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In 1988, Congress asked the NAS to evaluate the risk posed to children by 
pesticides in the food supply. The subsequent NAS report ("Pesticides in 
the Diets of Infants and Children'') identified numerous gaps in our knowledge 
of the effects of early pesticide exposure on adult immune, reproductive, and 
central nervous system function. A rodent study was designed to address 
these issues. Female SD rats are dosed from gd 14 to pad 7, whereupon the 
pups are directly dosed and allowed to remain with the dam. Another group 
of treated dams provides samples on pnd 7 for measures of test compound 
and major metabolites in maternal blood and milk, and in pup blood. Some 
males are killed pnd 21 and 35 for Sertoli cell count and neurochemical 
measures. For the neurotoxicity studies, dosing ends on pnd 21 and the pups 
( IO/sex/dose) are evaluated over a 2-month period in a neurobehavioral 
battery (FOB and motor activity). Cognitive function is evaluated as adults 
using a repeated-acquisition and perfonnance operant paradigm. For immuno­
toxicity studies, rats (12/sex/dose) are dosed through pnd 42; at 8-IO wks 
of age they are evaluated for antibody response to SRBC, splenic subset 
analysis, NK activity, and mitogen- and alloantigen-stimulated proliferation 
responses. For reproductive studies, rats are evaluated at birth for anogenital 
distance, during dosing for reproductive development, and then for reproduc­
tive function as adults. Seven compounds are slated for this evaluation; the 
first study (methoxychlor) is complete, the second (carbaryl) is on-going. 
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An adverse effect on reproductive health is often one of the organism's first 
reactions to an environmental stressor. Thus the production and survival of 
young are frequently used to estimate the effect of exposures on free-ranging 
populations. More specific evaluations of the reproductive health of free­
ranging individuals require capture, stressful restraint and often the removal 
of individuals from the study population. The present study focuses on the 
development and validation of a non-radiometric method to detennine fecal 
testosterone levels as a biomarker for adverse effects in free-ranging, individ­
ual male rodents. For this development Peromyscus sp. was used as a model. 
A competitive enzyme immunoassay was adapted to measure fecal testoster­
one by the following steps: Fecal samples from the rodents were collected, 
dried, crushed and weighed. Samples were extracted using an organic solvent 
for 1 hour. Water was added, partitioning the testosterone into the organic 
phase. The organic solvent was removed via a quick freeze technique and 
evaporated. The extract was reconstituted in assay buffer and the efficiency 
detennined using samples spiked with tritiated testosterone. Of the solvents 
tested ethyl ether gave the highest extraction efficiency with a recovery of 
85.7% ± 0.9 SID. (n = 5) of the radiolabelled testosterone. Experiments are 
underway to validate the technique using a laboratory colony of Peromyscus 
before beginning tests with agricultural chemicals. 
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The toxic effects of methyl 1-(butylcarbamoyl)-2-benzimidazole-carbamate 
(benomyl) were evaluated in male Sprague-Dawley rats (170-230 g). Beno­
myl (200 mg/kg in olive oil) was administered via gastric gavage. Control 
anima1s received same volume of olive oil. Animals were treated for 18 days 
and fasted daily for 8-12 hours before treatment. A significant decline in 
body weight (16% decrease) was observed in animals treated with benomyl 
as compared to controls. There was also a significant decline in liver total 
protein in benomyl-treated rats. These changes were not accompanied with 
any significant alteration in hepatic or extra-hepatic reduced glutatione levels. 
However. lipid peroxidation in benomyl-treated rats was significantly higher 
( 138.7% increase) than controls (p<0.001). Serum gamma glutamyl transfer­
ase (GGT) activity was elevated in benomyl-treated rats but was not signifi-
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cantly different from control. Benomyl treatment resulted in a significant 
elevation (71.5% increase) in GGT activity in the ileum. In addition, superox­
ide dismutase (SDO) levels were not significantly decreased. These findings 
clearly indicate that benomyl increases lipid peroxidation. This increased 
lipid peroxidation and the possible generation of free radicals may explain 
in part the hepatotoxicity and cytotoxicity induced by benomyl. (Supported 
by NIH gr:mts GM08II I and RR03020) 
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Skin exposure to pesticides are a health concern for agricultural workers. 
Historically, worker's hand exposure has been evaluated by washing or wiping 
the hands with a solvent-moistened towelette and detennining recoveries. 
Recent evidence indicates that solvents can facilitate percutaneous absorption 
by: I) acting as carriers of pesticides, 2) decreasing the skin barrier properties, 
and 3) by irritating the skin. The purpose of this study was to evaluate the 
efficiency of l-propanol, polyethylene glycol, soap and water, or D-TAM® 
in removing selected pesticides from skin. Alachlor (Al) and glyphosate (GI) 
were selected as test pesticides based on their chemica1 properties. 14C-labeled 
pesticide was spiked into formulations (Roundup® for GI and Lasso® for 
Al) and applied to isolated porcine skin (2.5µ.g/cm 2). After a 90 min exposure, 
the skin was wiped with a solvent-moistened gauze. The gauze was analyzed 
for radioactivity. Based on recovery of radiolablecl pesticide, soap and water 
was the most efficient at removing GI in the porcine model system. Recovery 
from the wipe was 48 ± 6%. Recoveries for other wipe solvents were <40%. 
For Al, 1-propanol, PEG, and soap and water gave recoveries between 42 
and 45% in this model system. Two other pesticides, trifluralin and methyl 
parathion, have been selected for further investigations based on solubility 
and other chemical properties. 
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The ethane sulfonate (ESA) metabolite of alachlor is formed by soil microbes 
via glutathione conjugation and subsequent oxidative metabolism. A series 
of studies was conducted to determine possible health effects and to compare 
ESA 's toxicity to that of parent alachlor. These investigations included: acute 
oral and subchronic toxicity, teratology, genotoxicity, ecotoxicology and 
pharmacokinetic studies. Mechanistic investigations were also conducted to 
determine the oncogenic potential ofESA relative to alachlor. 1be oral LD50 
in rats was found to be >6000 mg/kg, while the trout LC50 and daphnia 
EC50 values were > 104 mg/I. The NOEL for subchronic toxicity was 20 
mg/kg/day, although equivocal changes at the next higher dose (182 mg/kg/ 
day) were minimal and not considered biologically relevant. The NOEL for 
developmental toxicity was 2: I 000 mg/kg/day. These results indicate that 
the acute, subchronic and developmental toxicity ofESA is 7-20 times less 
than that of alachlor. ESA was not genotoxic in Ames and micronucleus 
assays. Unlike alachlor, ESA underwent little metabolism, was rapidly 
excreted, and did not accumulate in tissues. These findings are consistent 
with ESA's overall low degree of toxicity. ESA did not induce the same 
pre-neoplastic changes caused by a1achlor; thus, there is no basis to expect 
that ESA would produce tumors as found in alachlor chronic bioassays. In 
summary, results from various studies show that the toxicity of ESA is 
substantially lower than that of parent alachlor and support the conclusion 
that ESA is not of toxicological concern. 
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Oxidative desulfuration of phosphorothioate insecticides like fenitrothion 
(FS) (0,0-dimethyl 0-4-nitro-m-tolyl phosphorothioate) by cytochromes 
P450 (P450s) is thought to release atomic sulfur that can covalently bind to, 
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