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ABSTRACT Broiler breeder hens were used to
determine the effect of drinking water containing a low
concentration of a chemical mixture (arsenic, 0.8 ppm;
benzene, 1.3 ppm; cadmium, 5.1 ppm; lead, 6.7 ppm;
and trichloroethylene, 0.65 ppm) and a high (10 times
greater than the low concentration of the chemical
mixture) levels of the chemical mixture. These chemicals
are present in ground water near hazardous waste sites.
Water consumption significantly decreased in chickens
provided the high concentration of the chemical mix-

ture, whereas feed consumption was not affected in any
treatment. There was a linear relationship between
increasing concentration of the chemical mixture in
drinking water and decreasing body weight of hens. The
low concentration of the chemical mixture significantly
decreased egg production and egg weight, and in-
creased percentage embryonic mortality. These results
suggest that reproductive function in hens is sensitive to
adverse effects of contaminated drinking water.
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INTRODUCTION

Water is the primary route of human and animal
exposure to chemicals leaching from stores of hazardous
waste (Yang et al., 1989). Hazardous waste sites (HWS),
municipal waste, industrial waste, leaching of minerals
from natural deposits, accidental spills and leaks, and
agricultural practices are the major contributors of
ground water pollution (Yang and Rauckman, 1987).
The U.S. Environmental Protection Agency (EPA)
declared these HWS as one of the principal threats to the
environment and living organisms (EPA, 1991).

According to the Council for Agricultural Science and
Technology (CAST, 1985) 50% of the entire population
and 85% of the rural population of the U.S. depend on
ground water as their main source of drinking water.
Little information about the health effects of ground
water contaminants is available, including the extent of
human or animal exposure to chemical waste and
subsequent health problems.

It is difficult to evaluate the impact of water pollution
on the poultry industry. A review of the literature

revealed limited information on the effects of water
impurities on reproductive performance and egg quality
in chickens. The upper concentrations of safe levels of
substances in poultry drinking water have been esti-
mated (Vohra, 1980). However, the accuracy of these
values needs further evaluation. The upper limit of safe
drinking water levels for Na and Cl were 1,000 and
1,500 mg/L, respectively (Vohra, 1980). Zhang et al.
(1991) reported that hens consuming water sup-
plemented with 2,000 mg NaCl/L had a higher inci-
dence of defective eggshells, a higher rate of embryonic
death, and lower hatchability than hens consuming
control water (41 and 35 mg/L of Na and Cl,
respectively). Jensen et al. (1976) found an association
between increased water hardness (elevated concentra-
tions of calcium, magnesium, strontium, sodium, iron,
and barium) and occurrence of fatty liver syndrome in
laying hens. However, follow-up studies indicated that
elevated concentrations of calcium and magnesium (100
and 50 mg/L, respectively) in drinking water did not
result in changes in egg production, body weight, or
liver composition (Jensen et al., 1977).

The present study was undertaken to study reproduc-
tive performance of broiler breeders exposed to drinking
water containing low concentrations of a chemical
mixture (arsenic, benzene, cadmium, lead, and trich-
loroethylene). Selection of the chemicals and concentra-
tions used in this study was based on surveys by EPA
and the Alabama Department of Environmental
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TABLE 1. Concentrations of heavy metals and volatile organic chemicals in drinking water as compared
to levels measured in EPA1 and ADEM2 surveys of ground water near hazardous waste sites

1EPA = United States Environmental Protection Agency (Yang and Raukman, 1987; Fay, 1994).
2ADEM = Alabama Department of Environmental Management, Montgomery, AL 36109.
3Concentrations of exposure varied depending on water consumption and body weight.
4Concentrations measured by ultraviolet-visible spectrophotometer.
5Concentrations in water was below sensitivity of instrument.
6Concentrations measured by atomic absorption spectrophotometer.
7Concentrations measured by gas chromatography and mass spectrophotometer.

Concentration of chemicals

Concentrations of chemicals Concentrations of
in test water chemical exposure3

Average ground water
survey levels

Low
(1×)

High
(10×)

Low
(1×)

High
(10×)Chemical Control Control EPA ADEM

(ppm) (mg/kg BW/d) (ppm)
Arsenic trioxide4 <0.105 0.80 8.6 <0.004 0.033 0.36 30.6 5.80
Cadmium acetate6 <0.10 5.1 50 <0.004 0.21 2.1 0.85 0.46
Lead acetate6 <0.50 6.7 67 <0.020 0.28 2.8 37.0 19.0
Benzene7 <0.01 1.3 13 <0.0004 0.054 0.55 5.00 1.90
Trichloroethylene7 <0.01 0.65 6.5 <0.0004 0.027 0.27 3.82 0.01

4Sigma Chemical Co., St. Louis, MO 63178-9916.
5Aldrich Chemical Co., Milwaukee, WI 53233.
6Millipore Corp., Marlborough, MA 01752.
7Arbor Acres Farms, Blairsville, GA 30512.

Management (ADEM). Specifically, the objective of this
study was to determine the effects of a mixture of
pollutants frequently found in ground water on water
and feed consumption, body weight, egg production,
egg weight, specific gravity of eggs, pH of albumen, pH
of yolk, Haugh unit, percentage hatchability, chick birth
weight, embryonic mortality, and residue levels of
heavy metals in albumen and yolk. Chickens were
selected for these studies because of their economic
importance as a farm commodity, their potential use as a
sentinel species, and as a model to estimate sensitivity of
wild avian species to water contaminated with a mixture
of chemicals.

MATERIALS AND METHODS

Chemicals

Two stock solutions were prepared by modifying a
procedure described by Yang et al. (1989). The aqueous
stock solution contained heavy metals [arsenic,4 cadmi-
um,5 and lead4] dissolved in purified water. Tap water
was purified with a Milli-Q reverse osmosis system and
five-bowl Water Purification System6 (e.g., one carbon
filter, two ion-exchange filters, one organics filter, and one
final ultra filter). Benzene4 and trichloroethylene (TCE)5
comprised the stock solution of volatile organics. The
aqueous and volatile organics stock solutions were
combined before administration to chickens as drinking

water. The final concentrations of heavy metals and
volatile organic chemicals (VOC) in drinking water are
shown in Table 1.

Animals and Housing

Twenty 1-wk-old (375 hens and 45 roosters) broiler
breeders7 were delivered to the Auburn Poultry Research
Farm, randomly placed in 16 floor pens (4.12 m2 per pen),
and exposed to 16 h light/d. Each pen was supplied with
two 200 W electric bulbs. Each pen (consisting of 25 hens, 3
roosters, and one nest box containing six nests) was
considered to be an experimental unit. Chickens were
acclimated to the new environment for 7 wk (until they
reached 28 wk of age and were at about 50% egg
production) before exposure to experimental treatments.
Hens and roosters were weighed separately at the
beginning and end of the experiment, and at
30-d intervals during the experiment. The animal manage-
ment and laboratory techniques used in this research were
approved by Auburn University Institutional Animal
Care and Use Committee (9610-R-0567).

Experimental Design

A randomized design with preplanned contrasts
among paired treatments was used. The treatment groups
consisted of control water, low concentration of chemical
mixture (1×), high concentration of chemical mixture
(10×), Low/R (volume of control drinking water restricted
to amount consumed by chickens exposed to the low
concentration of chemical mixture on previous day) and
High/R (volume of control drinking water restricted to
amount consumed by chickens exposed to the high
concentration of chemical mixture on previous day).
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8Varian Associates, Sunnyvale, CA 94089.
9Perkin-Elmer Corp., Norwalk, CT 06859.
10Robbins, Denver, CO 80202.
11Alabama Veterinary Diagnostic Laboratory, Auburn, AL 36831.

Preparation of Test Drinking Water

The test drinking water was prepared following the
method described in earlier studies with day-old broiler
chickens (Vodela et al., 1997). The aqueous stock solution
was prepared by dissolving arsenic, cadmium, and lead in
purified water. The volatile organic stock solution was
prepared by combining TCE and benzene in a sealed vial.
Aqueous stock solution and volatile organic stock solu-
tions were combined and stirred overnight. From this
stock solution, low (1×) and high (10×) concentrations of
test drinking water was prepared daily for the chickens
(Table 1).

The final concentrations of benzene and TCE in the
prepared drinking water were determined by Varian 3700
gas chromatography8 (GC) (Drost et al., 1972). A Varian
Series 373 Flame Atomic Absorption Spectrophotometer
(FAAS)8 was used for analysis of cadmium, and a Perkin
Elmer Series 4000 Graphite Furnace Atomic Absorption
Spectrophotometer (FAAS)9 was used for analysis of lead
(Narres et al., 1985). Analysis of arsenic (Association of
Official Analytical Chemists, 1975) was done using a
Varian UV-Visible Spectrophotometer 634 series.8

Watering

Throughout the experiment, all chickens were
provided drinking water that was restricted to the volume
recommended for broiler breeders. Each pen of chickens
received 9 L of control water (6 L in the morning and 3 L in
the evening) until they reached 50% egg production at 28
wk of age. Chickens in all the pens were maintained on
their respective treatments from 28 through 38 wk of age.
Days 1 through 72 refers to the period chickens were
exposed to experimental treatments. Water remaining in
watering fonts at the end of each day was measured to
estimate daily water consumption per pen.

Feeding

Birds were maintained on a standard diet that was
restricted to the amount recommended for broiler breed-
ers (Anonymous, 1993). In the 21st, 22nd, 23rd, 24th, 25th,
and 26th wk, each bird received 231, 247, 269, 291, 313, and
335 g of feed/d, respectively. From 27 through 38 wk of
age, each bird received 352 g/d. Chickens were supplied
with the daily feed ration after receiving morning water.

Egg Collection

Eggs were collected, counted, and weighed three times
daily (morning, afternoon, and evening). After chickens
had been exposed to experimental treatments for 4, 8, and
10 wk, eggs were collected on 3 sequential d (Days 29, 30,
and 31; 59, 60, and 61; 69, 70, and 71), weighed and

incubated for reproduction studies, on Days 32, 62, and 72
to determine specific gravity and Haugh unit, and on
Days 33, 63, and 73 for heavy metal residue and pH
determination of albumen and yolk.

Hatchability Studies

Eggs that were collected for 3 sequential d were stored
in a cooler at 12 C for up to 4 d and set for incubation. All
eggs were checked visually to identify any defective
shells, including those with thin cracks. Such eggs were
removed and classified as unsettable. The remaining eggs
were incubated in 2,160-egg-capacity Robbins Hatcho-
matic Electric Incubator Model IH-A.10 Incubation tem-
peratures were maintained at 37.5 ± 1 C. Eggs were
candled on Day 10 to determine embryonic viability.
Nonviable eggs were opened and examined to establish
stage of development as an estimate of the time of death.
On Day 18, the eggs with normally developing embryos
were transferred to hatching baskets and incubated at 36.9
± 1 C for hatching. On the 22nd d, the hatched chicks were
counted, weighed, and examined for teratogenic effects.
Infertile eggs were opened, and stage of embryonic
development and signs of abnormal development were
noted.

Residue Determination

On Days 32, 62, and 72 all eggs were collected from
pens, albumen and yolk were separated, and pH and
heavy metal (arsenic, cadmium, and lead) residue concen-
trations were determined.

Sample Preparation for Residue Determination.
Analysis for arsenic, lead, and cadmium in albumen and
yolk were performed.11 In brief, the albumen and yolk
were digested with ternary acid (450 mL HNO3 + 120 mL
H2SO4 + 160 mL HClC4) in a Kjeldahl flask for 10 h at 400
C and then diluted with water to an appropriate volume.
Spectrophotometric analysis of arsenic was done at 540
nm absorbance using a series 634 UV-Visible Spec-
trophotometer. A Varian Flame Atomic Absorption
Spectrophotometer8 was used for analysis of cadmium
(283.3 nm), and Perkin Elmer Graphite Furnace Atomic
Absorption Spectrophotometer9 (228.8 nm) was used for
lead analysis.

Specific Gravity

Specific gravity was determined by comparing
buoyancy of eggs in different concentrations of saline
solution (Bennett, 1993). The concentration of the saline
solutions in which the egg was buoyant was considered
the specific gravity of that egg.

Haugh Units

Haugh unit reading (used to determine the internal
quality of eggs) was determined by using a micrometer to
measure the height of albumen. To estimate Haugh unit,
eggs were individually weighed, and egg contents gently
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TABLE 2. General performance in broiler breeders exposed to drinking water1 contaminants from 29 to 39 wk of age

1Drinking water treatments: Control = filter purified water, Low = water containing arsenic, benzene, cadmium, lead, and TCE at 0.8, 1.3, 5.1, 6.7,
and 0.65 ppm respectively, High = 10× concentrations of chemicals in low. Low/R = chickens given volume of control water equal to volume consumed
by chickens exposed to low concentrations of drinking water contaminants. High/R = Chickens given volume of control water equal to volume
consumed by chickens exposed to high concentrations of drinking water contaminants.

2C = Contrast comparison of relationship of results for chickens exposed to control, low, and high concentrations of drinking water contaminants. L
= linear, Q = quadratic.

*P ≤ 0.05.
**P ≤ 0.01.
***P ≤ 0.001.

Variable Control Low High C2 Low/R High/R SE

Daily water consumption per pen, L 9.00 9.00 8.09 Q*** 9.00 8.09 0.03
Daily feed consumption per pen, kg 9.86 9.86 9.86 NS 9.86 9.86 . . .
Rooster weight, kg 10.93 10.33 10.77 NS 11.03 10.74 0.32
Hen weight, kg 7.64 7.51 7.27 L*** 7.46 7.48 0.05
Ovary weight, g 87.67 75.67 79.17 NS 75.67 77.50 6.81
Testes weight, g 20.00 24.67 22.67 NS 20.00 20.50 2.17

emptied onto a glass table without disturbing the
albumen. The formula for using weight of egg and
albumen thickness to determine Haugh unit was:

Haugh unit = 100 log (H – 1.7 W0.37 + 7.57)

where H = height; and W = weight of the egg (Elsen et al.,
1962).

At the end of the exposure period (72 d) three male and
three female chickens from each pen were weighed,
euthanatized by cervical dislocation, and gross pathologi-
cal changes noted at the time of necropsy. Testes, ovaries,
and oviducts were collected. Testes and ovaries were
weighed, and a portion of the testes and oviducts were
preserved in 10% neutral buffered formalin, sectioned,
and stained with hematoxylin and eosin for histopatho-
logical examination.

Statistical Analysis

Data for all variables studied in chickens exposed to
control, low and high concentrations of the chemical
mixture in drinking water were analyzed with the General
Linear Models procedure of SAS (SAS Institute, 1985)
using orthogonal polynomial contrasts to study the nature
of the response to increasing the chemical mixture in the
drinking water. Control, low/R, and high/R, low and
low/R; and high and high/R were compared using
Bonferroni t test.

RESULTS AND DISCUSSION

General Performance

Water consumption was significantly (P ≤ 0.001)
decreased in chickens exposed to the high concentration of
the chemical mixture in drinking water (10×) but not to the
low concentration of the chemical mixture in drinking
water (1×) (Table 2). Feed consumption in hens and

roosters was not altered by any of the treatments
throughout the study. Heindel et al. (1995) reported a
decrease in water consumption with no change in feed
consumption in mice exposed to drinking water contain-
ing a mixture of 25 chemicals.

Growth inhibition is one sign of overt toxicosis in
chickens. In this experiment, body weights were linearly
(P ≤ 0.01) decreased in hens and not affected in roosters
(Table 2). This result could be due to sex-related
differences in the hepatic microsomal enzymes (Gram and
Gillette, 1969). For example, the organophosphate insecti-
cide parathion is twice as toxic to female rats than to
males. This decreased susceptibility of male rats to
parathion is associated with greater activity of hepatic
cytochrome P-450, which metabolizes parathion to non-
toxic metabolites (Doull et al., 1980). Decreased body
weight was also observed in Japanese quail hens exposed
to dietary lead at 500 ppm from hatching through
reproduction (Edens et al., 1976; Edens and Garlich, 1983).
A recent study by Bakalli et al. (1995) demonstrated that
chickens exposed to dietary lead concentrations as low as
1 mg/kg diet exhibited decreased body weight. Earlier
studies in rats demonstrated susceptibility of reproduc-
tive function in males (impotence) and females (irregular
estrus cycle) when exposed to 0.020 to 0.022 mg lead/kg
BW for 30 d (Hilderbrand et al., 1973).

Egg Quality

Egg production linearly (P ≤ 0.01) decreased in chickens
as the concentration of the chemical mixture in drinking
water increased, yet the restricted water had no effect on
egg production compared to controls (Table 3). Decreased
egg production was also observed in quail exposed to
dietary lead concentrations of 1 ppm and laying hens
exposed to lead concentrations of 200 ppm (Edens and
Garlich, 1983) for 4 wk and also with single dietary
exposures of 60 ppm radioactive cadmium (Sell, 1975).
Roxarsone (organic arsenical and feed additive) signifi-
cantly reduced egg production in laying hens during
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TABLE 3. Egg quality in broiler breeders exposed to drinking water contaminants1 from 29 to 39 wk of age

a,bComparison of results for chickens exposed to low concentrations and low/R group (P ≤ 0.05).
x,yComparison of results for chickens exposed to high concentrations and high/R group (P ≤ 0.05).
1Drinking water treatments, Control = filter purified water, Low = water containing arsenic, benzene, cadmium, lead, and TCE at 0.9, 1.25, 5.1, 7, and

0.65 ppm respectively, High = 10× concentrations of chemicals in low. Low/R = Chickens given volume of control water equal to volume consumed by
chickens exposed to low concentrations of drinking water contaminants. High/R = Chickens given volume of control water equal to volume consumed
by chickens exposed to high concentrations of drinking water contaminants.

2C = Contrast comparison of relationship of results for chickens exposed to control, low, and high concentrations of drinking water contaminants. L
= linear.

*P ≤ 0.05.
**P ≤ 0.01.
***P ≤ 0.001.

Variables Control Low High C2 Low/R High/R SE

Egg production per pen per day 18.30 17.17b 14.32y L** 18.72a 17.94x 0.58
Egg weight per pen, lb 2.37 2.15b 1.85y L* 2.61a 2.52x 0.13
Specific gravity 1.083 1.084 1.083 NS 1.083 1.083 0.00
pH of albumin 8.62 8.69 8.66 NS 8.68 8.66 0.03
pH of yolk 6.24 6.27 6.29 NS 6.31 6.27 0.02
Haugh unit 70.37 72.07 70.64 NS 72.32 77.00 2.53

TABLE 4. Reproductive performance in broiler breeders exposed to drinking water1 contaminants from 29 to 39 wk of age

a,bComparison of relationship of results for chickens exposed to low concentration of mixture and low/R group (P ≤ 0.05).
1Water treatments, Control = filter purified water, Low = water containing arsenic, benzene, cadmium, lead, and TCE at 0.9, 1.25, 5.1, 7, and 0.65 ppm

respectively, High = 10× concentrations of chemicals in Low. Low/R = Chickens given volume of control water equal to volume consumed by chickens
exposed to low concentration of drinking water contaminants. High/R = Chickens given volume of control water equal to volume consumed by
chickens exposed to high concentrations of drinking water contaminants.

2C = Contrast comparison of relationship of results for chickens exposed to control, Low, and High concentrations of drinking water contaminants.
Q = quadratic.

3ED = Embryonic death after 7, 14, and 21 d of incubation, respectively.
*P ≤ 0.05.
**P ≤ 0.01.
***P ≤ 0.001.

Variables Control Low High C2 Low/R High/R SE

Hatchability, % 83.24 71.16 68.9 Q* 80.91 74.54 3.39
Hatched chick weight, g 43.78 43.22 41.55 NS 44.17 44.67 2.68
ED7,3 % 5.67 11.18 11.53 NS 6.17 8.43 2.68
ED14,3 % 5.99 9.87 8.77 NS 5.92 10.45 2.61
ED21,3 % 5.1 7.78 10.55 NS 5.03 6.58 1.66
Embryonic mortality, % 16.76 28.84a 30.85 Q* 17.12b 25.46 3.39

exposure to 56 ppm (daily dose of about 0.21 mg/kg body
weight) for 10 wk (Donoghue et al., 1994). The similar LD50
values of arsenic trioxide (39 mg/kg BW, Harrisson et al.,
1958) and roxarsone (45 mg/kg BW, Kerr et al., 1963) in
rats suggests these compounds have similar toxicity. The
presence of lead in drinking water could have contributed
to impaired egg production through the suppression of
calcium metabolism. Dietary lead at 200 ppm is known to
influence egg production and calcium metabolism (Edens
and Garlich, 1983). The present study demonstrated
decreased egg production at water concentration of 5.1
ppm (along with other chemicals in mixture); however,
the concentration of lead exposure in this study is
considerably less than that in earlier studies (Edens and
Garlich, 1983).

Egg weights linearly (P ≤ 0.05) decreased in chickens
exposed to the chemical mixture in drinking water (Table
3). The decrease in egg weights was not due to restricted

water consumption because there was no decrease in egg
weights when consumption of control water was res-
tricted to the volume consumed by chickens exposed to
low and high concentrations of drinking water con-
taminants. Estrogen plays a role in controlling egg
weights via changes in fat metabolism and oviductal
protein synthesis (Whitehead et al., 1993). A decreased
level of estrogen receptors (58%) was reported in a human
breast cancer cell line exposed to 1 mM cadmium (Morales
et al., 1994). A decrease in uterine estradiol receptors was
also observed in rats exposed to 200 ppm of lead in
drinking water for 35 d (Wiebe and Barr, 1988). Exposure
to dietary concentrations of 400 ppm of arsenic for 4 wk in
mallard ducks (Stanley et al., 1994) and 56 ppm (0.36 mg/
kg BW) for 8 wk in chickens (Donoghue et al., 1994)
resulted in decreased egg weights. In this study, low water
concentrations of 0.8 ppm (0.033 mg/kg BW) arsenic
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Table 5. Residue concentrations of heavy metals in eggs produced by broiler
breeders exposed to drinking water1 contaminants from 29 to 39 wk of age

1Drinking water treatments: Control = Filter purified water, Low = distilled water containing arsenic,
benzene, cadmium, lead, and TCE at 0.8, 1.3, 5.1, 6.7, and 0.65 ppm, respectively, High = 10× concentrations of
chemicals in low.

2C = Contrast comparison of relationship of results for chickens exposed to control, low, and high
concentrations of drinking water contaminants.

3Below limit of detection for arsenic (0.1 ppm).

Variables Control Low High SE Contrast2

(ppm)
Arsenic in yolk . . .3 . . . . . .
Cadmium in yolk 0.63 0.84 0.93 0.035 NS
Lead in yolk 0.11 0.29 0.24 0.02 NS
Arsenic in albumen . . . . . . . . .
Cadmium in albumen 0.666 0.579 0.558 0.02 NS
Lead in albumen 0.014 0.054 0.051 0.01 NS

along with other chemicals in drinking water resulted in
decreased egg weight.

Specific gravity is an accurate measurement of shell
quality (Holder and Bradford, 1979). Specific gravity of
the eggs was not affected when the chickens were exposed
to drinking water contaminants for 72 d (Table 3). The
internal quality of the egg was evaluated by pH of
albumen and yolk. The drinking water treatments used in
this study did not have an effect on the pH of albumen or
yolk (Table 3).

Haugh unit (a measurement of the thickness of
albumen of a freshly broken egg) is the accepted
commercial and research standard for measuring albu-
men quality of chicken eggs (Silversides, 1994). There was
no difference in albumen quality as indicated by Haugh
unit in all treatment groups (Table 3).

Reproductive Performance

Reproductive performance was estimated by determin-
ing percentage hatchability, chick birth weight, embryonic
mortality, and teratogenic effects (Table 4). Increasing
concentrations of drinking water contaminants were
quadratically related to increasing levels of overall
embryonic mortality and decreasing percentage hatcha-
bility, yet embryonic death at Days 7, 14, and 21 of
incubation and live hatch weight (measures of embryo
toxicity) were not different. Water restriction (Low R)
resulted in significantly (P ≤ 0.05) less embryonic
mortality than low concentration of chemical mixture.

Weight at hatching was not affected in ducklings
exposed to dietary arsenic (25 mg/kg) for 4 wk, but
percentage hatchability was decreased (Stanley et al.,
1994). Arsenic was teratogenic and embryotoxic when
injected into eggs (Peterkova and Puzanova, 1976).
Goldberg et al. (1992) observed cardiac teratogenicity in
chicken embryos when exposed to 20 mM of TCE on Day 3
of incubation. Dichloroethylene, a halogenated aliphatic
hydrocarbon industrial solvent and congener of TCE,
showed similar teratogenic effects on chicken embryos

treated with 20 mM of the chemical on Day 3 of incubation
(Goldberg et al., 1992). Cardiac malformations, including
septal defects, abnormal cardiac muscle, and atrioventric-
ular canal defects, were observed in 7.3% of chicks when 2
to 29 ppm TCE were injected into the embryonic air space
of White Leghorn chicks during various stages of
incubation (compared to 2.3 and 1.5% of controls treated
with saline and mineral oil; Loeber et al., 1988).

Taylor et al. (1962) demonstrated a calcium-dependent
relationship between ovary, hypophysis, and hypothala-
mus in chickens. In laying hens, impairment of calcium
metabolism led to suppression of reproductive perfor-
mance (Van Tienhoven, 1968). This reduction in egg
production was observed generally in chickens consum-
ing lead at 200 mg/kg diet or greater. Reproductive
function was suppressed in both male and female rats
orally treated with 10 mg cadmium/kg BW for 6 to 9 wk
(Sutou et al., 1980).

Residue concentrations of heavy metals in yolk and
albumen are listed in Table 5. There was no difference in
the concentrations of cadmium and lead in yolk and
albumen. Arsenic concentrations were below the detec-
tion limits (< 0.1 ppm) in both yolk and albumen. Jeng and
Yang (1995) reported lead concentrations of 0.0136 and
0.0847 ppm in albumen and yolk, respectively, and 0.002
and 0.004 ppm cadmium in albumen and yolk, respec-
tively, in ducks exposed to natural environmental condi-
tions. Sell (1975) observed very low concentrations (80 to
90 disintegrations per minute) of radioactive cadmium in
yolk of eggs produced by hens exposed to dietary
cadmium concentrations of 60 ppm for 1 d.

Gross and Microscopical Pathology

No gross pathological lesions were observed in chick-
ens at the time of necropsy. Histological examination of
testes and oviducts indicated normal microscopic struc-
ture. These results were in agreement with those of
Heindel et al. (1995) in mice and rats exposed to a chemical
mixture containing 25 chemicals.
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General Conclusion

Drinking water containing a mixture of five chemicals
resulted in lowered reproductive performance as indi-
cated by decreased egg production, decreased egg weight,
increased embryonic mortality, and decreased hatchabil-
ity. The chemicals and the concentrations used for this
study are among the most commonly measured in ground
water near hazardous waste sites throughout the U.S. The
low concentrations of chemicals (arsenic, 0.8; cadmium,
5.1; lead, 6.7; benzene, 1.3; and TCE, 0.65 ppm) used in this
study are similar to the concentrations of chemicals used
in other studies (Chapin et al., 1989; Heindel et al., 1995)
along with 20 other chemicals using rats and mice. The
studies with mice and rats did not result in altered
reproductive performance. This study implies a greater
sensitivity of the chicken reproductive system to ground
water contaminants than rodents; alternatively, the 20
other chemicals increased metabolic detoxification or
increased excretion of the mixture of five chemicals used
in the study. However, an individual chemical can not be
held responsible for altering reproductive performance,
because multichemical exposure can cause additive,
synergistic, or antagonistic effects. Overall, this study
demonstrates the sensitivity of the chicken’s reproductive
system to adverse effects of contaminants commonly
found in ground water.
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