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For 164 days mature chickens received a daily diet containing 40 g of
wheat treated with organomercurial fungicide and 80 g of untreated diet. A
control group received 120 g of normal diet daily. The experimental group
was then split - half receiving the same diet for a further 155 days, by
which time all had been killed or had died, the other half being fed the same
diet as the controls. No cases of mercurialism were seen in the experimental
group, although 2 died after 143 and 319 days respectively. Egg production
fluctuated as between the groups. Mercury levels in egg albumin showed high
peaks after 98 and 108 days. After the feeding of contaminated wheat had
been discontinued the albumin mercury level did not fall consistently below
0.5 mg/kg for 127 days. Levels in egg yolk always remained below the level
in wheat and dropped to zero 49 days after feeding of the dressed wheat had
been discontinued. Mercury levels found in tissue were similar to those
described by other authors. Levels inthe edible parts of the single cock
examined exceeded those in the hens. Implications of these findings for
public health decisions on the use of chicken and eggs as food when the birds
have had access to contaminated grain are discussed.

Hasty interpretations of uncontrolled experiments on chickens or other domestic stock
made by Iraqi farmers led many of them to refute the fact that the seeds dressed with
organomercurials were unfit for consumption. In turn, this led to the occurrence of the
outbreak of methylmercury poisoning in 1971-72. This misinterpretation resulted from
several factors, among which is the high tolerance of poultry to these fungicides.

There are striking differences in the absorption, storage, distribution, and excretion
of different classes of organomercury compounds, in addition to which chickens vary greatly
in their capability to withstand the ill effects of these compounds. Some breeds or even
some strains may be more susceptible to the toxic effects of an organomercurial compound
than others. Moreover, within the same line of birds, chickens resistant to lymphoid
leukosis retain larger amounts of mercury in their livers and kidneys than susceptible
chickens from the same selection programme.1,2,3,4,5,6,7

Some reports have been published on the distribution of mercury compounds following
single and multiple but not long-term dosage at levels capable of producing pathological
effects in avian species.8'9'10911 A few other reports have appeared on the accumulation
of mercury in tissues or in eggs of chickens following prolonged administration of low
levels of an inorganic mercurial.5'6'12'13 However, there are few reports on tissue accu-
mulation or on residues from prolonged ingestion of low levels of organomercury.l4,15,16

This paper has been editorially abridged. Requests for further data should be
addressed to Dr I. M. Abou-El-Azm, Pathology Department, College of Veterinary Medicine,
University of Baghdad, Baghdad, Iraq.
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The present investigation was undertaken to find out:

(1) the time needed for recognizable symptoms to appear in mature hens following
prolonged ingestion of wheat dressed with methylmercury;

(2) the time for which pullet meat and eggs should be withheld from marketing
following this dietary programme;

(3) the distribution of the compound in different tissues during feeding of the
dressed wheat and following the end of its feeding; and

(4) the gross and microscopic changes in certain organs;

and to try to draw conclusions that are of interest to public health.

METHOD

Eggs and tissues for analytical purposes were obtained from a flock of 18 single-comb
white leghorn hens and 2 cocks. This flock was divided at random into 2 groups, A and B.

Each bird in Group A received daily 40 g of the methylmercury-dressed wheat and 80 g
of normal (mercury-free) diet. The dressed wheat was always offered in the morning and no
other food was given until all the wheat had been consumed. This dietary programme started
on 6 June 1972 and continued until 16 November 1972 (the wheat being fed for 164 days).
Birds from this group that remained alive were subdivided into 2 subgroups; one (C.F.)
continued to receive dressed wheat and the other (S.F.) received normal diet.

Subgroup C.F., which contained 4 hens and 1 cock, was kept on the above dietary
programme until 21 April 1973, when the experiment was ended by the death of the last bird
in this subgroup. They were, therefore, fed the dressed wheat for an overall period of
319 days.

The second subgroup, (S.F.), consisted of 4 hens. These were given mercury-free diets
from 16 November 1972 until 26 April 1973. Thus, they were given the dressed wheat for 164
days, followed by another 161 days of normal mercury-free diet.

Group B, which consisted of 9 hens and 1 cock, was fed on mercury-free diet from the
start of the experiment until it was finished. Each bird received 120 g of this diet daily.

Eggs from each of these groups were collected daily. Samples for analytical purposes
were taken at about weekly intervals, except when it was felt necessary for a daily egg
analysis to be made.

Egg albumin was separated from egg yolk. After thorough mixing, a small amount of
each was weighed, and homogenized with 10 ml of mercury-free distilled water for each gramme
of the sample; 0.5 ml of the homogenate was digested with 4 ml of 6% potassium permanganate
in distilled water and 0.5 ml of concentrated sulfuric acid, in a water bath at 95°C for lh.
Samples were analysed for mercury contents using a Beckman Nercury Analyser. Mercury
content was estimated and expressed in mg/kg of test material.

Post-mortem examination was carried out on each bird that died or was killed. Samples
from each tissue or organ were taken for determination of their mercury content, using the
same procedure as above. Another sample was simultaneously placed in 10% formol for
histological studies.
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RESULTS

The daily feeding of methylmercury-dressed wheat, whose mercury level was
5.9-6.44 mg/kg, at doses of 40 g per hen per day for 319 days, resulted in the death of only
2 birds, after 143 and 319 days, respectively. They had pasty vents and were dull for a
few days before death. None of the other birds showed any signs suggestive of mercury
poisoning.

The average weekly egg production per hen is shown in Table 1. Hens of Group B
produced more eggs than those of Group A during almost all of the first 23 weeks. Egg
production in subgroup C.F. was more than that in the control group and subgroup S.F. during
the 24th to the 30th week; it decreased during the 31st to the 33rd week, and completely
ceased from the 34th to the 40th week. There was some egg production during the last 6
weeks of the experiment. Cessation of egg production from the 34th to the 40th week was
attributed to a mild subclinical form of Newcastle disease because during that period the
haemagglutination inhibition titres obtained with the beta procedure ranged between 20 and
1280. Egg production in the S.F. subgroup had increased to a quantity equal to or even
greater than that in the control group 5 weeks after withdrawal of the fungicide.

TABLE 1. AVERAGE WEEKLY EGG PRODUCTION PER HEN

Group Groups and subgroups

Interval B Interval group group A

(controls) A g g A

B C.F. S.F.
6-12.6.72 1.9 1.8 7-16.11.72 4.7 2.5
13-19.6.72 1.2 1.4 17-23.11.72 2.6 4.0 2.2
20-26.6.72 1.6 1.1 24-30.11.72 2.8 3.7 1.5
27.6-3.7.72 1.9 1.1 1-7.12.72 1.9 2.3 1.2
4-10.7.72 1.6 1.8 8-14.12.72 1.7 2.3 1.0
11-17.7.72 2.3 2.1 15-21.12.72 1.4 1.7 1.0
18-24.7.72 1.6 0.6 22-28.12.72 4.0 3.3 3.2
25-31.7.72 0.9 0.6 29.12.72-4.1.73 2.3 3.0 3.0
1-7.8.72 0.1 0.3 5-11.1.73 4.7 2.5 4.3
8-14.8.72 0.7 0.6 12-18.1.73 3.3 1.0 3.0
15-21.8.72 O. 4 O.4 19-25.1.73 2.9 0.5 3.0
22-28.8.72 1.2 O.3 26.1-1.2.73 3.7 0.0 3.0
29.8-4.9.72 1.9 1.0 2-8.2.73 2.3 0.0 5.5
5-11.9.72 3.0 1.1 9-15.2.73 2.6 0.0 6.5
12-18.9.72 3.2 1.3 16-22.2.73 2.6 0.0 5.0
19-25.9.72 3.1 0.9 23.2-1.3.73 1.7 0.0 3.0
26.9-2.10.72 3.0 1.1 2-8.3.73 1.2 0.0 5.0
3-9.10.72 3.4 1.4 9-15.3.73 0.0 0.0
10-16.10.72 1.7 0.8 16-22.3.73 1.0 1.0
17-23.10.72 1.2 1.3 23-29.3.73 2.0 3.0
24-30.10.72 1.7 1.2 30.3-5.4.73 4.0 5.0
31.10-6.11.72 2.6 2.5 6-12.4.73 2.0 5.0

13-19.4.73 0.0 5.0
20.4.473 to end 0.0 2.0
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Fig. 1 shows the amount of mercury in egg white and in yolk from birds fed the dressed
wheat after 1 week, 3 weeks, and at the peak of excretion, which was found on the 98th and
108th days. It is clear that excretion of mercury occurred mostly in the white and
comparatively little was found in the yolk. Within a week, egg albumin contained over 5
times the maximum safe level (M.S.L.) of mercury allowed in food for human consumption.
The level greatly increased thereafter to reach a level over 150 times the M.S.L. at 98 and
108 days. Yolk levels were slightly above the M.S.L. 3 weeks from the start of feeding
the dressed wheat. Mercury levels in the albumin and yolk of the eggs of Group B birds
were either undetectable or were below 0.2 mg/kg.

FIG. 1. MERCURY CONCENTRATION IN EGGS AT CERTAIN
TIMES OF FEEDING THE DRESSED WHEAT TO MATURE HENS

Mercury residues in albumin following discontinuation of feeding are shown in Fig. 2.
A rapid drop in the mercury content of the white was observed after the fifth week.
Albumin was free from detectable levels of mercury for the first time after 79 days but
this was followed by elimination of low levels of mercury, which at times surpassed the
1 mg/kg level. The level became constantly less than 0.5 mg/kg after 127 days.

Fig. 3 illustrates the concentration of mercury in the egg yolk of birds of the same

subgroup. The level dropped to zero after 49 days.
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FIG. 2. LEVEL OF MERCURY IN EGG ALBUMIN FOLLOWING
DISCONTINUATION OF FEEDING THE DRESSED WHEAT

Sampling dates (1972-73) WHO, ,584

FIG. 3. LEVEL OF MERCURY IN EGG YOLK FOLLOWING
DISCONTINUATION OF FEEDING THE DRESSED WHEAT
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Concentrations of mercury that were found in tissues of birds fed the dressed wheat
continuously are shown below. Among these birds were 1 cock and 2 hens that were found
dead. With the exception of feathers, nails and beak, and tongue, most organs and tissues
of the cock retained more mercury than those of the hens. In the edible parts of the cock
the levels were several times higher than in the hens.

'a

cm
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The maximum levels of mercury, in mg/kg, found in some tissues of the hens (with those
found in the cock shown in parenthesis) were as follows: feathers, 298.5 (60.8); nails and
beak, 213.2 (47.0); breast muscles, 75.1 (269.6); kidneys, 43.1 (227.3); thigh muscles,
40.3 (-); tongue, 16.9 (6.4); liver, 10.1 (64.8); long bones, 7.1 (0.4); brain, 7.0
(123.3); heart, 2.9 (5.7); skin, 3.0 (22.4); body fat, 0.9 (-).

Following the discontinuation of feeding the dressed wheat to the birds in subgroup
S.F., body fat was free from mercury after 44 days. Long bones became free after 107 days.
At the end of the experiment, the muscles of the thigh did not have detectable mercury
levels. The tongue and brain contained 0.2 mg/kg or less at the end of the experiment.

Organs containing over 1 mg/kg at the end of the experiment were: liver, 2.3;
breast muscles, 2.9; skin, 4.3; kidney, 19.8; nails and beak, 25.3; and feathers,
390.9.

Livers of birds that died or were killed after being fed the dressed wheat showed
slight to severe congestion with or without focal necrosis. Some livers showed fatty
changes. Microscopically, there was severe congestion of the central vein and the arteries
of the portal tract. The sinusoids were enormously dilated and filled with blood
corpuscles. In one case the hepatic cells were loaded with fat droplets. This was
followed by subacute passive congestion with atrophy of the hepatic cells. In another
section, focal areas of lymphocytic infiltration were seen; the cells were small with deep
staining nucleus and scanty cytoplasm, and were almost restricted to the portal tract.

The kidneys were not much affected macroscopically in the beginning, showing only
slight congestion. Later, they were slightly enlarged and the colour became paler. In
one bird, there were necrotic foci. Sections showed severe vascular congestion, especially
of the intertubular capillaries and of the capillaries of the glomerular tufts. This was
also accompanied by cloudy swelling of the epithelial lining of the convoluted tubules.
There was some degree of desquamation of the epithelial lining of the tubules to form casts
in the lumen of one bird. Later sections showed clear areas of coagulative necrosis.

The heart showed congestion of the coronary vessels and was slightly enlarged in birds
examined at the middle of the feeding period. This was followed by petechial haemorrhages
in the endocardium and gelatinous atrophy of the adipose tissue. Microscopically, cloudy
swelling and congestion were seen, as well as severe congestion and oedema.

DISCUSSION

The fact that recognizable symptoms of mercury poisoning did not appear in the hens may
be attributed to the low level of the daily intake of methylmercury and to the excretion of
large amounts of the compound in eggs, feathers and keratinized parts (nails and beak), in
addition to the regular channels of excretion common to other animal species. Although
Swenssen & Ulfverson2 reported paralysis, disturbances in coordination and death within 3
weeks from feeding methylmercury-dressed wheat at concentrations of up to 80 mg per kg of
wheat to younf white leghorn cocks, they also,2 as well as Kiwamde et al. ,16 Borg et al.>3 and
Hanko et al., found that birds were symptomless when fed diets containing lower levels of
methylmercury for periods ranging from 35 to 140 days. Our results support these findings.

Although differences in egg production per hen per week occurred as between the groups,
no statistical analysis was made because of the small numbers of the producing hens.
However, it was easily observed that egg production in the experimental birds was lower in
all groups than in controls fed ad lib mercury-free diets.

Excretion of mercury through eggs occurred mostly through the albumin, which contained
much higher mercury levels than the yolk. Therefore, from the public health point of view,
egg albumin should be considered as a potential danger. Furthermore, eggs should not be used
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for human consumption whenever there is a history of mercury contamination of the diets of the

producing hens. This is because, after only one week of feeding dressed wheat with a low

level of methylmercury, egg albumin contained over 5 times the maximum safe level of mercury.

Whereas yolk became almost free from mercury residues after 49 days (Fig. 3), albumin
contained levels consistently below 1 mg/kg only after 127 days following discontinuation of

the dressed feed. Therefore, although at intervals the level of mercury in egg white was

lower than 1 mg/kg or even less than 0.2 mg/kg, it is not safe to pass eggs as fit forhuman
consumption until at least 127 days following the end of exposure, or, under other circum-

stances, when the level in egg white becomes permanently lower than the maximum safe level.
In industries where egg yolk is separated from egg white, the yolk may be used safely 49 days

after withdrawal of the dressed seed. This recommendation to withhold eggs for 127 days is

longer than that of Howell,15 who recommended the withholding of eggs from market for
approximately 2 months.

A review of mercury concentrations in tissues or organs of birds fed the dressed wheat

continuously indicates that the metal was distributed throughout the body and was stored

mainly in feathers, breast and thigh muscles, keratinized parts such as the nails and beak,
and the kidneys, brain, and liver. This is supported by BXkstrdml4 who found that in birds
methylmercury was the compound most readily absorbed, that it was evenly distributed in

most organs, and that it was concentrated in feathers and keratin structures.

The finding of residual amounts of mercury long after discontinuation of feeding of

contaminated grain is supported by Swenssen & Ulfverson, who found that methylmercury was

excreted much more slowly than other compounds and left higher tissue residues after

discontinuation of administration. Under the circumstances of this experiment 161 days
failed to free completely all organs of the experimentally fed hens from mercury. This

period is longer than that found by Howell15 and is attributed to differences in daily
intake and duration of feeding prior to discontinuation of the dressed wheat.

If poultry are accidently or purposely fed dressed wheat, the following precautions
appear to be necessary. All edible poultry products should be withheld until the level

of mercury in eggs or carcasses becomes constantly lower than the maximum safe level, and

care should be taken to destroy the non-marketed products. The litter of poisoned birds

should not be used as manure for vegetables.
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RESUME

ETUDES EXPERIMENTALES SUR DES POULETS INTOXIQUES PAR DES

CO?MPOSES ORGANOMERCURIELS EN IRAK

On a administr6 pendant 164 jours a des poulets adultes une ration quotidienne de 40 g

de b16 traite par un fongicide organomercuriel et de 80 g d'aliments non trait4s, alors
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qu'on administrait une ration quotidienne normale de 120 g aux animaux du groupe t6moin.
Les animaux soumis A 1'exp6rience ont 6te ensuite repartis en deuxgroupes 6gaux. Ceux
du premier groupe ont requ la meme ration que pr6c6demment pendant 155 jours - d6lai au
terme duquel ils avaient tous succomb6 ou avaient 6t sacrifi6s - tandis que l'autre groupe
recevait la mgme alimentation que les temoins. Deux poulets du groupe experimental ont
succomb6 respectivement au bout de 143 et de 319 jours mais aucun cas de mercurialisme n'a
et observe. La production d'oeufs a dt6 variable. La concentration de mercure dans
l'albumen a 4t4 maximale au bout de 98 et de 108 jours. Une fois arrAt6e 1'administration
de b1 contamine, la concentration de mercure dans l'albumen n'est jamais descendue au-
dessous de 0,5 mg/kg pendant 127 jours. Dans le jaune, les concentrations de mercure sont
toujours rest6es inf6rieures A la concentration dans le b1l et sont tombees A zero 49 jours
apr&s 1'arrgt de l'administration de b1l traite. Les concentrations de mercure observees
dans les tissus ont te analogues A celles rapportees par d'autres auteurs. Dans les
parties comestibles de l'unique animal mnle examine, les concentrations de mercure 6taient
sup6rieures A celles observ4es chez les femelles. Les auteurs examinent les cons6quences
de ces observations pour les decisions de sant6 publique en ce qui concerne la consomation
d'oeufs et de poulets quand ces animaux ont pu manger des graines contamin6es.
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