, 15). To allow for uncertainties regarding dietary
exposure, 1Ofo of the ADI was allocated to drinking-water, resulting in a guideline
value of 30 11gllitre.
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15.7 Carbofuran
15. 7.1 General description
Identity
CAS no.:
Molecular formula:

1563-66-2
C 12H 15 N0 3

Carbofuran is the common name for 2,3-dihydro-2,2-dimethylbenzofuran-7-ylmethylcarbamate.

Physicochemical properties (1, 2)
Value

Property

153-154 oc
320 mg/litre at 25 oc
2.7 x 10-3 Pa at 33 oc
17-26 at 20 oc

Melting point
Water solubility
Vapour pressure
Octanol-water partition coefficient

Major uses
Carbofuran is a systemic acaricide, insecticide, and nematocide. It is used mainly
on alfalfa, sugar-beet, cereals, citrus fruit, coffee, cotton, grapes, fruit trees,
maize, potatoes, rice, soy beans, sugar-cane, tobacco, and vegetables (2).

Environmental fate
Carbofuran can dissipate from water by direct photolysis and photo-oxidation.
In soil, photodecomposition is not an important degradation pathway. Volatilization from soil and water is not expected to be significant. 1

1

Source: Hazardous Substances Data Bank. Bethesda, MD, National Library of Medicine.
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Carbofuran undergoes chemical and microbial degradation mainly through
hydrolysis and hydroxylation (3, 4). Repeated applications do not result in an accumulation of residues. It does not bind to soil or sediments and has been shown
to migrate extensively in soil (1). Its half-life in soil has been reported to be 1-37
weeks (5).

15.7.2 Analytical methods
Carbofuran is determined by a high-performance liquid chromatographic procedure used for the determination of N-methylcarbamoyloximes and N-methylcarbamates in drinking-water. The detection limit has been estimated to be
approximately 0.9 Jlg/litre (6).

15.7.3 Environmental levels and human exposure
Air

In a study designed to evaluate human exposures to carbofuran following aerial
applications, it was estimated that maximum inhaled doses were in the range
0.7-2.0 mg/day (7).
Water

In the USA, carbofuran has been detected in the groundwater of seven states
(8), and in 30o/o of 5100 groundwater samples examined (9). In a field study, it
was found in groundwater 12-16 months after application to potato and corn
crops on sandy soil; maximum concentrations were 10 and 30 Jlg/litre, respectively (9). Typical levels of 1-5 Jlg/litre have been reported for groundwaters in
areas with sandy soils (5).

Food
Monitoring of carbofuran residues in or on foods has revealed only the occasional occurrence of low levels of the parent compound and its metabolites (10).
There is no evidence for bioaccumulation or biomagnification in fish (I 1).

15.7.4 Kinetics and metabolism in laboratory animals and
humans
Carbofuran administered to female mice by gavage was rapidly absorbed (I 2).
Metabolism appears to involve hydroxylation and/ or oxidation reactions that
result in the formation of carbofuran phenols, 3-hydroxycarbofuran, 3-hydroxycarbofuran-7-phenol, 3-ketofuran, and 3-ketofuran-7-phenol. Hydrolysis 1s a
significant pathway for carbofuran metabolism in mammals (13).
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Elimination of carbofuran is rapid in rats; approximately 72% of a single
orally administered dose was excreted in the urine within 24 h, and 92% after
120 h, while total faecal excretion was about 3% (13). Some pulmonary excretion has been found in mice. After 60 min, 6% and 24% of an orally administered dose were recovered as exhaled carbon dioxide and in urine, respectively
(14).

15.7 .5 Effects on laboratory animals and in vitro test systems
Acute exposure
Oral LD 50 s have been reported to be 6-34 mg/kg of body weight for the rat (15),
2.0 mg/kg of body weight for the mouse (16), and 15-19 mg/kg of body weight
for the dog (15). Acute toxicity effects, including death, resulting from exposure
to carbofuran are attributed to rapid inhibition of acetylcholinesterase activity
(16).

Short-term exposure
In a 1-year feeding study in beagle dogs exposed to carbofuran at doses of 0,
0.25, 0.5, or 12.5 mg/kg of body weight per day, no biologically significant adverse effects on various biochemical, haematological, or clinical parameters were
reported at 0.25 or 0.5 mg/kg of body weight per day. At 12.5 mg/kg of body
weight per day, marked depression of plasma and erythrocyte cholinesterase
levels was observed in both sexes, as well as testicular degeneration and some
aspermia in males, and uterine hyperplasia and hydrometria in females. The
NOAEL for dogs was 0.5 mg/kg of body weight per day, based on this study
(17).

Long-term exposure
In a 2-year study, rats were fed carbofuran in the diet at 0, 0.5, 1, or 5 mg/kg of
body weight per day. At the highest dose, slight decreases in mean body weight
were observed in males; there was also inhibition of plasma, red blood cells, and
brain cholinesterase levels in both sexes. No adverse effects on body weight, food
consumption, behaviour, ophthalmology, haematology, biochemistry, urinalysis,
or histopathology were observed at the two lower doses. The NOAEL for this
study was 1 mg/kg of body weight per day (18).
In a similar 2-year study in which mice were fed carbofuran in the diet at 3,
19, or 75 mg/kg of body weight per day, those receiving the highest dose showed
a temporary decrease in body weight. At the two highest doses, a reduction in
brain cholinesterase levels was observed. No adverse effects on food consumption, behaviour, haematology, biochemistry, urinalysis, or histopathology were
observed at the lowest dose. This study supports a NOAEL of 3 mg/kg of body
weight per day (19).
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Reproductive toxicity, embryotoxicity, and teratogenicity
In beagle dogs fed carbofuran for 1 year at 0.25, 0.5, or 12.5 mg/kg of body
weight per day, aspermia in males was observed at the two highest doses. The
highest dose resulted in testicular degeneration in males and uterine hyperplasia
and hydro metria in females (17).
In a three-generation study in which rats were fed carbofuran at 1 or 5 mg/kg
of body weight per day, no adverse effects on male or female fertility, length of
gestation, litter size, or growth were observed. At the highest dose, however, the
survival rate of the first litter in all three generations was slightly lower by day 4
of lactation. The NOAEL for reproductive effects was 1 mg/kg of body weight
per day (20).
Dose-related inhibition of cholinesterase activity in the blood, liver, and
brain of pregnant rats and their fetuses was found in a study in which carbofuran
was administered orally at 0.05, 0.3, or 2.5 mg/kg of body weight on day 18 of
gestation. In the high-dose group, toxic signs appeared within 5 min; 8 of 32
dams died within 30 min; and acetylcholinesterase activity was reduced in all maternal and fetal tissues sampled 1 h after dosing. At lower doses, inhibition was
found in some tissues at 1 h. In this study, the LOAEL was 0.05 mg/kg of body
weight for a single dose, based on the inhibition of maternal and fetal blood
acetylcholinesterase and maternal liver acetylcholinesterase (21).
No teratogenic effects have been found in studies conducted on rats, mice,
and rabbits (22-24). The NOAEL was 0.1 mg/kg of body weight per day in a
teratology study in rats (24).

Mutagenicity and related end-points
Carbofuran was negative in Ames bacterial tests except for one in which it was
mutagenic in Salmonella typhimurium strains TA98 and TA1538 with activation
by rat liver homogenate (S9 fraction) (1, 25). Mutagenicity tests in other organisms were negative, except that positive results were reported with Chinese hamster ovary V79 cells without, but not with, activation by rat liver homogenate (S9
fraction) (1, 26).

Carcinogenicity
No evidence of carcinogenicity was found in the 2-year dietary studies on rats
and mice mentioned above (18, 19).

15.7.6 Effects on humans
Carbofuran was administered orally to healthy males in a controlled experiment
in which there were two subjects at each dose level. The subjects were observed
for 24 h after dosing. At 0.1 mg/kg of body weight, symptoms of acetylcholinesterase depression were observed, including salivation, diaphoresis, abdominal
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pain, drowsiness, dizziness, anxiety, and vomiting. No symptoms were observed
at 0.05 mg/kg of body weight, and this dose level was defined as the NOAEL in
this study (27).
Several cases of adverse effects have been reported in individuals involved in
the application and formulation of carbofuran. There were mild and reversible
symptoms of acetylcholinesterase depression, such as malaise, hypersalivation,
and vomiting. Following more severe poisoning, symptoms included chest tightness, muscular twitching, convulsions, and coma (28).

15.7.7 Guideline value
IARC has not evaluated carbofuran. On the basis of the available studies, this
compound appears to be neither carcinogenic nor mutagenic.
While clinical signs of acetylcholinesterase inhibition were observed in humans at a single oral dose of 0.1 mg/kg of body weight, they were absent at 0.05
mg/kg of body weight, which can therefore be regarded as a NOAEL in humans
(27).
A NOAEL of 0.5 mg/kg of body weight per day was derived from a 1-year
study in dogs (17). The NOAEL for systemic effects in dams in a rat teratology
study was 0.1 mg/kg of body weight per day (24).
A TDI of 1.67 )lg/kg of body weight was calculated by applying an uncertainty factor of 30 (1 0 for intraspecies variation and 3 for the steep dose-response
curve) to the NOAEL of 0.05 mg/kg of body weight in humans. This TDI is
supported by observations in laboratory animals, giving an adequate margin of
safety for the NOAELs in rats and dogs. An allocation of 10% of the TDI to
drinking-water results in the guideline value of 5 )lg/litre (rounded figure).

References
1.

US Environmental Protection Agency. Carbofuran. Reviews in environmental contamination and toxicology, 1988, 104:35-45.

2.

Worthing CR, ed. The pesticide manual, 9th ed. Farnham, British Crop Protection
Council, 1991.

3.

Caro JH et al. Dissipation of soil-incorporated carbofuran in the field. journal of
agricultural and food chemistry, 1973, 21:1010-1015.

4.

Seiber JN, Catahan MP, Barril CR. Loss of carbofuran from rice paddy water:
chemical and physical factors. journal of environmental science and health, 1978,
B(13):131-148.

624

15 PESTICIDES

5.

Cohen SZ et al. Potential for pesticide contamination of ground water from agricultural use. In: Kruger RF, Seiber JN, eds. Treatment and disposal ofpesticide wastes.
Washington, DC, American Chemical Society, 1984:297-325 (ACS Symposium
Series No. 259).

6.

Environmental Monitoring and Support Laboratory. Method 531. Measurement of
N-methyl carbamoyloximes and N-methylcarbamates in drinking water by direct aqueous
injection HPLC with post column derivatization. Cincinnati, OH, US Environmental
Protection Agency, 1984.

7.

Draper WM, Gibson RD, Street ]C. Drift from and transport subsequent to a commercial, aerial application of carbofuran: an estimation of potential human exposure.
Bulletin ofenvironmental contamination and toxicology, 1981, 26:537-543.

8.

Ritter WF. Pesticide contamination of ground water in the United States. A review.
journal of environmental science and health, 1990, B25 (1 ): 1-29.

9.

Holden P. Pesticides and ground water quality: issues and problems in four states. Washington, DC, National Academy Press, 1986.

10. Bureau of Foods. Surveillance index for pesticides. Washington, DC, US Food and
Drug Administration, 1984.
11. Jaraman J et al. Fate of carbofuran in rice-fish model ecosystem. An international
study. Water, air and soil pollution, 1989, 45:371-375.
12. Ahdaya S, Guthrie FE. Stomach absorption of intubated insecticides in fasted mice.
Toxicology, 1982,22:311-317.
13. Dorough HW. Metabolism of Furadan (NIA-10242) in rats and houseflies. joumal
ofagricultural and food chemistry, 1968, 16:319-325.
14. Ahdaya S, Monroe FJ, Guthrie FE. Absorption and distribution of intubated insecticides in fasted mice. Pesticide biochemistry and physiology, 1981, 16:38-46.
15. Food and Agriculture Organization of the United Nations. 1976 Evaluations ofsome
pesticide residues in food. Rome, 1977 (unpublished document AGP: 1976/M/14).
16. Fahmy MA et al. The selective toxicity of new N-phosphorothiol-carbamate esters.
journal ofagricultural and food chemistry, 1970, 18:793-796.
17. Agricultural Chemical Group. One-year chronic oral toxicity study in beagle dogs with
carbofuran. Middleport, NY, FMC Corporation, 1983 (unpublished study submitted to WHO).
18. Goldenthal EL A two-year dietary toxtczty and carcinogematy study in rats.
Middleport, NY, FMC Corporation, Agricultural Chemical Group, 1980 (unpublished study submitted to WHO).

625

GUIDELINES FOR DRINKING-WATER QUALITY

19. Goldenthal EL Two-year dietary toxzczty and carcinogenzczty study in mzce.
Middleport, NY, FMC Corporation, Agricultural Chemical Group, 1')80 (unpublished study submitted to WHO).
20. Goldenthal EL Three-generation reproduction study m rats. Middleport, NY, FMC
Corporation, Agricultural Chemical Group, 1980 (unpublished study submitted to
WHO).
21. Cambon C, Declume C, Derache R. Effect of the insecticidal carbamate derivates
(carbofuran, pirimicarb, aldicarb) on the activity of acetylcholinesterase in tissues
from pregnant rats and fetuses. Toxicology and applied pharmacology, 1979, 49:203208.
22. Agricultural Chemical Group. Pilot teratology study in the rat with carhofuran in the
diet. Middleport, NY, FMC Corporation, 1980 (unpublished study submitted to
WHO).
23. Barnen JB et al. Immunocompetence over the lifespan of mice exposed in utero to
carbofuran or diazinon: I. Changes in serum immunoglobulin concentrations. journal ofem,ironmenta! pathology and toxzcology, 1980, 4:53-63.
24. Barron P, Giesler P, Rao GN. Teratogenicity of carboforan in rats. WARP Institute,
1978 (unpublished study submitted to WHO by FMC Corporation, Middleport,
NY, USA).
25. Moriya M er al. Further mutagenicity studies on pesticides in bacterial reversion assay systems. MutatiOn research, 1983, 116(3-4): 185-216.
26. Wojciechowski JP, Kam P, Sabharwal PS. Induction of ouabain resistance in V-79
cells by four carbamate pesticides. Environmental research, 1982, 29:48-53.
27. Agricultural Chemical Group. Industrial hygiene studies. Final report. Middleport,
NY, FMC Corporation, 1977 (unpublished study submitted to WHO).
28. Tobin JS. Carbofman: a new carbamate insecticide. journal ofocmpational medicine,
1970, 12:16-19.

15.8 Chlordane
15.8.1 General description
Identity
CAS no.:
Molecular formula:
The IUPAC name for chlordane is 1,2,4,5,6,7,8-octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methano-1H-indene. Chlordane is a mixture of isomers, mainly cis626
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and trans-chlordane. Technical chlordane contains 60-75% chlordane isomers
and at least 25 other compounds, including heptachlor (C 10 H 5CI 7) and nonachlor (C 10 H 5Cl 9).

Physicochemical properties (1, 2)
Property
Melting point
Density
Water solubility
Log octanol-water
partition coefficient
Vapour pressure

Value
106-107 oc (cis); 104-105
1.59-1.63 g/cm' at 25 oc
0.1 mg/litre at 25 oc

oc (tram)

5.5 (pure chlordane)
61 x 10-3 Pa at 25 oc (technical)
1.3 X 1o-3 Pa at 25 oc (refined)

Organoleptic properties
A taste threshold of 500 p.g/litrel and an odour threshold of 0.5 pg/litre have
been reported for chlordane in water (3).

Major uses
Chlordane is a versatile, broad-spectrum contact insecticide used mainly for nonagricultural purposes (primarily for the protection of structures, but also on lawn
and turf, ornamental trees, and drainage ditches). It is also used on corn, potatoes, and livestock. When used for termite control, it is applied to the soil by subsurface injection. Recently, the use of chlordane has been increasingly restricted
in many countries (I, 2, 4).

Environmental fate
Chlordane is very resistant to chemical and biological degradation. It is highly
immobile and migrates very poorly. Dissipation of chlordane from soils is mainly
due to volatilization. The soil half-life is about 4 years (5). In spite of its very low
mobility in soil, chlordane may be a low-level source of contamination of
groundwater when applied by subsurface injection. Once in water bodies, it is
not removed by photodegradation, hydrolysis, or biodegradation. Chlordane can
be dissipated from surface water by volatilization, sorption to bottom and suspended sediments and particulates, and uptake by aquatic organisms (6, 7).

1 Source: Hazardous Substances Data Bank, Berhesda, MD, National ltbrary of Medicine, 1985
(NIH/EPA:OHM/TADS).
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15.8.2 Analytical methods
Chlordane can be determined by extraction with pentane followed by gas chromatography with electron-capture detection. The detection limit in tapwater and
river water is about 0.01 )lgllitre (8).

15.8.3 Environmental levels and human exposure
Air
Chlordane levels range from less than 0.1 to 60 ngfm3 in urban air and from 0.01
to 1 ngfm3 in rural air. It is a contaminant of indoor air when used for termite
control; levels exceeding 1 )lgfmi have been measured (2).

Water
In the USA, chlordane is rarely present in drinking-water; when found, it is
mainly at levels below 0.1 )lgllitre (6). Levels in drinking-water and groundwater
higher than its solubility have been reported (4).

Food
Chlordane has been found in meat, eggs, and milk. Some chlordane metabolites
have been found in human milk. Food is considered to be the major source of exposure of the general population (7).

15.8.4 Kinetics and metabolism in laboratory animals and
humans
When cis-chlordane was administered orally, at least 2-So/o of the dose was absorbed by rats and at least 30% by rabbits (9). It is also absorbed by the pulmonary and dermal routes in rats (I 0). Chlordane and its metabolites, mainly
oxychlordane, are quickly distributed throughout the body and stored at the
highest levels in adipose tissue (9). Oxychlordane has been detected in adipose
tissue in the general human population (If).
Various faecal metabolites of both cis- and tram-chlordane have been identified. A metabolic scheme involving dehydrogenation, epoxidation, hydroxylation, and dechlorination reactions has been presented. A glucuronide conjugate
was found in urine ( 12). Lactation is a route of excretion of chlordane in females;
chlordane is present in breast milk mainly as oxychlordane ( 13).
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15.8.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Chlordane is moderately toxic in acute exposure. Oral LD 50 s of 335-430 mg/kg
of body weight have been found in rats and mice, whereas in hamsters the oral
LD 50 was 1720 mg/kg of body weight. Cows seem to be more sensitive, with oral
LD 50 s of 25-90 mg/kg of body weight. Acute exposure to chlordane produces
ataxia, convulsions, respiratory failure, and cyanosis (7).

Long-term exposure
In a 2-year study, dogs fed chlordane at 0, 7.5, 75, 375, or 750 Jlglkg of body
weight per day showed altered liver enzyme activities and slightly increased relative liver weight at the two highest doses. The NOAEL in this study was 75
Jlg!kg of body weight per day ( 14).
F-344 rats (80 per sex per dose) were fed technical chlordane in the diet at 0,
1, 5, or 25 mg/kg for 130 weeks. Absolute and relative liver weights were increased in all treated groups as compared with controls. Serum bilirubin levels
were increased in mid- and high-dose male rats. Histopathological examination
revealed a significantly increased incidence of hepatocellular swelling in both sexes at the high dose and in some of the mid- and low-dose males. A NOAEL of
1 mg/kg of diet, or approximately 0.05 mg/kg of body weight per day, was indicated by this study (I 5).

Reproductive toxicity, embryotoxicity, and teratogenicity
Male rats exposed for 90 days to 19.5 mg/kg of diet (about 1 mg/kg of body
weight per day) showed changes in the ventral prostate (I 6). Chlordane reduced
litter viability and delayed growth in multigenerational studies in rats and mice;
in these studies, the NOAEL was 30 mg/kg of diet and the LOAEL 50 mg/kg of
diet. At lower doses, significant effects appeared only in the third and fourth generations (17, 18). Effects were also seen in pups born to untreated dams but
nursed by treated dams ( 17). Female mice exposed on days 1-19 of pregnancy to
8 mg/kg of body weight gave birth to apparently healthy progeny in which cellmediated immunity was significantly reduced at adult age (19).

Mutagenicity and related end-points
Chlordane was positive in Saccharomyces cerevisiae for mitotic gene conversion
after metabolic activation (20) and in maize for reverse mutation (21). It was
mutagenic to Chinese hamster V79 cells and induced sister chromatid exchange
in intestinal cells of fish treated in vivo (22). Chlordane was negative in Bacillus
subtilis and Salmonella typhimurium for reverse mutation (21, 23), in primary
cultures of rat, mouse, and hamster hepatocytes for unscheduled DNA synthesis,
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and in mice for the dominant lethal assay (23, 24). It was not mutagenic to cultures of human fibroblasts, and studies on DNA damage in transformed human
cells yielded conflicting results (22).

Carcinogenicity
Chlordane gave positive results in carcinogenicity studies conducted in three
strains of mice, one of which has a very low frequency of spontaneous liver
lesions (25-27). In all of these studies, chlordane exposure resulted in very high
incidences of hepatic carcinomas in both male and female mice. In carcinogenicity studies on three strains of rats, chlordane did not exhibit carcinogenic
effects (27-29 ); however, it produced an increased incidence of hepatocellular
adenomas in F-344 SPF male rats (30).

15.8.6 Effects on humans
Neurological symptoms, including headache, dizziness, vision problems, incoordination, irritability, excitability, weakness, muscle twitching, and convulsions,
were consistently mentioned in a compilation of case reports and personal
reports of people accidentally exposed by inhalation or ingestion to unquantified
concentrations of chlordane. A woman died 9 days after ingestion of 104 mg/kg
of body weight (2). Following ingestion of drinking-water contaminated with
chlordane at concentrations of up to 1.2 g/litre, 13 persons showed gastrointestinal and/or neurological symptoms (7).

15.8.7 Guideline value
IARC re-evaluated chlordane in 1991 and concluded that there was inadequate
evidence for its carcinogenicity in humans and sufficient evidence for its carcinogenicity in animals, classifYing it in Group 2B (22).
JMPR re-evaluated chlordane in 1986 and established an ADI of 0.5 )-lgfkg
of body weight by applying an uncertainty factor of 100 to the NOAEL of 50
)-lg/kg of body weight per day derived from a long-term dietary study in rats (15).
Although levels of chlordane in food have been decreasing, it is highly persistent and has a high bioaccumulation potential. An allocation of 1o/o of the JMPR
ADI to drinking-water, gives a guideline value of 0.2 )-lg!litre (rounded figure).
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15.9 Chlorotoluron
15.9.1 General description
Identity
CAS no.:
Molecular formula:

15545-48-9
C 10 H 13 ClN 2 0

The IUPAC name for chlorotoluron is 3-(3-chloro-p--tolyl)-1, 1-dimethylurea.

Physicochemical properties (1)
Property

Value

Physical state
Melting point
Vapour pressure
Density
Water solubility
Log octanol-water partition coefficient

Colourless crystals
147-148 oc
0.017 x 10-3 Pa at 20
1.4 g/cm3 at 20 oc
70 mg/litre at 20 oc
2.29

oc

Organoleptic properties
No odour was detected at a concentration of 9.0 mg/litre (99.3% purity, dissolved in still, bottled water, equilibrated to 40 °C, eight assessors) (Water
Research Centre, unpublished data, 1990).

Major uses
Chlororoluron is a pre- or early post-emergence herbicide widely used to control
annual grasses and broad-leaved weeds in winter cereals (1).

Environmental fate
Chlororoluron is slowly degraded in water and is quite persistent. Chemical hydrolysis is not a significant degradation mechanism. However, it is degraded by
photolysis in water and under laboratory conditions; the half-lives at pH 5, 7,
and 9 at 22 oc were over 200 days. In another study, half-lives of approximately
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120 and 80 days were reported for river and pond water (containing 1o/o sediment), respectively. Degradation proceeded via N-demethylation, yielding 3-(3chloro-p-tolyl)-1-methylurea as the major metabolite and some minor polar
metabolites (Ciba-Geigy, unpublished data, 1989).
In laboratory studies, the rate of degradation of chlorotoluron in soil is slow
and follows first-order kinetics. The estimated half-life in loamy sand and organic and peat soil is several months (2). Rates of degradation were nearly tripled by
raising the temperature from 25 ac to 35 oc_ Under field conditions, chlorotoluron appears to degrade at a higher rate. When applied in the spring on bare
soil, it disappeared from the 0-5-cm soil layer with a half-life of 30-40 days;
dissipation was slower in autumn (Ciba-Geigy, unpublished data, 1989).

15.9.2 Analytical methods
Chlorotoluron may be determined by separation by reverse-phase highperformance liquid chromatography followed by ultraviolet and electrochemical detection (3). Detection limits of 0.1 p.g/litre have been reported ( 4).
Gas chromatography/mass spectroscopy can also be used for the determination
stage.

15.9.3 Environmental levels and human exposure
Air

Because of its low vapour pressure, chlorotoluron is unlikely to be a major contaminant in air.
Water

Chlorotoluron is slightly mobile in soil and likely to reach surface waters following agricultural application. It has occasionally been detected in waters in the
United Kingdom at concentrations ranging from 0.4 to 0.6 p.g/litre (5). Tn Germany, levels of up to 1.2 p.g/litre have been detected in drainage water from fields
soon after normal treatment (Ciba-Geigy, unpublished data, 1989). In another
German study, chlorotolmon was frequently detected in raw waters, concentrations of 0.2 and 0.3 p.g/litre were reported for surface water and groundwater,
respectively ( 6).

Food
It is generally considered that there is only limited exposure to chlorotoluron
from food. In one study, residues of 0.04-0.08 and 0.06-0.35 mg/kg were detected in grain and straw samples, respectively (Ciba-Geigy, unpublished data,
1989). However, the majority of samples contained no measurable residues.
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Estimated total exposure and relative contribution of drinking-water
Based on exposure from food and water, the estimated daily intake was 4.2
~g/person in a German study (Ciba-Geigy, unpublished data, 1989).

15.9.4 Kinetics and metabolism in laboratory animals and
humans
Chlorotoluron is readily and rapidly absorbed when given orally. No evidence of
its accumulation in any particular organ or tissue has been reported. In the rat, it
is metabolized mainly via N-demethylation and stepwise oxidation of the ring
methyl group to hydroxymethyl and carboxymethyl derivatives. At doses above
50 mg/kg, the phenylmethyl group is transformed to a methylthiomethyl group.
Chlorotoluron is rapidly excreted in the urine in the form of metabolites, a
negligible amount being excreted in expired air (Ciba-Geigy, unpublished data,
1989).

15.9.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Chlorotoluron is of low acute oral toxicity in various species; oral LD 50 s range
from 2700 to more than 10 000 mg/kg of body weight. The rat dermal LD 50 was
more than 2000 mg/kg of body weight. It caused no eye or skin irritation in the
rabbit or skin sensitization in the guinea-pig (7; Ciba-Geigy, unpublished data,
1989).

Short-term exposure
Short-term feeding studies in animals suggest that chlorotoluron is of low toxicity. Rats were fed chlorotoluron in the diet at doses of 0, 800, 3200, or
12 800 mg/kg for 3 months. At the highest dose, there was a slight decrease in
body weight in both males and females and an increased incidence of splenic
haemosiderosis and Kupffer's cell activity in the liver. There were slight reversible
increases in haemoglobin concentration, erythrocyte counts, and haematocrit
values in females at 12 800 mg/kg and transient increases in serum alkaline phosphatase activity at 3200 and 12 800 mg/kg. The NOAEL was 800 mg/kg, equal
to 52 mg/kg of body weight per day (Ciba-Geigy, unpublished data, 1989).
In a 3-month study, dogs were fed diets containing 0, 600, 2400, or 9200
mg of chlorotoluron per kg. Animals in the highest dose group died after 10
weeks from severe cachexia, resulting from starvation. At the two highest doses,
there were decreases in food intake and body weights, but the only histopathological changes that could be related to treatment were increased incidence of
splenic and hepatic haemosiderosis (Ciba-Geigy, unpublished data, 1989).
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Long-term exposure
Mice were fed chlorotoluron in the diet at levels of 0, 100, 500, or 2500 mg/kg
for 2 years. At 2500 mg/kg, there was a statistically significant reduction in body
weight, a slight increase in white blood cell count, increased plasma urea levels,
an increase in the activity of alkaline phosphatase in females, and a statistically
significant reduction in the mean relative kidney weights in both sexes. There
was a slightly increased concentration of albumin in males at 500 and 2500
mg/kg. The NOAEL for this study was 100 mg/kg, equal to 11.3 mg/kg of body
weight per day (Ciba-Geigy, unpublished data, 1989).
In a 2-year study, rats were fed chlorotoluron in the diet at dose levels of 0,
100, 500, or 2500 mg/kg. Marked depression in body weight gain was observed
at 2500 mg/kg, accompanied by a slight reduction in feed consumption. At the
same dose level, slight increases in the incidence of spleen haemosiderosis in
females and in aminotransferase activity in males were observed. The NOAEL
for this study was 100 mg/kg, equivalent to a daily intake of 5 mg/kg of body
weight (Ciba-Geigy, unpublished data, 1989).

Reproductive toxicity, embryotoxicity, and teratogenicity
Chlorotoluron was not teratogenic in rats at doses of up to 1000 mg/kg of body
weight per day when administered by gavage on days 6-15 of gestation (CibaGeigy, unpublished data, 1989). A mild retardation in the ossification rate of the
hindlimb was seen in the 1000 and 500 mg/kg groups; this was considered to be
related to maternal toxicity.
In a two-generation study, chlorotoluron was administered orally to rats at
dietary doses of 0, 300, I 000, or 3000 mg/kg. At 3000 mg/kg, there was a significant reduction in body weight and food consumption of both parents and
offspring, a significantly reduced mean number of implantation sites per dam,
and depressed locomotor activity in some pups. The NOAEL in this study was
300 mg/kg (Ciba-Geigy, unpublished data, I989).
No changes were observed in the testes and spermatozoa of male rats given
chlorotoluron intragastrically at doses of 0.2 or 2.0 mg/kg of body weight per
day, 5 days per week for I 0 weeks, although the offspring had lower body weights
and body lengths. When the doses were administered in the feed, no effects were
observed in the fetuses, indicating that the toxicity is affected by the method of
administration (8).

Mutagenicity and related end-points
Chlorotoluron and its metabolites have shown no evidence of mutagenicity in a
number of bacterial or in vitro and in vivo mammalian test systems (Ciba-Geigy,
unpublished data, 1989).
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Carcinogenicity
No carcinogenic effects were reported in rats exposed to doses of 0, 100, 500, or
2500 mg/kg in the diet for 2 years. However, in a 2-year dietary study, an increased incidence of adenomas and carcinomas of the kidney was reported in
male mice at 2500 mg/kg. The incidence of hepatocellular carcinomas was also
increased in male mice receiving 2500 mg/kg and slightly increased at 500
mg/kg. When the incidences of hepatocellular carcinomas and adenomas were
combined, the total number of tumours remained within the historical control
ranges. No carcinogenic effects were reported at 100 mg/kg of diet (Ciba-Geigy,
unpublished data, 1989). These studies suggest that chlorotoluron has a carcinogenic potential that is both species- and sex-specific.

15.9.6 Effects on humans
No cases of human poisoning have been reported following chlorotoluron exposure.

15.9.7 Guideline value
Chlorotoluron is of low toxicity in acute, short-term, and long-term exposures in
animals, but has been shown to cause an increase in adenomas and carcinomas of
the kidney in male mice given high doses for 2 years. Chlorotoluron and its
metabolites have shown no evidence of genotoxicity. In view of this, the guideline value can be calculated using a TDI approach.
The NOAEL in a 2-year feeding study in mice was 11.3 mg/kg of body
weight per day (Ciba-Geigy, unpublished data, 1989). A TDI of 11.3 )lgfkg of
body weight can be calculated by applying an uncertainty factor of I 000 ( 100 for
inter- and intraspecies variation and I 0 for evidence of carcinogenicity). An allocation of I 0% of the TDI to drinking-water results in the guideline value of
30 )lgflitre (rounded figure).
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15.10 DOT and its derivatives
15.10.1 General description
Identity

CAS no.:

107917-42-0

Molecular formula:

cl4H9Cl~

The term DOT refers to p,p' -DOT, or p,p' -dichlorodiphenyl trichloroethane.
The compound's structure permits several different isomeric forms, such as o,p'DOT. The term DOT is also applied to commercial products consisting predominantly of p,p' -DDT, bur also containing smaller amounts of other compounds,
including p,p'- and o,p' -ODD (dichlorodiphenyl dichloroerhane) and p,p'- and
o,p' -DOE (dichlorodiphenyl dichloroethene) (1).

Physicochemical properties {1)
Physical state
Melting point
Vapour pressure
Water solubility
Log octanol-water partition coefficient

White, crystalline solid
108.5-109 oc
2.53 x 10-5 Pa at 20 ac
Highly insoluble (1 )lg!litre)
7.48

Organoleptic properties
All DOT isomers are tasteless, almost odourless solids. The odour threshold for
DDT in water is 0.35 mg/litre (2).
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Major uses
DDT is a nonsystemic contact insecticide with a broad spectrum of activity (3).
It was banned in several countries in the early 1970s, because of ecological considerations, and a number of developed countries have more recently restricted or
banned its use except when it is needed for the protection of human health.
DDT is still used extensively for the control of yellow fever, sleeping sickness, typhus, malaria, and other insect-transmitted diseases. Without it, vast populations would suffer the ravages of endemic and epidemic malaria. Replacement
of DDT by malathion or propoxur would increase the cost of malaria control
considerably, forcing some countries to decrease the coverage of their control
programmes (4).

Environmental fate
DDT and its metabolites are persistent in the environment and resistant to complete degradation by microorganisms, although photochemical degradation does
occur. The persistence ofDDT is substantially lower in tropical climates than in
temperate ones (a few months as compared with years) (I).
DDT and its metabolites are readily adsorbed on to sediments and soils,
which can act both as sinks and as long-term sources of exposure. Because of its
strong tendency to be adsorbed on to surfaces, most DOT that enters water is
and remains firmly attached to soil particles. If it does find its way into water, it is
gradually lost by adsorption on to surfaces (I).
The physical and chemical properties of DDT and its metabolites enable
these compounds to be taken up readily by organisms from the surrounding medium and from food. In aquatic organisms, uptake from water is generally more
important, whereas food is the major source for terrestrial fauna. High lipid solubility and low water solubility lead to the retention of DOT and its stable metabolites in fatty tissue. In general, organisms at higher trophic levels tend to contain
more DOT-type compounds than those at lower ones. These compounds can be
transported around the world in the bodies of animals, as well as in ocean and air
currents (I).

15.10.2 Analytical methods
DDT and its metabolites may be determined in water by gas chromatography
with electron-capture detection. The limits of detection are GO ng/litre for p,p'DOT, 10 ng/litre for p,p'-DDE, and 2.5 ng/litre for p,p'-DDD (3).
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15.10.3 Environmental levels and human exposure
Air
When DDT is sprayed, any that fails to adhere to its target drifts away; vaporization from treated fields can be detected for more than 6 months after application.
Although most of it settles in the same area, some drifts over long distances.
Traces ofDDT have been found in dust known to have drifted over 1000 km and
in water produced by melting Antarctic snow.
With rare exceptions, concentrations of DDT in air in nonagricultural areas
have been in the range <1-2.36 ng/m3. In agricultural communities, concentrations have ranged from 1 to 22 ng/m3. In communities with antimosquito fogging programmes, concentrations may be much higher, 8.5 rgfm3 being the
highest level recorded (4).
Water
In a study of surface waters in the USA during 1964-1968, the highest level recorded for a DDT-related compound was 0.84 rgllitre. Concentrations in Germany were even lower, averaging 10 ng/litre and never going as high as 1 rgllitre.
The average concentrations of total DDT in drinking-water in Czechoslovakia
were 11 and 15 ng/litre in 1972 and 1973, respectively. DDT was not detected
(limit 0.01 ngllitre) in tapwater in a 1977 survey carried out in Ottawa (Canada)
(4).
Within the Global Environment Monitoring System (GEMS) water network, DDT and its metabolites were found in some rivers during 1979-84. The
following average concentrations were measured (5): India, 560 ng!litre; Italy,
3 ng!litre; Netherlands, <2 ng/litre; USA, 0.2 ng/lirre; Canada and France, not
detected.
Food
Daily intake of DDT from food has been measured in several countries. During
1985-88, in Australia, Finland, Guatemala, Japan, Thailand, the United Kingdom, and the USA, the reported mean daily dietary intake by the average adult
was less than 2 rg ( 6). In Egypt, in 1988, a mean daily intake of 960 rg was reported for the average adult (7).
Human milk may contain a higher concentration of DDT than cows' milk
in the same country. So far, there is no evidence that this difference is of any significance for breast-fed babies, even where the concentration of DDT in human
milk is comparatively high (4 ). The average concentration of total DDT in
whole human milk in 15 countries between 1976 and 1986 ranged from 2 to 380
rg/lirre (8). On the assumption that a 5-kg infant consumes 0.6litres of milk per
day, the intake at the highest concentration found would amount to about 200
rg/day, or 40 rg/kg of body weight per day. It should be remembered that such

640

15 PESTICIDES

intake is limited to a few months in a lifetime. Furthermore, neonates are not
at increased risk, as they are not particularly susceptible to DOT's adverse effects
(9).

Estimated total exposure and relative contribution of drinking-water
It has been estimated that over 90% of the DOT stored in the general population
is derived from food ( 4 ). In 1965, intake in the USA was approximately 40
rg/day per person from food, less than 46 ng/day from water, less than 60 ng/day
from urban air, and less than 0.5 rg/day from air in small agricultural communities. Other investigators have also concluded that food is the major source of intake of D DT and related compounds for the general population ( 4).

15.10.4 Kinetics and metabolism in laboratory animals and
humans
DOT is absorbed after inhalation and ingestion, the latter being the more important route of absorption. Absorption of small doses, such as those found in food
residues, is virtually complete and is facilitated by the presence of fat in food.
Even in solution, DOT is poorly absorbed through the skin.
Most of the known facts concerning the distribution, storage, and excretion
of DOT have been demonstrated in humans as well as in laboratory animals. The
compound is stored preferentially in fat, and its storage in organs and other tissues following repeated intake is proportional to their neutral fat content. However, uptake of DOT by fat is slow; therefore, much more is distributed to other
tissues following a single, large dose, and much more to adipose tissue following
many small doses. In spite of the affinity of DOT for adipose tissues, most of the
DOT-related compounds in blood are carried by proteins, less than 1% being
carried in the tiny droplets of fat normally present in the blood.
Following repeated doses, storage in adipose tissue increases rapidly at first
and then more gradually until a steady state is reached. Storage is relatively less at
higher dosages because excretion is relatively greater. In humans, the time necessary to reach storage equilibrium is at least 1 year. There is a gradual reduction in
the amount of D DT stored in the tissues if exposure to the compound is discontinued.
Like most species, humans convert some DOT to ODE, which is stored even
more avidly than the parent compound. A small amount of ODD, an intermediate in the formation of the main excretory product 2,2-bis(4-chlorophenyl)ethanoic acid (DDA), may also be found in tissues. A number of other metabolites have been detected in laboratory animals but not in humans. Technical
DOT is more readily excreted and less readily stored than p, p' -DOT because it
contains 15-20% of o,p'-DDT (4).
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15.10.5 Effects on laboratory animals and in vitro test systems
Acute exposure
The acute toxicity of DOT is high in insects (the L0 50 is 14 mg/kg of body
weight) and lower in mammals (oral L0 50 : 150-400 mg/kg of body weight).
Acute intoxication with DOT elicits symptoms mainly from the central nervom
system, and death is usually caused by respiratory arrest. Large doses cause focal
necrosis of liver cells in several species (3).

Long-term exposure
Long-term studies of oral administration have been performed in rats, mice,
hamsters, dogs, and monkeys. The liver is one of the main target organs, and hepatic effects range from increased liver weights to cellular necrosis. The NOAEL
for hepatic effects was 32 mg/kg of body weight per day for 78 weeks in rats and
about 10 mg/kg of body weight per day when given to rhesus monkeys for
3.5-7.5 years (3 ).
Effects on the central nervous system, such as tremors and hyperactivity, are
also associated with long-term exposure to DOT. Nervous symptoms were apparent at doses of 20 mg/kg of body weight per day in rats, whereas hamsters showed
no clinical signs of neurotoxicity at doses of up to 40 mg/kg of body weight per
day for life (3, 9).

Reproductive toxicity, embryotoxicity, and teratogenicity
Levels of DOT as high as 200 mg/kg offood that do not produce any sign of poisoning have not produced any adverse effects in rats and mice on fertility, gestation, viability, lactation, and the health of the progeny. Reproduction was normal
in dogs receiving a dose of 10 mg/kg of body weight per day, which is approximately equivalent to a dietary level of 500 mg/kg for this species ( 4).
Because of its estrogenic properties, DOT was considered as a possible cause
of abortion in dairy cattle, but no evidence of a relationship was found. Except
for the weak estrogenic properties of o, p' -DOT, the endocrine-related effects of
DOT and its analogues are confined to the adrenal glands, and even these effects
are now considered to be mainly secondary to microsomal enzyme induction in
the liver (4).
No teratogenic effects of DOT have been observed in multigeneration studies of reproduction in several animal species ( 4).

Mutagenicity and related end-points
In most studies, DOT did not induce genotoxic effects in rodent or human cell
systems, nor was it mutagenic to fungi or bacteria (3).
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Carcinogenicity
DOT produces an increase in liver tumours in mice. However, the susceptibility
of the mouse to the formation of liver tumours when exposed to it may be the
consequence of major species differences in the metabolism of DOT and in the
activation of chemical carcinogens by this species. Mice form more ODE than
humans and other species; humans form more of the polar metabolite DDA.
Indeed, DOE has been considered to be the metabolite responsible for carcinogenicity in mice (9).
Male and female Porton Wistar rats were fed 125, 250, or 500 mg of DOT
per kg in the diet for life. No adverse effects were observed on body weight gain
or growth or on the survival rate. The study showed slight increases in the incidence of hepatomas in females only at 250 and 500 mg/kg in the diet; the 125
mg/kg dose level was without effect, and no increase in the incidence of cancer
was seen in males at any of these doses. No metastases of any kind were observed.
JMPR concluded that the 125 mg/kg dose, equivalent to 6.25 mg/kg of body
weight per day, was the NOAEL for tumorigenesis in the rat (9).

15.10.6 Effects on humans
Signs and symptoms reported following acute intoxication by DOT include nausea, vomiting, paraesthesia, dizziness, ataxia, confusion, tremor, and, in severe
cases, convulsions (3).
Repeated exposure of workers for 25 years at an average dose of 0.25 mg/kg
of body weight per day was without any adverse effect, and this may be taken as a
no-effect level for humans (9). Epidemiological observations of humans have not
provided firm evidence that DOT has any reproductive or teratogenic effects. All
epidemiological studies in humans have indicated that 0 DT is not carcinogenic
(9).

15.10.7 Guideline value
IARC has concluded that there is insufficient evidence in humans and sufficient
evidence in experimental animals for the carcinogenicity of DOT (Group 2B) (3).
Based on NOAELs of 6.25 mg/kg of body weight per day in rats, 10 mg/kg
of body weight per day in monkeys, and 0.25 mg/kg of body weight per day in
humans, JMPR recommended an ADI for humans of 0.02 mg/kg of body weight
(9). For adults, this ADI would provide a 500-fold margin of safety tor the
NOAEL of 10 mg/kg of body weight per day found in the ~mdy in monkeys.
This ADI is used for the derivation of the guideline value.
Because infants and children may be exposed to greater amounts of chemicals in relation to their body weight and because of concern over the bioaccumulation of DOT, the guideline value was calculated on the ba~i~ of a 10-kg child
drinking 1 litre of water per day. Moreover, because there 1' ,ignificant exposure
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to DDT by routes other than water a 1o/o allocation of the ADI to drinking-water
was chosen. This leads to a guideline value for DDT and its metabolites in
drinking-water of 2 )lgflitre.
This guideline value exceeds the water solubility of DDT of 1 )lgflitre. However, some DDT may be adsorbed on to the small amount of particulate matter
present in drinking-water, so that the guideline value of 2 )lg/litre could be
reached under certain circumstances.
It should be emphasized that, as for all pesticides, the recommended guideline value for DDT in drinking-water is set at a level to protect human health; it
may not be suitable for the protection of the environment or aquatic life. The
benefits of DDT use in malaria and other vector-control programmes far outweigh any health risk from the presence of DDT in drinking-water.
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15.11 1,2-Dibromo-3-chloropropane
15.11.1 General description
Identity
CAS no.:
Molecular formula:

96-12-8
C 3H 5Br2Cl

Physicochemical properties (1)1

Property
Physical state
Boiling point
Vapour pressure
Water solubility
Log octanol-water partition coefficient

Value
liquid
196 oc
0.1 kPa at 21 oc
1230 mg/litre
2.43

Organoleptic properties
The odour and taste thresholds for 1,2-dibromo-3-chloropropane (DBCP) in
water are both 0.01 mg!litre (J).

Major uses
DBCP is used as a nematocidal fumigant (1).

Environmental fate
DBCP is expected to volatilize from surface water. It is highly persistent in soil
and has been shown to remain there for more than 2 years. It is mobile in soil and
may migrate to groundwater ( 1).

15.11.2 Analytical methods
DBCP is determined by a purge-and-trap gas chromatographic procedure used
for the determination of volatile organohalides in drinking-water (2). This method is applicable to the measurement of DBCP over a concentration range of
0.03-1500 Jlg/litre. Confirmation is by mass spectrometry (detection limit 0.2
Jlg/litre). A detection limit of 0.02 Jlg!litre is possible when gas chromatography
and electron-capture detection are used (3).

1 Conversion factor in air: 1 ppm = 9.67 mg/m3.
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15.11.3 Environmental levels and human exposure
Air
DBCP is a low-level contaminant in air ( 1 ).

Water
In a survey of drinking-water wells near locations where DBCP had been used
within the previous 2 years, this compound was found at low (~g/litre) levels.
In wells not used for drinking-water, it has been detected at levels of up to 20
flg/litre (J).

Food
DBCP has been identified as a contaminant in vegetables grown in soils treated
with it ( 1 ).

15.11.4 Kinetics and metabolism in laboratory animals and
humans
On the basis of excretion studies, absorption is expected to be high by the oral
route. Distribution is primarily to the liver and kidneys ( 4). Transplacental transfer also appears to occur ( 5).
Metabolic pathways for DBCP may involve epihalohydrin, other reactive
epoxides, or 2-bromoacrolein as intermediates. Urinary metabolites in rats include mercapturic acid conjugates, ~-chlorolactic acid, ~-bromolactic acid, and
2-bromoacrylic acid ( 1). Most DBCP is excreted by the urinary and faecal
routes; smaller amounts are excreted in expired air. The urine is the predominant
route for the elimination of metabolites (6).

15.11.5 Effects on laboratory animals and in vitro test systems
Acute exposure
Acute oral LD~ 0 s of 170, 410, and 440 mg/kg of body weight were reported for
rats, mice, and rabbits, respectively (I).

Short-term exposure
Dietary administration of DBCP to rats for 90 days resulted in increased kidney
weights at 2 mg/kg of body weight per day, reduced body weight gain at 15
mg/kg of body weight per day, increased liver weight at 4 5 mg/kg of body weight
per day, and muscular weakness and increased mortality at 135 mg/kg of body
weight per day. The NOAEL was 0.5 mg/kg of body weight per day (7).
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In a study in which Sprague-Dawley rats were given DBCP in drinkingwater at concentrations ofO, 5, 50, 100, or 200 mg/litre (approximately 0, 0.4,
3.2, 5.2, and 9.4 mg/kg of body weight) for 64 days, renal lesions, increased protein and glucose levels, and increased urinary specific gravity were apparent at the
two highest doses (8).

Long-term exposure
In a chronic study in which mice and rats received DBCP by gavage, a doserelated increase in mortality and a high incidence of toxic tubular nephropathy
were reported at time-weighted average doses of 78.6-149.3 mg/kg of body
weight per day in mice and 10.7 and 20.7 mg/kg of body weight per day in rats
(9). Lifetime treatment of Charles River CD rats with doses ofO, 0.2, 0.7, or 2
mg/kg of body weight per day in the diet resulted in kidney lesions in female rats
and reduced body weight and organ weight changes in male rats given 2 mg/kg of
body weight per day (I 0).

Reproductive toxicity, embryotoxicity, and teratogenicity
In a study in which male Dutch rabbits (6 per group) were given DBCP at 0, 0.9,
1.9, 3.7, 7.5, or 15 mg/kg of body weight in drinking-water 5 days per week for
10 weeks, testis weights and sperm production decreased and follicle stimulating
hormone levels increased at 15 mg/kg of body weight, mean seminiferous tubular
diameter decreased at 7.5 mg/kg of body weight, and abnormal sperm morphology was observed at 1.9 mg/kg of body weight. The NOAEL was 0.9 mg/kg of
body weight (I 1, 12).
In a study in which DBCP was administered at 0.02, 0.2, 2, or 20 mg/kg of
body weight per day in drinking-water to male and female Sprague-Dawley rats
for 60 days before mating, throughout mating, during gestation, and during the
first 5 days of lactation, fetal body weights, pup weights, and food and water intake were reduced at the highest dose ( 13).
Administration of DBCP at 0, 25, 50, or 100 mg/kg of body weight by gavage in corn oil to male and female CD-1 mice during the premating period
(7 days), cohabitation (98 days) and segregation (21 days) was without effect on
reproduction in the F0 generation; however, when treatment at 100 mg/kg of
body weight was administered to the offspring ofF 1 mice, organ weights were reduced (14).
Male Sprague-Dawley rats given DBCP in corn oil by gavage at doses of 0,
0.9, 1.9, 3.7, 7.5, or 15 mg/kg of body weight for 77 days and mated with untreated females on days 65-71 had decreased body and testis weights at 3.7 but
not at 7.5 mg/kg of body weight. Daily spermatozoa production was significantly
lower in vehicle controls than in controls not given corn oil (15).
No teratogenic effects were found in fetuses of pregnant Wistar rats treated
with DBCP by gavage at 12. 5, 25, or 50 mg/kg of body weight per day on days
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6-15 of gestation (5). The dose of 50 mg/kg of body weight per day was fatal to
embryos, and those of25 and 50 mg/kg of body weight per day reduced maternal
body weights.

Mutagenicity and related end-points
Technical-grade DBCP was mutagenic in Salmonella typhimurium strains
TA1535, TA1530, TA100, and TA98 and in Escherichia coli, with and without
metabolic activation (16-21). Results were negative with S. typhimurium strains
A-98, TA1537, and TA1538 (16, 19, 20). DBCP was positive in the recessive
lethal assay, in a genetic crossing-over assay, and for chromosome breakage in
Drosophila melanogaster (22-24). Results of a dominant lethal assay were positive
in rats (25) but negative in mice (26). Positive results were obtained in a study
on sister chromatid exchange in cultured Chinese hamster cells, for chromosomal
aberrations in rats treated in vivo, and for unscheduled DNA synthesis in germ
cells of prepubertal mice treated in uiuo (26-28 ). Results were negative in the
mouse specific locus test (29).

Carcinogenicity
In a chronic study in which Osborne-Mendel rats received rime-weighted average
doses by gavage of 10.7 and 20.7 mg/kg of body weight per day, highly significant dose-related increased incidences of squamous cell carcinoma of the forestomach in males and females and mammary adenocarcinoma in females were
observed. Significant dose-related increased incidences of squamous cell carcinoma of the forestomach of male and female B6C3F 1 mice were found at timeweighted average doses of78.6-149.3 mg/kg of body weight per day (9).
In a chronic dietary carcinogenicity bioassay in Charles River rats, high-dose
(2.0 mg/kg of body weight per day) male and female rats had significantly increased incidences of carcinoma of the renal tubules and squamous cell carcinoma of the stomach. Male rats also showed an increase in liver tumours following
exposure to DBCP for 104 weeks (10).
In a chronic inhalation study, dose-related increased incidences of nasal cavity tumours were found in male and female F344 rats and B6C3F 1 mice at DBCP
concentrations of 5.8 or 29 mgfm3, 6 h per day, 5 days per week. The mice also
exhibited treatment-related increased incidences of pulmonary tumours (30).
DBCP was positive as a tumour initiator in the skin of Han!ICR Swiss mice
but negative as a whole carcinogen for skin (31).

15.11.6 Effects on humans
Reduced spermatogenesis, which was reversible, was reported in chemical plant
workers and agricultural workers exposed to DBCP (I). Possible permanent destruction of germinal epithelium was reported in a follow-up of exposed workers
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(32). No chromosomal aberrations were identified in men in whom spermatogenesis was suppressed as a result of occupational exposure to DBCP, nor were
there increases in abortions and malformations in offspring (33). Results were
negative in an epidemiological study of the relationship between DBCP contamination of drinking-water and reproductive indices (e.g. birth rate, birth weight,
birth defects) (34). Approximately 98% of 45 914 mothers were exposed to
3 Jlgllitre or less of DBCP.
No association was found between DBCP contamination of drinking-water
(average levels 0.004-5.8 Jlg/litre) and incidences of gastric cancer and leukaemia
(35); 14% of the areas concerned had levels greater than 1 Jlg/litre. These
results differ from those of a similar earlier study that indicated a tentative
association between DBCP exposure in drinking-water and gastric cancer and
leukaemia (36). There was no association between cancer incidence and DBCP
exposure in a cohort of 550 chemical workers potentially exposed to this compound during its production from 1957 to 1975 (37). Exposure levels were not
estimated.

15.11.7 Guidelinevalue
On the basis of data from studies on different strains of rats and mice, DBCP was
determined to be carcinogenic in both sexes by the oral, inhalation, and dermal
routes. It was also determined to be a reproductive toxicant in humans and several species of laboratory animals. IARC has classified DBCP in Group 2B (possible human carcinogen) based on sufficient evidence of carcinogenicity in animals
(38). Recent epidemiological evidence suggests an increase in cancer mortality in
individuals exposed to high levels of DBCP. It was found to be genotoxic in a
majority of in vitro and in vivo assays.
The linearized multistage model was applied to the data on the incidence of
stomach, kidney, and liver tumours in the male rat in a 104-week dietary study
(I 0). The concentrations in drinking-water relating to excess lifetime cancer
risks of 1o-4, 10-5, and 10-6 are 10, 1, and 0.1 Jlg!litre, respectively. The guideline
values associated with these excess lifetime cancer risks are therefore 10, 1, and
0.1 Jlg!litre, respectively. An adequate margin of safety exists at these concentrations for the reproductive toxicity ofDBCP. For a contaminated water supply, extensive treatment (e.g. air stripping followed by adsorption to granular activated
carbon) would be required to reduce the level ofDBCP to the guideline values.
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