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ABsTRACT: Vinyl acetate monomer (VAM) wasadministered in drinking water
supplied ad libitum at doses of 5,000, 1,000, and O ppm (v/v) to 17-week-old
Sprague-Dawley rats (breeders) and to 12-day embryos (offspring). Treatment
lasted for 104 weeks; thereafter, animals were kept under control conditions
until spontaneous death. VAM was found to cause an increase in total malig-
nant tumorsand in carcinomasand/or precursor lesionsof theoral cavity, lips,
tongue, esophagus, and forestomach. Based on these data, VAM must be con-
sidered a multipotent carcinogen.
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INTRODUCTION

Vinyl acetate monomer (VAM) isan important compound in the plasticsindustry.
VAM (C4HgO,) has a molecular weight of 86.09. Industrial production of VAM
started in the United Statesin 1928.1 VAM is produced mainly by two processes: (1)
In aprocess used since the 1920s, acetylene and acetic acid are reacted in the vapor
phase over a catalyst bed,2 (2) In another process, largely used since the 1970s, eth-
ylene is reacted with acetic acid in the presence of oxygen.3 The world production
of VAM isover 2.5 million tons per year.

The only commercial use of VAM isin the production of polymers (polyvinyl ac-
etate, polyvinyl alcohol, polyvinyl acetals) and copolymers (ethylene-vinyl acetate
and polyvinyl-acetate chloride).3

Polyvinyl acetate is mainly used in adhesives for paper, wood, glass, metals, and
porcelain. It isalso used in latex water paint, for paper coating, for textile and | eather
finishing, as a base for inks and lacquers, in heat-sealing films, in shatterproof pho-
tographic bulbs, as an emulsifying agent in cosmetics, pesticide formulations, and
pharmaceuticals, and as afood additive.>6 Polyvinyl acetate is used as a component
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in the production of chewing gum. The amount of polymer used in the U.S. is about
5% of the final product; in some European countries, the amount is higher.

Polyvinyl alcohol is the most highly produced synthetic, water-soluble plastic in
the world, used in sizing for textile warp and yarn, in laminating adhesives, photo-
sensitivefilms, and cements, and as a binder and emulsifying agent.> Polyvinyl ac-
etals are produced by the condensation of polyvinyl acohol with an adehyde.
Commonly used aldehydes are formadehyde, acetaldehyde, and butyraldehyde.
Polyvinyl formal, polyvinyl acetals and polyvinyl butyrals are used in adhesives,
paints, lacquers, and films. Polyvinyl butyral is aso used in sheet form as an inter-
layer in safety glasses and shatter-resistant acrylic protection in aircraft.> Ethylene-
vinyl acetate copolymers improve the adhesive properties of hot-melt and pressure-
sensitive adhesives. They are also used in medical tubing, milk packaging, and beer-
dispensing equipment. Plastic containers with barrier layers of ethylene-vinyl alco-
hol copolymers are replacing many glass and metal containers for packaging food.>©
Polyvinyl chloride-acetate copolymers, compounded with plasticizers, are used for
cable and wire coverings, in chemical plants and in protective garments.®

VAM is not known to occur in nature. In the workplace, it may be present wher-
ever its polymers are produced, used, and stocked. Concentrations of 0.25-2 mg/m3
have been measured’ in air where vinyl acetate manufacturing or processing facili-
tiesarelocated. I n areas near chemical waste disposa sites, concentrations of 0.5 pug/
m3 have been detected.8 VAM has been found at concentrations of 50 mg/L in waste-
water effluents from a polyvinyl acetate pl ant. VAM was among the volatile chem-
icals released from food packaging during heating in microwave ovens. A
concentration of 0.002—0.14 pg/cm? has been detected. 10 VAM has also been detect-
ed in cigarette smoke, at concentrations of 400 ng/cigarette.11

VAM has an irritative effect on the upper respiratory system in humans. After
subchronic and chronic exposure by inhalation, in experimental animals it causes
hyperplasia and metaplasia of the respiratory epithelium, bronchitis, and bronchioli-
tis.'Experimental studies on reproductive and prenatal effects have shown that VAM
causes parental toxicity (including decreased fertility), developmental toxicity, and
minor skeletal alterations.?

Rats exposed to VAM exhaled acetaldehyde as a result of hydrolysis by
esterase.1213 Acetaldehyde is known to be carcinogenic in experimental animals, 14
and its carcinogenic potential was clearly demonstrated in a study performed in our
laboratory, the results of which are reported in another paper in this volume.

The experimental studies on rodents conducted until 1997 proved in one way or
another inadeguate to eva uate the carcinogenic potential of VAM. To date, seven
carcinogenicity studies have been published in the scientific literature. In the first
study, 96 male and female Sprague-Dawley rats were exposed to 2500 ppm VAM by
inhalation for 52 weeks. Early mortality was high: only 49 animals survived for 26
or more weeks. No tumors related to VAM were reported during 135 weeks.1>17 Be-
cause of the poor survival rate, this study was inadequate for detecting the carcino-
genic potential of the monomer.

In a second study, 60 male and 60 female Sprague-Dawley rats were exposed to
0-600 ppm vinyl acetate for about 104 weeks. A dight increase in benign and ma-
lignant nasal cavity tumors was found.18

VAM was administered at doses of 0—2500 mg/L in drinking water for 100 weeks,
to 20 male and 20 femal e Fischer F344 rats. An increase in liver neoplastic nodul es,
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in uterine adenocarcinomas and polyps, and in thyroid C-cell adenomas was ob-
served.1® The number of the animals tested was small and the histopathol ogical ex-
amination was limited to gross lesions and major organs only.

Male (n = 72) and female (n = 144) Sprague-Dawley rats received 0—-5000 mg/L
VAM indrinking water. Treatment began 10 weeks before mating and was continued
for an additional four weeks for males and throughout mating, gestation, and lacta-
tion for females. Sixty male and 60 female F, pups were administered 0-5000 mg/
L vinyl acetate in drinking water for 104 weeks. No treatment-related increase in tu-
mor incidence was observed.2°

Fifty male and 50 female F344 rats received 0—10,000 ppm vinyl acetate (98%
pure) for 104 weeks. Statistically significant increasesin preneoplastic changes and
squamous cell neoplasms were observed at several sites in the upper digestive tract,
but only at the 10,000 ppm dose (unpublished data).?!

The last two studies were performed on mice exposed to VAM by inhalation.
Swiss mice exposed to 0—600 ppm vinyl acetate for about 104 weeks showed no
treatment-related increase in tumor incidence.1® BDF1 mice exposed to 0-10,000
ppm vinyl acetate for 104 weeks showed statistically significant increasesin preneo-
plastic changes and sgquamous cell neoplasms at several sites in the upper digestive
tract, but only at the 10,000 ppm dose (unpublished data).??

In a cohort study aimed at identifying the specific exposure associated with an
excess of lung cancer risk in humans in a synthetic chemical plant, 19 chemicals
were studied: the subgroup with undifferentiated large-cell lung cancer had slightly
higher cumulative exposure to VAM.22 In a nested case-control study on a cohort of
29,139 men employed in two U.S. facilities, who died of lymphomas or leukemias,
no significant association was reported.23

VAM showed genotoxic effects in both human and rodent cells.! In vitro, VAM
produced a dose-related, statistically significant increase of sister chromatid ex-
changes and chromosomal aberrations in human lymphocytes and whole blood and
an increase of sister chromatid exchanges in ovarian cells of Chinese hamsters.!

In the 1980s, aresearch project on VAM consisting of three experi ments conduct-
ed with the same protocol, using Sprague-Dawley and Wistar rats and Swiss mice,
was started at the Cancer Research Center of the Ramazzini Foundation (CRC/RF).
The results of the experiment on Swiss mice have been published,?* and those on
Wistar rats are in publication.2> Results of the experiment on Sprague-Dawley rats
are reported herein for the first time.

MATERIALSAND METHODS

VAM, purity >99%, was supplied by an Italian chemical plant. The impurities
were: benzene 30-45 ppm; methyl and ethyl acetate 50 ppm; crotonaldehyde 6—
16 ppm; acetaldehyde 2-11 ppm; acetone 330-500 ppm.

VAM was administered in drinking water supplied ad libitum at concentrations
of 5000, 1000, or 0 ppm to 17-week-old male and female Sprague-Dawley rats
(breeders) and 12-day embryos (offspring). Control animals received tap water with-
out VAM. After 104 weeks of treatment, all animals received regular tap water.

The experimental protocol, including method of tumor reporting and statistical
methods, are reported in detail el sewhere in this volume. 2
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RESULTS

There were no substantial differences between treated animals and controls in
mean body weight, survival, behavior, or treatment—related nononcol ogical pathol og-
ica changes.

The occurrence of benign and malignant tumorsisshownin TABLE 1. Differences
observed between treated and control animals were:

(1) anincreasein total malignant tumors per 100 animals in male breeders and
in male and female offspring of the VAM-treated group (TABLE 2);

(2) an increased incidence of squamous cell carcinomas of the oral cavity and
lipsin female breeders treated at two dose levels, and in male and female offspring
treated at 5000 ppm (TABLE 3);

(3) anincreased incidence of squamous cell carcinomas of the tongue in female
breeders and in male and female offspring exposed at 5000 ppm; an increased inci-
dence of squamous cell dysplasias was observed in al treated female breeders and
offspring and in male offspring treated at 5000 ppm (TABLE 4);

(4) a dose-related increase in the incidence of squamous cell dysplasia of the
esophagus in male offspring and female breeders, in male offspring treated at 5000
ppm, and in the female offspring of both treated groups; one case of squamous cell
carcinoma occurred in a male offspring treated at 5000 ppm (TABLE 5);

(5) an increased incidence of squamous cell carcinomas of the forestomach in
male and female breeders treated at the higher dose and also in male breeders
treated at the lower dose; a dose-related increase in incidence occurred in male and
femal e offspring; the same trend was observed for squamous dysplasias (TABLE 6);

(6) when squamous cell dysplasias and carcinomas of the upper gastrointestinal
tract were considered as a whole, a highly significant dose-related increase was
observed in male and female breeders and offspring (TABLE 7).

CONCLUSIONS

VAM caused an increase in total malignant tumors and tumors at several body
sites. The increase in squamous cell carcinomas of the oral cavity and lips, tongue,
esophagus and forestomach is of particular significance for two reasons: 1) the same
oncological lesionswere found in Swiss mice and Wistar rats during the experiments
performed in our laboratory following the same experimental protocols; and 2) be-
cause the sites of these tumors were tissues most directly exposed to VAM.

The results of this experiment, together with those of the experiment on Swiss
mice?* and on Wistar rats,2> show that VAM isamultipotent carcinogen. As reported
in another paper of this volume, most tumors arose after 112 weeks of age in the
present study. Had we stopped our experiment at 112 weeks of ageitisunlikely that
we would have found the multipotent carcinogenic activity of VAM.

Based on these experimental findings, regulatory measures must be undertaken
to prevent the carcinogenic risk of VAM among workers exposed and consumers of
goods containing the monomer. Of particular concern is the current use of VAM-
based polymers for containers of food and beverages, as VAM has been found to mi-
grate from plastic material into wine?” and water.28 Based on this, the use of VAM-
based polymers for the production of chewing gum must also be of concern, as one
cannot exclude migration into saliva and other biological fluids.



TABLE 1. Long-term carcinogenicity bioassay on vinyl acetate monomer (VAM) in drinking water supplied ad libitum to male (M) and
female (F) Sprague-Dawley rats

NUMBER AND PERCENTAGE OF MALE AND FEMALE SPRAGUE-DAWLEY RATS BEARING VARIOUS TYPES OF BENIGN AND MALIGNANT TUMORS (a)

Groups
1: 5,000 ppm 11: 1,000 ppm 1II: 0 {control)
Breeders Offspring Breeders Offspring Breeders Offspring
Male Female Male Female Male Female Male Female Male Female Male Female

Site No. %  No. % No. % No. % No. %  No. % No. % No. % No. % No. % No. % No. %
Skin

Acanthoma 0 - 4] - Q - 1 18 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -

Dermatofibroma 2(3) 154 0 - 2 3.8 0 - 0 - 0 - 1 12 0 - 0 - 1] - 2 19 1 1.0

Squamous cell carcinoma 0 - 0 - 0 - 0 - 0 - 1 27 1 12 0 - 0 - 0 - 0 - 0 -

Carcinoma 0 - 0 - 0 - 0 - 0 4] - 0 - ¢ 0 - 0 - 0 - 1 1.0

Basocellular carcinoma 0 - 0 - 1 1.9 4] - 0 - 0 - 0 - 0 0 - 0 - 0 - 0 -

Siringocarcinoma 0 - 0 - 0 - [ - 0 - 0 - 1 1.2 0 0 - 0 - 0 - 0 -

Sebaceous adenocarcinoma 1] - 0 - 0 - 0 - 1 7.7 0 - 0 - 0 - 0 - 0 - 0 - 0 -

Fibrosarcoma [ - 0 - 1 19 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 4] -
Subcutaneous tissue

Fibroma, 0 - 0 - 2 3.8 0 - 0 - 0 - 0 - 0 - 0 - 0 - 1 0.9 Q -

Lipoma and fibrolipoma 0 - 0 - 0 - 0 - 1 77 4] - 0 - 0 - 0 - 1] - 2 19 [ -

Fibrosarcoma 0 - 0 - 0 - 0 0 - Q - 0 - 0 - 1 71 0 - 0 - 0 -

Liposarcoma 1 17 0 - 1 1.9 0 - 1 77 0 - 1 12 1 1.1 0 - 0 - 3 28 0 -
Mammary glands

Fibroma & fibroadenoma 0 . 15(22) 405 8 151 29(42) 509 2 154 20(32) 541 2 24 50(62) 575 1 71 2228) 595  9(10) 84 69(98) 69.7

Lipoma & fibrolipoma 0 - 0 - 1 1.9 0 - 1 17 0 - 34) 36 2 2.3 2 143 0 - 5 47 1 1.0

Adenocarcinoma 0 - 6 16.2 4] - 13(16) 22.8 0 - 7 189 1 1.2 12(19) 138 0 - N9 189 3 28 1721) 172

Carcinosarcoma 0 - 0 - 0 - 0 - 0 - 1 27 0 - 0 - 0 - 0 - 0 - 1 1.0

Fibrosarcoma 0 - 0 - 0 - 1 1.8 0 - 0 - 0 - 3 3.4 0 - 34) 81 0 - 4 4.0

Liposarcoma 1 17 0 - 0 - 2 35 4] - 4 - 2 2.4 2 23 0 - 1 27 2 19 2 2.0

Rhabdomyosarcoma 0 - 0 - 0 - 0 - 0 - 1 27 0 - 0 - 0 - 0 - 0 - 0 -
Harderian glands

Adenocarcinoma 0 - 4] - 0 - 0 - 0 - 0 - 1 1.2 0 - 0 - 0 - 0 - 0 -
Zymbal glands c

Sebaceous adenoma 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 1 2.7 0 - 0o -

Carcinoma 0 - 0 - 1 19 0 - 1 7.7 0 - 3 36 1 1.1 1 71 0 - 2(3) 1.9 Q -
Ear ducts

Carcinoma 0 - 0 - 2 38 0 - 0 - Q - 0 - 0 - 0 - 0 - 0 - [4] -

— Continued
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TABLE 2. Long-term carcinogenicity bioassay on vinyl acetate monomer (VAM) in drinking water supplied
ad libitum to male (M) and female (F) Sprague-Dawley rats

TOTAL MALIGNANT TUMORS
Group Animals Malignant tumors
dose Tumor-bearing Tumors
(ppm, v/v) animals
Age Sex No. No. % No. Per 100
animals
I Breeders M 13 8 61.5 11 84.6 **
5,000 (17 weeks old) F 37 18 48.6 27 73.0
M+F 50 26 52.0 38 76.0
Offspring M 53 31 58.5 * 59 111.3 **
(Embryos) F 57 32 56.1 62 108.8 **
M+F 110 63 51.3 121 110.0
I Breeders M 13 7 53.8 9 69.2 *
1,000 (17 weeks old) F 37 20 54.1 33 892
M+F 50 27 54.0 42 84.0
Offspring M 83 38 45.8 55 66.3
(Embryos) F 87 Y} 48.3 79 90.8 *
M+F 170 80 47.1 134 78.8
m Breeders M 14 5 357 7 50.0
0*° (17 weeks old) F 37 22 59.5 34 91.9
M+F 51 27 52.9 41 80.4
Offspring M 107 43 402 63 58.9
(Embryos) F 99 43 434 66 66.7
M+F 206 86 41.7 129 62.6

aDrinking water alone. * p < 0.05 using X2 test. ** p < 0.01 using x? test.
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TABLE 3. Long-term carcinogenicity bioassay on vinyl acetate monomer (VAM) in drinking water supplied ad libitum to male (M) and
female (F) Sprague-Dawley rats

ONCOLOGICAL LESIONS OF THE ORAL CAVITY AND LIPS

91T

Group/ Animals Animals with oncological lesions Total
dose Acanthomas SqDy SqCa
(ppm, v/v) Age Sex No. No. % No. % No. % No. Per 100
aniumals
I Breeders M 13 0 - 0 - 0 - 0 -
(5,000) F 37 0 - 0 - 2 5.4 2 5.4
M+F 50 0 - 0 - 2 4.0 2 4.0
Offspring M 53 1 1.9 3 5.7 13 24.5 ** 17 32.1 **
F 57 1 1.8 0 - 9 15.8 ** 10 17.5 ****
M+F 110 2 1.8 3 2.7 22 20.0 27 24.5
I Breeders M 13 0 - 0 - 0 - 0 -
(1,000) F 37 1 2.7 0 - 1 2.7 2 5.4
M+F 50 1 2.0 0 - 1 2.0 2 40
Offspring M 83 0 - 0 - 0 - 0 -
F 87 0 - 2 23 0 - 2 23 %
M+F 170 0 - 2 12 0 - 2 12
it Breeders M 14 1 7.1 0 - 0 - 1 7.1
0° F 37 1 27 0 - 0 B 1 2.7
M+F 51 2 39 0 - 0 - 2 39
Offspring M 107 1 0.9 1 0.9 2 19 4 37
F 99 0 - 0 - 1 10 1 10
M+F 206 1 0.5 1 0.5 3 15 5 24

aDrinking water alone. * p < 0.01 using x?2 test."p < 0.01 using Cochrane-Armitage test for dose-response relationship.
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TABLE 4. Long-term carcinogenicity bioassay on vinyl acetate monomer (VAM) in drinking water supplied ad libitum to male (M) and
female (F) Sprague-Dawley rats

ONCOLOGICAL LESIONS OF THE TONGUE

Group/ Animals Animals with oncological lesions Total
dose Acanthomas SqDy SqCa
(ppm, v/v) Age Sex No. No. % No. % No. % No. Per 100
animals
I Breeders M 13 0 - 0 - 0 - 0 -
(5,000 F 37 0 - 7 18.9 * 1 2.7 8 216 ***
M+F 50 0 - 7 14.0 1 2.0 8 16.0
Offspring M 53 0 - 3 57 1 1.9 4 75 *
F 57 0 - 9 158 ¥*** 2 35 11 19.3 **4
M+F 110 0 - 12 10.9 3 2.7 15 13.6
)i Breeders M 13 0 - 0 - 0 - 0 -
(1,000) F 37 0 - 3 8.1 1 2.7 4 10.8 **
M+F 50 0 - 3 6.0 1 2.0 4 8.0
Offspring M 83 0 - 0 - 0 - 0 -
F 87 0 - 2 23 % 0 - 2 23 %
M+F 170 0 - 2 12 0 - 2 1.2
m Breeders M 14 0 - 0 - 0 - 0 -
0* F 37 0 - 0 - 0 - 0 -
M+F 51 0 - 0 - 0 - 0 -
Offspring M 107 0 - 0 - 0 - 0 -
F 99 0 - 1 1.0 0 - 1 1.0
M+F 206 0 - 1 05 0 - 1 0.5
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aDrinking water alone. *p < 0.05 using X2 test. **p < 0.01 using x2 test. "p < 0.01 using Cochrane-Armitage test for dose-response relationship.
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TABLE 5. Long-term carcinogenicity bioassay on vinyl acetate monomer (VAM) in drinking water supplied ad libitum to male (M) and
female (F) Sprague-Dawley rats

81T

ONCOLOGICAL LESIONS OF THE ESOPHAGUS

Group/ Animals Animals with oncological lesions Total
dose Acanthomas SqDy SqCa
(ppm, v/v) Age Sex No. No. % No. % No. % No. Per 100
) animals
I Breeders M 13 0 - 2 154 0 - 2 15.4
(5,000) F 37 0 - 8 21.6 *** (- 8 216 **
M+F 50 0 - 10 20.0 0 - 10 20.0
Offspring M 53 0 - 19 358 ** 1 1.9 20 377 ¥+
F 57 0 - 23 404 *¥** o - 23 40.4 ¥¥*
M+F 110 0 - 42 38.2 1 0.9 43 39.1
I Breeders M 13 0 - 1 7.7 0 - 1 7.7
(1,000) F 37 0o - 2 54 * 0 - 2 54
M+F 50 0 - 3 6.0 0 - 3 6.0
Offspring M 83 0 - 0 - 0 - 0 -
F 87 0 - 4 4.6 ** 0 - 4 4.6 *
M+F 170 0 - 4 24 0 - 4 24
il Breeders M 14 0 - 0 - 0 - 0 -
0° F 37 0 - 1 27 0 - 1 2.7
M+F 51 0 - 1 2.0 0 - 1 2.0
Offspring M 107 0 - 0 - 0 - 0 -
F 99 0 - 0 - 0 - 0 -
M+F 206 0 - 0 - 0 - 0 -

aDrinking water alone. *p < 0.05 using x? test. **p < 0.01 using X2 test. "p < 0.01 using Cochrane-Armitage test for dose-response relationship.
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TABLE 6. Long-term carcinogenicity bioassay on vinyl acetate monomer (VAM) in drinking water supplied ad libitum to male (M) and

female (F) Sprague-Dawley rats

ONCOLOGICAL LESIONS OF THE FORESTOMACH

Group/ Animals Animals with oncological lesions Total
dose Acanthomas SgDy SqCa
(ppm, v/v) Age Sex  No. No. % No. % No. % No. Per 100
animals
1 Breeders M 13 1 7.7 4 308 1 1.7 6 46.2
(5,000) F 37 127 11 29.7 * 3 81 15 40,5 **
M+F 50 2 40 15 30.0 4 80 21 42.0
Offspring M 53 6 113 13 24,5 *ket 7 13.2 ** 26 49,1 **¢*
F 57 2 3.5 14 24.6 ¥4 4 7.0 * 20 35,1 ¥t
M+F 110 8 73 27 24.5 11 10.0 46 41.8
Jif Breeders M 13 3231 3 23.1 1 7.7 7 538
(1,000) F 37 0 - 2 5.4 o - 2 5.4
M+F 50 3 60 5 10.0 1 2.0 9 180
Offspring M 83 7 8.4 16 19,3 ¥x¢¢ 6 72 * 29 34,9 *H¢
F 87 5 5.7 14 16.1 *¢¢ 3 34 22 253 **
M+F 170 12 7.1 30 17.6 9 53 51 30.0
i1 Breeders M 14 2 14.3 1 71 0 - 3 214
0*° F 37 1 27 3 8.1 0o - 4 10.8
M+F 51 3 59 4 78 0 - 7 137
Offspring M 107 9 84 4 3.7 0 - 13 12.1
F 99 8 8.1 4 4.0 0 - 12 12.1
M+F 206 17 8.3 8 3.9 0 - 25 12.1

aDrinking water alone. *p < 0.05 using X2 test. **p < 0.01 using X2 test. "p < 0.01 using Cochrane-Armitage test for dose-response relationship.
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TABLE 7. Long-term carcinogenicity bioassay on vinyl acetate monomer (VAM) in drinking water supplied ad libitum to male (M) and
female (F) Sprague-Dawley rats

UPPER GIT SQUAMOUS CELL CARCINOMAS (SqCa) PLUS THEIR PRECURSOR (SqDy)

Group Dose Animals SqDy + SqCa
No. (ppm, v/v)
Age Sex No. No. per 100 animals
1 5,000 Breeders M 13 53.8 ¥+
(17 weeks old) F 37 86.5 *He¢
M+F 50 78.0
Offspring M 53 113.2 **4¢
(Embryos) F 57 107.0 **4¢
M+F 110 110.0
I 1,000 Breeders M 13 38.5 ¥
(17 weeks old) F 37 24.3 ***
M+F 50 28.0
Offspring M 83 26.5 **4¢
(Embryos) F 87 28,7 **¢¢
M+F 170 27.6
m 0° Breeders M 14 7.1
(17 weeks old) F 37 10.8
M+F 51 9.8
Offspring M 107 6.5
(Embryos) F 99 6.1
M+F 206 6.3

aDrinking water alone. *p < 0.05 using X2 test. **p < 0.01 using X2 test. "p < 0.01 using Cochrane-Armitage test for dose-response relationship.
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