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FOREWORD

The many benefits of our modern, developing, Industrial socfecy are
accompanied by certain hazards. Careful assessment of the relative risk
of existing and new man-made environmental hazards is necessary for the
establishment of sound regulatory poliecy. These regulations serve to
‘enhance the quality of ovur envivonment in order to promote the publie
health and welfare and the productive capacity of our Nation's populstion.

The Health Effects Research Laboratory, Research Triangle Park,

"conducts a coordinated environmentazl health research program in toxicology,
epidemiology. and clinical studies using human volunteer subjects. These
studiez addres:c problems in air pollution, non-ionizing radiation,
environmentzl carcinogenesis and the toxicology . of pesticides as well as
other chemical pellutants. The Laboratory develops and revises air quality
criteria documents on poilutants for wkich national ambient air quality
standards exist or are proposed, provides the data for registration of new
pesticides or prcposed suspension of those already in use, conducts research
on hazardous and toxic materials, and is preparing the health basis for -
non-{onizing radiation standards. Diraet support to the regulatory function
~of the Agency is provided in the form of expert testimony and preparation of
affidavits as well as experc advice to the Administrator to assure the
adequacy of health care ani surveillance of persons having suffered imminent
and substantial endangerwent of their health.

This report describes the testing of a series of twenty technical
grade pesticide chemicals for genotoxic propertlies by use of a battery
of in vitro and in vivo metheds. The battery includes tests for gene
and chromosomal mutations and primary damage to DNA as measured by
effects on DNA repair recombination. Since DNA is chemically similar in
all species, test results from s variety of cells and organisms are

relevant in assessing the potential genetic hazard of pesticide chemicals
in humans, . .

John H. ¥nelson, M.D..
Director,
Health Effects Research Laboratory
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ABSTRACT

Twenty pesticides being reviewed as a part of the EPA Substitute
Chemical Program were studied for mutagenic activity by several in vivo
and in vitro test procedures. Ten of the twenty compounds were evaluated
in vivo by the mouse deminant lethal test. All twenty compounds were

tested by the following in vitro procedures:

Unscheduled DNA synthesis (UDPS) in human fibro-
blasts (WI-38 cells); reverse mutation in Salmonella
typhimurium strains TAL535, TAL537, TA1538, and
TAI00 and :n Escherichia coli WP2; mitotic recombi-

nation in the yeast Saccharomyces cereviasiae D3;

and preferential toxicity assays in DNA repair-
proficient and -deficlent strains of E. coll
(strains W21l0 and p3478, respectively) and Bacillu,
subtilis (strains H17 and M45, respectively).

Hone of the ten compounds tested in the mouse produced a dominant

lethal response.

Ten of the twenty compounds were mutagenic in one or more in vitro
assays. Two were mutagenic in all of the in vitro assays: captan and
folpet. In a heritable translecation study in mice, under the experimental
procedures employed, captan at 5000 ppm in the diet of male mice for 8
consecutive weeks produced a heritable mutagenic event in F} generation

male mice.

iv
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INTRODUCTION

The Federal Insecticide, Fungicide, and Rodenticide Act‘designates
the_ﬂnvironment#l Protectlon Agency as the governmental body respﬁnsible
for the safety of all pesticidés used in the United States. More recently,
the Federal Environmeatal Pesticide Control Act (PL 92-516) strengthened
EPA's regulatory responsipilities in the area of pesticides to include

intra- as well as inter-state commerce.

To be federally registered, a'pest;cide must have been determined
not to be hazardoug to healch or to the environment when used according
to its labeling restricticns. Thus, relative to.neu law as well as to
specific directives incluced in Public Law 93-135, 1973, EPA now is con-
ducting a thorough review of the implications of using alternate chemi-

cals, including older registered pesticides, for pest control.

In the pesticide review process, EPA éﬁphééizes deﬁelopment of
scientific criteria for evaluating the safety of compounds substituted for
those pesticides found to be hazardouc. In addition to :evieéing and
evaluating the literature on pesticides and maintaining liaison with
industry and academia, the strategy program includes laboratory studies
to obtain additional data. One of these laboratory programs is directed:

toward gathering mutagenesis data on a selected number of compounds.

EPA's program is timely and responsive to one of the recommendations
included in the President's Sclentific Advisory Committee Report of
September 1973, Chemicals and Health. 1In that document, the Committee

recommended that "Regulatory agencies should take steps to insure that
new scientific data raising the possibility of new or extended hazards
from chemicals in use are subject to careful process of scientific review
for merit Interpretation." ' '

Development of methods for evaluating the mutagenic hazard of chemi-

cal compounds has advanced markedly in the last few years. In contrast

to the undefined empirifcal tests used a short time ageo, procedures now



available can detect chromosome breaks and other genetic changes caused by
chemical stress. Mutant strains of micruorganisms in cell culture and
mammalian fibroblast cells in tissue culture are effective in vitro
systems for reliable detection of presumptive gene mutations, whereas the
mammalian dominant lethal test is a recognized test for the assessment

of chromesome damage to germinal cells.

Today many pesticide chemicals in commercial use have not been
fnve: tigated azdequately for their mutagenic hazard. With the public's
increasing concern about possible pollution of our environment by chemi-
cals, the widely used pesticides must be evaluated. In this project,
SRI used test methods that are appropriate for these evaluations and
that are in use by the scientific community.

Under contract to EPA, SRI examined 20 pesticides for mutagenic
activity using a combintation of in vivo and in vitro mutagenicity assay
systems. The 20 pesticides tested and their sources are listed in the’
following two tables,

The assays used were the dominant lethal test in mice {only
ten compounds); unscheduled DNA synthesis {UDS) in human ibroblaste
{WI-38 cells); reverse mutation in Salmonella typhiwurium strains TAL1535,
TA1537, TAL538, and TA1OO and in Escherichia coli WP2; mitotic

recomsination in the yeast Saccharomyces cerevisiae D3; and preferential

toxicity assays in DNA repair-proficient and ~deficient strains of E. coli
(strains W3110 and p3478, respectively) and Bacillus subtilis (strains
H17 and M45, respectively.

Based on positive responses in both Tier I {in vitro test} and
Tier I1 (Drosophila) mutagenic studies, it was recommended that &
. heritable translocation test (Tier TII} in the mouse be conducted



!
to further assess the mutage.ic potential of Captan. The results of

these furtiher studles are reported as Appendix A.

The experimental procedures and results for the mammalian dominant
lethal test, the UDS assay, and the microbilological assays are described

in the separate suections that follow,



IN VIVO AND IN VITRO MUTACENES1S: SUMMARY DATA POR EPA PESTICiDES

Positive Response, +; Hegative Response, =

Mouse Salmonella
botinant _t_zglj}mf " Escherichia coll WP2 Saccharonyces cerevistae Escherichia coli Racillus subtilis DS
Peseicide  Lethal® {His™ Reveraion} (Try™ Reverslon) (Mitotic Recombination) (Relative Toxicity) {Relative Toxicitv} (DNA Repair)
-HA A -MA A “HA LTy ’ -MA KA
Honocrocophas - - - - - + +* . - - + +
Bromacti - - - - - - - - - - -
Cacodybic Actd . - “ - - + e - - - -
Captan - + + + + + + - * - +*
Chlorpyriios - - - - - - * * - -
Dincaeb - - - - - - _ . - . .
bsA - - - - - - ' - - - -
Fenthion ' - - - - - - - - - -
Folpet - + . + * +* + + + + - +
Atinphos-methyl - - - - - + Y - - - -
Malazhion - - - - - - - - - - -
Methomyl ) - - - .- _ - - _ - - . -
Manuron - - - - - - - - - - +
m B . - - ) - - - - - - - -
Parathion " - - - - - - - - - * -
Parathion-methyl Cow - - -~ - + ¢ +t - - - -
Quintozens {PCNB) - - - - - - - - - . -
Phorate . - - - - - - - - - - -
Stoazine ' - - - - t - - - - - -
Teifluralin . - - - - - - _ -

4 Joly ten puﬂcidu were teated by the dominant lethal procedure.
+ See page 170, :
% Harginalily positive,



TWENTY PESTICIDES EVALUATED BY SRI FOR MUTAGENIC ACTIVITY

) Trade Name of Batch or
Common_Name* Compound Tested Manufacturer Lot Number Purity (%) Supplier
Monocrotophos Azodrin-5 Shell Chemical Company Batch H, 55.0 Manufacturer
9-5CL-77
Bromacil Hyvar E.1. DuPont de Nemours T8061%/40Q 95.9 Battelle
Cacodylic Acid Phytar Ansul Chemical Company Phyton 138 65.6 Battelle
Captan Orthoside 406 Chevron Chemical Company  5X640 Technical Batteile
Chloxrpyrifos Du-sban Dow Chemical Company MM-1114-1 98.8 Battelle
(603-D1)
Dinoseb Premerge Dow Chemical Company MM 200554 97.7 Battelle
DSMA Ansar Ansul Chemical Company 8100 £0.1 Battelle
Fenthion Bayeex Chemogro 4+15-2026 ¥0.0 Battelle
Folpet Phaltan Chevton Chemical Company  SX579 Technical Battelle
Azinphos~methyl Guthion Chemogro 411-0229 1lecinical Battelle
Malathion Malathion American Cyanamid Cempany 40216006.300 Technical Battelle
Methomyl Lannate E.I. DuPont de .lemours 6602-82 93.0 Battelle
Monuron Telvar E.I. DuPont de Nemours T-40817-20 97.0 Battelle
MSMA Ansar Ansul Chemical Company 170 H.C. 58.4 Battelle
Parathion Niran Monsant:. Chemical Compzny AD 1236 99.0 Battelle
Parathion-methyl Methyl Parathion Monsanto Chemical Company AD 0659 80.0 Battelle
Quintozene (PCNB) Terrachlor 01lin Mathieson Chemical Technical 99.0 Battelle
Corporation
Phorate Thimet American Cyanamid Company MC85 Battelle
Simazine Primatol Ciba-Geigy Chemical ZJo. FL-7408B4¢ 97.7 Battelle,
Tri{luralin Treflan Elf Lillv & Company X=-26290 97.7 Battelle

% Common name as approved by the International Organization for Steudardization.



DOMINANT LETHAL TEST IN THE MOUSE

General

In che dominant lethal test, the ten compoundé under investigation
were fed in the diet to proven male breeder mice for 7 weeks. After this
period, each male was mated with two adult virgin females for 7 days;
these females were then replaced by twe others for another breeding.

The sequence was continued for 8 weeks. This procedure emphasizes
possible mutagenic effects on the male sperm, the normal female acting
as a carrier tc reveal in her offspring abnormalities that may have
occurred in the male, Ve evaluated effects by examining the conditfon
and state of fetal development during the middle to latter stages of

gestation.

Experimental

Aniwals and Chemicals

Adult ICR/SIM mice from a closed, random-bred colouy were used for
the acute roxicity and maximum tolerated dose determinatiens as well as
for the dominant lethal assay. These male and female mice were supplied
by Simonsen Laboratories, Gilroy, California. The males were 3- to
4-month-old proven breeders, and the females were 10— to l2-week-old

virgin stock.

At the direction of EPA, the Battelle Columbus Labtoratories cbtained
the pesticides from the manufacturers and subsequentiy provided SRT with
aliquots for the studies reported here, Each pesticide was a "techaical”
grade product (or equivalent) and was provide& in.sufficient quantity
for us to complete all aspects of the experimental program. Excess
supplies were refrigerated or frozem, should they be needed for future

reference,



We iﬁvestigated the solublility of each compound using water,
propylene glycol, polyethylene glycol, corn 011; or carboxymethyl=
cellulose to determine the mcat appropriate vehicle for administration.
Compoﬁnds were administered orally, by gavage for the acute toxicity
(LDSb) determinations, and via the diet for the maximum tolerated dose

and dominant lethal studies.

Determination of Acute Toxicity

' Although acute toxicity information on some of the compounds was
available in the literature, we conducted confirmatory tests on all io
obtain an LD4,, under our laboratory conditions and for the ICR/SIM
strain of mouse. If no data were available, we conducted a preliminary

. range-finding test, followed by a determinatior of the oral LDey.

Maximum Tolerated Dose Study

ﬁased on the acute tbxicity data_and available information From the
literature on dose levels known to cause adverse responses when adminis-
tered in the diet, several dose levels were selected and administered in
the dietaﬁo adult male mice for 2 weeks. Treated males then were caged with
two adult Qirgin females each for 7 days; these fgmales were repiaced
by two othefé weekly for 2 weeks. The females were examined daily for
the presence of vaginal {(mating)} plugs. At midterm of pregnancy, the
females were sacrificed and examined for total implants, as well as
for early and late retal deachs. For this work,.we defined a maximuu
tolerated dose as that dietary level which may produce up to a 20%
weight loss, mild buet transient clinieal signs, no inhibition of breeding
performance, and no mortality. Thus, these initial studies provided
information on changes in pody welght, acceptability of the diet,

clinical signé, mortality, and breeding performance.

Treatment Levels

For the dominant-lethal study, three dose levels were admicistered.

The highest was the maximum tolerated dose or 5 g/kg (a maximum level



agreed on by EPA and SRI}, whichever was lower. The intermediate and
lower dosages were one-half and one -quarter of the highest dose, respec-

tively.

Administration of the Compounds

Each pesticide was fed fﬁ\the diet to adult male mice for 7 weeks.
An appropriate amount of compound initlally was dissolved or suspended
in corn oil; chen the compound-oif‘qoncentrate was addad at a level of 3%
to a finely ground commercial diet of-knoun composition. The use of
corn oil assured even distribution of thp compound and prevented straci~
fication of the test material in an otherwise dry diet. Dilets were pre-
pared at 2-week intervals and were refrigerated ar &°C until fed to the
animals. Fresh diet was placed in the feed containers every other“day

to minimize the loss of compound through instability or volatility.

Test Groups

Two reference control groups were included in this project. One
was run at the beginning vf each of the two dominant lethal series, five
pesticides belng run concurrently. In this manner, reference breeding
and implant data were obtained at two time periods, as was information
on each shipment of research animals. Males in these groups were fed
a finely ground commercial diet supplemented with corn oil at 3X.
Control groups were treated in the same manner as the compound test

groups.

Two positive contrel groups were run concurrently with each of the
two series of five pesticide cests. For these groups, the known mutagen
triethylenemelamine (TEM) was administered as a single intraperitoneal
injection of 0.2 mg/kg approximately 2 aours before the first mating.

A commercial pelleted diet was avallable at all times.

Each control and cxperimental test group contained 20 adult male
mice. At the end of the 7-week compound treatment period, each male
was allowed Lo breed with two virgin females over a period of 7 days.

Females were replaced weekly for 8 weeks.

8



Necropsy and Evaluation

Females were sacrificed at midterm of pregnancy. A complete
necropsy was performed to determine if an intercurrent infectiom was.
present; such a condition can induce preimplantation loss and early
fetal deachs. At sacrifice, each female was scnred for early fetal
deaths, late fetal deaths, and living fetuses (all of which rvovide a

total implant score)}.

The following parameters indicate effects in dominant lethal studies:
Total implants (live fetuses plus early and late fetal deaths), total
dead (early and late fetal deaths), and dead implants per total implants.
Total implants and dead implants were analyzed for significance by the

t—-test.

The index of dead implants per total implants was analyzed statis~
tically by the t-test on arcsine- (or angular) transformed data, as

described in Experimental Design (Theory and Applicaticn).1 This

index was computed for each female. Other parameters analyzed were the

fertility and death indices.

Results and Discussion

Single-dose oral acute toxicity data are as follows:

Conpound __LD30
Monocrotophos 17 mg/ke
Bromacil 3.04 g/kg
Capta > 15 g/kg
Folpet . . > 10 g/kg
Azinphos-methyl 15 mg/kg
Malathion 1196 mg/kg
Parathion : 17 mglke
Parathion-methyl 39 mg/kg
Quintozenc (PCHNB) > 10 g/kg
Phorate 6.59 mg/kg



After eualuating'the acute toxicity data and those from subsequent
maximum tolerated dose studies, we selected the following dosage levels

for the dominant lethal studies:

Treatment Levels

Compound (wg/kg of Diet)
Menocrotophos 15, 30, 60
Bromacil 1250, 2500, 5000
Capcan 1250, 2500, 5000
Folpet 1250, 250G, 5000
Azinphos-methyl 20, 40, 8¢
Malachion 1250, 2500, 5000
Parathion 62.5, 125, 250
Parithion-mechyl 20, 4G, 80
Qulintozene (PCNB) 1250, 2500, 5000
Phorate

5, 10, 20

Throughout the experiment, the bilological criteria used to evaluate
mutagenic effects in the mouse showed no consistent vesponses that could
be attributed to treatment. Although we found occasional statistical
differcnces berween control and compound treated groups, they were random

and did not suggest a time or dose-response effect.

Summary data on the fertility index, Implaatations per pregnant
female, dead implants per pregnant female, death index, and number of
dead implants per tetal implants are presentea by compound as follows:
Tables 1 through 5, Monocrotophos: Tables 6 through 10, Bromacil;

Tables 11 through 15, Captan; Tables 16 through 20, Fclpet; Tables 21
through 25, Azihphos—methyl; Tables 26 through 30, Halachion; Tables 31
through 35, Pafathion: Tables 36 through 40, Pavathion-Methyl; Tables 41
" through 45, Quintozene (PCNB}; and Tables 46 through 50, Phorate.

Twe copies of a descripcion of the statistical analysis procedures
used for dominant lethal tests and computer printouts of the raw data
and the statistical analyses are on file with the current Project Officer,
Dr. Michael D. Waters, Environmental Toxicology Division, Health Effects
Pesearch Laboratory, EPA Environmerntal Researéh Cenéer, Resgearch

Triangle Park, North Caroclina 2771}%.
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The following statistical procedures were used:
Chi-square test of the fertility index;

Armitage test for # Linear trend in proportion for the fertilicy
index based on dose levels, based on logarithms of the dose levels,

and based on dose levels including the control group;
t-test of the number of implantacions in pregnant females;

Regression fits of implantations on dose and log dose and with and

without control group included;

t-test of the (Freeman-Tukey transformed} preimplantation losses

in pregnant females;
t-test of ihe number of dead 1mplants;f
Chi-square test of the death index;

Armitage test for a linear trend in proportion for the death index,
based on dose levels with and without control group included and based

on logarithms of the dose levels;

Probit analysis of the proportion of pregnant females with one or

more dead implants;

t-test of the (Freeman-Tukey transformed) number of dead Implants

(dead implants/total implants);

Control group analyses of variances for number of pregnant females,
number of implantations per pregnant female, preimplantatiom loss per
pregnant female, number of dead implants per pregnant female, ratio of

dead implants to total implants per pregnant female; and

t-test of the number ol corpora lutea in pregnant females.

Careful review and statistical evaluation of the data show that
folpet, captan, parathlon-methyl, parathion, phorate, malathion,
bromacil, monocrotophos, quintozene {PCNB), and azinphos-methyl are

not mutagenic in the mouse by the dominant tethal test.
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MAMMALIAN IN VITRO JNSCHEDULED DNA SYNTHESIS ASSAYS

General

Many mutagenic and carcinogenic agents have Leen shown to induce un-~
scheduled DNA synthesis (UDS) in an in vitro tissue culture syst=m of mam-
malian cells. UDS is a form of mammalian vepair synthesis that involves
at least two processes. The first is interactlion of the agent with DNA,
resulting in damage of the DNA. The second, which follows, s incopor-
ntlon of nucleotides to repair the DNA.

DS may be crmsidered a fairly universal system because it occurs in

wide variety of mcmmalian cell types znd hecause it has been observrd
in all stages of the cell cycle {Gy, ‘i1, %y, and M} other than §, the
normal DNA synthetic phase.2»3 (UPS 1. wot observed during S-phase be-
cause the high Jevel ¢f incovporation of iwucleotides dv~ing the scheduied
DNA synth2sis obscures the relatively low level of incorporation of
rucleotides during unscheduled DNA synthesis.)

An additional feature of UDS is that it may detect a level --f DNA
damage higher than that revealed by examination of chromosomeal aberra-
tions" because some DNA repalr results in little or no dei “ctsble char ¢
in chrorsome morphology. For each compound tested, an in vitro metaboelic
activation sv tem should be incorporated for a parallel series of UDS
assays since some compounds may be ineffective in producing DNA damage
unless they ar: first activated by a microsomal preparation from a mam-
malian liver homogenate.

The UDS system we have developed is unique in thawv, at the end of
each assay, DNA is extracted from human diploid fibroblasts (WI-38 cells)
80 that the exteni of repair may be expresséd per unic of DNA. We have
found that this UDS éssay system afferds sensitivity and precision with-
ou: vacrificing efficiency or econcay. Under separate couatact, NCI
approved our use and validatica of this system for the prescreeniag of
chewical carcinugens. With the approval of the EPA project offi. .
used this system for testing the 20 substitute pesticides, with

withoLt metabolic activacion.

12



Experimental

Cell Culture

WI-38 cells grown in T-25 tissue culture flasks were used for the
UDS assays. Replicate cultures of these cells were initiated in Eagle's
Basal Medium (BME) containing 10% (v/v) fetal calf serum and aureomycin,
an antibiotic specific for PPLO*. For 1 to 2 weeks preceding the UDS
assays, the cells were grown in medium containing 0.5% serum. This pro-
duced contact-ichibited cells in synchromous cultures in the G; phase of
the mitotic cycie. To reduce further the possibility of incorporation
of JM-TdR by an cccasional S-phase cell that might escape the countact-
inhibition synchrony and thus obscure measurements of UDS, the cultures
were preincubated for 1 hour with 10°2 M hydroxyurea (HU) before each
d@ssay, and 102 M HU was added during each subsequent step of the assays,

Dilution of Compounds

Chemicals to be tested were made up immediately before use and were
diluted in appropriate solventy (water, ethancl, or DMSO), the final
concentration of sclvent being one that did not produce a cytotoxic
effect after repeated testing. Sonification and pH adjustments were
used to ensure maximum solubility or even suspension of the stock solu-
tiuns of the compounds. The highest concentration was diluted further
in solvent and thea in culture medium to give several log dilutions of
each compourd. All compounds were in apparent solution and within the
physiological pH range when tested, except as otherwise noted in the

tables,.

Controls

The positive controls were 4-nitroquinoline-N-oxide (4RQO}, a com-
pound that induces UDS in the absence of a metabolic activation system,
and dimethylnitrosamine (DMN), a compound that irduces UDS only with
metabolic activation. The negative controls were the solvents diluted

in culture nmedium.

¥ A5 an additional check against the presence of PPLO, which could iIncor-
porate tritiated thymidine (34-TdR) and thus ob - re measurementc of UDS,
steck cultures were analyzed monthly for the presence of I'PLO. The
results of these analyses were consistently nagative.

13



UDS_Assaysg
The contact-inhibited WI-38 cells wuere incubated at 37°C with log

dilutions of the substitute pesticides and with 1 pCi/ml of IH-TdR (sp act,
6.7.Ci/mmole). For testing in the absence of metabeolic activation, the
cells wera exposed simultaneously to the substitute pesticide and to 3H-T4R
for 3 hours. For testing with metabolie activation, the cells were exposed
to the substitute pesticide, to 3H-TdR, and to 500 mg/ml of the $000 x B
supernatant fraction of a liver homogenate from adult male Swiss-Webster
mice, with appropriate cofactors,® for 1 hour; then the cells were incu-
bated with only 3H-TdR for an additional 4 hours. The shorter exposure
time for metabolic activation testing was used to preclude cytotoxic effects
of the liver homogenate preparation. Both approaches included a postincorp-
oration incubation with unlabeled thymidine. DNA was extracted from the
cells by a modification of the PCA-hydrolysis procedure;% one aliquot of
the DNA solution was used to wmeasure the DUA content, after reaction with
diphenylamine,5 and a second aliguot was used for scintiliation counting
measurements of the extent of incorporation of 3H~TdR. Results were expres-
sed as lncorporated per unit of DNA and were compared with the background
rate of incorporation.

We have defined as an acéeﬁtable assay one in which the response of
the positive control compound is predicted, within the 95% confidence
limits, by regressions of average dpm/ug DMA versus average dpm/ug for
background. The regressions that follow are based on data that we have

acquired in previous testing:

Sample Correlation
Type of Testing Regression’ Size (n) Coefficient (r)
Without metabolic Y; = 696 + 17.45 (X)* 48 0.7668
activation
With Metabolic Y, = 263 + 1.83 (X)¥ 13 0.9639
activation

*Nicotinamide, 3.0% mg/ml; glucose-6-phosphate, 16.1 mg/ml: MgClz+6H20,
5.08 mg/ml; NADP, 0.765 mg/ml.

tRegressions over a range of baukground dpm/ug DNA of O to 450.

Y, = Average dpm/ug DNA fur 105 M 4NQD (positive control)}.

Y, = Average dpm/ug DNA for 5 x 10~7 M DMk (positive control).

X = Average dpm/ g DNA for background (negative control).

14



If the observed average level of incorporation for tﬁe positive control
compound is outside the 95% confidence limits of the regression, we
assume that sone variation has occured in the experimental procedures

and repeat the test.

Interpretation of Pesults

In a report to the Nationa} Cancer Institute,’

we presented the
results of tests performed without metabolic activation on 40 compounds
of known carcinogenicity. We have analyzed these results using either
.the parametric One~Way Classifiction Analysis of Variance or the noﬁ-
parametric Xruskal-Wallis One-~Way Amalysis of Variance, depeuding on which
was more appropriate.® At the 99% confidence limits, all the ultimate
carcinogens signiticantly elevate the incorporation of 3H-TdR into the
DNA, The noncarcinogenic compounds, with one exception, fail to elevate
significantly the incorporation of 3H-TdR.at this level of confidence.
Thus, the 99% confidence limits of these statistical analyses apparently
can be used with reasonable accuracy to predict the blological signifi-
cance of the responsé to.a chemical.

The number of compounds we ﬁave tested with metabolic activation 1s
insufficient to establish a corrélation between statistical significance
and biologiéal significance. Therefore, we assumed that the 99% confid-
ence levels of the analyses of vafiance used without metabolic activation

also apply for testing with metabolic activation.

Results and Discussion

Tables 51 through 90 present the results of the UDS testing, with
and without me;ébolic activation, of the 20 subétitute pesticides, Tables
51 and 52, the DNA repair synthesis assays of monocrotophos, include
" detailed summaries of the cell culture and experimental conditions for
these assays. Thé assays presented in the following tabies (53 through

90) were conducted under similar conditions. In routine testing in the

*If there is reason to believe that the variances of each of the treat-
ments in a test are equal (i.e., Bartlett's test of the variance is
negative), the parametric analysis is the appropriate one. LIf the
variauces are not equal, the nonparametric analysis is the appropriate
one, C : : :

v
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absence of metabolic activation, six samples each are used for five log
concentrations of each test compound and for the negative and positive
controls. However, because of the expense of the metabolic activation
preparations, for all compounds except bromacil we tested three replicate
samples in the presence of metabolic activation and used three concentra-
tions of the test compound (selected on the hasis of the testing without
metabolic activation),.

Based on tie criteria for positive responses, we observed significant
increases in unscheduled DNA synthesis 1o the absence of metabolic activa-
tion after exposure of the cells teo only two substitute pesticides, meono-
crotophos and parathion. 1In the presence of metabolic activation enzymes,
significantly increased UDS was detected for five substitute pesticides:
monocrotophos, captan, folpet, azinphos-methyl, and monuron.

Compared with those of negative controls, the levels of 3H-TdR incor~
poration were greatly reduced in the absence of mectabolic activation at the
highest concentrations tested for captan, folpet, azinphos-methyl, and
monuron, the same four compounds that induced UDS only in the presence of
metabolic activation. The reduced levels of incorporation may be inter-
.preted as cytotoxic effects or as inhibition of repair caused by the highest
concentration of the test compounds. A similar effect was observed in
the presence of metabolie activation for only one compound, captan, and this
was observed at a higher concentraticn than had been tested without
metabolic activation. Stich et al,8 have discussed the problem of cyto-
toxicity and possible inhibition of DNA repair systems by some chemicals
and have stressed that, whereas such factors may obscure measurements of
UDsS, often a close relationship exists between concentraticns that induce
UDS and conceutrations that are cytotoxic or that inhibit repair.

Because of the cytotoxic or inhibitory effects of the substitute
pesticides, it should not be assumed vithout further testing that monocro-
tophos and parathion would be carcinogenic without metabolic activation
or that the other four substitute pesticides that induced UDS in the
presence of metabolic activation are procarcinogens. The positive UDS
results indicate that these six substitute pesticides should be tested
more extensively, with the testing to include cvaluations of the effects

of these chemicals in in vivc bloassays.
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HICROBIOLOGICAL ASSAYS

General

SRI examined twenty pesticides for mutagenicity by in vitro micro-
biological assays with Salmonella typhimurfum (TA1535, TAl537, TA1538,
TA}00), Escherichia coli WP2, repalr-deficient and =-proficient strains

of Bacillus subtilis and E. coli, and with the yeast Saccharomyces
cerevisiae D3. An Aroclor 1254-stimulated, rat-liver-homogenate meta-

bolic activaction system was included 1in each procedure, except the rela-
tive toxicity assays, to provide metabolic steps that the bacteria are
either incapable of conducting or that they do not carry out under the
assay conditions. The purpose of this study was to determine whether

the compounds elicited a mutagenic response in microorganisms.

The assay procedure with S. typhimurium has been proven to be 85 to
90X accurate in detecting carcinogens as mutagens, and it has about the
same accuracy In identifying chemicals that are not carcinogenic.g The
assay procedure with §, cerevisiae is about 50% accurate in detecting
catcinogens as agents that increase mitotic recombination, E. coli WP2
and the microbial sensitiviiLy assay are two additional methods of detecting
mutagens. The combination of these four assay procedures significantly

enhances the prcbability of detecting potentially hazardous chemicals.
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Experimental
Salmonella typhimurium Scrains TA1535, TAL537, TAL538, and TA100

The §. typhimurium strains used at SRI were obtained from Dr. Bruce
Ames o¢ the UniQersity_of California at Bérkeley.lo;lz All are histidine
auxotrophs (Eii-) by virtue of mutations in the histidine operon., In
addirion to the mutations in the histidine operon, the indicator stralns
havé'mutations in the lipopolysaccharide coat (Ezgf) and deletions that
cover a gene involved in the repair of uv damage (uvrB~). The rfa™
mutat ion makes the strains more permeable to large mwolecules, thereby
increasing their sensitivity to these molecules. The uvrB™ mutation
decreases repalr of some types of chemically damagéd DNA and thereby
enhances sensitivity to some mutagehic chemicals. Strain TA1535 is
reverted to histidine prototrophy (his*) by many mutagens that cause base-
pair substitucions. Strains TAl337 and TAl538 are reverted by many
frameshift mutagens. TAl537 is moré sensitlve than TAL538 to mutation
by sume acridine and behzaﬁthracenes, but the difference is quantitative
rather than quaiitative. TAl00 is derived from TA1535 by the intro-
duction of the R factor plasmid pKMlOl.l3 The introdaction of this
plaseid, which confers ampicillin resistance to the strain, greatly
enhances the sensitivity of the strain to some base-palr substitution
mutagens.' We have shown that mutagens such as benzyl chloride and
2-(2-furyl)=3-(5-nitro~2~furyl) acrylamide (known as AF2) can be detected
in plate assays by TAlQO but not by TA1535. The presence of this plasmid
also makes strain TALOQ sensitive to some frameshift mutagens--e.g.,

ICR—l9i. benzo{a)pyrene, aflatoxin Bl' and ?,lZ-dimgthylbenz(a) anthracene.

All the indicator strains are stored at -80°C. For each experiment,
an inoculum from frozen stock cultures is grown overnight at 37°C in a
nutrient'b:oth consiscing of 1% tryptone and 0.5% yeast extract. After
stationary overnight growth, the cultures are shaken for 3 to 4 hours to
ensure optimal growth. Each culture is checked for sensitivity to
crystal vicoler. The presence of the Ifﬂf mutatidn makes the indicator
gtrains seﬁsitive to this dye, whereas the parent strain, 553?, is not

sensitive to the dye. Hdwever. the mutation is revetsible,,leading'to



the accumulation of rfa+ cells in the culture. Therefore, the cells
must be tested rcutinely to ensure their sensitivity to crystal violet,
Each culture also is tested by specific mutagens kaown to revert each

test strain (positive controls).

To a sterile 13 x 100 mm test tube placed in a 43°C heating bleck,

we add in the following order:

Assays in agar

(1) 2 wl of 0.6% agar™

(2) 0.1 wl of indicator organisms

{3) 0.5 ml of metabolic activation mixture (optional)
(4) Up to 100 pul of a solution of the test chemical.**

For negative controls, we use steps (1), (2), and (3) (optional)

and 100 1l of the solvent used for the test chemical.

Thile mixture is stirred gently and thean poured onto minimal agar
plates.t After the soft agar has set, the plates are incubated at 379C
for 2 days. The number of Eigf revertants {colonies that grow on plates
lacking a sufficient amount of histidine to support colony formation) are
counted and recorded. Some of the revertants are routinely tested to
confirm that they are higf, require biotin, and are seasicive to crystal

violet (rfa™).

Escherichia coli WP2

The E. coli WP2 (uvrA™) used in this project was given to us by
Dr. D. McCalla,l®13

is used to measure the reversion of WP2 to tryptophan independence. How-

A procedure similar to the one used with Salwmonella

ever, instead of containing a trace of tryptophan in the top agar, the

minima}l agar plates contain 1.25 g of oxeoid broth per liter to provide

* 0.6% agar contains 7.05 mM histidire and 0.05 mM biotin.

+ Minimal agar plates consist of 15 g of agar, 20 g of glucose, 0.2 g
of MgS50,.7 #,0, 2 g of citric acid monohydrate, 10 g of KoHPO4, and
1.5 g of NaHNH4PO4.H20 per liter.

**xSolvents used as appropriate include:; water, dimethyl sulfoxide,
ethanol, and benzene.
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the trace of tryptophan required for enhancement of any mutagenic effeet

of the test chemical.

Alternatively, reversion of the mutated tryptophan gene, WP2
may underge a forward mutation in a tryptophan tRNA gene to obtain
tryptophan independence. We do not distinguish experimentally between
the true revertants and the phenotypic revertants (although the latter

tend to form smaller colonies),

gscherichia coli W3110/p3478 and Bacillus subtilis HI7/M45

The E. coli strains W3l1C and pl478 were obtained from Dr. H.
Rosenkranz.l® Strain pl478 is a polA™ derivative of strain W3110. It
carries a single, revertable mutation in a gene for a DNA polymerase;
Gross and Gross 17 showed that this mutation is involved in DNA repair
synthesis. This mutatlion increases the sensitivity of strain pl478 to
chemicals that lead to alterations (damage) of the DNA. Therefore, ve
can assay for chemicals that damage DNA by comparing the relative sensi~
tivity of the two strains (p3478 and W3110) to the test chemical.

The B. subtilus strains H17 and M45 were obtained from Dr. Kada.la

Strain H17 (ggg+) is derived from H17 but 1s deficient in the genetic
recombination mechanism necessary to vepair LNA damage. Cells deficient
in this repair mechanism are killed more easily by chemical mutagens

than are wild-type cells (Eggf). If the chemical 1s toxic to rec™ cells,
Lut at the same concentration is mot toxic to rec* églls, the chemicai

probably is a mutagen.

Inoculums from frozen stocks are grown overnight im nutrient broth*
at 379C with shaking. To 2 ml of nutrient broth containing 0.6X agar
is added 0.! ml of the test culture, The suspension is mixed and poured

onto plates contalning nutrient broth and 2% agar.

After the soft agar has solidified, a sterile filter disc impreg-
nated with the test chemical is placed in the center of the plate. The
plates ave incubated at 379C for 16 hours, and the width of the zone of

* Tryptone, '%, and N.5% yeast extract, supplemented with 5 wg of
thymine/ml to prevent selection of thy* revertants.
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toxicity or inhibicion of growth.is then measured. We usually must test
several concentrations of chemical to detect accurately differences in
the éones of growth inhibition because higher initinl concentrations lead
to steep concentration gradients that may reduce the differences in

growth inhibiction of the two straims.

‘The positive control for this ascay is )} ml of l—pheny1«3,3-dimethy1-
triazene placed oﬁ the disc. A zone of approximately 40-mm width is
observed (52 and 61 mm, respectively). An additional ecntrol is 30 ug
of chloramphenicol.placed on a disc. Equal zones of inhibition are
expected in all four strains (approximately 30 mm) since the toxicicy of
this chemical does not depend on a mechanism that leads to DNA damage.

All assays are performed at least three times.

Saccharomyces cerevigiae D3

‘The yeast S. cerevisiaé D3 is a diploid heterozygous for a mutation
in an adenine-metabolizing enzymes.lg Cells homozygous for this mutution’
produce a red dye when grown on medium containing adenine. Adenine-
requiring homozygotes can be generated from the heterozygotes by wmitotic
recombination. Many mutagens increase the.frequency of mitotic recombi-
nation. Mitotic recombination is indicated by the development of
cotonies with red pigmentation, and the degree of conversion to this
pigmented colony indicates the mutagenicity of a compcund or its

metabolite.20

The Saccharomyces test strain from the ligquid nitrogen is grown over-
night at 30°C with aeration in 1.0% tryptcne and 0.57 yeast extract.
The cells are washed twice in 0.067M PO, buffer {pH 7.4) and resuspended

in the same buffer at a concentration of 108 cells/ml.

The in vitro yeast mitotic recombination assay in suspension con-
sists of 5 x 10? washed, stationary-phase.yeést_cells in 1 a1l of 0.067M
PO; buffer (pH 7.4) and 50 mg/ml of the test chemicall(or a fraction of
the concentration required to give 50% killing). The suspension is
incubated ac 30° for 4 hours. After iﬁcubation, the sample fs diluted

serially in sterile saline and plated on tryptone~yeast-agar plates.
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Plat2s of a 1073 dilution are incubated for 2 days at 30°C, followed by
2 days at 4°C to enhance the development of the red pigment indicative
of adenine-regative homozygosity. To detect red celonies or red sectors,
we scan the plates with a disrecting mi:rosccpe at 10 x magnification.
Plates of a 1077 dilution are incubated for 2 days at 30°C for determi-

nation of the total number of colony-forming units.

The in vitro yeast itotic recombination assay in suspension with
metabolic activation is conducted as above with the addition of the meta-

bolic activation system to the incubation mixture.

Aroclor 1254-Stimulated Metabolic Activation System

Some carcinogenic mutagens (e.g., dimethylnitrosamine) are ipactive
anless they are converted to their active form by being metabolized.
ames et al.Z?l have described the metabolic activation systems we use,
Adult male mice are given a single 500-mg/kg intraperitoneal iInjection
of a polychlorinated biphenyl {Aroclor 1254).22  Four days after the
injection, the animals' food is removed. On the fifth day, the mice
are killed.

The liver are removed aseptically and placed in preweighed, sterile
glass beakers. The organ weight is determined, and all subsequent
operations to the metabolic activation séep are conducred in an ice
bath. The orgaa is washed in an equal volume of cold, sterile 0.i53 M
KCl (1 ml/g of wet organ), minced with sterile surgical scissors in three
volume of 0.15 KC1, and homogenized with a Pottcr-Elvehjem apparatus.

The homogenate is centrifuged for 10 minutes at 9000 x g, and the super-
natant is removed and stored 1n liquid nitrogen. To the postmito-~
chondrial supernate are added MgCl,, KCl, glucose-6-phosphate, TPN, and
sodium phosphate (pH 7.4). )

Results and Discussion

All the pesticides submitced to SRI for examination were tested
at least three times in the microbiological assays. The results pre-

sented here are an average of those experiments.
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Table 91 prescnts the results of the microbielogical assays In
agar with Salwonella typhimorium. Tn this histidine revefse—matation
Assay system, two pesticides--captan and folpet--were mutagenic. For
each chemical, we observed an increase in the number of histidine-
independent revertants on strains TA1535 and TAIOO but not on strains
TA9B, TA1537, or TAl1538. These results suggest that these pesti:ides
can alkylzte DNA, cousing mutations of the base-pair substitutica type.
This concluston is consistent with the nutagenic activity of these
compounds in assays witn E. coli WP2 (Table 92), which is sensitive to
bLasc-pair substitution mutagens, Although liver horcgenate activation
was not required for mutagenic activity, the mutagenic activity wvas
crhanced somwhat with activatfon at sewe doses, A toxic effect
(reduction of the number of mutants) was observed at doses of 100 pg

of esch compound.

Table 92 presents the results of assays with E. coli WP2,
Essentially, the results were identical to those obtained with 5.
typhimurive TA1535 and TA100; captan and folpet were mutagenic,

but none of the other pesticides was mutagenic.

Table 93 preaents the rosults of the assays for microbial inhibition
in repair-doficient and-proficient strains of B. subtilis and E. gol,.
Folpet, captan, chloropyrifos, and dinoseb all gave toxic zones that
waere larger on the repair-deficient strains than on the repair-proficient
strains, indicating a wutagenic response. Toxie chemicals that do not
act by damaging DNA (e.g., chleramphenicol) should give equivalent zones
of toxicity. However, many if not all mutagens damage DNA and, if the
damage is not repaired, can result in cell death. Thus, a given
concentration of mutagen may be toxic for a repair deficient strain

but not for a strain the effectively repoirs its DRA.

Tables 94 Lbhrough 113 present the resutts of the assays lor mitotic
recombimation in SQfT?fH}WEfEﬁ.ﬁQﬂQE;ﬁiQE D3. A positive respoase in
this assaﬁ is indicated by an increase of more than threefold in the
absolute number of mitotic recosbinanig per milliliter as well as ir

5 .
the relative number of mitetic recambinants per 107 survivoers. Folpet,
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captan, monocrotophos. cacodylic acld, and azinphos-methyl increased
mitotic recombination significantly and are considered positive by
these procedures. Methyl parathion gave.a marginally positive response.
Our results indicate that 7 of the 20 pesticides examined give ?
positive responses In one or more of the four microbiologlcal assay
procedures., Although a mutagenic response in a microorganisms does
not mean that a chemical 15 a mutagen in humans, the combination of
fodr separafe assay system greatly enliances the probability of detecting
poténtiélly'hazarduus cheﬁicals. Folpet and captan are mutagenic in
all four assay procedures. Chloropyrifos and dinoseb are positive in
the micreobial sensitivity. Monocrotophos, cacedylic acid, and azinphos-

‘methyl are positive in the yeast assays.
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DISCUSSTON

Of the 20 pesticides tested for mutagenic activity, 9 were clearly
mutagenic in one or more in vitre assays. Of these 9, 2 were murageric
in all the in vitre assays, but none of them produced a dominaux I.tlal
response in the muuse. In the Salmonella assays, these chemicals ot sed
base—péir substitution mutations but not frameshift mutations. The

;absence of activity in the dominaut lethal assay may be du~ to a lack

" of sensicivity of the mouse to these types of compounds; for example,
N-methyl-N'-nicro-N-nitrosoguanidine and other alkylating agents that
cause base-palr substitution mutations do not all cause domincnt lethality.
Another explanation for the absence of activity may be that those pesti-
cides did not reach the gonadal tissves In sufficient amounts L0 cause a
mutagenic event. None of the other 6 pesticides was mutagenic in all

the in vitro assays.

The combination of assays used in this program is one means of
identifying those pesticides that may present a mutagenic health hazard.
Those that show positive responses in several experimental systems
should be evaluated wore thoroughly before they are substituted for
other pesticides already considered as a risk to the eavironment. Also,
apparent is that no one assa~ system is uniquely capable of detecting
the spectrum of mutagenic events that different chemical structures may

cause.
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Table 1

CHI-SQUARE TEST OF THE FERTILITY FHDEX - NONOCROTOPHOS
1 PEGREE OF FREEDUM

WEEK VEHIZLE CONTROL, Te=ld 1S MG/XG Tasi0 30 wo/KG Ta=10 80 WG/KG TEN »2 MG/RG
N M FERT, N N FERT, M M FERT, N N FERT, & N FERT,
PAG MTD INQEX CHISG PRG MTD INDEX CHISQ PRG MTD INDEX CMISQ FPRG MTD INDEx CMISQ PR3 MID  INDEX CMISG
MULTEPLE TREATMENT
1 28 0 70 G.00 23 0 »57 a7 18 «0 3 4.l 16 0 40 Ge11* 29 ad « 72 0,00
2 26 0 S 0,00 3 M 17 8 20 &0 « 30 1,28 14 &0 o 40 4, 06% 27 39 059 +02
3 23 a0 57 0.00 w M 75 2,01 19 &0 47 +45 22 &0 535 0.00 32 s0 +80 .12
& 2T a0 o067  Da00 25 0 b)) 05 22 &0 +55 N1 15 &0 «38 8,0T7T" 27 Al Y o0
& 2% 40 B0 .03 33 3% 85 1967 28 &g &) 0.00 21 40 +52 20 E] Y] TS laé2
6 24 38 +83 000 2T & Ny 03 23 & 3T =08 2% W «86  0.00 2T 38 T .24
? 30 I 79 0.00 2% »0 53 T.8] 2l &0 52 4.9 28 28 »T4 .07 2T 3e 75 o0
8 27 ) T 0.0 28 & 70 02 20 40 S0 2.78 24 30 o8] 24 26 a6 o T2 202

& SIOMIFICANT AT P LT 0.03
I INCREASED AROVE {ONTRIL
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Table 2

AVERACE DMPLANTS PER PREGNANT FEMALE = MONOCROTCPHOS

TEM

contno;\ Ta=10 15 MG/KG Te=1d 30 MG/KG Ta=10 60  MG/KG o MGIRG
MULTIPLE TREATMENT:

gs 2a3l1).)9 L2497 23m)0,8) 189/ 18=i0.%0 l1ads l8=)),.25% 318/ 26s10.90
301/ 206e31,65 332/ 3=l0,T1 2427 20wl2.10 1807 16=}1,25 2937 27e10.0%
245/ 23m10,465 ¥s4s  30m]l AT 2397 19m)12,38 %% 24T, 32-12.10"'1' Ay A2x10,07
309, 2Tell 4b A1/ 25212,%6 2787 22u]2,4% 166, 18211 07 2667 2ta 9,.85%
elas  24x)l.a2 372/ =]l 27 2707 25s10.00 2487 21=]1,9] 386/ 0x11.87
3027 2e=12,58 327 2Ta12,11 2157 23=11.9% 25%/ 2%5%10,20 ** 2137 27xi0,.11 %
3467 30%)1.%3 2857 25%11.40 2557 2=i2.14 Jles 20e=)1,29 3067 27=11.33
2%2s 27=10,01 313/ 26»11,18 2207 20x1),40 2917 24el2,12 322/ 26m)2, 384
SIGNIFICANT AT P LT 0.05

SIOMNIFICANT AT P L{ 9.01

INCREASED ABOVE CONTRO!
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Teble 3

AVERAGE DEAD IMPLANTS PER PRECHANT FEMALE - MONOCROTOPHOS

CONTROL Te=l0 i%  MO/KG Tasld 30 WG/KG Te=10 60 MO/KG TEM o2 MG/RG
MULTIPLE TREATMENT

13 28= a8 287 23 1,22 197 le=  ,5¢ o/ les &I 627 293 Z.1aM
8/ ez 31 3 M= L0, 167 20= 50 27 le= L12 I/ 2T 205
9/ 23a W 14/ s 53 97 19m 47 9 2% 41 0T7 32w 2. 12™
2/ 2le  L07 1 25 .24 267 22% lh.i8" 9/ 19 LG40 117 21= W41
11/ 243 LA 227 33 07 124 2%m a0 97 21m W) 227 302 .13
217 2em  L88 167 2= .59 147 238 .5} 6/ fgm 244D 17/ 272 L8]
M/ o= |00 LA 253 L4 4/ 2is L1Y 87 288 29 117 212 4]
197 2= .1 247 28 L8 T/ W= .35 97 d4m L3B 117 26 .42

* SISNIFICANT AT P LT 0,05
o SEONIFICANT AT # LT 0,01

D DECREASED BELOW CONTROL
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WEER VEWICLE CONTROL .

Table &

CHI-SQUARE TEST OF THE DEATH INDEX - MONOCROTOPHOS
t DEGRZE OF FRFEDOM

T4=l0o 15 N3 /KRG Ta4=10 30 "GRG T4=10 &9 ME/HG TEw o MGG
N N DEATM & N DEaTW N M DEATH N N DEATH & & DEATW
wol PRG  JNDERX €HMISG  wDI PRa  INDEX CHIS@ w0l PRG INOEX CHISG w0l PRG  INCEA CHISQ WOl PeG  INDEL CHISQ
MULTIPLE TREATMENT

1 10 28 36 0,00 1 23 48 «35 T 1s 239 201 & 16 +30 « 04 2% 29 A5 13,27 ae
2 T 2% +27 0,00 an 10 1,84 T 20 3% 07 2 s «13 52 26 27 P65 24,20 e
3 % 23 +39 0,09 i1 30 37 v 01 T 19 37 03 6 22 «27 28 25 32 T 7,05 an
. 27 07 000 LA W20 24954 11 22 30 Pe202a 9 15 b Jle2iene & 27 W30 .07
5 F 30 Q.00 11 33 «33 00 12 25 48 21 & 21 %1} «0T 13 30 *33 8.1
5 15 24 o83 0.00 13 27 48 o6 11 23 «t8 +52 § 25 220 T.h8 10 27 AT 2.3
? & 30 «27  0.00 L1 ] 32 W02 ¢ 21 «19 09 ! «25 W02 9 27 «33 07
& 12 27 ok 0,00 15 28 ' or T 20 .38 W12 8 2a . }) .27 in 20 .30 +03

*4  SIGNIFICANT AT P LT 0.01
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Table 5

NUMBER OF DEAD IMPLANTS PER TOTAL IMPLANTS - MONOCROTOPHOS

i

* SIGNIFICANT AT P LT 0,05
5 SIGHIFICANT AT P LT 0,01

D DECREASED BELOW

CONTROL

CONTAGL Taalt 15 MG/NS Te~10 30 mo/RG Ta=10 40 Mu/NG ™. 2 MG/KG
MULTIPLE TREATMENT

137 398 .06 28 2892 o0 107 189 .05 10/ 180= 08 62/ 31k L20%
8/ 303a  ,03 ¥ Dz 0 10/ 2428 Lo08 27 100m 01 T 293 26
- 9/ 24%= 04 167 %bs 04 W29 g4 ) 9/ éb‘{l +03 8T/ Jaldx 254w
2/ 39 401 17 3as L02 26/ 2T4s 409 9/ 166w L05* 31/ 266s  L0a%
117 2Tam D% SR/ ITEm L0k 127 2708 g 97 2482 06 227 1%ax .06
21/ do2e 37 167 327s .08 147 2758 ,08 b/ 2582 42 %D 177 2132 L06
307 306z 09 i/ 288 04 ar 2558 02 6/ 3oz 03 117 204s 04
197 292¢ 07 247 HIs 08 1/ 228n  L0) 9/ 291,03 117 3222 ,03
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Table 6

CHI-SQUARE TEST OF THE FERTILITY IRDEX - DROMACIL

1 DEGREE OF FHEEDOW

wEEK VEHICLE CONTROL Ta=0b 1290 NG/KG Ta=06 2500 MG/KRG tas0s %000 MG/KG TEm o2 NGRS
N K PFERT. M N FERT, N N FERT, M N FERT, : N N FERT,
PaG MTO  INDEX £HISG PRG MTD INDEX CHISQ PRG MTD [NDEX CHISQ PAG MTD IMDEx CHISQ PRG RTD  INDEX CHISO
MULTIPLE TREATMENT
1 28 A0 «T0 D00 2l 40 «52 l.90 23 a0 57 «a7 29 0 «T2 @00 29 &0 «T2 000
2 26 a0 N3 0.00 26 &) +60 05 26 In 1] 0] 25 A0 N X) 0.00 21T 39 69 +03
323 w0 .51 0,00 29 0 T2 1,27 19 38 50 49 2% 40 63 08 3 a0 M0 3 T2
& 27 4B «67 0,00 25 &0 63 » 05 22 38 58 bl 28 &0 10 0,00 2T &0 a7 11
S 24 4D 80 0+00 31 ap oI 2409 22 a8 58 1 27 ag 07 22 LY «T8 1.2
& 24 3B 53 0,00 31 0 ST .30 25 38 60 .00 2T w0 67 02 27 38 + T -2
T 3 a8 o739 0.00 29 ap T2 319 22 38 o580 2490 29 &0 2 16 21 3% 18 w02
] 2T 3% «T: 0.00 28 39 W12 +03 26 263 | 428 2T &b 57 01 26 36 . T2 ' 02
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Table 7

AVERAGE EMPLANTS PER PREGNANT FEMALE » BROWACIL

Ta=06 2500 MG/nB Tasdh  S000 MG/RQ TEm +2 MG/RG
MULTIPLE TREATMENT

A9/ 28511.39 2387 21st1.1% 2Tas 23213409 Azgs 29°11.01 e/ 29=10.90
303/ 26w1],65 293/ 2+310,54 2847 26210,92 A0a/ 251,16 29y 27¥=10,0%
245/ 23s10.4% 335/ 29s11.55 225/ 19=ll.0% 2197 25e]12,76*1 3R/ 3Zel0.8T
3097 2TRy}. ok 290/ 2%s11.60 268/ 22812.18 3abs  268m32,36 2667 2Te 5,85
2716 24xll,e2 o/ M=lleps 2els 22=1ll+nn 3237 21%1l.9 356/ Josllen?
302/ 24%}2,58 368/ 31#}l,.87 2947 25%1L, 76 2187 2¥®10, 30 21)7 27010,41 %
Jes/s  I0e11,53 3557 29s12.24 2%y 22=1),%0 8Ty 29ml2 .M L/ 27el1,33
2027 2Telg, 01 3les 26s=11.,38 21T/ Thel] 54 vty Eral), Y 3227 2ewl2.38 %

SIGNIFICANT AT P LT 0409
SIGNIFICANT AT P LT 4,01
INCREASED ABOVE CONTROL
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Table 8

AYERAGE DEAD IMPLANTS PER PREGNANT FENALE - BROMACIL

74=06 1250 HG/KG

+2 WG/RG

Tem08 2500 MGG Te-06 $000 MG/KG TE™
MULTIPLE TREATMENT
1 1 2a% 4 gf. 2i= . 3g 10/ 23w 443 1T/ 2q9¢ .59 827 29m 2414
¢ 8s 2ex 31 12/ 2as 50 87 26a 31 s/ 250 20 17/ 2% 2,8%u
3 9/ 238 9 & 298 21 r2r 9% 82 30/ 25 a0 AT/ 2= 2,T2am
4 2/ 2Ts .07 T/ 253 .28 16/ 22a LT3 15/ 28e , 5@ 117 273 J40a
H 11/ Zam 4B 124 3= .39 15/ 22% .o@ 8/ 2Ta .3 22/ 3o= W73
6 217 24 88 1/ M W23 los 255 .54 "2l2 R .18 11/ 212,43
T 307 0= 1,00 11/ 29s 38 les 223 44 147 293 a8 117 2718 4]
8 19/ 27s .70 15/ 28n 5 8/ 260 M) ¥ s M 117 268 42

¢ SIGNIFICANT AT P LT 0.05

ICANT AT P LY 0.01
ED BELOW COWTROL

*¢ STGNIF
D DECREAS
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Table 9

CHE=-SQUARE TEST OF THE DEATH INDEX - BROMACIL
1 DEGREE DF FREEDOM

wEEK YEHICLE CONTROL Ta=06 1260 MB/KG Ta=0b 2500 mO/KG Ta=06 5000 MG/KG TEm «2 MG/RQ

.

N N DEATH N N DEATH N N DEATH N N DEAMM N N DEATH
wO! PRG INDEx CHISG wDl PRG  INDEx C€WISQ wOl PRG INDEX CHISQ 401 PRG INDEX CnISQ  wOI PHG  INDEx (CwWISO

mE dps aptes Sasns ass sm=s sawas SeEs=. AaE e SeanE SoSss anw WEE Sesss Seaaw e mvw  ASame  GEnew

HULTIPLE TREATMENT

110 23 W36 0,00 T 33 02 T 23 W30 W01 14 29 .48 48 2% 29 .86 13.2M
2 T ze .27 0,00 10 24 Tt I 8 26 M 0,00 5 2% .20 L0626 2 9 2A 200
309 23 .39 0,08 6 29 L2 1.32 9 19 7 »09 6 25 W28 .67 2% 32 .18 7,09+
. 2 27 T 000 6 25 26 Ye02 il 22 39 Ta20** 14 28 50 10s11%* 8 27 3o 3407
5 9% 20 .3 0.00 12 3 39 0b 12 22 W35 G Te 8 2T W30 409 10 3 233 .00
B 1% 2% 83 [s00 5 3 o] JOSSMD 13 25 W82 .2) 10 27 L3136 J0 2T W27 2.3
? L 1 +27 D00 T 29 W24 +01 o 22 45 1.2 12 29 il 8 9 a7 3 .07
B 12 2T W 0.00 1o L3 L0 T 24 .29 W70 T 2T .26 1.30 10 26 .3 g3

&% SIGNIPICANT AT P LT 0.01
D DECARASED BEL(N CONIROL
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Table 10

NUMBER OF DEAD I!MPLANTS PER TOTAL IMPLANTS - BROMACIL

CONTROL “ Tasgo 1250 MG/KG Ta-08 2500 MB/XG Tant SQOG ME/KSG TEM 2 WG/RG
MULTIPLE TREATMENT

13/ 3195 .04 A/ 235 03 10/ 278 .04 1T/ 328s  ,0% 627 I1én 4204,
8/ 303s  ,03 127 2%3s 0% B/ 284x 43 57 Yoz 02 T/ 293,26,
9/ 2453 04 &7 335= 02w 127 2258 0% 10/ 319= 03 817 3482 25
27 309s W01 17 290 .02 16/ 2682 L6 157 3a6x  G04 v 117 2663 04
117 2Tes 0% 124 36l=  L03 157 28l 4yb 87 3238 .42 227 %6z L 08
217 302= L07 T4 B LD2 %D 167 294 .05 21/ 2718%  .0A 11/ 273= .06
30/ Jab= 09 11/ 355= 03 147 253%  .ob 147 357= .04 11/ 3065 D4
197 292z 07 157 30z 05 B/ 277s .03 9/ 307= ,03 114 3222 .03

SIGHIFICANT AT P LT 0.0%
#1 SIGNIFICANT AT P LT 0,01
DECREASED BELOW CONTROL
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VEHITLE C0N1“0y

Ta=02

Table 1}

CHI=SQUARE TEST OF THE FERTILITY INDEX - CAPTAM

1 DEGREE OF FREELOM

000 MG/nE

TEM

1250 MG/RG Ta=02 2500 WG/NG Y402 +2 MGG
N W FERT, N N FERT, N N FERT, M N FERT, NN FERT,
PRG MTD INDEX CHISQG PRG MTD JNOEX CWISG PRG MTO INDEX C(WIS@ PRG WTD InDEX CHIS@ PRG NTO  INDEX  CHISQ
WULTIPLE TREATMENT

X S 1 ETRNR Y «85  &.10a AL A0 WTT 278 29 A9 o1 1.37 t TRy 171,37
21 3 b9 0,00 30 a0 W78 W10 W +0 W90 4,0Fa; 30 40 W78 J0 2T 3% o0 00
Z&6 4D b6 0,00 23 a0 57 -2 0 A0 B L T 1Y N e 17 W98 32 an TR Vi
FLA Y 267 gugo 3w B2 135 33 & +82  QanT 2 40 alg 1403 2T ap o7 L
29 40 o7z 0400 26 38 .88 402 30 40 TS .00 26 38 .88 .02  I0 40 LTS 0.00
2% 40 T2 De00 21 M T «0) LI Y] +8%  ).20 I M T o6 27 38 3 Y
29 40 - «T12 0400 L 1 «f] 91 30 +I5 000 26 38 . .68 02 2T 3 W5 «00
32 a0 +80  b.00 33 38 .87 25 ™ 40 +85 Wy 2 W Wm A3 26 36 12 v28

SIGNIFICANT AT PLT 0.05
INCREASED ABONE CONTROL
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Tuble 12

AVERACE IMPLANTS PER PREGNANT FEMALE = CAPTAN

[ 1 Tangd 12590 MG/KG Y4202 2500 NG/nG Ta=0g K000 ME/KG TEm 2 MG/KG
mULTIPLE TREATMENT

2657 23all.%? s dasll.ds 3397 Nalt.uk Ales 29ml0.49 Ales 2qs10.50
3067 27x11,30 e/ 30=10,93 A75/7  36xl0,s2 427 30rll, a0 293/ ZTwl0.AS
26B7  26w10.71 2527 23x192.96 3137 20s10.4) A4S, Nall.1l Asny A2x10.RT
288/ ATsif.b? _32e7  Aix)besS 3597 23=2)g.0R 333/ 32m10es) 266/ 27= 9.8%5
I3y 29zll.%2 2res 2ex10.85 J48/ Ddowll.p0 2987 26%1}.4% 3Ses 3I0e11.87
3237 29%ll,le A2r 2¥=11.56 Iskr Jexlo.r2 Japs J0=33,33 2T3r 21=10.11
3237 29sll.1» 30¥s 2Twll.ée 3297 30s10.97 309/ 28sll,MR ELLY ) P PR k]
30/ 32%11.9) aBg/  3I%11.58 383/ Jaxll.gt 301/ 27®11.)% 322s 26x2.2R
S{GNTFICANT AT . LT 0,05

SIGNIFICANT AT P LT 0.01



Takiw 13

AVERAGS “%AD IMPLANTS FER PREGNANT PEMALE - C7<TAN

wEEs CONTROL Tae0d 1250 ME/KG Th=02 2500 MG/KE Tawd? SP09 MG/RS
MULTIPLE TREATMENT

1 ar 23z 35 177 Xé=s 50 197 M=z .l 1%/ 2ew %2

F R SV £ Y} | 157 s 450 W77 6= a7 147 3t &7

8 3 167 PAa A2 167 23= 10 16, 3= L33 15/ 3= a0
- s 2Te 959 127 3s 39 1''/ 3z a5 117 2« 3

s 1%/ 29« .52 ™ 2hx 92 9 Wz M Ily 262 42

[ 97 9n 1 13/ 27 .48 21/ Mr .62 87 30 .60

T 21y 2%x ,72 15/ 27 %% 147 0% a7y 8/ 2u% W

4! 137 Igs 4] 127/ 33 126 117 Jas 22 Ts 27 26

®  SIGNIFICANT
*& SIGNIFICANY

AT P LY 0.,0%
AT P LT 0201

W/
T
ary
ns
22s
1
117
1rs

299
2=
A2
27«
b1
2T
7.
26x

2 MBSRG

L T L T e T

2alAta

2,05

Co 12 *8
o4
P
2k ]
bl

a2
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Table 14

CHI-SQUARE TEST OF THE DEATH INDEX - CAPTAN
1 DEGREE OF FREEDOM

WwEEN VEMICLE CONTROL Ta=02 12950 MG/KO Te=02 2500 mG/KG Ta=02 S000 MG/KG TEM «? MBsKG

-

N N DEATH L] N DEATH M N DEATH N N DEATH H N DEATH
wDI PRG  INOEx ChisaQ w0l PRG  INDEx C€HISQ w0l PRG INDEX CHISe wOI PRG INDEx CHISQ  wDl PRG  INDEX CHISG

Mam daE AmSmd SSs=e Fm- mas wERRS SRR Ba SEE SEmer RS mas s sssss wassw Eph EASE hEsse mEaar

HULTIPLE TREATHENT

1 g 23 W35 0,00 10 3+ 29 $02 12 3 35 00 12 2% stl On 25 2% shb 2,49 0
3 a 27 «33 0,00 8 27 207 12 3% Pk | 27 10 30 > | 08 FL 1 «08 20,19 %
3 10 26 ¢330 0.00 iz 23 52 Y 11 30 37 +02 13 M o2 «00 FL I F 7O T.an MY

& 11 27 s8]  0s00 & N .26 86 T n «21  1.885 & 22 2% 1e02 a 27 30 32
5 11 29 «30 0.00 10 26 +38 Y1 T 23 8T 1 @ b} +00 19 M +3 o0l
s 8 29 2A 0400 9 27 «33 «03 15 3 44 1420 10 ¥ «33 « 04 10 27 »37 .22
T o122 20 (L B 2% 1] 12 27 hd 00 11 «37 01 T o .27 T 9 27 « 33 el2
8 11 22 »3%  D.00 8 1 24 »39 LA *206 1% s 27 1%  1.1% e 26 »38 ~00

&%  STGMIFICANT AT FLT 0.01
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*& SIGNIFICANT

Table 15

NUMDER OF DEAD IMPLAMTS PER TOTAL IMPLANTS =« CAPTAN

CONTROL Taati? L29%0 MG/KG T4=02 2500 mG/xb Ta=02 SO000 MG/EG TEm o7 MG/KG
MULTIPLE THEATMENT

87 265= .01 117 Jp1a  ,0s 197 9= ,ne 157 3i3= 0% 837 w200
117 2052 ,0s 157 Jaex 0% 177 3782 0% 147 Je2a 06 T/ 293 26"
167 2683 .08 16/ 2522 .06 16/ 313= .05 157 JasSs s 87/ 3aBa 25
167 2R8s .00 127 326= W04 15/ 3598 L0 117 333 .03 117 266% D&
157 33ax .06 24/ 282 L09 9/ I%és L0 117 290  L0% 227 ¥56=  L08
9 323s P2 137 N2z 08 217 36is  L06* 187 Jape 05 117 2732 08
217 323x .07 15/ 309: 0% 147 3292 .o+ 87 09 L0 117 306s 04
13/ 381 .0) 12/ 382 .03 117 3838 ,0) 7 3be W02 117 3228 .03

SIGNIFICANT AT P LT 0.,0%

AT P LT 0401
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Table 18

CH1=-8QUARE TEST OF THE FERTILITY INDEX - FOLPET

1 DEGREE OF FHEEDOM

Té=03 2500 WG/KG

VEHICLE CONTRUL, Tes03 1250 MG/KG T4=03 SO0 MO/SKG TEm «ZMG/KG
N N FERT, N H FERT, N N FERT. NN FERT, % n  FERT,
PHG MTD INOLX ChHISu  PAG MTy  [NDERL CHIDG  PRG MTU  InDEA CHISG  PRY MTU  INDEX CWISQ  »RG WTO . INDEX CHISY
MULTIPLE TREATHENT
23 40 .57 0,00 21 a0 o7 BT 29 a0 72 1.37 . a 15 2401 29 0 T 17
2T 9 6% 0,00 FIIRY | TR 203 23 &0 7 g2 k EIY'] 88 2,90 21 3% +69 08
26 40 . 485 0,00 25 40 463 000 31 40 W77 9B 32 et 480 15T 32 a0 480 1.57
21 &0 67 000 W 40 15 2h 18 a0 1] 3:2% v W 15 2 21 0 b7 .00
2 0 #72  ueoD 30 Ao 75 pevo 2% 0 Nt i 33 4 88 1.9 30 40 . TS g.00
29 &g «12  DebO TR Y ) o715 Osud 28 &y +TO Q.o 24 & T8 Ve 27T a8 «T1 0 W0
29 0 272 0200 ¥ & 1o D90 2T «p et wb 3t wsp 77 w07 2T g 78 00
32 40 B0 el P T 8T 1493 29 40 oT2 8 U T S &) -1 2 b W72 228
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Table 17

AYERAGE IMPLANTS PER PREGNANT FEMALE - FOPET

CONTROL Ta=03 1290 MO/KG 14=03 2200 WO/KG Tae03 5000 MU/NG 1Em +2HOIRD
MULTEFLE THEATMENE

265/ 23al11.82 30w’ 2Tell.el a2es 29ellay? 328s 30000.93 3les  29510.90
3057 27311,30 Joss  2uaio,Be 31/ 233117 3907 35al1,)e 2937 21x10,8%
268/ 268,31 21/ 2oald.be 3387 3alou gt 3217 32sl0.22 3B/ 32210,67
288/ zTwip.aT 299/ Agm 9,97 1887 18Elg.) 7 3207 30m10e0T 26875 27s 9,085
YAFTTINTE 3337 Jeell.le Jns  26mi2eed Jges  35811,40 I5es 30vilest
323/ 2yall.le 33es  30all, 13 294/ 2uel0,50 zs 2811,14 2737 21e10.11
3237 29ail.0e 301, 20e10,v8 31/ 2tellend 358/ zlless - 3087 27e11.33
s sze1p.n) 3017 27511438 345/ 2¥s1Leve dab/ 30811053 3227 26912438

SIGNIFICANT AT # LT 0.05
SIONIFICANT AT P LT vl
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Table 18

AVERAGE OEAD IMPLANTS PER PAEGNANT FEMALE - FOLPET

oEEN CONTRYL ~ Te=0d 1290 WG/RG T4-01 2900 MG RG Ta=03 %000 mu/RG TEM 2 UG/ AL

amma

MULTIPLE THL & IMENT

1 B/ 23% 435 W2 2 W37 25/ 298 b 13/ 3pm L3 62/ 29% 2.1
2 34 213 el 187/ 2Zex b 207 23=  Lela Zir 25 00 TH, 2ts 2,u5%
1 ler 268 62 137 25 52 197 A= el 117 32 3s &Y/ 32m 2, TP
& 16/ 2Tn 59 16/ Ibs 93 87 lHx Lae T/ 0= 21D 117 27 4]
5 15/ 294 .52 12/ 30 .80 9/ 208 o3 16/ 38z b 22/ 20a .13
6 $7 29s L) 117 30%  WH? 16 26m W87 137 2om  ,4b 177 2T= 48]
T 2ly 29% .2 127/ 28s .43 107 27 L37 les 1w .u8 17 21 W8]
4 137 32a ) 117 21z .»l 207 29% o9 137 30a 4e3 117 26=  ,42

* SIGNIFICANT AT P LT 0405
"% SIGNIFICANT AT P LT .0}
D DECREASED BELOW CONTROL
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Table 19

CHI-SQUARE TEST OF THE DEATH INDEX - FOLPET
1 DEGREE OF FMAEEDOM ’

wEEK YEAICLE CONTROL Ta=03 1250 MG/KG Tar3d 2500 rosie Te=03 S400 Mu/nid TEN . «PHOSRG

e

N N DEATH . L] L] LEATH N N VEATH N N DLATH N N VEATH .
all PRG  INOLX CHISY  wbl PrG  INDEX Cnidd o0l PRy IbhDep CHISD wul PAG INUCER ISR w)l Pe8  INDEX CHISG

SmE pee esdae Avsww sss ase ssass Sooes e mAs GEHAAE  Eoasw Ew STE passs Saass wam Sws dessv  Aegww

MULTIVMLE TREATRENT

I 8 23 3% .00 e 27 + 30 sl 13 29 [T *20 10 30 33 03 23 ev slb J2.A9 %
2 ¥ 27 «3] 9,00 13 as b 21 12 23 -+ l1a12 _19 » w3 4] FL 1) I 20,79
3

10 26 .38 0,00 25 L Lui v 29 L 6 32 25T LT 25 32 T8 7,85w
Ce 27 .1 000 . 11 30 T W8 Tl W39 .er T 30 .23 20 8 O 0 32
S 31 29 <38 Q.00 10 30 <33 ev) 8 26 L3L eu? 12 35 W36 400 . 10 30 #3340l
6 8 2% 20 g0 11 20 <37 ae2 11 28 ¢39 <3 L2 L RS TR TR Y I S Y
T 12 29 Y UeGd - @ 28 29 Y ¢ 27 *33 .12 13 N [L}4 05 v gt %k} o2
8 11 32«34 000 v 2! 33 YL e 29 5% Je89 1l 3 37 01 10 v I8 .5

A% SIGHIFICANT AT PLT 0.01
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CONTROL,

Ta=03

1250 MGsKG

Teble 20

NUMBER OF DEAD IMPLANTS PER TOTAL IMPLANTS = FOLPET

Th=0) 2500 MG/R0 Ta=03 4600 mu/nG Thu +2MG/KG

MULTI¥YLE THEATHENT
B/ 2658 L02 107 Jdps L0323 25/ A2am  Lyg 137 J2am 04 627 ew  LJ20%
117 3% ,0s 18/ Ate=  _O6 20/ 25T Lyp? 217 d%0= 0% TT, 29%= L 2h%
16/ 268x 08 147 271lm  +U8 197 3am  yb 11y 3272 .02 BT/ ez J25MY
16/ 208= ¢t 187 29%s 0% Br 1838 4ye T/ 320% W92 117 266 Lpa
157 34z .04 147 333=  ,0» WoAlae 4] o/ 39ys 04 227 3%gm  W0s
9/ 323,03 177 Jdse 08 Lo/ 294 LuY 137 3les 04 117 273= 08
217 323z 017 147 307s 04 107 3is  Lyd 187 ¥Se=x 05 L1/ J06= O
137 301=  L02 117 301= 04 207 245m  Lud 1a7 dsem 04 17 322=  ,03

SIOMIFICART AT P oT 0.95

SIGNIFICANT

AT P LT 0.04
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Table 21

CHI-SQUARE TEST OF THE FERTILITY INDEX - AZINPHOS-METHYL
1 DEGREE OF FREEDOM

WEEN VEHICLE CONTROL T4=0% 20 MO/KG T4=09 4D  ME/KG T4=09 B0 MG/AG TEM oF MG/ND
H N FERT, N N FERT, N W FERT, NN FERT, w N FERT,
PRG MTD TNDEX CHISG PRG MTD [INDEX CHISG PRG MTD INDER CHISQ PRG MTD INDER ChISG ARG MIN  [NDEX CHISG
MULTIPLE TREATMENT
1 28 0 70 0,00 b AT ] 0% 1.9 20 a0 oT0 «06 2r a0 T 0,00 29 a0 «12  0.00
2 26 a0 4% 0,00 29 w0 T2 23 2T a0 67 0.00 FY Y ] Y N T ] 2T » 59 .03
323 a0 5T 0400 33 0 82 4,02%1 29 40 o722 1,37 24 38 b3 o098 LF Y ] A0 3,72
& 2T a0 8T Q.00 30 49 75 24 2% w0 W12 06 21 36 1] +35 27 0 67 oOb
L I TR Y 80 0400 29 0 « T2 «89 28 a9 o805 .05 20 3o 59 LT 30 40 CLE T PLY
6 2a 38 63 0+00 0 to 7S 79 21 a0 07 03 FLI 1 82 2.4 F L -1 24
7 0 ¥ «T9 0.00 2 & o7 18 25 40 163 1+81 F LI L Tl + 30 F A ) « 75 «02
8 2T o1 D00 26 & +55 ll 26 49 «&% +13 5 - 1 +68 «10 L T T2 +02

& SICHIFICANT AT P LT 0.0%
I IRCREASED AMDWE CONTROL



wEEK
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Tible 32

AVERAGE IMPLANTS PER PRECNANT FEMALE ~ AZINPHOS=METHYL

CONTROL Ta=09 E0 "eG/KG Ta=09¢ » NG/RE Ta=09 8BGO MG/KG TEu 2 WGIKG -
. MULTIPLE TREATMENT

3197 2esiid9 TS, 3esil,0l 007 2a=l0,71 306, 27811,33 3As 29310.90
3037 Perll, 6% 335/ i9x11,5% N2s 2r=11,56 3107 2Tell 46 2937 2Tal0.8%
7487 23210.8% 3r9/ 32all 40 3387 29xil, 86 2T2s 2481133 3487 32«10,87
3097 2Tall.ée 361/ 30212,23 3497 29212,72%1 287/ 21mil.Te 2667 272 9.86 %
2Ter  paz)i.e2 3T 29x11.82 3107 258]1.92 2287 20%ll.40 LELY SR TTIRREY
027 2431289 J4g/  302}1.s0 % 276/ RTWID 2 323/ 28%ll.gs* 2737, 27310.11 **
367 0x11.93 288/ 21310.47 218/ 28e11.12 262/ 24310,92 3047 27211,12
2927 27alf Al 067 20kl 17 293, 26a11,27 280, 22211, 322/ 26412,38 **1

SIGNIFICANT AT P LT 0.05%
SIGNIFICANT AT @ LT 4,01

INCREASED ABOVE CONTROL
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WEEK
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D  DECEZASED BELOW CONTROL

CONTROL

Ta=09

20

Table 237

AVERAGE DEAD IMPLANTS PER PREGNANT FEMALE = AZINPHOS-HETHYL

GG Ta«09 40 MGsrQ Ta=09 80  MG/RG TEm o2 MG/NG
MULTIPLE TREATMENT
137 28% 4t 137 = L,30 by 2em 1,21, 197 218 .70 827 2= 2.iA
a7 8= L31 167 29% 5% 157 2F= .56 197 278 Toaw TIF 2Te 2,85 an
% = 09 M/ D= 87 292 .28 117 24m W40 87/ 323 2.2t
2/ 2T Lp? 217 30 T 317 298 J.gles Tr 21m W33 12 2T La) e
117 28=  Lap 1%/ 25% .52 8 a8 .2} 117 20= 5% 227 W= .7
21 zZas 08 10/ 30=  ,33aep AT 2Ta &3 9/ /m I2erp 177 2Ta 8y
3/ A0 1,00 a8/ 2T 30 ar W= 3 1%/ 2em 19 117 27s .4}
19/ 2Tz .70 13/ 26e 50 107 2bm 38 B 22= DB s 28a .42

SIONIFICANT AT P LT 0.05
#% STANIFICANT AT P LT 0.0]



Table 14

CHI-SQUARE TEST OF THE DEATH IMDEX - AZINPHOS~-METHYL
1 DEGREE OF FREETOM

wEEK YEMICLE CONTROL T4=09 20 MG/KB T4=0% 0 mG/KO T4=09 ad HEING TEM o2 MO/KG
N N DEATW N N DEATH N N DEATH N N DEATH N N DEATM
whl PRG  INDEx CMISQ wh]l PRG THDEx (CHiSQ wDI PRG INDEx CHMISQ wDI PRG INCEx CHISOH wOl PRG INDEX LHISQ
MULTIPLE TREATMENY
1 1 28 +35 0,00 12 38 +05 s 20 +50 206 27 Y] +01 2% 2% sAb 3,274
,‘2 2 T 26 27 0,00 129 .38 1 s 2* 30 o0l 12 27 o 1,09 26 27 WA 4 240
3 9 23 33 0,00 16 33 Y W8 s 29 AT 2,11 &8 24 k) W01 g% 232 TR T 05
L 2 a7 .'0? 0.00 13 3 o3 T.70% 14 29 0 9,57 21 33 ), 85 4 2T « 30 Hor
- 9 26 38 0,00 13 29 45 W07 o 26 223 264 T 20 W35 .02 U 1] «33 00
& 15 24 631 0,00 s 3 L2 S, 61w 9 27 33 3,25 s 20 .29 A,TIM 10 27 I 2.3
? 8 30 «27  ¢.00 T 27 (] 08 T 25 o2 O 13 24 42 T8 9 27 .3 N1
& 12 27 e 0,00 10 28 38 .03 8 28 3 .55 8 22 o236 N1 10 26 o3 .03

#®  SIGNIFICANT AT P LT 0.05
*A  SIGNTFICANT AT P LT 0.0]
D DECREASED BELDW CONTROL



Table 25
NUMBER OF 9m IMPLANTS PER TOTAL IHMPLANTS - AZINPHOS-METHYL

wEER CONTROL fi-ﬁ? 26 MRS Taul?¥ &0 LU L] T4=09 B3 MG/KG TEw a2 "G/KQ

—wway -

MULTIPLE TREATMENT

FAS

1137 das L0 137 371%s .03 34/ 300 W12 19/ 0% 08 |62/ ew L2
2 a7 103= 0] T1es 3358 0% 15/ 3128 0% 197 3102 ,06 Trr 293 2
3 97 248a 04 M7 39 08 87 338e 02 117 2M2a 04 ' 8T/ 3iBs 25
- 27 3093 00 217 36Ts 086 3L/ Js%a o0 12 T pX 117 266 04"
s A1/ Lo 15/ 337,08 6/ Moe 02 1, 220n 08 227 356u 08
T 4 QT 10/ 3a%z 03 4y 117 2Tém 00 ' 87 323 030 17/ 273 0%
7 0/ « 09 as Z8Bs L03 87 2T8e  L03 C 197 2028 ,07 . 117 306m <04
819 zres .07 137 2gem .06 167 2938 .93 &/ 5nm L01 117 3228 .03

& STONIFICANT AT P LT 0.0%
*8 SIGHIFICANT AT P LT 0,01
U DECREASED BELOW CONTROL
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Table 26

CHI~-5QUARE TEST OF THE FERTILITY INDEX - MAL.THION
1 DEGi_E OF FREEDON

wEEK VEATCLE CONTROL TaedT 1253 WMO/KG Ta4=0T 2500 wE/xG Ta=0T 5000 WG/KG TE™ «2 MGG

N N FERT. N W FERT. N N FERT, N N FERT, L N FERT,
PRG MTD INDEX CHISQ PRG MTD INNEX CHISQ PRG MTD JNDEX CWISG PRG MTD INCEX CHIS@ F=3 MTD IMDEY  (CHISQ

wan EET Sestes wemws rES mSv sevasw weate L T R A oA wew easas weess ARS ASS Skest sosssk

MULTIPLE TREATMENY

1 28 40 o7 0,00 Il &0 o 77 20 26 A0 °65 06 29 a0 272 000 29 A0 W72 0400
2 26 a0 «85 0,00 30 40 7% 54 24 a0 «80 WS 31 3% LT9 d.e0 2T 3 «89 »03
323 a0 o87 0.0 23 3 o1 «00 26 45 +60 0,00 33 &0 o82  4.82% 32 &0 M0 3,72
s 27T & 67 0400 5 13 »6b «01 22 31» «58 sl 27 M o7 N1 2T 0 «&7 08
S 24 40 450 0400 21 36 3E .01 22 36 461 402 3% 40 JB%  S5,08%T 39 40 LTS .42
& 2 234 83 0400 28 38 +TH 1428 19 3 +56 *1% 3% 49 +88  S,02°1 27 38 N 2%
LA T I T S L B Y LI .83 03 19 3 56 3,39 32 g «80 03 2T 23 TS Y
8 2T 23 «TY .00 30 ¥ 983 96 16 I o7 3,36 3 & «92 . Tav 26 36 T2 «02

*h SIGNIFICANT AT P LT 0.0%
1  INCREASED ABOVE CONTROL
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1 INCREASED ABOVE CONTEOL

Table 27

AVERAGE IMPLANTS PER PREGNANT FEMALE « MALATRION

CONTROL Taw0? 1250 ro/Ké T4=0T7 2500 MG/KE Ta=0? S000 WG/KG TEM «2 MG/NG
MATIPLE TREATHMENT
A/ 28=11.39 346/ Jlmll.is 2947 26z11.46 3217 29nll,0? 67 29210490
3037 26%11,6% 363/ w210 26T R2avil,12 564 Jisll,e0 293/ 27s10,8%
245/ 23a10,65 281s 23sl12,22*1 57 2esl2 1M1 4027 33xi2, 18" 48/ 32e10.87
309/ 2Tmli 44 3047 25s12,16 2567 22al1,6% 3o0s 27si1,11 2687 2Ta 9,85
214/ 2amil a2 2387 2111, 32 2637 2241}1,0% 208/ Ddamll 3% 3567 30a11,87
IvPr 24s)2,%8 3187 20x11,36* 2267 19al.,09 3917 IS=11,.1T 273/ 2T=1p.i1*™
s 35011.53 337/ WNWell ) 2357 19=12,37T%1 azr 3Irsil 00 oss  2Tx11,32
292/ 27=10.81 3237 30s10,7T7 1877 léell,ed ¥/ ITe10, T 3227 26=)2,30*

SIGNIFICANT AT P LT 0,05
SIGNIFICANT AT P LT 0,01



wEEX

&*

Table 28

AVERAGL DEAD IMPLANTS PER PREGNANT FFXALE - MALATHIOR

CONTROL 7407 1290 MG/4G T4407 2500 NGO Tas0T S000 MG/KG TEM W2 MG/RG
NULTIPLE TREATMENT

13/ 28% .46 18/ 3l .5 87 262 . 13/ 295 .48 627 29% 2.04M
8/ 28 3] 12/ 30a  Lé0 11/ 2am  Lad iy 3= 3% I/ 2Te 2,89
9 23s 39 14/ 23a 61 18/ 24z 58 147 3w 42 a7 32« 2,72%
27 2Ts 07 18/ 25 56 8/ 22x 3"t T RTs 26 117 27s M1 *
117 26z L6 o 21s L19 8/ 22a 3% 87 Jas  2e 22/ M= M
214 24= 88 21/ 2Bz T8 20/ 192 1,0% 237 mx 68 1T/ 27s 82
307 30s 1,00 10/ 30= L33 os 19x 32 157 32x a7 s 27e 41
19/ 2%« TO 197 02 b2 T/ lés  Lab Az7 Ats M 1ir 26m 42

SIGNIFICANT AT P LT 0405

#8 SIGNIFICANT AT P LY 0.0



CHI-SQUARE TEST OF THE DEATH INDEX = MALATHION
1 DEGREE OF FREEDON

Table 29

wEEK VEWICLE CONTROL TaalT 12%¢ HMG/NG Ta=07 2%00 mG/NO Ta=0T SO00 MGSKG TEM +2 NBIKG
N N DEATH N N LEATH N DEATH N L] DEATH N L] DEATH
w0l PRG INDEX CHISG wDE PRG INDEX CHISG wOl PRO INDEX CHIS@ w8l PRG INDEX CwIS@ wOI PH@ INDEX €HISQ
MULTIPLE {REATMENT
W} 10z a3 000 13 N ez 08 7 026 427 W36 10 29 L3 W83 2% 29 A8 33,27 M
P2 7 e L2 0,00 B 30 L2 08 9 2% LI LS 8 M .26 0% 26 2T .9 24,28 e
3 9 23,9 o.00 T 23,30 00 1 o2 48,03 9 33,27 A1 25 32 TA 1,05
a2 2T .07 0,00 10 25 .40 6,08 S 22 .23 .2 S 2T e L6t ¢ 27 3 3,07
5 9 24,3 0,00 321 a4 2.0 & 22 27 L8 T o3 L2l 126 10 30 3 00
6 15 24,63 0,00 1L 20,39 1,93 € 19,32 2,51 1% 3 a8 3,001 10 27 .37 2.3
T8 3¢ LT 0,00 T 30,2 ¢,00 419 L1 L0 17 32 s L 3 2 .M Lt
8 12 2T e 0,00 14 30 47 00 T 16 .46 LGT 16 3T 43 L83 10 26 % .03

* SIGRIFICANT AT
*%  STGNIFICANT AT

P LT 0.05
F LT 0.0

.
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Table 30

NUMBER OF DEAD IMPLANTS PER TOTAL IMPLANTS - MALATRION

w¥EEN  GONTROL . Ta=0T 1250 ME/KG Ta=0T 2500 MG/n@ Ta=0T $000 MG/KO TE™ 2 BGIRG

LY T,

MULTIPLE TREATMENT

1 137 319z 04 187 Jabs 0% 8/ 298 4yl 137 221= 0% 62/ Ijbs 20

2 e/ 303 03 ©12/ 3632 ,0) 117 26Ts 0% 117 3882 03 I 293 26
3 97 245z 04 147 281,08 Is/ 3058 05 147 492,03 . 87/ Jils 2T
* 2/ 309,01 147 J0am  ,05%* 8/ 256s ,03 T/ o= 02 117 2688 04t
5 I/ 2Tém L 0e 47 2382 ,02°D 87 2433 03 8/ 3I8%a 02 227 3388 L0
& 217 dg2e 07 217 38s 07 23/ 226 L9 ' 237 91e 00 ' AT 273 06
T 30/ sk 09 10/ 131s 03 ' 6/ 2353 03 157 3528 04 - 11/ 306 06

8 19/ 292s 07 19/ 323s 06 7/ 187« 04 327 391s 08 tis 3224 03

. % SIGNIFICANT AT F LY 0,05
*% SIGNIFICANT AT P LT 0,01
D DECREASED BELOW CONTROL
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CHI-SQUARE TEAT OF THE FERTILITY INDEX - PARATHION
1 DEGREE OF FREXDOM

Takle 31

YERICLE CONTROL Ta=l]l 62.% MG/KG Ta=0l 125. WO/KG Ta=01 250, WO/RG TFm 2 WGIKG
NN FERT, N N FEmT, M N FERT. N N FERT, W N FEWT,
PRO MTD  INDEX CHISD PRG MTQ INDEX CHISQ PAG MTH IMDEX (HISG FRG MTO [NOEX CHISY PG MT INDEX CHiS0
MULTIPLE TREATMENT
23 a0 5T 0,00 2% M0 bl 05 A Y ] N3 by 22 0 3% 0.00 9 0 72 1.37
2t 39 09 0,00 3z w0 +80 71 23 & o7 o 23 &0 57 I2 2F a9 o9 W08
26 40 % 0,00 23 »0 57 il 20 a0 +50 1.28 2h &) »0% + 0% 3T e A0 1.%7
2 40 o7 8,00 25 A0 +63 +05 23 40 . o857 ] 28 40 « 10 0,00 27 a0 ALY <08
29 40 T2 0,00 25 a0 53 11 25 «0 w43 51 J0 4 +75 0,00 I0 »0 <75 0,00
29 a0 2 w00 28 &0 70 0,80 23 a0 ST L7 2 &0 80 28 2t Py +01
29«0 T2 8,08 29 o i o0h 21 &0 +52  2.0] 2+ A0 T2 b 27 3 75 L)
32w 0 B.08 33 s o2 (1] 29 &« T2 it M A0 W15 07 26 38 T2 o



Tebie 32

AVERAGE IMPLANTS CER PREGNANT FEMALE ~ PARATHION

wEER CONTADL ] Th=0l B2.5 MG/KG Ta=01 125, WGrag Tew0] 250, ML/RG TEm 22 UGIRG

——— - amwe Tmapss LT Y

MULTIPLE TREATMENT

65

1 2857 23m]).52 2667 25x=10.64 LY zrsl::u 2247 22%10.1m¢ 3187 298]G.90
2 2055 27211, 337/ 32=10,53 2507 23=lh.aT 23¢s  23=10,.25 29% 27x10.85
1 2687 24=10.11 257/ 23211.17 24b7  J0m]2,30 29 a2rts 24=]0.6% 3R/ 32210.87
4 2887 27x10.87 2T1s  25s11.08 2537 2bs1l.q0 3117 2h=ll.11 26A7 2Te W85
§ 334/ 295ll.s52 294/ 2521],98 2857 25m1) .80 3i9r 30xll.30 IShs  IN2i] AT
& 323 29%11.1% 3227 26311,50 2597 2321i.26 33y 32a10,34 2TV 27121001
T 3237/ 29:ll.1+ 322/ 29x11.10 236r 2isllezd 339/ 29=11.69 304/ 2TR11.3D
a4 38)/ 3I?=11.91 353/ 33211.Y1 338/ 2YrllebY 3557 3G®11.83 3227 20%12.,3A

* SIGNIFICANT AT P LT 0.05
*% SIGNIFICANT AT P LT 0,01
1 INCREASED ABOVE CONTROL
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Teble 33

AVERAGE DEAD IMPLANTS PER PREGNANT FEMALE - PANATHION

WEEK CONTROL Ta=01l &2+5 MG/NG T4=01 125, mGsrO Ta=nl  250. NG/RG TEw o ®G/RG

MULYIPLE TREATMENY

8/ 2= L33 187 25 712 117 278 sl 8/ 223 WM 627 29w Zyieen

A

2 11/ 2a 4] 147 32a L4k 10/ 239 .} LYy 238 ,Ta T, 2Te 2,85
3 18/ em b2 1 o2a= N0 10/ 20% .50 8r 2es M . AT/ 32a z.&m
o 187 2Te .89 o 5= 36 S/ 23s  L2dw a2/ 2ow 1,%0 117 27 4]
§ 1%/ 9% 52 13/ 252 42 18/ 2% .86 ) 117 30s 37 22 0= LT3
6 % 29 10/ 20a 36 9 2= 3 I PV Y SR Y 17/ 27a .63
T 21/ 29% W12 15/ 9= .52 23/ 2w Lo 22s 29 L.T6 e 273 e
8 13 32w el 13/ 33 .39 . % a1 o e 20 L1/ 26m a2

® SIONIFICANT AT P LT 0.0%
&8 SIGMIFICANT AT P LT 0.0}
D DECREASED BELOW CONTROL
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Table 34

CHI=SLIARE TEST OF THE DEATH IKDEX - PARATHION
1 DEGREE OF FREEDOM

wEEX "\-'E.HICLE contan Tamdl 62,5 MGG Ta=0l 125. wG/HG Ta=01 250, MUSKG TFn ? MGIRG
N N OEATM N N DEaATH N N DEATH N N DEATH K & BEATH
Wil PRG  INDEX CwISY WOl PRG JHDEX CHIsg WGl PRG  INDEE (IS 0. PAG  [NEEX  Ceise wii] PG INDEX  EHISW
MULTIPLE TREATMENT

1 & 23 +35 [ 1] & 2% Zh 2% 9 2T «3] 08 sy 22 « 23 «32 25 29 LA T
2 9 27 «33 0,00 13 34 O 8 23 35 W04 T 23 30 01 26 27 A 20.7Ye
3 10 2 +38 0,00 T 23 30 08 e 20 40 e T 2 27 35 2% a2 e?A P A5
s 11 27 W41 04,00 8 25 32 o1d s 23 17 2421 10 28 .36 0} LIS « 30 32
H 11 29 «30 Gepd T2 +28 +23 9 25 36 G2 4 3 «27 b 16 30 L) 01
[} 8 29 28 000 9 28 »32 01 T 23 +30 ¥l 10 32 3 00 10 27 .7 .22
Y 12 29 vl f.00 12 2% ekl 07 2 21 57 +06 1 29 +30  gedd 27 + 19 12
'h 11 32 34 B.00 11 3 33 03 9 29 31 +00 5 3¢ 17 1.70 In g6 L o0

*h SIGNIFICART AT PLT 0.01
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Teble 35

KUMBER OF DEAD INPLANTS PEIR TOTAL IMPLAMNTS = PARATHION

CONTROL N Ta=01 2.5 MG/KG T4=01 12%. WG/5G Te=05 250, MO/RG TEw o7 MGLRG
MULTIPLE TREATMENT

8/ 265 ,L03 197 2668 L 07 11/ 3as 04 87 2243 04 627 3lbx  ,20ee
11/ 308,06 187 337 04 107 2508 04 17/ 238,07 TT/ 24933 20w
1%, 268s 06 s 25Ts 02 107 246z us By 217,03 AT/ J4Rs  25as
18/ 288s 08 9/ 277 03 S/ 2L3a  L02ep 427 Iin L14 11/ 266 0%
15/ 33em 04 137 299 .08 14/ 285 Lh6 117 339=  ,03 277 3Bex .08
9/ 3232 L,03 10/ 322 .03 97 2598 .43 167 331n L0 177 2138 gt
2ts 323=  Lq1 i5/ 322= 0% ¥ 2Inx L 10 R2/ 23vx D& 11/ Jass W04
13/ 38js  ,03 13/ 393s  ,03 9/ 336=  ,03 6/ 355% L 02ep 117 3222 .Y

* STGHIFICANT AT P LT 0.05
#% SIOMNIFICANT AT P LT 0400

DECREASED BELOW CONTROL



Table 36

Clil-SQUARE TEST OF THE FERTILITY INDEX - PARATHTON-NETHYL
' DEGREE OF FREEDON

wEEH YEMICLE CONTRUL Tewds 20 MG/RG Ta=0% ad HG/RL Ta=0b B0 LT 3] TEM P MGG

N N FERT, N W FLRE, M N FERT, N N FEAT, NN FLET,
PRG MTY INDER CmISL PRG MTD  INDEX CMISY  PRG MTU  INDEX CWlbu  Pre MTD  INCEX  ChlSO kG T INOEX  CHISG

sas WSS Swsss Tagas s A mSpas  Ssees Bps BAeE SSRPEE Baowe e maa sesee =sass am AR PERSE seaee

RULTIMLE TREATMENT

-

21 w0 +57 0,00 9 Al a2 lea? 26 W0 00 D.00 29 S0 W72 137 29 &9 _.TZ 1.7

£9

Z 27 39 8% 0,00 33 a0 ' BZ l.,ev 23 a0 3, J2 29 a0 W12 LBl 2t 29 49 00
) 26 a0 265 Q.00 0 &0 .75 IT-22 3z &0 . a JaB7 20 &0 « 70 Ot 32 wb «A0 L.57
o 27 a9 W87 agp 38 a9 o95  Begl* 26 3T W76 W00 26 I 87 W83 2T 40 o857 0t

s 29 e +72 0400 EFIY] +89 8 26 g B0 ) 30 Mo +TS5  e00 30 0 «75 00

K2

29 a0 oT2  0.00 32 60 .82 <85 30 &0 75 0e00 2e 40 obp .89 2T 3w W1 L0l
T 29 a0 .72 0,00 36 A0 90 2,95 32 40 oBU  .g8 33 40 .87 8% 2P 36 7% .00
B 32 40«80 0400 32 40 480 L0835 a0 86 3T 34 40 .65 09 20 3¢ T2 2w

®n  SICILFICANT AT P LT 0.01
1 INCREASED ABOVE CONTROL
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Table 37

AVERAGE IMPLANTS PER PREGNANT FEMALE - PARATHION-METHTL

CONTROL Ta0% 20 MG/KG 14=05 &0  WG/nG Tew0S 80 W/KB TEM 2 MG/NG
MULTIFLE TREATMENT ,

2657 23a1l1.%52 3017 29mid.30e 268/ 24311.17 I, 29310,45x A1/ 29=10.90
09/ 2Tsl). M0 dais 33a30,52 2417 2Is10,48 32)7 29m}l, 1% 293/ 2talu, 0%
2687 26210,3) 306/ 30110.20 317 Isl0esn 2977 28=10,81 3B/ 32s10.87
2087 21%10.087 4177 38:10.97 2787 2681yl 2817 20m10.8) 26867 2T .65
Ades 29sll.%52 ¢ Igys IEs1duls 00, 2emiZ.o0 Jees  J0=12.2Y 3%a/7 30=|l.A7
3237 29=11,14 366/ 33=11,09 3367 J0m1l,)3 219/ 24m)11,62 27y 2re10,11
32375 29s]11,1H 4017/ Jbell_ ib T, AMEsllLAb 390/ Il2, 09 MWe/s 2Tall. )
Ml I2ell 9] 3t/ J2eld 84, “ots Sul], b2 02, M4ali w2 3227 212, 0
S1GMIFICANT AT P LT §.0%

SIGRIFICANT AT P LT 0.01
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23=
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27n
29
29.
29=

«33
ol
82
59
52
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Table 33

AVERAGE DEAD INPLANTS PER PREGNANT FEMALE - TARATHION-METHYL

Te=0% 20 HG/KG T4=Q5 &0 NG/ Taeld po MGG TEM o2 MG/RG
ML TIPLE TREATMENT

9F 29s I 257 24m J.ys » o7 298 5% 827 29% Leléne
107/ M= 30 8r 2Ie 4% 9/ 2vs L1 1T, 2te 2,0%u
U7 30= W27 D 227 32z .09 ey 28w L.21 8T/ 312= 2.T2es
187 3gx a7 97 gb® 419 D 97 2hE L35 11/ 272 .4}
23/ 2= LT2 137 245 .7} 127 0= %0 22/ 0= .72
20/ 3¥3n .0l 10/ o= LJ) &7 24= 2% 17/ 2T= .03
T/ b6 419D 11/ 328 4 1a/7 332 .48 11/ 27m o]
11/ 322 .3 187 X5z .4l 12/ 3am L35 117 263 42

*  SIGNIFICANT AT P LT 0445
*¢ SIGNIFICANT AT P LT 0.01

D DECREASED BELOW CONTROL



Table 3%

CHI-SQUARE TEST OF THE DEATH INDEX - PARATHION-METHYL

WEEK VEHICLE CONTROL. 7408 20 MG/KG Ta=0% 40  MG/Ky Tes0S 80  Mu/aG . TEN 2 NG)KG

-

N N DEATH N W QEATH N N DEAIM b N DEATH Wk UEATH
whl PRG  INOEX CeISQ wOX PRG [NMDEX CMidy WDl PRG  INDEX Cri30 0l PRU  INCEX CWISYU =Dl PRG  INLEY CMISW

MULTIPLE TREATHENT

2% . .31 00 2% 29 ath 12,494

99

1 25 .38 0,00 29 428 SUT 12 2% 5L .58 9
2 9 21 .33 e.00 * 33 L Lo o 23 .26 - 06 2y 28 L0028 41,96 20,79
.3 10 26 L3 0,00 8 36 2T A3 e 3¢ ek 02 9 20,32 L0+ 25 32,18 7,5
a 11 2T LAl 000 da 3 3T 00 S 2 49 1,98 7 26 27,80 B oert 0 2
S 11 29 .38 0,00 31 32 436 o0 10 26 442 500 30 38 .33 .00 10 36 .3 .o
& & 29 7 .28 0e00 11 33 433 w08 8 30«27 0% 6 26 W25 .01 10 27 .37 22
7 12--29 Y Y D DO é I -l kP 8 32 25 113 13 1 39 «21 v 27 313 +12
8 11 32 L34 000 B 32 2% W30 T 3% <20 fels 3% W24 4% J0 25 W38 .00

*h SIGRIPICANT AT P LT €.01
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Table 40

NUMBER OF DEAD INPLANTE PER TOTAL IMPLAXTS -~ PARATHION-METHYL

Ta=0% 20 MG/KG Faa3S b MG/HE Ta=0n 80 M /KRG TEM o2 MGIRG
MULTIPLE TREAIMENT
8/ 20%  L03 9/ 30i=  L03 25/ 2682 ,Quw 16/ 303 ,0% 62/ 16 L 20ax
117 2aSa 04 107 3Ts L0} 8/ 2sla  Lyld $s 3232 ,02 Y, 293x  ,28un
16/ 268a ,00 o/ bz 49 227 3e L7 34 29T W11 87/ J4Ba 4 25aa
167 2883 06 187 41T LCa 5/ 2753 Lyd*p 97 28% .03 117 2663 W06
157 33an 04 237 3a9n L0 177 30u=x  L0¢ 1274 dpss .03 227 3156% 0
Gr 3232 .02 207 Jbbs  L05 197 3382 W42 6 2192 02 177 213z L0k
217 323= 07 T/ 4le  L02ap 117 35Tz .03 167 399z .04 L1/ 306z L0
i3/ 3681= 93 117 3aT=s .03 187 40T=  .y4 127 402% 403 7 3227 .03

SIGNIFICANT AT P LT 0405
*¢ SIGNIFICANT AT # LT 0.01

DECREASED BELCM CONTROL



Table 41

CHI-5QUARE TEST OF THE FERTILITY INDSX - QUINTOZENE (PCHB)
1 DEGREE OF FREEDM A

aEEX VEHICLE CONTROL Ta=08 1256 wG/KG Ta=0a 2500 wG/H6G Y08 5000 MG/KG TEM *2 MGING

M N FEAT. N M FERT, N N FERT. % N FERT. N N FERT, ’
PRG MTQ INDEX CHISQ PRG NTD INDEX CHISQ PRG MTD JHDER CWISG PRG MYD INDEx CHISQ PRG WID JNDF¢ CHISQ

maw wem SEeLs msmas  esd ere seses wsatE fah S68 CLeE® SeitE s SN® senem  SseaR Ses Sed  saasw  oEmas
- HULTIPLE TREATMENT

I 28 a0 .TO 0,00 29 ot T2 000 A0 40 oI5 06 n e T 26 29 0 TR 000

89

2 25  ah ] 0.00 21 4 o2 «00 ez &0 5% o7 26 40 +65 «0% 2T 39 o9 03

3 23 a2 +57 0.0 25 38 ohb «27 26 28 L1t ) +58 29 «0 « T2 L+37 32 a0 +830 3. T2

»

2T &b +4T 0,00 33 38 +«87 3,09 [ I Y 15 i 28 Ay 0 0.00 2T ab ot? 00

5 2¢ a0- .60 .00 19 38 +50 ohe i Y o70 49 33 ag +82  3.%141 30 a0 W75 1,42
s 2& 38 +63 0,00 23 38 o6l 0,00 26 D 5% <00 35 A0 «90  G.aTFT 2T 38 T 24
LA | - 1. +T79 0,00 21 34 «T1 .28 21 57 .78 FI Y 10 42 2 3 o7S B2
e 21 38 71 C.00 30 3 o9 28 I 40 17 +15 0 40 «75 02 26 3 W12 «02
*  SICHIFICANT AT P LT 0.0%
1 I1CAEASED ABOVE CONTROL
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Table 42

AVERACE IMPLANTS PER PREGNANT FEMALE = QUINTCZENE (PCNB}

CONTROL Ta=0M 1250 WG/KG T4uDd 2500 MG/G Ta=08 S000 MG/ TEM 2 WMGNG
MULTIPLE TREATMENT

Ilgs 28e)l.39 3hg/s  29mlZ2.03 3387 A0s11.07 31/ I)x]].6% 36s 29=10.00
103/ 2bxll.sh 2227 ?s10.57 239/ 22:10.68 259, 26» 9,980 2937 2Telf.8%
245/ 2331005 296/ 2%x11.84 324/ 26m1240 %M ISy 29%12.17M1 JaAs 322,87
I0er 27E]l.bn 3492/ A3=}).s8 3497 30=21l.02 arts Zarll.32 2687 273 Q.AS*
ALY T 38 PR Y- 218/ 19x}],28 InNZr 28zl2.2l ATes I3jl,3% ELL Y TR B Wk
N2’ 24212.%8 2RT7 23xil.b} 29i! 26211419 4 #0007 Jbu=ll.lie 273/ 27l 11
3bs  Alslle%d 287/ 2T=10.83* 2927 2v=l0.ml atzs 28=10.79 3067 7= 1.2
2927 ZTelf.N] %4/ Jd=1L.00 336/ Jlelfuns 333/ =llLld 3227 2t=12.30 2]

STGMIPICANT AT 2 LY 0,05
SIGNIFICANT AT P LT 0,0)

INGREXSED ABOVE CONTROL



oL

WEEX  CONTHOL

Table &3

AVERAGE DEAD IMPLANTS PER PREGHANT FEMALE - QUINTOZERE (PCNB)

Taa0l 1250 WG/KS T4=08 2500 MG/K6 Ti=t8 w000 MG/KG Te «2 WG/KG
WULTEPLE TREATMENT
1 13/ 282 a0 117 290 )& 12/ 30e a0 117 3= .3 827 29 2.)4 Mt
2 ar 26z W3 127 21= .57 157 22z .el 67 2oz L,23 TT7 2Ta 2,85 as
3 LY 1 | ] 13 25 .52 T/ 2em 47 1%/ 29% .52 BT  3pm p.Tp ut
- &s 1. LO07 15/ 332 ,eS5ra 17 o= W) 107 9= . J3p» 117 27a 41+
5 11/ 2as LA 1er . +53 217 2= 75 167 33z 4B 22/ a0s .13
L] 21/ 24= .88 Br 2da L35%D B 26z 3% D 167 Yoz 44D 177 2Tz +6)
T3/ 30% 100 17 2Ta L) idr 2Te .49 204 20 .My 117 2= 41
a4 9 27y .70 177/ 303 %7 1o/ 3l= .22 137 Jas .43 157 26w a2

® SIGNIFICANT AT P LY 0,05
*s SIGNIFICANT AT P LT 0,01

D  DECREASED BELOW CONTROL



114

wiEs VEHICLE CONTROL

N N DEATH
] PAG INDEA CHISQ

e raEm Seses mesw=

1 .10 28 L] 0.00
2 T 20 Y- o,00

3 9 23 Lm0 0,00

T w2 2T .01 9,00
5 9 26 .38 0,00
6

15 24 . L83 0.00
T oA a0 +27 0,00
s 12 2 a8 0,80

*®  SICNIFICANT AT P LT 0.05
C*% STGNIFICAHT AT P LT 0.01
0  DECREASED BELOW CONTROL

Tardy

N

L]

wll PMG

- —

10
1t
12

10

2¢
F3
2%
3
19
23
27

CAI=5NUARE TEST OF THE DEATR INDEX - QUINTOXENE {TCNH)

Table &4

1 VEGREE wF FHEFDOM

1250 MG/KG Ti=NB 2500 WGIKG Tas0y  SO00 MG/XA Tew e MASKG
- ErErrTT PY—. Y - -
GEATH N N DEATH N N DEATH W N DEATM
INDEX CHISQ Wil PRG  INDEX (wISD wDl PG INLEX  {hISOD Wil PmB  INDFR  relSe
WULTIPLE TREATMENT

.26 TS 10 30 33 02 v 1 29 .07 25 ¢9 PR 12,27 %
A8 1,25 9 22 RS .51 2 2 08 2,18 76 27 L5 Pb 26wk
chs .00 6 26 .23 .82 it 29 .38 e 25 32 JIR T, 05 %
36 Gema 6 20 o7 T 28 225 1.9 L4 «30 3,07
T 12 13 2% abb b 13 1N + 39 o2 14 30 o +00
«26  4.%1 D 8 26 L3 3.96%F 12 36 L33 3.84*D 10 27 AT 2,38
«37 «d] 1* 27 52 Z2.41 19 20 «In 21 9 21 11 N7
S .03 ¢ N .29 +89 12 30 WA W00 10 24 3% 02

13

30



YA

WEEK

- WA
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8 SIGNIFICANT

Table 45

NUMBER OF DEAD IMPLANTS PER TOTAL IMPLANTS - QUINTOZENWE (PCNB)

CONTROL T4=08 1250 MG/KG Ta=08 2500 WG/NG Ta~08 S000 wWGrRG TEM +2 MGIEG
MULTIPLE TREATMENT
13/ 319 L0 11/ 349 03 127 338 04 117 3613 L03 427 e 20
a7 303 .03 127 222= .05 187 2%z Jo00 6/ 259w 02 1T/ 293 J28*
9/ 245k Lpe 13/ 2961 pe 77 3263 g2 157 383 .0 CY TR TUT T L
2/ 309% 0] 157 392 .044an 1/ Mes o2 187 311 .0 1V 2pnn W08
117 2Tas 0% 107 Z1aa DS 217 322 ¢t 167 3Te= 0 227 ™Hs 04
2ls g2z 07 B/ 26Ta 032 97 29%x  Lpdap 167 400= 04 17/ 273= .06
30/ b L09 117 28%s .04 167 292+ .08 207 202s .07 11/ 306z .0e
19/ 2928 .47 17/ aA%az L5 107 33b= 43 13/ 333 04 117 322% 03
SIGNI®ILANT AT P LT 0.0%

AT P LT 0,01

DECREASED BELOW CONTROL
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ShT-SQUARE TEST OF THE FERTILITY INDEX = PHORATE
1 DEGCREE OF FREEDOM

Table 16

VEMICLE CONTHyL Tamda S G/ Ta=0n 10 MG /K fanlds 20 LY T
N N FERT, L] N FERT, L N FERT, N . N FERT,
PHG MTL  INDEX  CHISW FRG MTL  INDEX  CMidy PHG mTY  INDER  CHIdQ PHG WTU  IKCEX CelSu
LTI T T e - L T ) LT 21 - - o v e WA - - -y -ewm W e ol -
MULTIPLE THEATMENT
23 48 57 0.0 24 M0 314 ] 21 & 52 05 44 A0 T N 1
2t 3y 4% 0,00 I s « 75 o0 23 »0 o7 .2 29 a0 T2 W01
26 40 65 0,00 26 0 48 R 26 4y o U5 31 40 5] 98
27 a0 6T 0,00 26 40 285 0,u0 26 4D W85 B,00 EP Y L0 1,03
LY .72 &,00 5wy 283 H 21 s o7 e 3 s 07 L 07
29 a9 T2 U, 0 25 st 03 -7 28 &0 N «£3 J3 s e L5
29 a0 T2 9.00 3¢ a0 « 15 000 29 4y 72 08 RL BT 3L} Le9%
32 &0 B3 ge00 2t &g Y- Y FL Y 12 L) 3wy 75 07

TEN

-

]

L]

PG MO

24
ar
2
ar
3
2r

2%

0
av
al
0
L3
EL)
a5

Jo

o2 MI/XG

FERT,

INDEX CWISW
o1r 1,37
o9 .06
80 1,597
.67 L8
.75 o,00
.0 L0l
.75 «0U
272 .29



k]
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Table 47

AVERAGE [MPLANTS PER PREGNANT FEMALE -~ PHORATE

Ta=0s 20

wEe CONTROL HE/KG Te=0d 10 MG/AG W /0 TEn +2 NGIRG
PULTIPLE TREATMENT
1 265/ 23=]1.%2 2417 230,080 221./. 21=l.52 * 2097 2asil.l] 3les  29s)10.%0
2 WS/ 2I=LILI0 3zes 0=l 47 2557 23s11,49 ety 291059 2937 27=10,8%
. 3 268/ 26x10,31 2997 206m=]] 95041 &3t 2vmio 1 ks 1=dl,00 dsB/ I2210,.87
& 2887 2Tel0,67 ewls 26x11,19 aTtr. 206210,6% 3537/ Jz2sl11,03 . 2687 27T= 9,8%
5 J3&r 29s]1.52 2Tus  25sx)1,)12 3127 Zlail,oe vy, Alsll 90 I5Sn/  F0=1),87
6 3I2Is 29all,le I5s 25x12,20+#t 2957 26s11,3% 89/ a1l K 2137 27al0,11
T 3237 29sll.le 33 Mall. 20 T, 29aiv.¥d «0T/  35a11.83 36, 2Telled
381/ 32m]11.9) RELY A TTTY I I/ 299100 J24/ 30'10-30‘_ d2e/ 2.0'120 3¢

* SIONIFICANT AT @ LT 0405
*% SIGNIFICANT AT P LT 0.0}

"1 THCREEASED ABOVE COWIROL
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Tahle 48

AVERAGE DEAD IMPLANTS PER PREGNANT FEMALE - PHORATE

oEER CONTHOL Teays » LI T fa=tih iy MG/RG fo=Qu 20 NB/RG LY v 2 MGANG

- - —an sam

MULTIFMLE THEATMENT

I g/ 238 3% 9/ 23 .M 147 21=  .ay Ar 24w L1121 G427 293 2.l wk
2 s ETa el 167 303 .53 a7 23 47 11r 29% 59 117 2Tm 2,85
3 167 2= b2 las 206= %0 &7 Eam o0 1%/ 231s 44 877 32= @,72 4%
.« 1 27x 59 15/ 26= 98 26/ 267 1,u0 igs = L3B 117 27Ta L&)
- 157 292 .52 o 13r 29 82 117 27T .»l 137 A= 42 227 MW= 73
& %7 2%« L3) 13y 25= 52 Tr 2es 27 T/ 3= 21 1?27 21,63
7 21y 292 V¢ Jd7  30a 6] 27 292 Lo Tr As 204D 11/ 2% sl
1) 13/ 322 el 167 2o0= 38 267 29w W0 117 3os 37 i/ 26z 42

* SI0n]FICANT AT P LT 0.09
o8 STGMIFICANT AT F L'I' V.01
D DECREASED RELOW CONTROL
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Table 49

CHI-SQUARE TEST OF THE DEATH INDEX - PHORATE

1 DEGREE OF FREEDOM

wEkR YEAICLE COMTHOL Tangs & MG /R G Ta=0s 10 HG/RYy Ta=llsa 20 Mu/ K TEmM o2 HOIRG
L I CEATH kN DEATH N &  OEATH N N DEATH M N UEATM
¥Dl FRu  INOEX CHISO Rl PHG  INDER  CHlIdw #0l PRG  INDEXA ChniSi ol PRG  INUEZ ChlSw #DI PrG  INOEX ewisg
MULTIPLE THEATMENT

1 a 23 35 G800 4 23 « 45 10 T 21 33 "5 2 2« +On JuaS 2% &9 Bl 12,44 ¢k
4 9 27 «33 V.00 13 o3 €S 2 23 =09 2,07 13 29 +45 37 26 27 PR LI 2 [T
3 50 28 «34 0,00 T 2e .27 1 12 2 50 9 10 34 W32 Lo 25 a2 T8 7 ug e
R L -2 N S N N R T 1) o2 W93 I5 20 ,sw .2 n % .08 U S 1 YT
5 11 29 Pyl ] u,o0 e 2% L] 2 roar 26 ot 1 3 35 N1 10 a0 33 <01
L] 2% 28 0,u¢ o as a0 T T 2 27 -1 T 3 +21 00 10 er 37 2
Tz o2y a1 0,00 v 39 .30 ol 15 29 ' sz £l PO e 486 9 7 3y g
L] 11 32 o3 .00 Y 26 «J5 o7 14 29 b8 H v 27 1% [ 1 1 30 +00
4 SIGNIFICANT AT P LT 0.05
*%  SIGRIPICANT AT P LT 0.0]

D DECREASED SELOM CONTROL
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Table 50

RUMRER QF DEAD TMPLANTS PER TOTAL 1MELANTS = PHORATE -

wELR CUNTROL Tar0s & - MG/KG tAeQd  J0 Hu/RG Te=0r 20 MUZRG T lem 2 WME/RG
PULTIFLE TREATHEMT

1 e 2858 .03 9/ 2eix 04 107 221%  wub 3/ 289%  LOLWD 02/ s 20 s
2 1Ls 305 ,L0e los J2ee 05 a7 2bH 08 117 dgta 06 T/ 293 26 4
3 16/ 2ble 0% 13 Zu9s Lus 127 25T v 157 Jalz 04 BT/ JaBz L 25 ew
s 1B/ 208 Lpb 197 2917 405 267 ella 8 127 3% L0903 117 2063 (04
5 15/ 33ss 06 13/ 27u=  ,0% B/ 3l2m e 137 1pus L0 227 356% .08
6 Qs 323 03 137 30%= 06 P/ 29ba  LuE T Ae9s 02 177 2735 0%
T 21s 323,07 137 336w L0s 2e7 311s Lo T 17 aTe L0Z2%D 117 306z 0
‘8 13/ 38is #03 jos dlom Ly} 26/ 33us  Ly8 117 32+ ,0) 114 3229 L0
¢ SIGNIFICANT AT P LT 0,05
#8 SIGNIFLICANT AT P LT 0401

D GECREASED BELOW CONTROL




Teble 51

DNA REPAIR SYNTHESIS ASSAY OF Monocrotophos

(dpm/ug DNA)
Monocrotoshds (M) 4MQ0 (M)
o 10~7 10-¢ 10~6 104 10~? 10~5

Sample 1 65" 46 31 54 70 64 1354
2 35 42 9" 46 16 86 1273

3 39 39 25 40 36 69 1308

4 34 34 25 10 a0 51 975

_ 5 30 26 46 s3 64 64 972
/ 6 20 = -t -1 37 92z 1135
Mean 32 a8 az 47 50 71 1169
sp 7 7 10 7 14 15 168
SE 6 3 s 3 6 6 69

*
Sample deleted from calculations because of low DNA value.

‘f Only five samples used.

Cell culiure and experimental condition-

T-2% flask cultures of passage 24 WI-38 cells were initiated in medium con-
taining 10% serum. The medium was replaced with wmediuwm containing 0.5%
serum on day 5 following initiation and subsequently on days 11 and 15.
The assay was conducted on day 22.

Hydroxyurea (10°3M) preincubaticn = 1 hour.

~Compound exposure time = 3 hours.

L i F gt . - L

{-TdR added with compound.

SH-TdR incorporation = 1 uCi/mi. (S.A. = ¢.7 Ci/mmole), 3 hours

Postincorporation incubation = medium containing TdR, 3/4 Lour.

Colls were removed with 1N NaOH, 1 minute, 70°C.

DNA was extracted by the PCA-hydrolysis procedure and measured f~llowing
reaction with diphenylamine.

Negative control and compound solvent = 0.5% EtOH.

78



Table 52

DNA REPAIR SYNTHESIS ASSAY Oﬁ’HOHOCrOtOPhDS
; WITH METABOLIC ACTIVATION
{dpm/pz DNA)

Monozrotophes (M) DMN (M)
o 10-4 10-? 10-2 5 x 10”2
Sample 1 55 67 - 43 87 206
2 54 66 48 84 220
3 52 43 52 82 223
Mean 54 59 48 84 216
sb . 2 14 4 2 9
SE 1 8 2 1 5

Cell culture and experimental conditicons

T=25 flask cultures of passage 24 WI-38 cells were initiated in medium
containing 10% serum. The medium was replaced with medium contain-
ing 0.5% serum on dny 4 following initiation and subsequently on
day 10. The assuy was ~onducted on day 16.

Rydroxyurea (10”2M) preincubation = 1 hour.

Coapounu exposure time = 1 hour, with the 9,000 g fraction of a mouse
liver homogena.e.

*H-TdR added with compound.

3H~-TdR incorporation = 1 Ci/ml (§.A. = 6.7 Ci/mmole), 4 hours.

Postincorporation incubation = medium containing TdR, % hour.

Cells were reroved with 1N NaOH, 10 minutes, 22°C.

DNA was extracted by the PCA-hydrolysis procedure and measured fol® w-
ing reaction with diphenylamine.

Negative control and compound solvent = 0.5% EtCH.

79



Table 53

DNA REPAIR SYNTHESIS TESTING

~ OF BROMACIL
(dpm/ug DNa)
Bromacil (M) 4NQO (M)
0% w77 008 2075 04t 1073t 1078
Sample : _ ' ) .
1 195 207 - 201 248 148 129 - 2670
2 153 212 215 178 144 137 2850
3 212 156 121 179 152 105 2688
4 230 187 218 231 204 107 2702
5 217 182 184 260 144 80 2438
6 298 251 220 . 178 200 74 2662
Mean 218 199 193 209 165 87 2668
SD ' 48 32 38 34 28 50 134

SE 19 13 15 14 12 20 55

* Negative control and compound solvent = 0.5% DMSO.

t Slight precipitate observed at 103 M and 10°“ M



sSp
SE

* Sample lost.

Table 54

DNA REPATIR SYNTUESIS ASSAY OF BROMACIL
WITR METALOLIC ACTIVAT,ON
(dpm/ug DNA)

Bromacil (M) DMN (M)
0 w077 107¢ 1078 107" 1003 5 % i072
115 191 91 102 120 161 400
102 112 117 102 110 178 397
143 174 110 102 149 131 -
158 189 82 91 135 185 529
218 152 104 126 167 141 645
136 170 96 190 165 133 448
145 165 100 119 141 155 484
41 30 i3 37 23 4 105
17 12 5 15 9 10 50
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Table 55
DNA REPAIR SYNTIESIS ASSAY

OF CACODYLIC ACID
{dpm/ug DNA)

Lycodylic Acid (M) ANQO (M)

0" 167 16-% 10-¢  16-¢ 10-3t 108
Sample i 61 a a7 -+ 31 3s 1891
2 N 43 27 -t 27 19 1661
3 32 59 25 63 30 45 2418
4 18 32 38 o8 29 19 2245
5 25 3% -4 23 22 38 1430
6 a5 22 -4 29 28 36 2275
Mean 34 40 34 46 28 32 1990
) 15 13 10 23 1 387
SE 6 5 5 n a 158

# L)
Negative control and compourd soclvert = 0.5% DMSO.
+ Slight lowering of pH at 107> M.

¥ sample lost.
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Table 56

DNA REPAIR SYNTHESIS ASSAY OF CACCDYLIC ACID
WITH METAPOLIC ACTIVATION

{dpm/pg DNA)

Cacodylic Acid (M) DMN (M)

o 10-3 10-4 10-2 5 x 1072
Sample 1 44 25 21 29 381
2 30 33 22 25 384
3 23 39 28 21 339
Mean 33 32 24 25 368
sD 11 7 4 4 25
SE 6 4 2 2 15

k-]
Nejative control and compound solvent = 0.5% EtOH.
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DNA REPAIR SYNTHESIS ASSAY OF CAPTAN

Table 57

(dpr/gg DNA)

%+

Negative control and compound solvent = 0.5% DMSO.

84

éaptals (M) 4ANQO( M)

0" 10-8  3o-7 10-¢  10-5 10-4 165
Sample 1 37 a3 a 74 81 8 924
2 64 58 53 60 81 ‘6 947
3 76 50 68 52 57 7 1106
4 76 60 73 37 51 5 801
5 63 61 56 50 72 5 760
6 66 44 66 82 s 6 884
_ Mean 64 51 59 59 68 6 204
sp 14 12 16 12 1 122
SE _ 6 5 7 s 0.4 50



Table 58

DNA REPAIR SYNTHESIS ASSAY OF CAPTAN
WITH METABOLIC ACTIVATION

(dpn/pug DNA)

Captan (M) DMN (M)

o 10°5 10=* 10-2 5 x 10~*
Sample 1 30 53 89 7 -t
2 40 50 73 5 323
/ 3 --f 48 71 5 , 384
Moan 35 50 77 6 353
SD 7 2 1 43
SE 5 1 0.6 31

*
Negative control and compouind solvent = 0.5% DMSO.

' Sample lost.

BS



Sample 1
2
3
4
5
6

Mean

sD

SE

Table 59

D¥A REPAIR SYNTHESI3 ASSAY OF CHLOROPYRIFOS

(dpo/pg/DNA)
Chloropyrifos 4N30 (M)
d 16-7 10~¢ 10-3 10-4 103 10-3
115 280 2gat - 61 109 1337
1437 120 23 110 67 -3 -t
96 102 84 110 60 --# 1721
72 95 - 64 --# 52 68 1220
97 a9 " 99 o8 64 a7 1208
78 - 98 8s 86 79 49 1209
92 103 8s 101 64 66 1339
17 15 13 11 9 3 220
7 7 6 5 4 15 o8

*
Negative control and compound solvent = (.5% DMSO.

T Sample deleted from calculations because of low DNA value.

¥ Sample lost.

go



Table 60

DRNA REPAIR SYNTHESTS ASSAY OF CiILOROPYRIFOS
WITH METABOLIC ACTIVATION

SE

(dpm/ug DNA}

P

87

Negative control and compound solvent = 0.5% DMSO.

Chloropyrifos (M) DMN (M)

_gi 10-% 10-4 10-? § x 102
Sample 1 72 79 70 52 355
' & 75 65 75 71 349
55 67 63 79 384
Mean 67 70 69 67 363
SD 10 -6 14 18
5 8 11



Sample 1
2
3
;; 4
‘ 5
6
Mean
sp
SE

Table 61

DEN REPAIR SYNTHESIS ARSAY

OF DINOSEB
(dpm/ug DNA}
Dinoseb (M) 4ANQ0 (M)
o™ 10-7 10-¢ 10-9 10-¢t 10~5
115 101 67 103 106 1337
143t 101 68 100 160 -5
96 12 54 116 79 1721
72 61 58 62 66 1220
o7 57 65 60 67 1208
78 58 73 60 76 1209
92 82 64 44 82 1339
17 26 7 25 17 220
7 11 3 10 7 28

. -
Negative control and compound solvent = 0.5% DMSO.

Suggestion of precipitate at 10-% M.

* Sample deleted from calculations because of low DNA value.

§ Sample lost.

es



Table 62

DNA REPAIR SYNTHESIS ASSAY OF DINOSED
| WITH METABOLIC ACTIVATION

. {dpm/ug DNA)

Dinoseb (M) DMN (M)

__ox 10~5 10-4 10-2 5 x 102
Sauple 1 72 93 76 71 255
2 75 ) 80 64 349
3 55 51 58 89 384
Mean 67 75 7 74 363
3p 10 22 12 13 18
SE <8 12 7 8 11

" .
Negative control and ¢ompoun.. solvent = 0.5% DMSO.
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Sample 1
Mexn

sp

SE

DNA REPAIR

Table 63

SYNTHESI5- ASSAY OF DSMA

(dpm/pg DNA)

Negative control and compound solvent = H,0.

Sample deleted from calculations because of low DNA wvalue,

- 490

DSMA (M} 4NQO (M)
o 10-7 1078 1075 10-4 1072 1078
67 51 79 86 100 62 802
55 54 67 64 155 a9 1241
44 36 929 64 35 58 1380
55 36 400t 45 44 59 990
79 62 74 53 55 68 1087
105 az 75 107 89 69 971
68 45 79 70 80 61 1095
22 12 12 23 45 182
9 5 5 18 3 74



Sample 1
2
_ 3
lﬂer;n
sD
SE

DNA REPAIR SYNTHESIS ASSAY OF DSMA

Table &4

WITH METABOLIC ACTIVATION
{dpm/pg DNA)

i
Negative control and compound solvent = 0.5% EtOH.

91

DSMA DMN (M)

0" 10-5 10-4 1072 5 x 10”?
44 28 25 38 381
30 36 29 36 384
23 21 32 28 339
33 29 29 34 368
11 8 25
6 2 3 10



Table 65

DHA REPAIR SYNTHESIS A3SAY

OF FENTHION
(dpm/pg DNA)
' Fenthion (M) 4NQO (M)
o 10-6  10-5 10~* 10-*t  10~%
Sample 1 89 65 154 37 64 2983
2 43 105 337 34 67 2272
3 107 83 85 40 36 2552
4 62 46 54 63 63 4059
5 61 34 102 31 44 1728
6 94 51 44 -=f 33 1863
Mean 76 64 88 41 51 2583
SD 24 26 44 13 15 857
SB 10 11 18 5 6 350

*
Negative control and compound solvent = 0.5% EtOH.

T Precipitate observed at 10-3 H.

* Sample deleted from calculations because of low DNA valuve.

§ Sample liost.
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Table 66

DNA REPAIR SYNTHESIS ASSAY OF FENTMION
WITH METABOLIC ACTIVATICON

(dpm/ug DHA)
Fenthion {M) DMN (M)
o~ 10-5 104 10-? 5 x 1072
Sample 1 . 55 54 60 51 208
2 54 50 46 64 220
3 52 42 64 63 223
Mean 54 48 57 60 216
SD 2 6 10 7 9
SE 1 4 6. 4 5

P ' '
Negative control and compound solvent = 0.5% EtOH.
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Sample 1
Mea:.

sD

SE

ONA REPAIR SYNTHESIS ASSAY OF FOLPET

Table 67

{dpm/ug DNA)

[~ T ¢ R R~ T

Folpet (M) ANQO( M)

o 10-  10-7  107¢  10-%  10-4 105
37 43 63 45 82 29 924
64 58 62 54 s8 25 947
76 o1 108 52 92 31 1106
76 83 91 92 65 26 801
63 107 72 70 85 3 760
66 60 84 104 107 29 884
64 73 80 71 82 28 904
14 24 18 25 18 2 122
10 7 10 7 50

" :
Negative control and compound solvent = 0.5% DMSO,
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Sample 1
2
3
Mean
8D
SE

Table 68

DNA REPAIR SYNTHESIS ASSAY OF FOLPET
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Folpet (M) DMN (M)
_o* 1075 1074 103 5 X 1072

30 49 63 49 =t
40 54 82 40 323
-t 54 98 58 384
35 52 81 49 353

18 43

10 5 31

* Negative control and compound solvent = 0.5% DMSO

t Sample lost.
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Table 69

DNA REPAIR SYNTHESIS ASSAY
OF AZINPHOS-METHYL

.. (dpm/pg DNA})

Azinophos-methyl (M) 4NQO (M)

o® 107 10-*  10-%  10-*  10-3t 108
Sample 1 102 145 99 264% 51 55 804
2 o9 115 103 99 105¥ 39 924
3 77 96 71 82 55 a3 629
;4 97 125 100 80 85 34 856
s 85 93 -5 79 57 97 761
6 11 77 72 56 68 3s 897
Mean 95 108 89 79 63 49 822
Sb 12 25 16 s 14 25 87
SE 5 10 7 7 6 10 36

Negative control and compound solvent = 0.5% DMSO.

+ Precipitate observed at 10-3 M.

4 Sample deleted from calculations because of low DNA value.

§ Sample lost.
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Sample 1
2
3

Mean

8D

SE

Table 70

DNA REPAIR SYNTHESIS ASSAY
OF AZINPHOS-METHYL WITH METABOLIC ACTIVATION

{dpm/uz DNA)

DMN (M)

o” 10-% 10~ 10-? 5 x 1072
30 70 75 42 -t
40 66 s 55 323
-t 78 41 84 384
s 71 60 50 353
18 8 43
10 4 31

*
Negative control and compound solvent = 0.5% DMSO.

1 Sample lost.
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' DNA REPAIR SYNTHESIS ASSAY OF MALATHION

Table 71

* Negative control and compound solvent = 0,5 EtOH.

98

(dpm/ug DNA)
Malathion (M) 4NQO (M)
_ _o* 1007 100 10~ 10°% 1073 10°5
Sample . ' - ' '
Y 123 116 128 144 90 33 1943
2 125 1 124 78 126 36 €26
3 106 86 130 74 67 23 1538
4 100 133 116 119 113 4“4 1264
5 114 116 127 132 91 39 1737
6 138 110 143 127 156 40 1651
. Mean 118 111 128  112- 107 35 1626
sD 14 15 9 29 31 225
SE 6 6 4 12 13 92



Table 72

DNA REPAIR SYNTHESIS ASSAY OF MALATHION

WITH METABOLIC ACTIVATION

{dpm/ug ‘DNA)
Malathion (M) DMN (M)
_g: 10-% 1074 10~3 5 x 10-2
Bample 1 53 48 46 38 206
. 2 54 49 52 48 220
/ 3 52 62 55 37 223
Mean 54 53 51 41 216
SD ]
SE 3 5

*
Negative control and compound solvent = 0.5% EtOH.
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Table 73

DNA REPAIR SYNTHESIS ASSAY

! OF METHOMYL
(dpw/ug DNA)
Methomyl (M) 4MQ0 (M)
0" o= 10-° 10 _10-¢ 3073 _107¢
Sample 1 135 95 116 17 126 88 1442
2 133 R Y 108 116 69 1544
3 165 100 129 97 122 69 1518
4 72 o8 a7 115 109 69 1385
5 104 8s 103 116 109 70 1423
6 103 95 23 139 130 61 -t
Mean 118 94 112 115 118 7 1462
SD 32 8 17 14 9 9 67
SE 13 3 7 6 4 4 30

#
Negative control and compound solveat = 0.5% DMSC.

1
Sample lost.
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Table 74

DNA REPAIR SYNTHESIS ASSAY OF METHOMYL
WITH METAPCLIC ACTIVATION

{dpw/pg DNA)

'Methomyl (M) DMN{ &)

_o*. 103 10-4 10-2 5 x 10-2
Sample 1 S 44 26 0 22 24 381
2 30 ‘25 20 25 384
3 23 . 22 26 30 339
Mean _ 33 25 23 26 368
. §D ‘ 11 2 3 ' 3 25
SE 6 2 15

» . : .
Negative control and compound soclvent = 0.5% EtOH.

101
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Table 75

DNA REPAIR SYNTHESIS ASSAY

OF MONURON
(dpm/pg DNA)
Monuron (M) 4NQO (M)
o~ 1077 307° 1072 10-4  10-3  4-5
Sample 1 135 113 86 97 83 48 1442
2 133 -F 93 88 72 a7 1544
3 165 129 89 77 81 46 1518
4 72 --# 83 75 82 49 1385
5 104 118 92 77 84 45 1423
| 6 103 131 110 109 85 38 -=*
Mean 118 123 92 87 81 46 1462
sD 32 8 9 14 5 4 67
SE 13 4 4 6 2 1 30

-
Negative control and compound solvent = 0.5% DMSO.

1 Precipitate observed at 10-3 M,

+ Sample lest.
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Sample 1
2
3

Mean

SD

SE

Table 76

DNA REPAIR SYNTHESIS ASSAY OF MONURON
¥WITH METABOLIC ACTIVATION

(dpa/pg DNA)

Monuron (M) DMN (M)

o* 10-% 10-4 10~3 5 x 10-?
30 78 81 74 -t
40 88 &8 74 323
- 92 63 88 384
3s 86 71 79 353
7 7 9 8 43
5 4 5 s 31

*
Negative control and compound solveant = 0.5% DMSO.

t Sample lost.
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Table 77

DNA HEPAIR SYNTHESIS ASSAY OF MSMA

{dpm/pg DHA}
msma (M) 40 (M)
0" 10-7 107  10-* _10-* 10-? 1078
Sample 1 67 38 108 60 93 68 = 902
' 2 58 84 93 53 52 29 1241
3 44 114 68 61 66 61 1380 |
4 55 2357 50 63 66 67 290
5 79 75 66 75 48 80 1087
6 105 53 C 50 59 75 871
Mean 68 73 77 60 $4 62 . 1095
sD 22 29 23 9 16 12 182
SE - 9 13 9 4 7 5 74

#*
Negative control and compound solvent = H 0.

t, Sample delcted from calculations because of low DNA value.

¥ Sample lost.
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Table 78

DNA REPAIR SYNTHESTIS ASSAY OF MSMA
WITH METABOLIC ACTIVATION
(dpm/pg DNA)

usMA (M) DMN (M)

0" 1073 10~ 102 5 x 10”3
Sample 1 44 27 21 32 381
2 30 25 35 %5 284
: 3 23 - 21 34 24 339

!

Maan 33 24 30 27 358
S0 11 3 8 4 25
SE 5 2 5 3 15

5
Negative conirol and compound solvent = 0,5% EtOH.
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Table 79

DNA REPAIR SYNTHESIS ASSAY
OF PARATHION
(dpm/ug DNA)

Parathion (M) 4NQO (M)
o* 1007 10% 1075 107% 1073 078
Sample
1 123 127 151 221 102 90 1943
2 125 129 155 129 95 104 1626
3 106 135 135 157 83 93 1538
4 100 124 200 137 72 116 1264
5 114 137 160 155 93 102 1737
6 138 145 210 126 71 93 1651
Mean 118 133 169 154 86 100 1626
sb 14 7 29 a5 13 10 225
SE 6 3 i ¥ 14 5 4 92

* Negative control and compound solvent = 0.5% EtOH.
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Table 80

DNA REPAIR SYNTHESIS ASSAY OF PAKATHION
WITH METABOLIC ACTIVATION

(dpw/ig DNA}

Parathion {M) DMN (M)

o 10-5 10-4 10" 5 x 10~%
" Sample 1 . 44 - 33 42 - 20 381
2 30 B 3z 23 384
3 2z as 30 30 339
Mean a3 34 35 24 368
sD o1n 1 6 5 25
 SE 6 1 4 3 15

* ] .
Negative control and eompound solvent = 0.5% EtOH.
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Table 8)

DNA REPAIR SYNTHESIS ASSAY
OF PARATHION-METHYL

{dpm/ug DNA)
Parathion-Methyl (M) 44Q0 {M)

or 10-7 1076 10°%  10-* 10°3%+ 107°

Sample 1 36 36 33 34 44 40 '
2 34 38 32 88 44 23 781

3 86 49 28 51 53 28 782

;4 94 56 27 52 41 29 858

‘s 53 49 as 43 40 29 1296

6 112% 45 a 85 44 27 1103

Mean 61 46 33 50 44 28 264
SD 28 8 5 20 s 6 227
SE 13 3 2 8 2 3 102

+ .
Negative control and compound solvent = 0.5% EtCH.

! Precipitate observed at 10-3 M.

%+ Sample deleted from calculations because of low DNA value.
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Table 82

DNA REPAIR SYNTHESIS ASSAY OF PARATHION-METHYL
WITH METABOLIC ACTIVATION

(dpm/pg DNA)

Parathion-Methyl (M) . . DMN (M)

o 10~5 1074 10-3 5 x 1072
Sample 1 85 44 65 s1 206
2 54 54 52 48 220
_ 3 52 57 37 45 223
Hean 54 52 .81 ' 48 ' 216
SD _ 2 6 14 3 9

SE 1 4 8 2 S

* .
Negative control and compound solvent = 0.5% EtOH.
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Table 83

DNA REPAIR SYNTHESIS ASSAY OF QULNTOZENE (PCNB)

(dpn/pg DNA)
PCRB (M) 40 (M)

0" 10~ 10~  j0~%  10~¢ 1073t 108

Sample 1 61 3as 33 21 27 23 1891
2 3 3 22 21 18 37 1681

3 a2 44 31 23 18 19 2418

i 4 18 30 30 16 18 21 2245
5 25 38 27 32 22 27 1430
6 35 20 20 39 20 27 2275

Mean 34 35 27 25 20 26 1990
8D 15 9 5 8 4 é 387
SE 6 4 2 3 2 3 158

+*
Negative ccntrol and compound solvent = 0.5% DMSO.

¥ Precipitate observed at 1073 M.
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Sample 1
2
3

Mean

8D

SE

Table B4

DNA REPAIR SYNTHESIS ASSAY OF QUINTOZENE (PCNB)
WITH METABOLIC ACTIVATION

(dpm/jg DNA)
;
FCNB (M) H DMN (M)

0 10-5 10-4 10-3 5x 10 ?
72 75 85 103 355
75 79 71 72 349

55 84 73 49 384

67 79 80 76 363

10 5 13 29 18

6 8 17 11

Negative control and compound solvent = 0.5% DMSO.
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Table 85

ONA REPAIR SYNTHESIS ASSAY OF PHORATE

(dpu/pg DMA)
Phorate (M) ' 4NQ0 (M)
o* 107 10-9 10=% 10~4 - 10-3¢% 1078
Sample 1 36 58 38 25 .27 56 ant
2 34 45 44 17 50 15 781 -
3 86 31 107 22 42 56 782
4 04 26 - 43 43 50 858
5 53 40 44 52 37 61 1295
6 112¥ 56 26 . 77 39 5 . 1103
Mean ) I 43 52 -39 40 55 964
" 8D 28 13 32 23 8 € 227
13 5 14 9 3 2 102
*

Négative control and compound solvent = 0.5% EtCH.

t Precipitate observed at 1073 M.

# Sample deleted from calculations because of low DNA value.

§ Sample lost.

112



Table 86

DNA REPAIR SYNTHESIS ASSAY OF PHORATE
WITH METAPOLIC ACTIVATION

Negative control and compound solvent = 0.5% EtCH.

113

{dpm/ug DNA) -

Phorate (M) DMN (M)

o* 10-% 10-4 10-3 5 x 10~*
Sample 1 s5 45 43 37 206
2 54 59 4] 3s 220
., 3 52 63 39 38 223
/ Mean 54 55 S a 37 216
8D 10 2 1.4 9
SE 6 1 0.8 5

*



Sample

w o w N

Hean
sb
SE

* Media control and compound solvent = 0.5 DMSO.

+ Sample lost.

Table 87

DNA REPAIR SYNTHESIS ASSAY

OF SIMAZINE

(dpm/ug DNA)

Simazine (M) 48Q0 (M)
_o* 107 1006 1075 107% 1073 10~5
195 165 151 195 177 359 2670
153 91 171 190 193 208 2850
212 131 152 312 253 233 2688
230 138 146 290 281 165 2702
217 152 179 237 166 205 2435
238 113 213 305 161 -1 2662
218 132 169 255 205 236 2668
43 27 25 55 50 78 134
19 11 10 22 20 32 55

114



Table 88

DNA HEPAIR SYNTHESIS ASSAY OF SIMAZINE
WITE METABOLIC ACTIVATION
(dpm/ug DNA}

‘Simazine (M) DM (M)
o 10-% 10-4 10-3 5 x 10-7 .
Sample 1 - 2 57 64 59 355
2 75 58 60 58 349
3 .55 64 61 76 384
Moan 67 60 62 64 363
sD 10 4 Y 10 18
SE 6 2 S 6 11

"

Negative control and compound solvent = 0.5% DMSO.
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Table 89

DHA REPAIR SYNTHESIS ASSAY

OF TRIFLURALIN

Sample deleted from calcuiations because of low DNA value.

116

(¢pm/pg DNA)
Trifiuralin (M) 4NQ0 (M)
0" 10=7 10  10~% 10~* 107? 10°8
Sample 1 56 42 26 53 51 71 639
2 s 29 -t 152t 97 123 1125
3 51 78 48 68 158 112 570
4 45 51 76 89 78 83 804
{8 50 47 79 97 56 80 663
6 29 41 59 57 43 53 986
Mean 50 a8 58 73 82 87 812
SD 13 17 22 19 28 28 222
SE 5 7 10 o 12 11 51
. _
Megative contro)l and compound solvent = 0.5% Et(H.
' Sanple lost.
%



Table 830

"' DNA REPAIR SYNTHESIS ASSAY OF TRIFLURALIN
- WITH METABOLIC ACTIVATION

(dpm/ug DN2)

Trifiuralin (M) DMN (M)

0" 10-8 10-4 10™? 5 x 10~*
Sample 1 72 67 78 51 as5
2 75 58 64 61 349
3 55 74 79 -t 384
Mean 67 66 74 s6 363
Sp 10 8 9 7 18
SE 6 5 5 5 11

. :
Negative control and compound solvent = 0.5% DMSO.

t Sample lost.
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Table 91

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM

Average Number of

Metabolic g Compound Histidine-Positive Revertants/Plate
Compound =~ . Activation Added/Plate TALQQ TAL535 TA1537 TAL538

Negative contrel - 95 13 8 7
: + 113 13 10 10

Positive control, 4-o~tolylazo-i-toluidine - 25 6
+ 25 . : 183

Monocrotophos ) - : | S 87 9 10 11
- : 5 101 22 9 10

- 10 93 14 9 13

- .50 107 .23 7 10

- 100 97 13 11 9

- 500 95 17 1¢ S 7

- 1000 _ 126 14 10 6

+ 1 101 " 16 14 12

+ 5 89 20 13 12

+ 10 75 16 12 11
+ 50 79 14 1G .10

+ 100 71 16 15 11

+ 506 8 i9 8 15

+ 1000 113 18 © 10 10

soydoloadouoy
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Table 91 (continued)

Average Number of

Metabolic g Compound Histidine-Positive Revertants/Plate
Compound Activation Added/Plate TAL100 TA1535 TAL337 TA1538
Negative control - 145 22 23 16
+ 154 25 24 30
Positive controls
g-Proplolactone - 50 pl 756
AF-2 - 0.05 _ 372
2-Anthramine - 50 : 63
+ 50 338
Bromacil - 1 120 23 24 26
- 5 129 17 © 13 14
- 10 123 31 22 13
- 50 117 29 16 15
- 100 136 40 18 19
- 500 140 30 13 15
- 1000 101 14 6 11
+ 1 118 35 21 16
+ 5 131 28 16 20
+ 10 157 33 21 19
+ 50 136 26 14 13
+ 100 138 30 12 18
+ 500 145 21 20 20
+ 1000 182 8 -] 16

Trouwoxg



Table 91 {(continued)

Average Number of .

0z1

Metabolic ug Compound Histidine-Positive Revertants/Plate
Compound Activation Added/Plate TA100 TALS535 TA1537 TALS538
Negative control - 56 15 12 7
+ 72 | 23 9 15
Positive contrel, 4-o-tolylazo-o-toluidine - 25 10
+ 25 © 150
Cacodylic Acid - 1 48 17 15 5
- 5 42 15 15 il
- 10 42 12 15 8
- 50 39 18 10 8
- 100 43 22 11 9
- 500 44 £5 11 9
- 1000 44 15 8 8
+ 1 69 17 14 18
+ S 53 15 15 8
+ 10 64 16 12 18
+ S0 20 15 11 12
+ 100 64 18 15 19
+ 500 54 21 14 15
+ 1000 59 14 13 13

PIIV 21T14p0oR)



Table 91 (coﬁtinued)

Avérage Number of

121

. : Metabolic ug Compound Histidine-Positive Revertants/Plate
Compound Activation Added/Plate TALOD TAl535 TA1537 TAL538
Negative cmtrol - 72 18 7 a
' + 98 14 . 3. - 25
Positive control, 4-o-tolylazo-o-toluidine - 2 3
' + 2 100
Captan - 1l - 21 29 2 1
- 5 532 80 5 14 .
- 10 822 76 0 16
- 15 820 104 0 26
- 25 720 B -1 0 6
- 50 Killing [Killing 0 22
+ 1 141 20 2 19
+ 3 210 60 2 22
+ 10 285 113 2. 26
+ 15 340 55 0 21
+ 25 33¢ 71 0 46
T+ 50 704 - 143 1 44

ueide)



Table 91 (continued)

Average Number of

Metabolic vg Compound Histidine~Positive Revertag;s!?late
Compound Activarion Added /Plate TALDO TA1535 TAaY537 TAL538
Negative control - 92 18 12 16
+ 80 B L 16 16
Positive control, 4-~o-tolylazo-o-toluidine - 15
. + 168
Chloropyrifos - 1 66 20 12 22
- 5 92 22 15 28
- 10 65 14 21 . 24
- 50 88 26 15 25
- 100 67 + 20 17 22
- 500 87 17 18 17
- 1000 79 13 20 22
o 2 1 67 11 i5 14
+ 5 71 9 15 16
+ 10 87 11 15 20
+ 50 77 16 18 13
+ 100 77 11 14 - 16
+ 500 7 13 14 k)
+ 1000 77 14 11 22

soyrakdozory)
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Tabie 91 (coatinued)

' Average Number of
Metabolic ug Compound . Histidine-Positive Revertants/Plate

€21

Compound ~ Activation Added/Plate TALQQ TAL535 TAL537 TAL538
Negative control - a7 - 15 12 21
o ' + : 80 15 - 16 ' 17
Positive control, é4-o-telylazo-o-toluidine - 25 .+ 15
+ 25 ' : - 168
Dinoseb - i . 69 12 21 15
- 5 59 12 16 14
- 10 57 17 i8 20
- 50 - 87 C 17 17 17
- 100 82 12 16 . 15
- . 500 91 7 17 19
- 1000 Killing Killing Rilling Killing
+ 1 - 79 13 19 15
+ 5 82 14 18 14
+ 10 94 12 17 15
+ 50 33 14 15 17
+ 100 87 13 1?7 14
+ 500 - 104 12 10 7
+ 1000 - Killing Killing Killing Killing

qasouTq



Table 91 (continued)

Average Nuwber of

vzl

Metabolic ug Compound Histidine-Positrive Revertants/Plate
Compound Activation Added/Plate TA1Q0 TALS535 TA1537 TAL5238
Negative control - 56 15 12 7
+ 72 14 9 1>
Positive contrel, 4-o-tolylazo-o-toluidine - 25 - 10
+ 25 250
DSMA - 1 50 12 7 4
- 5 56 10 i3+ 5
- 10 51 20 10 3
- 50 66 15 11 8
- 100 71 16 7 8
- 500 53 13 i2 7
- 1000 43 12 7 9
+ 1 54 22 8 8
+ 5 85 7 8 15
+ 10 50 16 - 3
+ 50 _35 17 11 3
+ 100 50 13 9 7
+ 500 60 15 5 10
* 1000 53 14 2 8

VHSq



Table 91 (continued)

Average Number of :
Metabolic ug Compound Histidine-Posftive Revertants/Plate

1 TA

Compound Activation Addcd/Plate TALOD TAL535 TALS537 TAL538

Negative contrcl - 101 26 6 13
) + 102 26 3 24

Positive control, 4-o-tolylazo-o-toluidire - 25 13
+ 25 78

Azinphos«methy) - 1 66 39 4 10
- 5 74 22 3 11

- 10 74 23 2 9

- 50 73 30 3 i1

- 100 75 49 4 10

- 500 107 36 2 10

- 1000 104 3l 3 13

+ 1 76 23 1 20

+ 5 69 23 2 25

+ 10 68 24 3 28

+ 50 8l 22 3 21

+ 100 65 24 2 19

+ 500 84 30 0 24

+ 1000 119 24 H 23

1{yIrsw-soyduszy



Table 91 (continued)

Average Number of
Metaholic ug Compound Histidine-Positrive Revertants/Plate

Compound Activation’ Added /Plate TALOQQ TALS35 TAL337 TAL538
Negative control . - 94 36 10 , 12
+ 80 20, 9 12
Positive control, 4-o-tolylazo-o-toluldine - 25 . 15
+ 25 168
Fenthion - 1 64 31 8 13
_ - s 97 - 3 1 17
8 - 10 105 32 15 12
- - 50 112 36 - 15 14
- 100 100 as 16 14
- 500 . _ 107 42 10 14
- 1000 . 90 32 6 12
+ 1 114 15 10 12
+ 5 - 97 17 12 10
+ 10 81 5 9 17
+ 50 ' 90 16 12 21
+ 100 98 14 7 13
+ 500 86 22 - 8 10
+

1000 89 2u 10 15

uoyyIuDg
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Compound

Negative contrel

Positive control, L=0=-tolylazo

Folpet

-o~toluidine

Table 91 (continued)

Metabolic

Activation

1 4+

+

++++

ug Compound

Added/Plate

1109

- - Average Number of

Histidine-Positive Rever

tants/Plate

Histidine-Positive Ao = -~ =~ o—e

Tal537 TA1538

TALQ0 TAL533
72 19
93 15
127 20
150 35
244 39
300 48
550 111
286 110
Killing Killing
¥illing Killing
112 20
173 51
241 79
420 70
720 218
532 216
Killing Killing
Killing Killing

-
OOWOoORWn-

[ ] OOOMO"‘O"-I

8
20

&
183

5

8

11

14

7

2
Killing
Killing

30

26

35

36

45

48
Killing
Killing

19d124



Table 9] (continued)

1

Average Number of

Metabolic Ug Compound Histidine~Pcsitive Revertants/Plate
Compound Activatiop Added/Plate TAIQO TAL535 TA1537 TAL538

81l

Negative control - 89 10 8 7
. + 92 10 10 7

Positive control, d-o-tolylazo-o-toluidine - 25 : 6
+ 25 183

Malathton - 1 54 8 Il 3
- 5 48 7 12 3

- 10 85 7 10 5

- 50 99 8 6 7

- 100 81 7 7 5

- 500 82 12 5 7

- 1000 61 10 7 4

+ i 65 5 6 9

+ 5 61 6 8 5

+ 10 99 9 7 4

+ 50 92 8 7 6

+ 100 75 g 6 5

+ 500 90 8 12 4

+ 1000 66 7 10 4

IIO';!{J,E'[P"



. Table 91 (continuéd}

YA

N _ Average Number of
) Metabolic vg Compound Histidine-Positive Revertants/Plate
Compound Activation Added/Plate TA100 TAL1535 TAL537 TAL538
Negative coatrol . - 128 18 i3 17
T 149 14 20 - 22
Positive control, é4-o-tolylazo-o=-toluidine - 25 : ’ 17
+ _ 25 206
Methomyl . - 1 123 19 28 14
: : - 5 112 20 35 10
- 10 98 16 28 18
- . 50 109 18 ' 27 14
- 100 110 21 34 24
- S 500 119 17 23 26
- 1000 105 "~ 13 24 21
+ 1 - 145 12 18 15
+ 5 115 10 18 15
+ 10 126 12 21 12
+ 50 129 10 19 20
+ 100 132 13 20 19
+ 500 133 10 , 20 18
+ 1000 122 14 24 14
™.

TAwOY 39K
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Table 91 {continued)

Average Number of

Metabolic vg Compound Histidine~Positive Revertants/Plate
Compound Activation Added/Plate TA100 TAL1535 TALS537 TA1558

" Regative control - 128 17 17 17
+ 149 12 15 22

Positive control, 4-o=tolylazo-o-toluidine - 25 6
+ 25 177

Monuron - 1 126 15 1> 19
- 5 . 98 24 12 18

- 10 108 17 12 22

- 50 122 19 11 21

- 100 114 19 15 29

- . 500 122 20 18 29

- 1000 125 22 14 19

+ 1 125 10 15 21

+ 5 142 13 15 15

+ 10 119 17 i3 18

+ 50 116 i5 19 21

+ 100 108 i5 16 19

+ 500 104 15 15 12

+ 1000 123 11 15 17

UOINUOKH
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Table 91 (continued)

Average Number of

Metabolice ug Compound Histidine-Positive Revertants/Plate
Compound Activation Added/Plate TALOQ TAL535 TAL537 TAL538
Negative control - 56 15 12 7
+ 72 14 9 15
Positive control, é4~o~tolylazo-o-toluidine - 25 10
+ "5 250
MSMA - 1 79 15 7 6
- 5 69 15 13 4
- 10 62 14 11 6
- 50 52 17 11 6
- 100 41 15 12 7
- 500 53 17 8 5
- 1600 48 13 12 5
+ 1 79 il 11 10
+ 5 64 15 8 10
+ 10 65 7 10 9
+ 50 67 7 14 7
+ 100 53 12 8 g
+ 500 66 14 7 8
+ 100n 63 10 10 H+

VHSH
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Table 91 (continued)

“Average Number of

_ Metabolic = upg Compound Histidine-Positive Revertants/Plate
Compound- Activation Added/Plate TALOQ TAL535 TA1537 TALS538
Negative control . - 95 19 6 6
+ 114 21 13 7
Positive control, 4-o-tolylazo-o=~toluidine - 25 6
' + 25 177
Parathior - 1 94 12 7 8
- 3 138 12 7 7
- 10 85 13 4 7
- 50 98 13 4 8
- 100 87 15 4 6
- 500 110 13 4 8
- 1000 107 14 3 13
+ L 56 11 12 1
+ 5 75 16 7 15
+ 10 69 14 5 19
+ - 50 76 14 6 a
+ 100 88 17 7 5
+ 500 1065 15 8 9
+ 1000 102 12 6 12

uoyyiwivg .
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Table 91 (continued)

Average Number of

Metabolic pg Compound Histidine-Positive Revertants/Plate
Compound Activation Added/Plate TALUO TAL535 TALS37 TAL538
Negative control - 84 10 10 7
+ 77 10 6 7
Positive control, 4-o-tolylazo-o-toluidine - 25 6
+ 25 177
Parathion-methyl - 1 64 12 6 8
- 5 75 9 7 8
- 10 86 8 8 9
- 50 75 10 8 13
- 100 72 9 9 10
. - 500 78 7 7 20
’ - 1000 46 3 5 18
+ 1 61 4 8 14
o+ 5 53 11 9 10
+ 10 &0 8 2 8
+ 50 69 10 12 11
+ 100 66 10 4 13
+ 500 67 6 6 14
+ - 1000 56 4 7 16

1Ayreu-uoTyIvang



Table 91 (continued)

Average Number of .

Metabolic ug Compound Histidine-Positive Revertants/Plate
Compound Activation Added/Plate TAIOD TALS35 TAL537 TAl518
Negative control - 96 33 9 13
+ 101 24 6 25
Positive control, 4-o-tolylazo~o-toluidine - 25 6
' + 25 177
— Quintozene {PCNB} - 1 99 32 6 15
2 - 5 g5 29 7 12
- 10 90 34 & 13
. - 50 87 30 6 7
- . 100 94 37 5 i1
- 500 100 27 5 14
- 1000 107 35 6 11
+ 1 90 20 9 25
+ 5 95 25 7 27
+ 10 91 I8 6 29
+ 50 : 100 18 3 25
+ 100 87 23 4 20
+ 500 119 22 1 26
+ 1000 106 30 1 27

(gND4} »uaro3zuind
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_ Table 91 (continued)

Average Number of

B _ Metabolic vg Compound Histidine~-Positive Revertantsf?late ,
Compound . Activation Added /Plate TA100 TAL535 TAL1537 TA1538
Negative control - 96 15 8 8
) + - 118 17 11 . 11
Positive control, 4-o-tolylazo-o-toluidine - 25 _ 6
o - + 25 177
Phorate - 1 70 17 8 16
- 5 65 15 B 11
- 10 85 17 7 11
- 50 65 17 5 8
- 100 72 11 7 9
- 500 70 14 o 6
- 1000 58 14 7 9
+ 1 101 14 11 15
+ 5 103 i1 . 8 1¢
+ 10 79 13 10 12
+: 50 89 15 9 i1
+ 100 79 15 6 7
+ 530 59 16 é 11
+ 1000 - 70 19 8 5

ayeIoyq
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Table 91 {(continued)

Average RNumber of

Metabolic ug Compound Histidine-Positive Revertants/Plate
Compound Activation Added/Piate TALOO TAL535 TAl537 TA41538
Regative control - 98 10 8 25
+* 106 7 8 26
Positive control, 4-o-tolylazo~o~toluidine - 25 22
+ 25 _ ‘ 266
Simazine - 1 83 7 15 22
- 5 72 5 10 20
- 10 73 7 20 20
- 20 a7 7 10 22
- 100 85 8 12 17
- 500 71 3 ? 25
- 1000 69 4 11 22
+ 1 B4 9 Il 22
+ 5 90 4 il 22
+ 10 82 8 16 15
+ 50 83 9 9 14
+ 100 87 8 11 15
+ 500 89 4 19 15
+ 1000 120 2 10 18

JUT2EWYS
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Table 91 (concluded)

Average Number of

’ Metabolic ug Compound  Histidine-Positive Revertants/Plate
Compound Activation Added /[Plate TALCO TALS35 TA1537 TAl538
Negative control - 96 15 17 14
+ 80 15 20 8
Positive control, 4-o~tolylazo-o-toluidine - 25 15
. _ + 25 K 168
Trifluralin - | 73 11 18 15
- S 81 12 24 14
- 10 4 16 29 - 14
- 50 - 93 19 23 16
- 100 ' £6 18 25 15
- 500 76 18 22 1t
- 1000 95 1 18 15
+ 1 72 10 - 13 9
+ 5 80 13 - 16 9
+ 10 78 14 18 14
+- 50 90 15 14 13
+ 100 81 8 16 15 .
+ 500 79 12 13 11
+ 1000 81 12 - 15 10

UITRInIITaL
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Table 92

RESULTS OF ASSAYS WITH ESCHERICHIA COLI wp2

Compound

Negative control

Positive control,
AF-2

Mongrotophos

Bromacil

Metabolic

Activation

+

+

R T

LR

ug of Compound

Average Number of Tryptophan-

Added per Plate Positive Revertants per Plate

0.05
0.05

10
50
100
560
1000

10

100G
500
1000

10

100
500
1000

10

100
500

1000

68
73

204
220

89
83
76
77
61
10

40
g8
76
73
75
95
65
74
71
70
70
67

71
73
66
70
70
71
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Table 92 {continued)

/
!
# Metabolic ug of Compound Average Number of Tryptophan~
Compound Activation Added per Flate Positive Revertants per Plate
Cacodylic Acid - 1 111
: - 10 102
= 50 89
100 82
- 500 91
- 1000 85
+ 1 95
+ 10 76
+ 50 79
+ 160 89
+ 500 81
+ 1000 85
Captan - 1 l 24
- 5 isl1
- 16 733
- 15 1358
- 25 1755
- 50 2600
+ 1 89
+ 5 182
+ 0 423
+ 15 699
+ 25 955
+ 50 1712



o1

‘Table 92 (con;inueﬁ)

Metabolic ug of Compound Average Number of Tryptophan-
Compound Activation Added per Plate Positive Refertants per Plate

Chloropyrifos - 1 57

- 10 57

= 50 49

- 100 71

- 500 52

- 1069 42

+ 1 60

+ 10 73

+ 50 53

+ 100 49

+ 500 61

+ 1000 , 49
Dinoseb - 1 . 64

- 10 73

- 50 58

= 100 55

= 509 44

= 1000 Toxic

+ 1 73

+ 10 . 69

+ 50 ' 63

+ 100 : 65

+ 500 49 .

+ 1000 . Toxic
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Table 92 (continued)

Metabelic ug of Compound Average Number of Tryptophan~-
Compound Activation Added per Plate Positivc Revertants per Plate

DSMA - 1 86
- 10 81

- S50 67

- 100 68

- 500 68

- 1000 R |

+ 1 69

+ 10 ! 62

+ 50 67

+ 100 73

+ 500 81

; + ~ looo 79
Fenthion - 1 59
- 10 63

- 50 62

- 100 56

- 500 70

- 1000 71

+ 1 64

+ 1G 50

+ 50 67
+ 100 64

- + 500 64

+ 1000 81
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Compound

Folpet

Azinphos-z2thyl

Table 92 (centinued)

Metabolic

Activation

+4+++++ 1102 0

LI I I A I |

o+

ug of Compound
Added per Plate

Average Kunber of TryptAphan-
Pozitive Revertants per Plate

3

5
10
25
50
100

10
25
50
100

10

100
500
1000

10

100
500
1000

65
162
170
424
720

1260

74
167
202
900

1680
1880

92
87
83
89
68
88



£yl

Compound

Malathion

~ Methomyl

1 oazmr et

Table 92 {(continued)

Metabolic

Activation

+++++4+

PO

wg of Compound

Average Number of Tryptophan-

Added per Plate Positive Revertants per Plate

1

10
50
100
500
1000

1

10
50
100
500
1000

10
50
100
500
1000

10
50
160
500
1000
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Table 92 (continued)

1

Metabolic ug of Compound . Aversge Number of Tryptophan-
Compound Activation Added per Plate Fositive Revertants per Plate
Monuron - L 72
- | £Y] €8
- 0 57
- 100 63
- 500 65
- 1000 63
+ 1 _ 60
+ 10 59
+ 50 47
+ 100 71
+ 500 50
+ 1000 : 61
MSMA' - 1 55
- 10 64
- 50 57
- 100 76
- 500 60
- 1000 63
+ 1 55
> 10 71
+ 50 73
+ 100 71
+ 500 61
+ 1000 72
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Table 92 (continued)

Metabelic ug of Coxound Average Number of Tryptophan-
Compound Activation Added pe. Plate Positive Revertants per Plate

Parathion - 1 71
- 10 64

- 50 66

- 100 70

= 500 64

- 1000 64

+ 1 69

+ 10 53

+ 50 76

+ 100 57

+ 500 72

+ 1000 66

Parathicn~-methyl - 1 53
' - 10 56

- 50 60

= 100 68

- 500 63

- 1000 52

+ t 64

+ 10 83

+ 50 60

+ 100 65

+ 500 53

+ 1000 71



Table 92 (cdn:inued)

991

Metabolin . vg of Compound Average Number of Tryptophan=-
- Compound Activation Added per Plate FPositive Revertants per Plate
Quintozene (PCNB) - ' 1 54
' o - 10 s
- 50 70
- 100 60
= 300 ' 57
.- _ 1900 62
+ 1 78
+ 10 Y
+ S0 54
+ 100 57
+ 500 €9
+ 1000 62
Phorate - l 63
= 10 64
- 30 €5
- i00 49
= 500 n
- 1000 60
+ 1 78
+ 10 86
+ 50 .83
+ 100 73
+ 500 90
+ 1000 70
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Conpound

Simazine

Trifluralin

Table 92 {concluded)

Metavolic

Activation

+++++

[ I R A |

++++++

ug of Compound
Added per Plate

Average Number of Tryptophan-
Positive Revertants per Plate

1

10
50
100
500
1000

535
51
73
54
54
53

64
66
72
56
71
83

73
73
81
86
69
60

58
63
63
65
70
70



gyl

Table 93

MICROBIAL INHIRITION IN ESCHERICHIA COLL AND BACILLUS SUBTILIS

Diameter of Zone of Inhibition (mm)

mg of Compound E. coli B, subtilis
Compournd Added te Disc W3illo0 p3478 H17 )

Positive control, 1.0 37 52 . 40 61

l«phenyl-2,~

dimethyltriazene
Negative control, 0.03 34.5 34 32 31

chloranphenacol
Monocrotophos i 6 6 [ 6
Bromacil 1.0 6.5 6.5 6.5 6.5
Cacodylic acid 1 6 6 6 6
Captan 0.1 6.5 11 9 19
Chloropyrifos 2.5 6 10 6 il
Dinoseb 1 10 17 8.5 11
DMSA 1 6 6 6 6
Fenthion 1 6 6 é 6
Folpet 0.1 6.5 10 6.5 7.5

Azinphos~methyl



671

Table 93 (concluded)

Diameter of Zone of Inhibition (mm)

mg of Compound E. coll
Compound Added to Disc - W3110 - p3478
Malathion 1 6 6
Mathomyl 1 6 6
Monuron 1 6 6
MSMA 1 6 6
Parathion 1 € 6
- Parathion-methyl 1 6 6
Quintozene (PCNB) | 1 6 6
Phorate "1 6 6
Simazine 1 6 6
Trifluralin 1 6

wy

B. subtilis
H17 bS5
6 6

6 6.
6 6

6 6

6 6

6 6

6 6

6

[- N - N - S
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Table 94

il VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - MONOCROTOPHOS

Percent Survivors Mitotic Recombinan*s
Metaholic Concentration Cells/ml Percent of per ml per 10°
Compound Activation [(w/v or v/v} {(x 10°7) Control (x 10°*) Survivors
EXPERIMENT 1
Kogative control - - 5.7 100 4.5 7.9
+ 5.8 160 - 4,5 7.8
Positive control - 0.1 ‘5.8 102 1,650 2,845
1,2,3,4-
+2,3,4-Diepoxybutane + 0.1 4.6 79 1,435 3,120
Monocrotophos _ - 5 8.7 100 44 7.2
+ 5 4.7 81 30 63.8
EXPLRIMENT 2
Hegative control - ' 9.1 100 8 8.8
+ 8.6 100 9.5 11,0
konocrotophos - 5 6,3 69 26 41,2

+ S 4.8 56 40 83.3
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Table 95

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE DJ - BROMACIL

Percent Survivors Mitotic Recombinants
. Metabolic Conceniration Cells/ml  Percent ol per mi  per 0%
Compound Activetion {w/v cr v/v) (x107) Control {x 10 ?) Survivors
EXPERIMENT 1
Negative econtrol . - 4.8 100 3 6.3
& 4.7 100 3 5.4
Positlve contrel .
1,2,3.4-Diepoxybutene - 0,04 3.4 71 743 2191
&+ 0,04 _3.5 74 682 1951
Bromacil . - 0,008 5.0 104 3 6.0
Q.01 4.5 ™ 2 4.4
- 0,05 5.0 104 3 5,0
0.10 4.4 a9z 1 2.3
0,50 2.0 q2 1 10.G0-
> 0,005 4.4 24 5 11.4
+ 0.01 3.9 83 3 7.7
+* 0,05 4.3 a k] 7.0
. . 0,10 3.8 8) ) 2.6
+ 0.30 2.4 51 3 12,5
mjaalmrr 2
Negative control - 4.5 100 L] 11.1
' + 4.2 100 3 7.1
Fositive control ’ )
1,2,3,4-Diepoxybutrne - 0.04 4.5 100 810 1234
0.04 - 4.2 100 653 1555
Sromactl - 0.08 5.7 126 7 12.3
- 0.10 5.4 120 3 9.3
- 0.25 3.5 122 ] 9.7
- 0,50 4.9 148 1 2.0
* .03 4.9 117 4 8.2
. 0.10 4.7 112 3 1.6
- 0.25 4.8 114 6 12,5
N 0.50 4.9 117 1 2.0
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Table 97

IN VITRO ASSAYS WITH SACCHARCMYCES CEREVISIAE D3 - CAPTAN

Dercent Survivors ' Mitotic Recombinants

Metabolic Concentration Cells/ml  Percent of per ml per 107
Compound Activation [(w/v or v/v) (x 10°7) Control {x 16-?) Survivors

EXPERIMENT 1

Negative control - 7.1 100 3.5 4.9

+ 6.5 100 3.0 4.6
Captan - 0.003 6.0 84 205 342
+ -~ 0.003 9,1 140 145 159
EXPERIMENT 2 -
Negative control - 7.5 100 1.5 2.9
+ 8.0 100 4 6.7
Captan - 0,003 77 10 37 481

+ 0.003 6.1 85 58 114
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Table &8

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - CHLOROPYRIFOS

Percent Survivors Mitotic Recombinants
Metebolic Concentration Cells/ml Percent of per ml per 10°
Conmpound Activation  (w/v or v/v) {x 20°7) Control (x 10-3) Survivors
EXPERIMENT 1
Negative control - 7.5 100 o 1,5 . 2.0
+ : 6.0 - 100 1 - 8,7
Chloropyrifos ' - 5 T.7 103 7 9,1
' + 5 ' 8.0 133 10 12.5
EXPERIMENT 2
Negative control - _ - 6.3 100 : 1.5 2.4
' + 7.4 100 3.5 4.7
Positive control, _ - ¢.1 3.8 60 1,045 2,750
1,2,3,6-diepoxybu§ane + 0.1 5.2 70 " 903 1,737
Chloropyrifos - s 7.8 128 3 3.8

+ 5 7.4 100 i0 13.5
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Table 99

IN VITRO ASSAYS WITHd SACCHAROMYCES CEREVISIAE D3 - DINOSER

Percent Survivors Mitotic Recombinants
Metabolic Cencentration Cells/ml Percent of per ml rer 107
Compound Activation (w/v or v/v) (x 10-7) Control (x 10-) Survivors
EXPERIMENT 1
Negative control - 6.3 100 1.5 2.4
+ 7.4 100 3.5 4.7
Positive contrel, - 0.1 3.8 60 1,045 2,750
1,%,3,4~diepoxybutane
+ 0.1 5.2 70 903 1,737
Dinoseb - 0.2 6.2 28 9 14.5
+ 0.2 4,0 54 1 2.%
- 0.3 . ] 167
+ 0.3 2.4 - az 5 20.8
EXPERIMENT 2
Negative control - 5,5 100 2.5 4.5
+ $.2 100 2,0 3.8
Dinoseb - 0.1 4.4 80 3 6.8
-+ 0.1 4.0 77 4 10.0
- 0.2 41,1 75 8 19.5
+ 0.2 4.3 83 8 13,6



st

Table 100

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - DSMA

Percent Survivcers Mitotic¢ Recombinants

Metabolic Concentration Cells/ml Percent of per ml per 10°
Compound Activation {w/v or v/v} (x 107} Control {x 10~*) Survivors
EXPERIMENT 1
Negative control - 7.4 100 7.5 10.1
’ + 7.7 100 5 6.5
DSMA - 4.5 1.1 15
+ 4.5 5.2 68
EXPERIMENT 2
Negative control - 7.1 100 3.5 4.9
+ 6.5 100 3 4,6
DSMA - ] 4,7 66 3 6.4

+ 5 3.4 52 7 20.¢
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Table 101 °

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 ~ FENTHION .

118

Percent Survivors Mitotic Recombinants
: Metabolic Concentration “Cells/ml Percent of per ml per 10°
Compound: Activation [(w’v or v/v) {x 10~7) Control (x 10-3) Survivors
EXPERIMENT 1
- Negative control - 6.3 100 1.3 .2.4
+ 7.4 100 3.5 4.7
Positive control, _ - 0.1 3.8 60 1,045 2,750
1,2 i
1,2,3,4-d1epoxybutane + 0.1 5.2 70 %3 1,737
Fenthion - 6.6 105 9, - 13.8
+ 7.5 10t 5 6.7
EXPERIMENT 2
Negative control - 7.5 100 1.5 2.0
+ 6.0 100 6.7
~ Fenthion - 7.8 104 - 5.1
+ - 7.1 8.5
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Table 102

IR VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - FOLPET

Percent Survivors Mitotic Recombinants
Metabalic Concentration Cells/ml  Percent of per ml per 107
Compound Activation (w/v or v/v) (x 10~7) Control {x 10-?) Survivors
EXPFRIMENT 1
Negative control - 7.5 100 1.5 2.0
+ 6.0 100 4 6.7
Falpet - 0 .003 4.0 53 119 298
’ + 0.003 3.8 63 65 171
EXP.RIMENT 2
Negative control - 6.3 100 1.5 2.3
+ _ 7.4 . 100 3.5 4.7
Folpet o - 0.003 9.5 - 151 89 94

+ 0,003 9.1 : 123 82 90
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Table 103

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - AZINPHOS-METHYL

Percent Survivors Mitotic Recombinants
Metabolic Concentration Cells/ml Percent of per ml per 10°
Compound Activation [w/v or v/v) (x 10°7) Control {x 103) Survivers
EXPERIMENT 1
Negative control - 8.7 100 -] 7.8
' + 5.8 100 4.5 7.8
Po. itive zontrol - . 5.8 162 1,650 2,845
1 ]
+2,3,4-Diepoxyhutane + . 4.6 79 1,435 3,120
Aziophos-aethyl - 4.5 5,3 93 15 28.3
+ 4.5 5.8 100 15 23.9
EXPERIMENT 2
Negative control - 9.1 100 8.8
+ 8.6 190 2.5 11.0
Azinphoe-methyl - 5.7 63 68 119.3
+ 6.2 72 80 129
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Table 104

IR VITRO SSSAXS WITH SACCHAROMYCES CEREVISTIAE D3 - MALATHION

Percent Survivers Mitoti¢ Recombinants

Metabolic Concentration Cells/ml Percent of - per ml per 10°
Compound _ Activation {w/vor v/v) (x1077) Control (% 107*) Survivors
EXPERIMENT 1
Negative control - 5.7 100 4.% . 7.9
+ L : . 5.8 - 100 ' 4.5 7.8
Positive control, - - _ 0.1 5.8 102 .1,650 2,845
1,2,3,4~diepoxybutane + 6.1 i 4.6 79 1,435 3,120
Malathion - s | 7.8 137 1 14.1
+ 5 6.3 109 7 11.1
EXPERIMENT 2
Negative control | - N %Y 100 s 8.8
+ 8.6 100 - 9.5 11.0
Malathion - - 8 8,1 89 13 16.0

+ 5 7.8 88 8 10,5
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Table 105

IN VITRO ASSAYS WITH SACCHAROMYCFS CEREVISIAE D3 -~ METHOMYL

Percent Survivors Mitotic Recomb'nants
Metabolic Concentration Cells/ml Percent of per ml per 10°
Compound Activation {w/v or v/v) (x 16°7) Control (x 160=?) Survivors
EXPERIMENT 1
Negative centrol - 6.6 100 4.5 6.8
+ 5.8 100 2.5 4,6
Positive control, - 0.1 1.8 27 266 1,478
1,2,3,4~dieposybutane + 0.1 1.5 29 184 1,227
Methomyl - 2.0 5.0 76 4 8.0
+ 2.0 2,7 50
- 3.0 3.7 56 8 21.6
+ 3.0 4.1 76 ' 6 14.6
EXPERIMENT 2
Negative control - 5.5 100 2.5 4.5
+ 5.2 100 2.0 3.8
Methomyl - 3 4.7 85 i3 31.9

+ 3 4,4 85 10 22.7
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IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - MONURON

Percent ) Survivors Mitotic Recombinants

Metabolic Concentration Cells/ml Percent of per ml per 10°
Compound Activation {w/v or v/v) {(x 10-7) Control {x 10~*) Survivors
EXPERIMENT 1
Negative control - 6.6 100 4.5 6.8
+ 5.4 100 2.5 4,6
Pogitive control, - 0.1 1.8 27 266 1,478
1,2,3,4-diepoxybutane + 0.1 1.5 29 184 1,227
— Monuron - 5 3.5 : 53 3 8.6
S + 5 3.8 70 1 2.6
EXPERIMENT 2
Negative control - 5,5 100 2,5 4,3
+ 5.2 100 2.0 3.2
Monuron - 5 6.9 125 2 2,9

+ 5 6.2 119 9 14.3
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. Table 107

IR VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 < MSMA

-

Percent Survivors . Mitotlc Recombinants
Metlabolic Concentration Cells/ml Percent of per ml per 10°
Compound Activation ({w/v or v/v) {x 10=7) Control (x 10°%) Survivors

EXPERIMENT 1

Negative control ' - 7.4 100 7.5 10.1

+ 7.7 100 5 6.5

MSMA - 5 4.3 58 : 1 2.3

' ' + 5,4 70 5.6
EXPERIMENT 2

Negative control - s 100 3,5 4.9

o+ _ 5.5 100 3 4.6

MSMA - - 5 ' . 4.9 69 10,2 20,8

+ 3 5.8 89 - 10.4 17.9
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IN VITR} ASSAYS WITH SACCHAROMYCES CEREVISIAT D3 - PARATHION

Table 10°

Mitotic Recombinants

Percent Survivors
Wetabolic Concentration Cells/ml Percent of per ml per 10°
Compound Activation (w/v or v/v) {x 1077) Control (x 10-*) Survivors
EXFERIMENT 1
MNegativa control - 5 100 4,5 7.9
+ L 100 4,5 7.8
Positiva control, - 0.1 5.8 102 1,650 2,845
1,2,3,4=d1lepoxybutane
+ 0.1 4.6 79 1,435 3,120
Perathion - 6.5 114 2 4,6
+ 5.8 190 5 8.6
EXPERIMENT 2
Negative control - 9,1 100 B 8.8
+ 8.6 130 0.8 1.0
Par:thion - 8.8 96 4 .5
+ 8.2 95 6.1
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Table 109

. IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 ~ PARATHION-METHYL

Percent Survivors Mitotic Recrmbinants

Metabolic  Concentration Cells/ml Percent of per ml per 1067
Compound Activatior {w/v or v/v)} (x 10~7 ) Control . {x 10~%) Survivors
EXPERIMENT 1
. Negative control - 5.7 100 4,5 7.9
+ : 5.8 - 100 4.8 7.8
Positive control, - 6.1 5.8 102 1,650 2,845
1,2,3,4-d1epoxyburane + 01 - 4.6 79 1,435 3,120
Parathion-methyl - B 7.7 135 16 20.8
-+ 5 . 5.4 93 15 27.8
EXPERIENT 2
Negative control - : 9.1 100 8 8.8
+ 8,6 100 9.8 11.0
Pafathion-me:hyl - : 5 7.4 81 19 25,7

+ 5 T 7.2 84 25 34.7
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Table 110

IN VITRO ASSAYS WITH SACCHAROMYCE

S CEREVISIAE D3 - QUINTOZENE (PQNB)

Percent Survivors Mitotic Recombinants
Metabolic Concentration Cells/ml Percent of per ml per 107
Compound Activation [w/v or v/v) {(x 10-7) Control ~{x 10-*) Scrvivors
EXPERIMENT 1
Negative control - 5.7 100 4,5 7.8
+ 5.8 100 4.5 7.8
Positive centrol, - 0.1 5.8 102 1,650 2,845
1,2,3,4=-diepoxybutane + 0.1 4.6 79 1,435 3,120
Quintozene (PCNB) - 3,7 65 8.1
+ 2 4.2 72 9.5
EXPFRIMENT 2
Negative contrel - 2.1 100 8.8
+ 8.6 100 9.5 11.0
Quintozene (PCNB) - 5.8 64 6.9
+ 7.0 81 10,0
- 6.8 76 3 4.4
+ 7.5 87 10 13.3
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Table 11]

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - PHORATE

Percent Survivers Mitotic Recombinants
Metabolic Concentration Cells/ml Percent of per ml per 107
Compound Activation {w/v or v/v) (x 10™7) Control {x 16-%) Survivors
FXPERIMENT 1
Negative control - 9,1 100 8 8.8
+ 8.8 160 9.5 11,0
Phorate - 5 8.7 . 98 9 10,3
+ s 7.8 87 3 4,0
EXPERIMENT 2
Negative control - 5.7 100 4,5 7.9
+ 5.8 100G 4,5 7.8

Phorate - 5 7.5 132 4 8.3
' + b 7.2 124 7 9.7
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Table 112

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - SIMAZINE

Percent Survivors Mitotic Recombinants

. -Metabolic Concentration Cells/ml  Percent of -per ml per 10°
Compound Activation iw/v or v/v)} (x 10=7) Control (x 107?) Survivors

EXPERIMENT 1

Kegative control B - 6.6 100 4,5 6.8
+ 5.4 100 - 2.5 4.6

Positive control, - - 0.1 1.8 27 266 1,478

1,2,3,4=-d1iepoxybutane + 0.1 i 1.5 29 . 184 1,227
Simazine _ - - - 5 3.8 58 ' 3 7.9
+ 5 2.0 a7 1 : 5.0

EXPERIMENT 2

Néggtivg control - - _ 5.5 100 2.5 4.5
- : ' 5.2 100 2 3.8
Simazine - - : 5 7.0 121 7 10.0

+ 5 7.0 C 138 4 $.7
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Table 113

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - TRIFLURALIN

Fercent Survivors Mitotic Recombinants
Metabolic Concentration Cells/ml Percent of per ml per 10°
Compound Activation ‘w/v or v/v) (x 10~7) Control {x 10-%) Survivors

EXPERIMENT 1

Negative control - 7.5 100 1.5 2.0
+ 6.0 100 4 6.7
Trifluralin - 5 © 8.4 112 5 5.9
+ 5 6.0 100 2 - 3.3
EXPERIMENT 2
Negative control - - 6.3 100 1.5 2.4
+ 7.4 ico 3.5 4.7
Positive control, - 0.1 3.8 60 1,945 2,750
1,2,3,4-diepoxybutane
+ 0.1 5.2 70 903 1,737
Trifluralin - 5 8.7 138 7 8.0

+ 5 8.4 114 3 3.6
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Pesticide

Table 114

IN VITRO MUTAGENESIS WITH SALMONELLA TYPHIMURIUM

SUMMARY DATA FOR EPA PESTICIDES
Positive Response, 4. Nogative Response, -

TALOO

TAL52S TAIS3? TA1538

- Metébolic . Metabolic
Activation Activation

- Metabollc 4 Metabolic - Metsbollc . Metabolic - Metabolic . Metabolic
Activation Activation Activation Altivation Activation Activatioa

o

Mopserotophos
Bromacil
Cacodylic Acid
Captan
Chlorpyrifos
Dinaseh

D&MA

Fenthion

Folpet
Atinpbon-methyl
Malathion
Methomyl
Mohuron

M3MA

Parathion
Parathion-methyl
Quintozene (POIB)

Fhorate

Simazine

Trifiurslin’

1



APPENDIX A

MUTAGENESIS STUDIES OF PESTICIDE COMPOUNDS
MOUSE HERITABLE TRANSLOCATION TEST

CAPTAN
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SUMMARY

SRI conducted a heritable translocation study of Captan in mice to
investigate whether heritable mutagenic events occur when the compound

is ingested repeatedly over an extended period,

For 8 weeks, adult male mice were administered Captayn in their diet;
60 mice received 2500 ppm, and 61 received 5000 ppm. A countrol zroup
of 60 adult male mice received an untreated diet during this time.

A positive contrel group containing 66 adult male mice was treated as

T

a control group for 4 weeks and then received the known mutagen tri-
ethylenemelamine (TEM) in the drinking water for 4 weeks. After
treatment, all males were bred with two virgin females each to produce
an Fl generation, the males of which were raised to maturity. Selected
(200 per group) F1 males were bred to three virgin females each, and
presumptive translocates were rebred to three additiomal females each.
A third breeding was conducted with selected nonbreeder and/or presump-

tive males.

Evaluation of the data on fertility, breeding, and litter size
distribution for Fo and F1 generations does not suggest the presence
of translocatlion heterozygotes in control or Captan-trea’ed male mice.
Data on dead implants and rebrecding did, however, suggest the presence

of translocation heterozygotes in the group treated with 5000 ppm Captan.

Meiotic cell preparations of the testes of the presumptive males
were evaluated cytogenetically. Normal meiotic chromosomes were found
in the following numbers of Fl males derived from the group specified:

8 of 8 controls, 8 of B from the 2500 ppm Captan group, B from the

5000 ppm Captan group, and 2 of 2 from the 5000 ppm Captan-treated group
derived from traumatized Fo females. Five of 5 TEM-treated Fl males
and 1 of 8 from the 5000 ppm Capran-treated males showed reciprocal

translocations.
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The results of this study show that under the experimental procedures
employed, Captanm at 5000 ppm in the diet of male mice for 8 consecutive

weeks can produce a heritable mutagenic event in F. generation male mice,

1
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1INTRODUCTION

The EPA 1s reviewing and evaluating the health hazard of pesticides
and of substitute candidate pesticides according to avallable data.
Additionally, the Agency is obtaining supplemental laboratbry data.

The objective 1s to enabhle the EPA to select those tchemicals that are
minimally hazardous when used according to labeling restrictions. SRI
‘s participatiug in this Substitute Chemical Program by investigating
the mutagenic potential of selected materials by in vitro and in vive

procedures.

Captan has been shown to respond in a positive manner in Salmonella
eyphimurium, Escherichia coli WP2, Saccharomyces cerevisiae, E. coli
{relative toxicity), Bacillus subtilis, WI-38 unscheduled DNA synthesis

(UDS) with metabolic activation, and Drosophila melanogaster experiments.

It was not positive in a mouse dominant-lethal test. Based on positive
responses in both Tier I (in vitro test) and Tier II {(Dreoscphila)
mutagenic studles, 1§ was recommended that a heritable translocation
test (Tier II1) in the mouse be conducted to further assess the mutagenic

petential of Captan.

In this study, young adult male ICR/SIﬁ mice frem a c¢losed, random-
bred colony were administered Captan in the diet for 8 weeks, After
treatment, each male was mated to two viigin females to proeduca an Fl
generation, the males uf which were raised te maturity and bred to three
virgin females ecaci. Pregnant females were evaluated against pre-
determined selection criteria for identification of suspect F1 males,
which were rebred and evaluated again. Presumptive F1 males were

examined cytogenetically.

Through this procedure,'a heritable mutagenic response can be
detected. Potential mutagenlic effects were identified by examination

‘of fetuses during the middle to later stages of gestation. ‘Cytogeuetic
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examinations were made of meiotic cell preparations of the testes from

suspect males for confiuw~tion of findings obtained from the breeding
studies.,
Reported here are the results of the heritable iranslocaticn

study of Captan.
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MOUSE HEKITABLE TRANSLOCAT!ON TEST

Backzround

Ruman populations frequently are exposed to man-made chemicals,
often at barely detectable levels, for extended periods. To evaluate
the genetic hazards of such chemicals, a prudent approach is to study
them in mammal’an systems so as to maximize detection of a mutagenic
tesponse. The study reported here was such an investigation of Captan

for its potential to produce heritable genetic defects.

Chemical induction of .uromosomal abervations in the mcuse is a
valuable and important experimental aid in understanding the many
genetic defects due to chromosomal anomalies fin humans. To date,
mammalian evaluations of cnemically induced chromosomal aberrations
have been attempted with the dominant-lethal test and cytogenetic studies
of somatic and germinal cells. Although these procedures can provide
useful information, they do not measure heritable genetic effects, the
most important mutagenic occurrences that are permanent and transmissible.
A need exists for a method to reliably identify compounds that cause
heritable chromosomal aburrations in mammalian systems., The mouse

translocation procedure appears tc be such a system.

A well-defined translocation test will demonstrate the fertility

males treated with a test agent.

of an F. male population devived from F

1 ¢
Confirmztion of a nonbreeder, sterile, or partlally sterile response

can be obtained by ¢ytological examination of the germ cells from suspected
males. Sterility and partial sterility are closely correlated with the

induction of translocation heterozygotes.

The procedure u#ed in conducting this transiocation test was based
on experimental techniques described by Leonard and DeKnudt,! Cattanach

3 and Generoso." We modified this approach,

et al.,2 Falconer et al ,
in consultation with government and industry scientists actively

engaged Iin mutagenesils reseavch.
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Materials and\Hethods

Animals

Male and female ICR/SIM mice wefe purchased from Simonsen Laboratori.s.
Gilroy, California. Tke Fo'males were 8 to 10 weeks old. The femalcs
used in the breeding phases were 10- to 12-week-0ld virgin stock.

Chemical Supply

A supply of Captan sufficient for all aspects ¢’ thé experimental_-
brogram was received from Battelle Columbus Laboratory and EPA-RTP.
Lot number S8X-640, Chevron Chemical Company, was uséd for all treatment
pericds. The excess material has been placed in storage in case it is

needed for future reference.

Desage Selection and Compound Administration

SRI and EPA staff selected the two dosage levels of Captan to
be used in this experimental program. For 8 weeks, Captfan was fed in
ti diet at 2500 x.d 5000 ppm. ' '

An appropriate amount of Captan was dissolved and/or suspended in
corn oil. Then the compound-oil concentrate was added at a level of
3% to a finely ground commercial diet (Purina} of kuown composition.
The use of corn oil assured even distribution of Captan and preventéd
its stratification in an otherwise dry diet. Diets prepared at 2-week
intervals were refrigevated at 4°C until fed to the animais. The diet

-was replaced in the fred contailners twice weekly to minimize the
possibility of cqmpound loss. Body weights and food consumpt fon were

recorded weekly during the 8-week exposure perfod,

Reference Control

Males in the reference control zroup were fed the Purina diet with
only corn oil added at a level of 3%. These mice were treated in the’
- same manner as those in the compound test groups. Bady welghts were

‘recorded weekly, as was food consumption.
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Positive Control

For the positive contrel group, the known mutagen triethylwnemelamine
(TEM) was administered in the driunking wate:r at 0.32 mg/liter far 2 weeks
and then at 0.124 mg/liter for ? weeks. TEM treatmen' was Iin’tiated after
the males had been on the contrel diet for 4 wecks. 3ody welights and
food consumption were recorded weekly. TEM is one of the chemical
mutagens thet have the demonstrated effect o. inducing translocations in

the Fl progeny of FO treated males.

Genetic Tests

f After 8 weeks of treatment, the mal.= in each treatment group were
matéd to two adult wvirgin females each. Af er 1 we.k, each female was
housed ind¥-idually ¢nd allowed to deliver its littur. The FO males
were discarded. All litters were raised to weaning age, at which time
the females were discarded. The F, males were raised to maturity. At

méturity {10 to 12 weeks of age)}, 200 F. males from esch experimental

1
group. were selected randomly amd housed individually.

Three adult virgin females wvere housed with each Fl male for‘the
first breeding. They were examined dajly for the presence of vaginal
plugs. These females were sacrificed 14 days after mating, and a
uterine analysis wzs performed for determination of the nuuwber of total,
live, and dead implants. Malec bred to females that produczed litters
fitting our criteria for presumptive classification as steril)-, partially
sterile, or nonbreeder were rebred to three new virgin females each.

The same evaluation was made for the second breeding.

Our criteria for presumptive classification of a male as "partially

sterile,” "sterile," or "nonbreeder" are:

# "Parcially Steriie' Male

- If all 3 females are pregnant, each mist have 9 or fewer

Jive implants, with at least 1 having 6 or fewer live implants,

- I{f orly 2 of 3 females are preznant, both must have 9 or

fewer live implants, v th 1 having 6 or fewer live implants.
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- If only } of 3 females is pregnant, this female must have

b or fewer live implants.

e "Sterile" Male

=~ None of 3 females pregnant--previously identified by presence

of vaginal plug.

¢ "Nonbreeder" Male

- None of )} females pregnant--not previously identified by

presence of wvaginal plug.

Any Fl male that did not fit one of these descriptions was
considered "npormal" and was discarded. For each F; male in the control
and compound-treated groups suspected of being a translocate or nonbreeder
after 2 or 3 breedings, a cytogenetic evaluvation was made of meiotlc cell
preparations of its testes. Five males from the positive contrel group

were alsc subjected to cytogenetic evaluation.

Evaluation of Breeding Dara

Fl males were identitied as sterile, partially sterile, or non-
breeders by the methods cutlined above, Individual data were totaled
to give the pumber of observed (presumptive) translocations per treatment
group, using a data basce of 600 to 800 females per group. Also, for an
accurate review of such findings, the FU breeding and litter data were
thoroughly evaluated. The various measured evaluated included percentage
of pregnancies, average litter size, average number of males and [emales,
average number of males with f :males having zero to five or more dead
implants, average number of females having zero to five or more dead
implants, percentage of females with plugs, and percentage of pregnancies

with and without plugs.

Meiotie Cell Cytogenetic Studies

Cytogenctic examinations were made of the testes of 31 Fl mice, with

the two testes from each mouse being examined separately. The procedures
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used for the cytogenétic preparat ous are as follows. CO2 was used

to sacrifice the mice. The testes were removed, weighed, and placed in
an isotonic solution of 2.2% sodium citrate. The tunica of each testis
was punctured to release the tubules, which were then rolled cn a glass
plate to release the cell contents into the isotonic solution. The
resulcing cell suspenéion was centrifuged at 800 rpm for 5 minutes; the
supernatant was removed, and each pellet of éells was resuspended. in

5 ml of 1% sodium citrate hypotoric and held at room temperature for

15 minutes. The cells were centrifuged'again ac 800 rpm for 5 minutes
ahd the supernatant was discarded. The cells were then treated with
Carnoy's fixativé (3 parts methyl alcohol and 1 part glacial acetic
acid) to give a total volume of 5 ml, and immediately centfifuged again
at 800 rpm for 5 minutes. This procedure was performud twice. Then
the cells, suspended in an appropriate amouht of fixative, vere ropped
onto clean, wet microscope slides and allqwed to air~dry. The slides
were stained with 2% buffered Glemsa for 5 minutes. Coverslips were
attached with Permount. The slides were coded to preclude bias on the

part of the scorers.
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RESULTS AND DISCUSSION

General

Table 1 presents the average body welghts for mice in the various
groups. The body weights of the contrsl, TEM, and 2500 ppm Captan
group were within normal limits and cowmparable throughout the experiment,
The 5000 ppm Captan-treated zroup showed a depressed body welght for
5 weeks before demonstrating a recovery trend during Weeks 6 to 8.
This body weight depression appeared to be cue to the inability of the

male mice to acclimate to such a high level of compound in their diet.

Table 2 summarizes the average food consumption by treatment group.
Both Captan-treated groups (2500 and 3000 ppm) showed a lower average
weekly food intake than did the control and TEM-treated groups.

During the week immediately following the l-week F_ generation

0
mating, one animal rack holding suvme females that had been mated with

the mice given 5000 ppm Captan was accidentally tipped and some cages
were spilled onto the fllor, resulting in our inability to identify
which males had been mated with these females. There were, however,

sufflcient numbers of F, gen:ration males from those females that were

1
not traumatized to allow us to randomly select 200 Fl males for use in

subsequent F. generation breedings. In addition, we held all females

1
that had been traumatized by the tipping of the rack and maintained

them throughout the remainder of the study as a separate group. Frum

this se¢parate group we selected 50 F. males (at least one per feriale

1
retained) for use ia the Fl generation breedings and evaluations,

FC Generation

Information on the breeding performance, litter size, sex distribu-

tion, and c¢linical effects of cthe F_ generation should he included in

0
the evaluation of translocation data, hecause it may provide valuable

reference data.
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Table 3 summarizes the breeding and litter performanice of the FO
generation. HNo adverse effects were ovhbserved in the control and 2500
ppm Captan groups. The two 5000 ppm Captan group: showed a reduced
pregnancy rate; the rate for the traumntized females was 29% below that
of the controls. Litter sizes for the 5000 ppm groups'wcfe slightly
below control values. As expected, the TEM group had a reduced pregnancy

rate and a litter size 477 below the zontrod lovel,

Table 4 presents litter-size distributions of live young from the
Fo generation mating. Although the distribution pactterns for the control
and Captan~treated animals were within normal ranges for our strain of
mouse, there was evident a definite patcern of decreasing litter size
and increasing variance and standard <deviations between the different
experimental groups. As expected, the TEM-treated animals showed the
classic shift toward smaller litters. Figure 1 graphically presents

the data on the F, generation litter-size distribution.

¢

21 Generation

Table 5 summarizes breeding data from the first mating of the F1
generation male mice. In the females mated with TEM males and with
males from the 5000 ppm Captan group of traumatized F0 mothers, there
were 10% fewer females with mating plugs and an increased percentage
of nonpregnant females in comparison witi con.vol values; alse, these
two male groups had an increased percentage of males with no pregnant
females. Results from males fn the 2500 and 5000 ppm Captan groups
were within normal limits for this strain of mouse and comparable with

valu~r rrom control males. .

Litter-size distributions of live implants derived from the first
mating of Fl generation males are presented in Table 6. Responses of
control and Captan groups were within normal limits and readily
comparable. The TEM group showed approximately a 13% reduction in
litter size. Mean litter sizes were 11,72 for the control group,
11.73 for the 2500 ppm Captan group, 11.56 for the 5000 ppm Captan
group, 11.88 for the 5000 ppm (traumatized FO female) group, and
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10.24 for the TEM-treated group, Thé daca on the Fl generation litter-
size distribution are presented graphically in Figure 2,

Tables 7 and 8 summarize the data on dead implants per F1 male
and dead implants per female, respectively. The 2500 and 5000 ppm
Captan groups chowed a slight increase in total dead implants for both
rales and feriales at the 4, 5, and >5.levels when compared with controls.
TEM aninals showed siguificant increases in dead implants for bpth males

. and females.

Table 9 summarizes the breeding results by treatment of “hose Fl
males classified as presumprive sterile, partially sterile, or non-
breeders after three breedings. Table 10 identifies these Fl nales

individually by number and creatment.

Details of tﬁe breeding and rebreeding.data for presumptive Fl
males are presented in Table 1I. In the reference coutrol group, 24
of the 200 males were considered as presumptive translocates. When '
rebreé, 12 maies remained in this classification. A third mating of
selected questionanie and/or nonbreeder males reduced the number of
presumptive males to eight: 1 nonbreeder, 1 presumptive sterite, and

6 partially sterile (3 of which were questionable partially sterile)}.

For the TEM group, 83 of 200 F1
mutants after the first breeding. When rebred, 53 still met the original

males were ldentified as presumptive

criteria. A third breeding reduced this number to 49; & continued to
be nonbreeders, 14 were presumptive sterile, and 31 were partially sterile

{6 of which were quéstionable partially sterile).

In the 2500 ppm Captan group. 30 of 200 F1 males were identified
as presumptive mutants after the first breeding. When rebred, 11
still met the criteria:- 5 were nonbreeders, 1 was a presumptive
sterils, and 2 were partially sterile (1 of which was questionable

partially sterile).

The 5000 p; Captan group alsc had 30 of 200 F1 males idencified
as presumptive mutants after the first breeding. The second mating

reduced this number to 9. -After a third breeding, 8 males still met the

£ 183



original criteria: 2 were nonbreeders, 1 was a presumptive sterile,

and 5 were partially sterile.

For the group of Fi males derived from traumatized Fo females

and males treated with 5000 ppm Captan, 12 of 50 F1 males were identified
as presumptive mutants after the first mating. A second breeding
reduced this number to 4 and a third breeding further reduced to 2 the

number of F. males that still met the original criterla; both were

1
partially sterile, with one of them being questionable partial}y sterile,

The data on the Fo and Fl generations' fercility, breeding:land
liFter-size distribution as well as the data on the Fl generation's
dead implants and rebreeding show that Captan tends to induce dose~
telated effects on the reprcductive performance of male mice. The data
also suggest the presence of translocation heterozygotes in the 5000 ppw

Captan group.

Review of the data on dead implants, breeding, and rebreeding for
the F1 generation of the TEM-treated group showed, as expected, tha
i potential for the presence of translocation hetervozygotes in 24.5%
of the F1 males.

Cytogenetic Studies

Table 12 presents the findings from the cytogenetic evaluation of
meiotic cell preparations from Fl males in che Captan groups characterized
as nonbreeder, presumptive sterile, or partially sterile. Also, eight

contfol males and 5 of 49 TEM males were evaluated.

Whenever possible, 25 spermatocytes per testis were scored. The
slides were decoded only after all scoring was completed. The results

are summarized as follows:

.

¢ All eight uvales examined in the concrol group were ¢yto-
genetically normal.

e The five TEM males all showed positive reciprocal tramslocations.

o All eight males in the 2500 ppm Captan group were cyto=-
genetically normal.

® Seven males in the 5000 ppm Captan group were cytogenetically
normal; however, the eighth male (No. 657) showed as a
positive reciprocal translocation.
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& The two males examined in the 5000 ppm Captan group derived
fronatraumatized FO females were cytogenetically ncrmal.

Discussion'

Increased use of ihe translocation procedure has revealed that a
meaningful relacionshlp exists between the incidence of dead implants
in Fl matings and the occurrence of a heritable translocation event.
Frevious experiments at SRI uand at Oak Ridge National Laboratories have
demonstrated this correlation, The followling naragraphs discuss

cccurrences of dead implants in this study.

When females had a total implant count of less than six or when
all their implants were identified as dead, we generally considered
this to be a result of first breeding or of some factor other than
compcund treatment (such as background incidence) and excluded those

females from this evaluation. Tables 13 through 17 present the total,

dead, and live implantation data for suspect translocates of the control,

the TEM group, and the three Captan groups.

The control group {Table i3) showed a normal implant distribution,

with the exception of one F. mal: (No. 122) for whom the number of

1
!

implants was high. In the TEM group (Table 14), the expected increase

in dead implants and the rcsultant decrease in live implants occurred,

although the numbers of total implants were generally normal. This

pattern occurred during all breeding periods.
1

The 2500 ppm Captan group (Tzble 15) contained seﬁen males in
the first breeding with females having high dead implant counts but
normal live litter size, according to the criteria. Also, 3 males
showed high dead implant counts during the first breeding, with live
implant counts fitting the criteria for partially sterile males. This
increase in dead implant occurrence was not repeated In subsequent
breeding, and all F

phases,

1 males were classified as normal after the breeding
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"~ Five Fl
increase In dead implants during the first breeding. In the rebreeding

males in the 5000 ppm Captan.group (Table.lﬁ) showed an

of these malex, only male No. 657 continued to show the increase in
dead inplarits and the resultant decrease in live implaﬁts. All ocher
Fl males in thiz group had a ﬁormal distribution of dead and live
implants for all breedings.
Table 17 presents the implant data for F1 males derived from
_traumatized females in the 5000 ppm Captan group. With the exception
of an occasional female showing an increase in dead implants, the

distcribution of total, dead, and live implants was no;mal.

The numbers of total implantaticns were generally within normal
limits for all experimental groups in all breedings. '
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Table 1

AVERAGE BODY WEIGHTS IN GRAMS FOR MICE RECEIVING

VARIOUS LEVELS OF CAPTAN IN THEIR DIETS

Week of
Test Control JTEM_
Initial 33.8 33.4
1 32.5 32.9
2 33.7 34.6
3 34.8 35.4
4 34.6 35.8
S 34.8 35.9
) 37.3 38.1
7 3.7 38.9
8 39,2 39.8

188

Dietary Levels

of Captan

{ppm diet)
2500 5000
33.8 23.6
33.3 31.8
33.7 31.4
g4 32.1
34.4 1.4
36.0 33.0
37.5 35.3
39.3 35.8
38.9 36.9



Table 2
AVERAGE FOOD CONSUMPTION FOR MIVE RECEIVING

VARIOUS LEVELS OF CAPTAN IN THEIR DIETS
(Grams of Food Consumed/Mouse/Day)

Dietary Levels

' of Captan

Week of _ _{(ppn diet)

fest Control TEM 2500 5000
1 4.01 4.05 3.7 3.25
2 4,82 5.00 4,72 4,38
3 4.91 5,08 4.90 4.40
I 5.28 5,33 4.93 4.45
5 5.08 5.55 5.44 4,55
6 5.36 5.56 4.95 4.75
7 5.81 6.14 5.63 5.27
8 5.55 5.74 5.13 4,83
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Tabie 3

TRANSLOCATION STUDY OF CAPTAN
Fo GENERATION MICE
SUMMARY OF BRECDING AND LITTER DATA

Parameter Control IEM 2500 ppm 5000 ppm 5000 ppm?

Nunber of F, males 60 66 60 31 30
Number of Fo females 120 132 119 61 59
Number pregnant 33 77 91 - 38 33
Percent pregnant 77.5 58.3 76.5 62.3 55.9
Number of nonbreeder males 8 19 8 5 =
Percent nonbreeders 13.3 28.8 13.% 16.1 -
Average live litter size 12.30 6.55 12.16 11.68 11.33
Average number of males weaned/litter 5.84 3.26 5.68 6.29 I 5.25

r

aGrﬂup of females accidentally tipped off rack following 1 week of mating with :900 ppm-trested
mates. These traumatized Ffemales, and their offspring, moct of which could not e fdentified

back to a particular Fgp male, were considered as a separate group for the rzmainder o. une
studv,



Table 4

_ TkANSLOCATION STUDY OF CAPTAN
MOUSE LITTER-SIZE DISTKIBUTION OF LIVE YOUNG
DERIVED FROM F, GENERATION ADULTS

Captan
Litter ' (ppm diet)
Size Control - TEM 2500 5000 50007
1 0 1 0 0 0
2 o 2 0 1 0
3 0 3 0 0 )
4 0 8 0 o 1
5 0 10 1 0 o
6 0 15 2 1 1
7 1 12 0 0 1
8 2 8 3 0 0
9 9 8 3 1 3
10 6 2 8 6 3
11 8 3 9 s b
12 18 1 26 8 5
13 22 0 20 9 8
14 18 1 10 6 1
15 6 0 6 1 3
16 3 0 3 0 0
17 0 0 2 0 o
18 0 0 0 0 0
Mean () & 12.30 6.55 12.16  11.68  11.33
Variance - - :
() 3.89 5.84 4.97 5.73 - 6.09
Standard

Deviation .  1.97 C 2,42 2,23 2,39 2.47
(o) - -

&rraumatized Fo females.
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Table §
TRANSLOCATION STUDY OF CAPTAN

F, GENERATION MICE
SUMMARY OF BREEDING DATA--FIRST BREEDING

Captan {(ppm)

Parameter Control TEM 2500 5000 50008
Number of F1 males 200 200 200 200 50
Number of females 600 600 600 600 150
Number of mating pluga 450 376 442 439 93
Percent mating plugs 75 63 T4 73 63
Number pregnant 492 383 472 477 112
Percent pregnant 82 64 79 80 73
Number pregnant with plug 434 326 419 413 94
Percent pregnant with plug 88 85 89 87 B4
Number pregnant without plug 58 57 53 64 18
Percent pregnart without plug 12 15 11 13 16
Number not pregnant 108 217 i28 123 38
Percent not pregnant 18 36 21 20 25
Number not pregnant with plug 16 50 23 26 1
Percent not pregnant with plug 15 23 18 21 3
Mazles with no pregnant females 13 39 14 9 7
Percent males with no pregnant females 6.5 19.5 7.0 4.5 14.0

2 Praumetized F, females.



Table 6

TRANSLOCATION STUDY OF CAPTAN
MOUSE LITTER SIZE DISTRIBUTION OF LIVE YOUNG
DERIVED FROM F) GENERATION ADULTS--FIRST BREEDING

Litter ' . Captan (ppm)
Size Control TEM 2500 5000 50008
1 5 & 4 3 0
2 4 9 0 3 0
3 2 12 5 1 0
4 4 17 6 5 1
5 5 21 4 6 1
6 8 1 5 8 4
7 7 8 6 1 3
8 14 17 13 19 4
9 35 25 35 17 2
10 37 B | a0 53 16
11 73 53 77 77 14
12 80 61 75 85 15
13 89 52 87 93 17
14 72 27 54 55 14
15 - 32 21 36 19 13
16 16 8 14 1 5
17 7 1 7 7 1
18 1 1 2 3 0
19 0 1 0 0 0
20 0 0 1 0 0
Mean (u) 11,72 10.24 11.73 11.56 11.88
gy 8.1% 13.59 8.68  7.40 7.20
Standard ' ' )
!z;;riation 2.85 3.69 2:95 - 2,72 2.68

Arreumatized Fp females.
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Table 7

TRANSLOCATION STUDY OF CAPTAN
SUMMARY OF DEAD IMPLANTS PER F} MALE

Number of Males

with Females Having Control TEM 2500
0 Dead implants 68 a7 69
1 Dead implant 54 36 44
2 Dead {mplants 30 25 31
3 Dead implants i8 16 13
4 Dead implants 9 18
5 Dead implants 2 6

> 5 Dead implants k¥ 7

a'l'ram'nal:i.zed F, females.
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Tchle B

TRANSLOCATION STUDY OF CAPTAN
SUMMARY OF DPE:D TuiPLANTS PER FEMALE

Number of Dead

Implants/Female Control TEM

o 320 182
1 109 83
2 39 35
3. 18 16
4 51
5 1
> 5 3 45

Total Pregnant
Females 492 383

®traumatized F, female.
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Capten_ (ppm)

2500 5000 50002
- 295 284 79
113 130 23
37 &l 9
16 9 0
7 3 0
2 2. 0
8 1
472 477 112
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Taeble 9

" TRANSLOCATION STUDY OF CAPTAN
SUMMARY OF PRESUMPTIVE TRANSLOCATION F; MALES AFTER THREE BREEDINGS

Captan {ppm) _

Control TEM 2500 5000 500048
Total number of F] males 200 200 200 200 50
Number of nonbreeder males 1 4 5 2 0
Number of presumptive sterile males 1 L4 1 1 0
Number of partially sterile males 6({37) 31(6?7) 2{17) 5 21

&Traumatized Fo females



TRANSLOCATION STUDY OF CAPTAN

Table 10

INDIVIDUAL IDENTIFICATION OF PRESUMPTIVE F) MALES

Treatment

AFTER THRREE BREEDINGS

Partially
Sterile

Presumptive
Sterile

Nonbreeder

Control

TEM

162

65
1227
1647
189
150

215
216
232
2357
238
245
262
264
269
280
281
290
292
299?
300
s
315
377
344
345
350
359
3607
361
371
375
376
388
330
3997
45007

(Continued)

199

i2

202
231
251
256
268
273
288
317
32t
326
339
343
369
j8g9

220

220
241
391
396



Tsble 10

{Concluded)
Partially Pre.sumpt'lve
Ireatment Sterile Sterile Nonbreeder
Captan . 4807 474 449
2500 ppm 526 . 479
. 496
523
: . 583
Captan 635 736. 634
5000 ppm 657 733
. 760
779
780
Captan : 805
5000 ppm? 8377

®fraumatized Fo females,

T 200



Table 11

TRANSLOCATION STUDY OF CATTAN
BREEDING AND REBREEDING SUMMARY OF ERESUMPTIVE Fy MALES

(Live Implants Only)

F Third
Mate First Breeding Second Breeding Breeding
Treatment _ No. (3 Females) {3 Femsles) _£3 Females)
Control 11 ~xE - 13 s  ast
16 - - {13) - - - - - ~
17 - - - - - - - - -
24 - - - o* 11 -
9 9 o - 0 - - 12 i1 11
43 - - - - - - 10 - ~
; 50 4 7 6 12 11 12
{ 59 o - - 10 9 -
: 65 4 0 5 3 6 2
67 - - - 14 11 -
72 ~ - - 0 - - - - -
86 - - - (12) - -
102 - (n 9 5 16 12 12 4
122 2 13 -7 ? 14
129 - - - . - 14 - -
139 - - - 14 - -
144 - - - 9 10 -
152 3 9 9 10 8 13
164 - - - - - (N - - -
179 - - - 10 - -
189 o H 0 0 0 o 6 1 0
190 1 4 6 1 0 0 o 1 1
192 ? {14) - 12 11 -
200 - - - 12 - .
Totals 24 12 8
TEM 202 0 0 0 o 0 0
215 - - " 7 4 -
216 - - (&) - - -
220 - - - - - - -
: 226 - - - 12 2 -
' 227 o [A 2 12 4 8
. 228 - (% - 14 12 11
: 229 1 0 9 14 14 13
230 - - - 11 10 -
{Continued}

*

"O" indicates a plug was observed for a female that was not pregnant.
Yok

" {ndicates a plug was not detected and the female was not pregnant.

1'"()" tndicates all implants were in early stages of develepment and impossible
to determine if they were live or dead upon gross observation.
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Table 11
{Continued)

Fi Third
vale First Breeding Second Breeding Breeding
Treatment No., (3 Females) (3 Females) (3 Femzles)

1

TEM M
232
233
235
!
238
239
24l
244
245
251
253
254
256
258
262
264
267
268
269
270
273
280
281
283
286
288
290
292
294
299
300
oz
4
15
17
jis
321
322
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{Continued)

*
"0" indicates a plug was observed for a female that was not pregnant.
o
"." indicates a plug was not detected and the female was not pregnant.

+"( }"* indicates all implants were in early stages of development aud impossible
to determine if tney were live or dead upon gross observation.

**"GD" irdicates female was pregnant but had no live implants,
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Table 11
(Continued)

F1 Third
Male First Breeding Second Breeding Breeding
Treatment No. {? Females) {3 Fepales) _ {3 Fem.ltes)

*

*
*

TEM . 326
327
333
334
339
343 .
344
345
346
349
350
155
156
359
360
361
363
367
369
371
372 Q1
375 -
376 -
1:) R
382 a
385
387
388
389
390
391
396
397
199
400

" Totals
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(Continued)

* . . T .

0" indicates a plug was observed for a female that was not pregnant.
"k : L

"." f{ndicates a plug was not detected and the female was not pregnant.

*"( )" indicates all implants were in early stages of development and impossible
to determine {f they were live or dead upon gross observation.

*h'Gﬁ" indicates female was pregnant but had no live implants,
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Table 11
{Continued)
Fi Th 1d
Male First Breeding Second Breeding Treedicg
Treatment 1>, (3 Females) {3 Females) X3 kemales)
Captan 430 . ' - 12 8 12
2500 ppa 432 4 (an 9 11 10 12
436 4 5 8 11 12 13
449 e - - - - - - - -
450 0 1 14 10 13 13
451 7 0 - 0 0 10
452 9 10 10 13 i1 13
455 - - - [ {¢] 12 11
- 461 - - - 13 11 g
. 469 - - - - - 11
472 8 10 9 o 11 10
474 - - - 0 - - - -
: 479 - - - - - - - -
{ 480 {3) 1] - an 8 2 - -
484 &4 14 11 11 0 12
489 11 12 & 9 11 14
496 - - - - - - - - -
518 - - - O 11 13
523 - - - - - - - - -
526 7 3 (@) 0 5 ] 2 1 o
528 0 - - 14 - -
S&46 - - - - - 9 13 -
561 - - - - - - 18 11
568 8 {9 {13 9 11 8
569 - - - 11 - 10
582 - - 8 13 7
583 - - - - - - - -
585 9 10 12 12 13 13
=88 - - {12) 9 - - i1 - -
590 a 0 g 1] 11 12
Total: 30 11 1]
Captan 601 - (1) (8) 11 2 -
5000 ppm 604 ? 9 9 g 10 14
620 8 - - 9 - -
622 . - (9 0 12 -
626 - - - (12) 12 +4
627 8 ] B 10 6 ®
634 - - - - - -
625 - - - - @ - - - -
{Continied)
*

"O" indicates & plug was observed for a femzle that was not pregnant.
""" indicates a plug was not detected zad the female was not pregnant.

"¢ )" indicates all implants were ir 2arly stages of development and impas iMte
to determine if they were live or dead upon gross observation,

" "®" iniicaies female was pregnant but had ne live implants.
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Table 11

{Concluded)
F1 oo Third
. Male . Firsc Breeding Second Breeding Breeding

Treatment No. {3 Females) . (3 Females) {3 Females)
Captan 638 0 6** 6 i 12 11
5000 ppm -~ 646 10 - - 11 13 9

653 o* ant - 14 13 10

557 2 3 1 2 1 4

560 0 10 - 8 14 9 12

668 - - 6 9 12 12

671 - - - 14 11 L=

672 - - - - - 14

619 6 0 8 7 12 3

722 - - - - - - 12 - -

132 4 - 12 -

733 - - - - - - -

734 - - 11 12

736 - - - - - - 0 - -

743 o - {15) 14 10 10

760 7 5 .8 1 L 0

761 9 - - 5 - 13 11

765 g 10 - 12 11 9

767 10 - - 12 13 12

769 8 0 (12) 12 13 10

778 2 0 1 o 4 -

780 4 1 5 0 2 &

Totals an . 9 8
Cepten _ 805 - - - - T . 2 - - -
5000 ppm 806 - - - 12 14 10

' 815 6 g 7 13 i1 10

816 S ¢ 1¢) (11} 9 - -

517 - - - 7 0 = 1 2 13

818 10 6 - 11 8 12

822 - - - 6 - - 10 12 12

B23 - - - 13 - -

837 - - - 7 - - - - -

841 - - ~ 13 10 -

B4 5 - - 10 12 12

847 {14) hd - 10 10 14

Totals : 12 S _ 2

*Traumatized Fo females.

#* - .
0" indicates a plug was observed for a female that was not pregnant,

"." {ndicates a plug was not detected and the. female was not pregnant.

*"()" indicates all implants were in early stages of development and impossible

to determine if they were tive or dead upon gross observatiou.
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902

Treatment

Control

Captan
2500 ppm

F1
Male Body
No. - Weight (&)
16 64.6
17 58.5
65 38.8
72 68.0
122 48,7
164 55.8
189 49.6
190 &47.5
232 54.6
262 41.4
290 62.6
345 S4.1
sl 50.4
4463 _ 60,2
474 56,5
479 65.1
480 58.7
496 60.9
523 50.7
526 S4.1
583 50.7

Table 12

TRANSLOCATION STUDY OF CAPTAN

Testes

Weight (mg)

265

07
237
232
289

3i4

245
222

276
243
222
294
278

256

175
287
307

242
348
295
297

Classification-Based
Upor Breeding Data

CYTOGENETIC EVALUATION OF F1 MALL MICE

Cytogenetic Clagsification

Partially c¢terile
(questionable)
Nonbreeder
Partially sterile
Presumptive sterile
Partiaslly sterile
(questionable)
Partislly sterile
{questionable)
Partially sterile
Partially sterile

Partially sterile
Partially sterile
Partially sterile
Partially sterile
Partially sterile

Nonbreeder
Presumptive sterile
Nonbreeder
Partially sterile
{questionable)

Noubreeder
Nonbreeder
Partially sterile
Konbreeder

Normal

Normal
Normal
Normal
Normal

Hormal

Normal
Normal

Positive
Positive
Positive
Positive
Positive

Normal
Normal
Normal
Normal

Normal
Normal
Normal
Normal

reciproca.
reciprocal
recipracal
reciprocal
reciprocal

translocation
translocation
translecation
rranslocation
translocation



02

#fraumatized Fo females.

Fy
Male Body
areatment No. Veight (g)
Captan 634 57.1
5000 ppm 635 56.0
657 * 61.0
733 62.2
136 57.9
760 55.9
779 4.8
780 53.0
Captan 805 70.0
500C ppmd 837 56.9

Testes

Veight (mg)

209
312
237
256
£56
298
224
295

268
303

Table 12
(Concluded)

Classification-Based
Upon Breedi{ng Date

Cytogeretic Classification

Nonbreeder
Partially sterile
Partially sterile
Nonbreeder
Presumptive sterile
Partially sterile
Partially sterile
Partially sterile

Partially sterile
Partially sterile
{(quescionable)

Normal

Normal

Positive reciprocal translocation
Normal '

Mormal

Kormal

Normal

Normal

Normal
Normal



Table 13

TRANSLOCATION STUDY OF CAPTAN

IMPLANTATION SUMMARY OF PRESUMPTIVE Fl HALES

X i Control Group
F, Male Female " Total Dead Live

usber Humber Implantstions Implantations Implancations Initial Classification

Ll

Fivsc "1l 1 - - -
bre«ding 1 - - - Honbreeder
. 1 - - -
L3 | - S . - Partially sterile
3 - - (questfonable)’
3 (1t ? (i '
17 1 - - -
. 2 - - Ronbyeeder
3 -
24 1 - - - .
2 - . Honbreeder
3 - - -
39 1 9, 0 9
2 0 0 1] Norwal
3 - - -
43 B - . .
4 - - Nonbreeder
3 - . 4
50 i b 0 [3 : .
2 g 1 H Partially sterile
3 ? 1 )
59 1 ] 4] 0
2 - - - Presumpt ive sterile
3. - - - .
65 1 5 1 4 :
2 0 34 o Parcially sterile
-3 5 1] 5 )
67 1 - - - )
2 - - Nonbreeder
. 3 - -
2 1 - - . - .
2 - - - Nonbreeder
3 - - -
86 1 - - - .
2 - - - Nonbreeder
3 - _ o
102 | I - - - Fartially sterile
2 - - - + {questionable)
3 1) ? (Y
122 1 1% 10 6
2 o 2 2 Normal
3 13 o 13

b . N
" indicates 2 plug was observed for & female that was not pregnant,
o : . :
"." jndicates a plug was not detected and the female was not pregnant.
"()" indicates all implants were in early stages of development, and thus difficult to

determine if they were live or dead upon gross observatien.
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Table 13 {Continued)

TRANGUDCATION STUDY OF CAPTAR
IMPLANTATION SUMMARY OF PRESUMPTIVE Fy HMALES

Centrol Group

¥, Male Female Total Laad . Live
umber Number Implantations Implantations Impiancations JInitial Clasgificacion
Firse 129 1 Rl - -
breeding 2 - - - Honbreeder
{concl.} k] - - -
139 1 - - - R
2 - - - Nonbreeder
3 - . .
144 1 - - -
2 . - - Honbreeder
3
152 1 H & 3
. 2 12 3 9 Partially sterile
! k] 9 0 9
' 164 1 - N .
2 - - - Nonbreeder
3 - - .
179 1 - - -
2 - - - Ronbreeder
3 -
189 1 o* 0 0
2 1 0 1 Partially sterils
3 0 0 1]
190 1 1 0 1
2 4 [ & Partially sterile
3 ] 1] [
192 1 ? 4] -7 Partlally sterile
2 {14y ? {14) {questionable)
] - - .
200 1 - . .
F4 - - - Nonbreeder
3 - -
Final Clagsification
Second 11 1 13 0 13
breeding 2 9 1 ] Hormal
k] {15} ? (1%
16 i - - -
2 - - - Rebredb
3 . . .
17 1 - - -
2 - - - Itebrcdb
3 . - -

*

0" jndicastes a plug wes olserved for a female that was not pregnant.
"

“.* indicres a plug was not detected and the female was not pregnant.

.’"()" indicates all implants were tn early stages ol deveiopment, and thus dif{icult to
detepnine il they were }ive or dead upon pross observarion.

bScc third breeding for final classilication.
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Table 131 {Continued)}

TRARSLOCATION STUDY OF CAPTAN
TMPLARTAT ION SUMMARY OF PRESIMETIVE F] MALES

Control Group

F, Male Female Total Fead Live
imber HNumber Implantations Impisntations Implantations _Final Classificatlion

Second 24 1 o* (i 0
breading 2 12 1 1t Hormal
(cone.} 3 N - -
» H 0 o o b
2 - - - Retied
3 - - -
(4] ] - - b
2 - - - Rebred
3 - -
50 1 12 o 12
2 il [ 11 Hormal
3 12 0 12
59 1 10 1] 10
2 12 3 9 Normal
3 - - -
&5 1 ] 1] 3
2 [ ] 6 Partially sterile
3 2 L] 2
&7 1 is 1 14
2 11 o 1 NHormal
3 - . -
12 1 Q L 1) b
2 - - - Rebred
3 . - -
as 1 (1234 7 (un >
2 - - - Rebred
3 . - -
102 1 10 1 g
2 ] 13 5 Horoal
3 16 o 16
r22 1 i% ? ?
2 14 ? 7 Hormal
k| 2 8 &
129 1 - - -
2 - - - Robredb
3 - - -
13 1 13 1 14
2 - - - Hormal
3 - - -
144 1 9 0 9
2 10 0 10 Hormal
3 - - -

""0" indicates a plug was observed for a femsle that was pot pregnant,
FEu o tndicates a plug was not detected and the female was not pregnant.

*“()" indicates all implants were {n early stages of development, #nd thus difficule to
determine 1f they were live or dead upon gross chservation.

Ysec third breeding for final classificetion.
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Tabkle 13 (Continved)

"TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F, NALES

Contre,; Crima
F, Male Female Total - Dead Live
Amnber Number JImplantavions Implantattons Implantations _Final Classificationm

Second 152 3 11 1 10
brecding 2 . 8 L1} ] Hormal
{concl.) k] 14 1 13 .
164 3 il - - b
2 - - - Rebred
3 (Mt H {9} '
179 1 11 1 1o
2 . - Hormel
3 - -
189 1 o* 0 0 o
2 0 0 ] Rebred
3 0 0 0
190 1 1 ] 1 b
2 0 1} 0 Rabred
3 o 1] 0
192 1 13 1 12
2 12 1 1l ) Konral
3 - - -
200 1 13 1] 13
2 - - - Hornel
3 - - -
Third 16 i - - - Partially sterile
breeding 2 - - - - {gquestionable}
. 3 . - . .
17 1 - - -
2 . - - Konl . =eder
3 - - ’ - -
» 1 12 0 12
) 2 12 1 1t Hormal
3 11 [ 1
43 1 10 [+] 10
2 - - - Kormal
3 - - - .
12 1 - - - .
-2 - - - Presumptive sterile
3 - - .
86 1 14 ? 12 L
L2 14 2 1z - Kormal
3 5 1 4

® -
*0" indicates a plug was observed For a female that was nor pregnant.
¥ N B

e fndicates a plug was not detected and the female was not pregnant,

*"(]" tadicates all implants were in éarly stages of development, .and thus difficuli to’
determineg if thev were live or dead upon gross observation.

bs«:: third breeding for final classification,
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Table 13 (Concluded)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE Fl MALES

Con”rol GCroup

¥, Male Female Tocal Dead Live
K‘uuber M. aber Implantstions Implantaticns Implantatious Final Clasaificacion

Third 129 1 119 o [ )
breeding 2 R - - Boarmal
{concl.) 3 . - -
164 1 - - Partislly sterile
2 - . {quescionable)
3 - -
189 ] o* o 0
i 2 1 0 |} Parttally sterlle
3 - - -
190 1 o o 0
2 ) a 1 Fartially sterile
3 : 0 )

*
0" tadicates & plog was observed for a fumale that was not pregnant.

dnlr
"-" indtcates a plug was not detected and the female was net pregnant.
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Table 14

TRANSLOCATION STUDY OF CAPTAR
IMPLANTATION SUMMARY OF PRESUMPYIVE Fl MALES

TEM Group
F, Hale Female Toral Dead Live
dhuber Number Implantations JXmplantations Implantations lInitial Classification

¥

First 202 1 0 [ o
breeding 2 Q 0 0 Presumptive stegile

3 0 0 L]

215 i o - -
2 - - Konbreeder
3 - - -

216 1 - - - Partlally srrrile
2 - - - {questicnable)
k] (9* ? {9)

220 1 - - .
2 - - - Ronbreeder
k] - - -

226 1 - - -
2 - - - Nonbreeder
3 - .

227 1 0 0 ]
2 11 ? & Partially sterile
3 11 9 2

228 1 - - - Partially sterile
2 (%) ? (N {questionstie)
3 - - -

229 1 8 1 1
2 1] 2 1] Normal
i 19 1 9

230 1 - - -
2 - - - Honbreeder
3 - - -

221 1 0 0
2 - - - Preaumptive sterile
3 - - -

232 i Vi 9 3
2 9 5 4 Partially sterile
3 10 9 1

3 1 - - -
2 - - ) - Nonbyreeder
k) - - -

235 1 15 7 8
2 11 4 T farcially scecile
3 11 5 &

23; 1 5 0 5
2 o ¥ 3 9 Partially sterile
b} 12 4 ]

= .

"0 indicates A plug was ohseeved for a femake that was not pregoant,
b

T mdicates 4 plug was ot detected and the female was not pre.iaunt.

»
“(3" indicates +lE implants were in early stapes ol development, and thus difficuler to
determine iF they were !ive or dead wpon gross observation,
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Table l& {(Concinsed)

" TRANSLOCATION STUDY AF CAPTAN
INPLANTATION SUMMARY OF PRESUNPTIVE F, MALES

TEM Group
7, Hale Female Total Dead Li.e
Nugoer  Number Implamtations Implantacions Implantations Iuftial Classification
Pirst 238 1 1% " 3
breeding 2 o 0 ] Parcially scerile
{conc.} 3 9 8 13 : )
39 1 Rie - -
2 - - - Honbreeder
. 3 - -
241 t - - -
z - - - Nonbreeder
k! - - - .
244 1 - . -
2 - - - Noubreeder
3 - - .
245 1 6 [} v
2 1) LI 0 Partislly sterile
3 & 3 1 :
251 1 )] 1] 0
2 0 ] [+ Presumptive sterile
3 0 V] o
253 1 12 9 3
2 12 2 10 Hormal
3 - - .
254 1 6 2 4
2. - - - Partially sterile
3 - . -
ot 34 1 o o 0
2 - - - Presumptive sterile
3 - - -
258 1 0 . 0 1]
2 - F - - Presumptive sterile
3 - - - -
262 1 12 [0 2
2 v 12 3 8 Partially sterile
3 A5 {1} 5
264 1 B 5 3
2 g 3 5 Partially sterile
) 3 - . .
267 1 - - - [E
2 - - - Nonbreeder
3 - - -
268 1 - - -
2 - - - Nonbreeder
3 - - -
269 i | - - - -
2 - - - . Nonbreeder
] - ’

- .
0" Lndicates a plug was observed for a cemate that was not pregnamt,

wt ) f
" indicates a plug was not detected and the female was not pregnant.
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Tabile 14 {Continued)

TRANSLOCATION STUDY OF CAPTAN
IHPLANTATION SUMMARY OF FRESUMPTIVE I’I MALES

TEM Group

F, Malg Feaale Total Dead Live
ngbe: Nunber TYeplantations Implantations Imolantatfons Initiel Classificstion
PLest 270 1 o* 0 ]
breeding 2 e - - Presumptive sterlla
(~ont.} 3 - - -
273 ) - - -
2 - - - Honbreeder
3 - . -
280 |3 13 &4 9
: 2 12 5 ? Partially sterile
3 3 1 2
i 281 ] 4 [ o
i 2 12 6 6 Partial:y sterile
! 3 ‘ N N
28) ) 12 3 9
2 1 2 9 Horwal
3 9 1 8
86 13 - -
2 . . Nonbreeder
3 - -
288 1 0 4] L]
2 0 0 0 Presunptive sterile
3 0 0 ]
290 3 9 [ 5
2 14 9 5 Partiatly sterile
3 1l 7 &
292 1 14 a 6
2 10 7 3 Partially pterile
3 0 0 0
2946 1 ] o 8 Fartially aterile
2 (18 ¢ 1 (18) (questionable)
3 11 2 9
299 1 11 3 8
F4 - - - Rormal
3 - - -
30 1 9 3 6 Partialiy sterile
F] {15) t {15) {questionable)
3 - - -
302 1 11 2 9
2 - - - Rormal
a - . -
314 1 - - - -
2 - - - Ronbreeder
3 - - -

*

"0" indicates a plug vas cbserved for a female that was not pregnant,
Ll .

“" indicates a plug was udt detected and the female was not pregnant.

"'(}“ indicates all tmpiants were in early stages of "development, and thus difficult to
determine 1f chey vere live or dead upon gross observation,
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Tabie 14 (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTAT ION SUMCIARY OF PRESUMPTIVE Fl HALES

TEM Group
F, Yale Female Tacal Dead Live
Mumber Nusber Implentations Implantatfons Impisntations Initfal Classification
First 313 1 o 0 L]
breeding 2 3 o 3 Partially sterile
{cont.) 3 1) 1] 0
3z 1 1] 0 0
2 rk - - Presumprive sterile
3 - . -
318 1 9 5 4
2 13 9 & 2artially sterile
3 13 10 3
a 1 0 /] ]
H 0 0 0 Presumptive sterile
3 - - -
b ¥ t 10 1 9
2 - - - Normat
3 . - -
326 1 - -
2 - - - Nonbreedar
k] -
37 1 o 0 [
2 - - - Presumptive sterile
3 -t - -
m 1 [ 0 0
2 11 5 6 Parcially sterile
3 - . -
134 1 . - -
2 - . - Nonbreeder
3 -
kX X3 H o Q )
2 - - - Presumptive aterile
3 - . .
343 1 0 o [1]
2 0 ] 1 Preavmptive aterile
3 [+ o 0
354 H 10 7 + 3
2 12 7 5 Parcially sterile
3 . - -
345 1 14 8 [
2 10 6 4 Partially sterile
3 10 5 5
346 1 - -
2 - - - Honbroeder
3 - . -
)49 1 - - - Partially sterile
2 .- - - {quee:iorable}
3 (12)+ ? (@ 4]

N .
"0" indicates 3 plug was observed for a female that was not pregnant.

-4
".* fndlcates a plug was not detected and the female was not pregnant.

+
"()" tindtcates all {mplants were in early stages of development, and thus difffculc to
deteemine {f they were live or dead vpen gross observation.
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Table 14 {Continued)

C TRANSLUCATION STUDY OF CAPTAN

IMPLANTAT 10N SUMMARY OF PRESUMP1IVE Fy MALES

TEM CGroup

F, Male Female Total Dead Live
¥mber Number Implantstions lmgiantations Implantations Inicial Classification
Firse 150 1 12 8 4 R
breeding Z n 8 3 Parcially sterile
{cont.) 3 8 6 2
55 1 S - .
2 - - - Ronbreeder
3 - - -
356 i - - .
2 - - - Nenbreeder
3 - - -
5% 1 15 6 9
2 12 8 [ Partially sterile
3 16 R 8 -
340 1 {15+ 1 (15) Partially sterile-
2 L - [ {questionable)
3 - - -
61 1. 12 8 4
2 14 10 4 Partially sterile
3 15 2 9
363 1 9 4 . 5 .
: 2 - - - Partially sterile
1 - - -
57 1 - - -
) 2 - - ’ - " Honbreeder
3 - -
369 1 o* 0 0 R
2 - - - Presumpt ive sterile
k] - - -
n 1 10 6 &
2 13 ? 6 Pavtially scerile
3 - - -
in 1 {16) ? (1e). Partially sterile
2 - - - {questionatle)
. 3 - . -
75 ! 14 11 3
2 - - - Partially sterile
3 . - -
374 t 11 7 5
) 2 0 0 o Partially sterile
3 1Q ] 6 .
k-3 1 - - -
2 - - - Honbreeder
3 . . . -

© : - .
*0" indicates a plug was obhscrved for a fenale that was nol pregnant.
*‘."' L : .
" indicates a plug was net detected and the femaic was nel pregnant.

+ : . R
"¢y indicates all implonts were in varly stages of develogment, and thus difficult to
degormine §f they were Llive or dead upon gross rbacyvation.
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Table 14 (Coatinued)

TRANSLCLAL LUN T -OF CAFTAN
IMPLANTATION SUMMARY OF PReJ'MPTIVE F. MALES

1
TEM Grouwp
F, Hsle Female Tot.l bead Live
Nlunb__e;_ Number Implantations Implantations Implantaticont Initlai Classificetion
Firac 382 1 {133+ ? {13} Partially scerile
breeding 2 (1L1) 1 (i1 queationsole)
{roncl.) 3 Ik - -
k1.3 1 9 0 9
2 & 1 5 Parvially sterile
3 (6) ? {6y
87 1 - -
2 - - - Nonbreeder
3 - -
388 1 [ 1Y 11 3
: 2 "* 5 & Parcially sterile
/ 3 o 0 1]
389 1 -
2 - - - Honbreeder
3 - -
90 1 11 ? &
2 12 ] 3 Partially stert?-
3 14 B 5
391 1 - -
2 - - - Nonhreeder
3 - - -
I 1 - - -
2 - - - Konbreeder
3 - - -
97 1 - - - Parcially sterile
2 - - - {questipnable)
3 (14} ? J14)
299 1 11 6 5 Fartially sterile
2 9 3 & {questionable)
3 (1) 1 {11
400 1 12 1o 2 Part:ally sterile
2 9 7 2 {questicnable}
3 (12) ? (12
Final Classification
Second 202 1 0 0 1}
breeding 2 ¢ a L1} Presumptive sterile
3 o 1] 0
215 i il 4 -
2 9 5 & Partislly sterile
3 - - -

*
"0" indicates a plug wa. observed for a female that was not pregnant.
wr
" {ndicates a plug was not detected and the female was not pregnant.

) "‘()" indicates all implenta were La carly stages of development, and thus difficult to
determine if they were live or dead upon groas pbservaclon.
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_ Table 14 (Continued)

: TRANSLOCATION STUDY OF CAPTAR
IMPLANTATTON SUMMARY OF PRESVMPTIVE l"'l MALES

: IEM Group -
FI Male Female Total Dead Live
~ Mumber Humber Jmplantations Implantations Implantationc Final Classification
tecond 216 1 R .- - ) b
breeding 2 - - . Rebred” |
- {cont.} 3 - - . -
: 2:0 - i - -, . b
2 - - - Rabred .
3 - - -
226 X 14 2 12
’ 2 5 3 2 Normal
3 - - .
227 { 12 0 12
4 11 ? 4 Kormal
3 8 [ 8 :
228 1 14 ) 14
2 12 L1} | ¥4 Normal
3 2 1 ]
229 1 15 1 14
2 14 0 14 Wormal
3 13 0 13
230 1 11 0 11
2 10 0 10 Normal
. 3 - - .
231 ) o 0 o
2 o) o 0 Fresumptive sterile
k] 0 0 0
232 1 1? 9 8 )
2 12 10 2 Partially sterile
k] 15 10 5 :
33 1 1" 0 1
. 2 15 1 15 Normal
k] ? 1 6
23 1 11 4 7 )
2 i3 & 7 Normal
) 3 14 1 13
237 1 1l i 19
2 4 4 i Hormal
3 . ] 14
238 1 9 B 1
2 12 10 2 Parcially scerile
3 13 13 [
239 1 12 o 13
2 - - - Notmal
3 - . -
241 - - . -
- - ) - Rebreqb

[

* - ) .
"0" indicates 4 plug was obscerve? for a fepale that was not pregnant.
P
3 :
- yndicates a plug was not detecced and the female was not pregnant.

E'Sre”'t!\ird breeding for final ‘¢lassification.
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47
Table 14 (Continued)

TRARSLOCATION STUDY OF CAPTAN
- IMPLANTAT10H SUMMARY OF PRESUMPTIVE Fl MALES

— TEM Group
F. Male rFemale Total Dead Live
Wustrer Hunber lmplantations Implanktations [Implantations Finsl Classification
Second 2y 1 [ ¥4 F4 10
breeding 2 jh} o 13 Bormal
{conc.) 3 11 0 11
245 1 l* 1] 1
2 0 9 0 Parclally sterile
3 7 &4 3
251 1 /] 0 0
2 [+] 1] ] Presumptive sterile
3 ] 1] ]
253 1 16 2 14
2 11 1 1t Normal
3 i - -
254 1 13 0 13
2 14 L] 14 Hormal
3 11 [ 11
256 1 - - - h
2 - - - Rebred
3 - -
258 1 1 o 13
2 1} o 1} Hormal
3 - - -
262 1 8 3 3
2 12 L 4 Portially sterile
3 10 5 5
264 i 9 9 0
2 11 [3 5 Partially aterile
3 12 3 9
267 1 14 1 13
2 1 1 0 Rormal
3 14 2 12
268 1 - - b
2 - - Rebred
3 - .
269 H 6 0 3
2 7 4] ? Parctially sterlle
3 - - .
210 1 8 0 8 b
2 - - - Rebred
3 - - -
273 1 o 0 [/] b
2 - - - Rebred
3 - - -
280 1 tl 3 8
2 3} 3 B Partially aterile
3 v 5 5

#
"0" indicates & plug was obscrved for a Female that was not pregnant,
a
"o tndicates 2 piug was not detected and the [emale was oot proagnant.

bSee thlcrd brecding for final classification,
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Table 14 {(Continued)

TRANSLOCATION STUDY OF CAPTAN

IMPLANTATION SUMMARY OF PRESUMPTIVE F‘ HALES

i TE: Group
Hale Female Total Dead Live
Nlumber Number Implantations Implantacions JImplantations Finel Classification

Second 251 1 11 ? 4
breeding 2 12 11 H Pavtially scerile
{conk.) 3 10 8 2
283 } 15 0 14
2 o* & 0 Hotmal
3 R R -
206 1 - - - b
2 - Rebred
3 -
288 1 0 1] 0
2 1] 1] 1] Presumptive sterile
3 Q L] 1] .
290 1 13 6 ?
2 8 3 H Partislly sterlle
3 0 0 0
292 1 9 [ 3
2 14 11 3 Partfally sterile
3 11 3 8
294 L Il 1 10
2 12 0 12 Hormal
3 iz 1 11
299 1 14 5 9
2 12 8 4 Hormal
3 12 3 9
300 1 13 5 8 Parcfally scerile
2 9 & 5 (questionable)
3 12 10 2
3oz 1 13 M) 13
2 13 1 12 Normal
3 15 0 15
k1 14 1 7 5 2
2 12 11 1 Partially sterile
3 12 8 4
s 1 0 L] L]
2 O o 0 Parrially sterile
3 ] 0 0
3.7 1 o o o
2 0 0 [ Presumptive sterile
3 - - -
k18] 1 14 5 9
2 9 5 & Normal
3 13 2 11
321 r 0 0 0
? Q o 0 Presumptive sterile
3 - - -

*

"0" indicates a plug was observed for & female that was not pregnaat.
ok

"' jndicates 2 plug was not Jetected and the [emale was not pregnant,

bSee third breeding for final classtficacion.
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Table 14 {Continued)

. TRANSLOCATION STUDY OF CAPTAN
IMPLANT ATION SUMMARY OF PRESUMPTLVE ?l HALES

TEM Group
Male TFemale _Tocal Dead Live
Nlmbu Bumber Implsntations Implantstions Implantations Final Claysificution
Second o2z 1 1 ) 0 131
breeding 2 11 4] 11 Normal
{cont.) 3 - - -
' 126 1 o* ] o : :
) 2 - - - Presumptive srerile
3 - - - '
327 1 13 13 ° .
’ 2 (10} ¢ ? (10) Rebred
3 o - -
i 1 12 2 19
2 o 0 0 Hormal
3 - - -
14 1 - b
2 - Febred
3 -
EE L) 1 0 ] 0
4 ¢ [ o Presumptive sterile
3 0 o 0 :
343 1 0 0 Q
2 0 ] 0 Fresumptive sterlle
3 0 . L] -
364 1 10 5 5
-2 10 6 4 Parcially sterile
k i1 - -6 5
345 1 L] 2 4
2 i2 8 4 Partially sterile
3 [ 1 3
k21 1 i2 o 12
2 12 1 11 Hormal
3 - - -
349 1 10 0 10
4 11 3 a ¥ormal
3 12 2 10
150 1 2 8 0 )
2 1] 1] o Parcially stecile
3 i 9 -1
355 1 13 0 13
2 o 4] 0 barmai
3 - - -
156 1 11 0 11
2 - - - Rormsl
k (15) ? (1%

* .
*0" indicates a plug was observed for & female that was not pregoant,

*
oo indicate! a plug was not detected snd cthe femazle was not pregnant.

"()" indicates all implants were in early stages of development, 2nd thus difficulc to
determine if they were live or dead vpon gross observation.

bSee third b-eeding for Final c-lautl'icaticm,
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Table 14 {Contioved)

TRANSLOCATION STUDY OF CAFTAN
THPLANTATION SIMMARY OF PRESLMPTIVE F, MALES

TEM Cyoup
F, Male Female Total bead * Live
Numbey Mumber Implants:iyns lmplantstions Implantations Final Claseificatton

Second 359 1 14 k] 7
’breeding 2 9 6 3 Partlally scexile
{cont.) 3 16 9 ?
360 i 10 8 2 Partially sterile
2 13 13 0 {quesiionable}
3 B . .
a6l 1 13 10 3
2 il -] 7 Fartially sterile
] ] 8 4]
363 1 14 2 12
2 14 [ 14 Normal
3 - - -
67 1 10 [ 4
4 11 6 5 Rormal
3 11 1] 11
369 1 - - - b
2 - - - Rebred
3 - - -
in 1 10 5 5
: 2 11 ] 5 Factially sterile
3 14 9 5
2 1 1 i e
2 9 0 9 Rormal
3 - - -
ars i 5 [ 5
2 - - . Partially sterile
3 1} 4 7
316 1 1 ] 1
2 - - - Partially sterile
3 [ 3 H
Jat I it L] 11
2 o* 0 0 Kormal
h - - -
B2 | - b
2 - - Rebred
3 - -
3385 ] i L] 10
2 1% 0 12 Hormal
3 ? ] 7
in? ] 15 \] 15
2 - - - Hormal
3 - - -
88 1 12 9 3
2 o 3 3 Partially steyile
3 12 B8 4

-
"R indicates 4 plug was obscerved for a female that was not preghant.

e
"o indicates a pleg was not detected and the female was not pregnant.

h,?v third breeding for final classification,
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Table 15 (Continved)

TRANSLOCATION STUDY OF CAPTAN
TMPLARTATION SUMMARY OF PRESUMPTIVE F, MALES

1
' TEM Group
F, Mals Female Toral Dead Live
Nusber  Number Implaniations Implantstions Implantations Final Classificacien
Second 389 1 o - - »
breeding 2 - - - Rebred
{eonci.) 3 - - -
390 1 14 11 2
2 12 7 -] Partially sterile
3 12 9 3
k38 1 - - - b
Z - - - Rebred
a - . -
396 1 - - b
2 . - - Rebred
k] - - -
397 1 11 0 11
2 o* 0 0 Noymal
3 0 0 0
399 1 14 9 5 Parcially aterile
2 T 5 2 (questionable)
3 [ 0 [
400 1 9 5 & Partially sterile
2 13 8 5 {questionable)
3 3 1 2
Third 216 1 9 4 Parclaily sterile
breeding 2 - - - {questionable)
5 i - N '
220 ] - - -
2 - - - Horbreeder
3 - - -
241 1 - . .
4 - - - Nonbreeder
3 - . - R
256 1 - - -
2 - - - Presumptive sterile
3 - - -
268 1 ] 0
] - - - Presumptive sterile
3 - . .
270 1 0 9
2 - - - Hormal
3 - . -
713 1 - -
2 =, 0= - - Presumptive stevile
J - - -

*"0" indicates 8 plug was obaerved for a female that was not pregnant.
"
""" indicates a plug was not detected and the female was nob pregaant.

bSee third breeding for final classificacion,
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Table 14 (Concluded)

TRARSLOCATION STUDY OF CAPT W

IHMPLANTAT ION SUMMARY OF PRESUMPTIVE F

1
TEM Group
F, Maie Female Total Dead Live
Illmb(r Humber Impiantations Implancations Implantstions Final Classificacion
Third. 286 1 11 1 10
breeding 2 L - - NHormal
{toncl.) 3 - - - )
327 1 I La i Partially aterile
.2 (9 + ? - (9) . {questionable}
2 . ) . - '
134 ) 11 2 12
2 12 : 1] 12 Normal
3 - . - -
369 1 - -
2 - - - Presynptive srerila
3 - - -
82 1 il 0 il
2 10 o w0 Normal
3 - - -
389 1 o* 0 0
4 - - - Presumptive sterile
3 - - - .
3%1 1 - - -
. 2 - - - Honbreeder
. 3 - - -
1% 1 - - -
2 - - -
3

*
0" indicates a plug was observed for a female that was not pregneat,

ok
Y- indlcates 3 plug was not detected snd the female was not pregnant.

Nonbreeder

’“()" indicates a&ll implants were in earty stages of development, and thus difficult te

determine if they were live or dead upon gross chservation.

225



Table 15

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F1 MALES

2500 ppm Group

¥, Hale Female Total Dead Live
unbey Number JImplantations Implantaticns Implantations Initial Classificacion
First 430 A o - -
braeding 2 - - - Honbresder
3 - - -
432 1 & [ 4 Parcially sterile
? {1t N (1n (questionable)
3 9 9 9
436 1 14 5 9
2 7 2 5 Partislly sterile
k| 11 k] 8
469 1 - -
2 - Yonbreeder
: 3 - -
/ 450 1 0* 0 0
! 2 5 &4 1 Hormal
k| 14 4] 14
4% 1 11 [ 7
2 [ 0 0 Normol
3 - - -
452 1 10 1 g
2 12 2 10 Hormal
3 13 3 10
455 1 - - -
2 - - - Nonbreeder
3 - - -
461 1 - - -
2 - - - Honbreeder
3 - - -
469 1 - - -
2 - - - Nonuteeder
3 - - -
472 1 9 1 8
2 i1 1 10 Hormal
3 12 3 9
(¥ 1 - - -
2 - - - Nonbreeder
3 - - -
479 1 - - -
2 - - - Ronbreeder
3 - - -
4B0O 1 (3 7 (3)
2 o L] 4] Partially sterile
3 - - o -
484 1 H! 7 4
2 16 2 113 Noemal
k] 11 0 1n

*

“0" jndicates a plug was observed for a female that was not pregnant.
s

"." {ndicates # plug was not detected and the femalc was not pregnant.

+
*{)" indicates sll implants were in early stages of devetopment, and rhus difficuit to
determine {f they were Live or dead upon gross obzervation.
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Table 15 (Continued)

TEARSLOCATION BTUDY OF CAPTAN
THE LANTATIOR SIMMARY OF PRESUMPTIVE I"l MALES

. 2500 ppm Group

F, Male Female Total Dead Live

Hlmber Number . Implantations lImplantations lIwplentacions Infcial Classification .
*

Filrst 489 1 14 3 11
breeding 2 13 ] i2 Hovmal
{concl.) 3 a 2 [
496 1 S - -
2 - - - Wonbreeder
3 - - -
518 1 - - -
2 - - - Konbreeaer
3 L - -
522 H - - -
2 - - - Honbreeder
3 - - -
526 1 7 0 ?
2 L] 1 3 Partially sterile
3 (Ht ? ()
528 i o* 0 0
2 - - - Presumptive sterile
3 - - -
546 1 - .
2 - - - Honbreeder
3 - - -
561 1 - -
2 - - - Nonbreeder
3 - -
S68 1 12 & ] Partiatly sterile
2 {9} ? (9 {questionable}
3 {13) 7 {1
569 1 - - -
2 - - - Honbreeder
3 - - -
582 1 - - -
2 - - - Honbresder
3 - - -
583 1 - - -
2 - - - Ronbreeder
3 . - .
585 1 1] 1 . 9
2 11 1 16 Normal
3 15 3 1
588 1 - . - Partially sterile
2 - - - {questionable)
3 {12) H {1
590 1 el k 8
2 o O ] Normal
3 9 0 9

#
"0 indicates a plug was observed for a female that was not pregnant.
T
"o indicates a plug was not detected and the female vis not pregnant,

ry
"{(}" fodicates all implants were in early stages of development, and thus difficule to
detemine if they were live or dead uponm gross observation.
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Table 1% {(Continued)}

TRANSLOCATION STUDY OF CAPTAN

IMPLANTATION SUMMARY OF PRESUMPTIVE F| MALES
. 2500 ppm Grous
F., Male Female Total Dead j Live
ﬂunber Number lIwplantatior Implantations Implantations Final Classfficstion
Second 430 1 12 0 t12 : ' '
breeding 2 8 [+] 8 Hormal
: J 4 2 12
432 1 12 1 11 '
2 1 1] 10 Hormal
3 13 1 12 :
436 t 12 1 i1
2 12 0 12 Rormal
3 13 0 13
449 1 o - - b
2 - - - Rebred
3 - . - -
4530 1 i1 1 10 .
2 13 0 13 Norwal
3 14 1 13
451 1. o* o 1]
2 0 1] [ Hormal
k] 1t 1 10
a2 14 T 13
F4 1 4] 11 Normal
3 13 4] 13
455 1 10 - b 10 .
) 2 12 [ 12 Norwal
3 12 | B 1i
461 1 13 0 13
2 it o 11 Normal
.3 11 2 9
469 1 - - -
2 - - - Hormal
3 12 1 i1
472 1 1) o 1]
N 2 12 1 11 Hormal
3 11 1 10
&4 1 [+] 1] o b
2 - - - Rebred
3 - - -
419 1 - - - v
3 - . - - Rebred
3 . R . -
480 1 (13)¢ H (13) "
2 - - - febrea
k] 8 0 B

* : . .
0" indicates a plug was observed for a female that wai not pregnant.
L o . -
"' indicates a glug wes not detected and the female was not pregnant.

1."()" lauicates all implents vere in carly stages of development, and thus difficule to
determine {f they were live or dead upon gross observation, '

PSee third breeding ¢ - final classification.
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Table 15 {(Continued)

TRANSLOCATION STUDY OF CAPTAN

IMPLANTATIOR SUMMARY OF PRESINMPTIVE Fl MALES

2500 ppm Croup

F, HMale Female Total Bread ilive
Illtmber Burber Jmpleantations Im,-lantations Implantations Final Clagsification
Secmd 4854 i 11 Q 11
breeding 2 o* v} O Nermal
{cont.) 3 14 2 12
489 1 9 1} 9
2 13 2 11 Normal
3 14 0 14
496 1 o - - b
2 - - - Rebred
3 - - -
518 1 0 o 0
: 2 11 1] 11 Notmal
) 3 13 o 13
{ 523 ! - - b
; 2 - - Rebred
| - - . -
526 1 0 o 4] b
2 5 0 5 Rebred
3 0 0 4]
528 1 15 1 14
2 - - - Hormal
3 - - -
546 1 - - - »
2 - - - Rebred
3 . - -
561 1 . - - b
2 - - - Rebred
k] - - -
568 1 11 2 9 .
2 11 J 11 Nermal
3 ] o 8
569 1 11 [\ 11
2 - - - Bormal
3 10 0 10
582 1 ? 1] 7
2 15 2 13 Normal
3 10 2 8
583 1 - . - B
2 - - - Rebred
3 - - -
585 1 12 [ 12
2 [} 0 13 Normal
3 13 0 13
558 1 9 0 9 B
2 - - - Rebred
3 - - -

*O" {ndicates a plup was observed for a female rhat was not pregnant,
P
S "a" {ndicates a piug was not detected and the female was not prognant.

bSce third breeding for final classilication.
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Second
breeding
{concl,)

Third
brecding

Table 15 {Concluded)

TRANSLOCATION STUDY OF CAPTAN

IMPLANTATION SUMMARY OF PRESUMFTIVE F, MALES

7. Male Fenmale

dhmber Nuwber Iasplantarions Im'antscions Imptantatfons Final Classificacion

590

449

474

479

480

496

523

526

546

561

583

588

&«
"0" indicates 8 plug was observed for a female that was not pregnant.

L1
"." indicates a plug was not detected and the [emale was not pregnant,

|}
2
3

Mt S e b Bl b Lk B e W B e G N et W PO e bl otk B e e R e G0 N e T B e

1
2500 ppm Group
Total bead Live
0" ¢ 0
13 2 1
12 0 12
t“ - -
10 8 2
2 1) 2
1 o 1
o 0 0
9 ] 9
13 o 13
15 0 15
11 1] 11
12 1 1n

230

Hormal

Nonbreeder
Presumptive sterile
Konbreeder
?artillly sterile
{questionable)
NHonbreeder
Honbreeder
Partially sterie
Nomal

Normal

Ronbreeder

Normal



Table 16
_ TRANSLDCATION STUDY DF CAPTAN
EMPLAWTATION SIMMARY OF FRESUMPIIVE T MALES

- 5000 ppm Group
Hele Fem-'u Total Diad Live

Nlun-;; Number [mplantations Implantaticns Jmplantations Inittal Classification
‘Firse “cl 1 S - - Partially srerile
breediang 2 (1t ? (n (questionabls)

' _ 3 (8) ? {8} .
604 1 7 o 1
z . 11 2 9 Norwal
, 3 14 5 9
620 1 8 o 8
2 - - - Normal
k | - - -
622 i - - - Partially sterile
2 - - - {quescionable)
3 {9) ? (%)
626 1 - - -
: - - - Nonbreader
3 - - -
627 i 9 1 8
2 " 3 8 Kormal
) 8 0 ]
634 ! - . -
2 - - : - Honbreeder
3 . - . .
635 1 - - . .
: 2 - - - Nunbrecder
k] - -
635 i 10 1] 10 .
2 6 V] 6 Hormal
} 6 L] &
646 1 12 2 10 .
2 - . - . Hommai
3 - - -
653 1 o* 0 0 Pactis'ly sterile
2 {13 ? {13) iquescionable)
3 - - -
657 1 9 7 2 ! o
2 ‘13 B 5 Partially sterile
) 3 B 7 1
L.1-1i] 4] 1] 1]
2 it ] 10 © Normal
3 B -0 [
668 1 - -
2 - - Partially sterile
3 ¥ ] 6

. .
0" indicates a plug was observed fo: a femai. thar was not pregaant.
** .

"-* jndicates a plug was not detected and the female was netr pregnant,

+ .
“()" indicates all implant~ were 'in early scages of development, and thus dilficult te
determine if thay were live.or dead vpon gross observation,
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Table 16 (Contisued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE l?l MALES

3000 pre Group

¥, Hale Fenmale Total Dead . Live
NlunbeL Numbar Implantations Implantations Implantations Initial Classification
First 671 1 o - -
breeling 2 - - - Honbreeder
{cont.) k] .. - -
672 1 - - .
2 - - Honbreeder
3 - - -
679 13 6 ] 6
> o 0 (1] Partially sterite
3 12 & a :
722 1 - -
: : 2 - - - Nonbroeder
; 3 - - -
i 732 1 4 0 4
_I 2 - - - Partfaliy sterile
: 3 - - - .
133 1 -
2 - - - Honbreeder
3 - - -
134 1 - - -
2 - - - Honbreecuer
3 - = = 1}
126 1 - - .
2 - - - Nonbrreeder
3 - -
143 1 ] o 0 Fartially sterile
2 - - - (questionable)
3 (15)+ ? {13}
760 i ] 1 7
2 5 0 5 Partially scerile
3 9 i 8
761 1 2 a 9
2 - - - Normal
-3 - - -
s i 12 3 9
2 11 1 10 Normal
3 . - -
67 1 12 4 12
2 - - - Hoomal s
3 - - -
169 1 8 B & Partially storile
2 - - - {questionsble)
3 (12 ? (12)

*

0" indicates a plug 4as obscrved for & female that was not pregnant.
ftr

“-* {ndicates a plug was not detected and the f:nale was nol p.egnant,

"'()“ indicates all implancs wers in early stages of development, and thus difficule to
determine if they wers 'lve or dead wpoo grass cbscrvation. ’
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Table 16 (Continued)

TRANSLOCATION STUDW OF CAPTAN
IMPLANTATION SUMMARY OF PRESIMPTIVE ?‘ MALES

. 000 ppm Croup
F, Male Female Total Dead Live .
Number  Number Implancations Implartations Implantations JInitial Classification

First 179 1 2 0 2
brewding 2 o* i 0 Parcially sterile
{concli.) - 3 ] o 1 .
’ 780 1 4 0 &
i 2 [ ] 1 Parcially aterile
3 5 4] 5 ’ .
Final Classification
Second 601 1 12 |3}
breeding 2 0 o a NHormal
3 ke - -
604 1 9 0 9
' 2 10 0 10 Rormal
3 15 1 14
620 1 10 1 9 .
] - - - Normal
_ 3 . .
622 1 0 [ 0
2 12 44 12 Hormal
3 . -
626 1 {1t ? (12}
2 12 12 Norwal
3 - - .
$27 1 13 3 10
2 6 0 ] Rormal
3 1 || o
634 1 - : - - B
2 - - : - Rebred
3 - - : -
635 1 - - - . b
2 L 1 0 Rebred
3 - - -
635 1 1 0 10 -
2 17 0 12 Howmal
_ 3 1 0 11
645 - 1 11 0 i1
2 13 [+ 13 Normal
2 10 1 9
e Tt 14 0 14
"2 i3 0 13 Normal
3 10 ] 1

* : - :
0" indicates a plug was ohserved for a female that was not pregnaat..
* .

" judicates a plug was not detcecterd and the female was not pregnant.

» .
*()" indicates alt implants were in carly stages of development, and thus difficult to
determing il they were live .or dead upon grosz observation.

bSeo third breeding {or final classification,

233



Sscond
breeding
{cont.)

Table 16 {Continued)

TRANSLOCATION 3TUDY OF CAPTAN
IMPLARTATION SUMMARY OF PRESUMPTIVE ?l MALES

5000 ppm Croup

F, Maile
dLnber

657
660
668
6N
672
679
122
732
bE k]
734
726
1463
760
761

763

Female
Number

W P e el g orm W D e bl R e Gl B e Ml R e W B R W R e A ) e W B P b Mo WD e W R e LR e L B

k-]
O™ fadfcates 8 plur was ohserved for a female that was not pregnant.

o
®a* {adicates a plug was not detected and the female was pobt pregnant,

Tocal
lmplantacions

LS -]

Dead
Implantattons

T OO D QD S

L= - B |

-

L - -

COWw =m=Q 000 ~0OQ

bSee third breeling for final ctassification.
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" Live
Implancatisns

ol - -
MO R e

Final Classification

Partially sterile
Hormal

Hormal

Hormal

Normal

Norﬁal

Rebred®

Norma!

Rebre&b

Hormal

R‘oredb

Normal

Parcially stevile
Normal

Hormal



Table 16 (Concluded)
TRANSLOCATION STUDY OF CAPTAN .
. IMPLANTATION SUMMARY OF PRESUMFTIVE ft MALES

i 5000 _ppm Croup
F, Male Female Total Dead Live

N‘umber Humbe~ lmplantations Ieplantations [mplantations Final Classification .
Second 767 1 14 2 12
breeding 2 13 1] 13 Normal
{concl.) 3 12 LH] 12
769 i 12 0 12
- 2 13 0 13 Hormal
3 10 0 1w
9 i o* 0 0
3 4 0 4 Partially scerile
3 S - -
780 i 0 0 0
2 2 1] 2 Parcially sterile
3 5 1 [
Thirvd 634 1 - - -
breeding 2 - - - Noubreeder
3 - - . -
$35 1 - - -
2 - - - Pactially sterile
3 - - -
22 | 13 1 12
2 - - Nermal
3 - - .
133 1 - - -
2 - - - Hunbreedeyr
3 - - - .
736 1 1] 4] o i .
2 - - - Presumptive sterile
3 - - -

*
"0" indicates a plug was obgerved for a female that was not pregnant.

"%
“-" jadicates a plug was not detected and the female was not pregnant.
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Table 17

T -TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE Fl MALES

50008 pow Group

F, Male Female Toral Dead Live
dhuber Humber Implanrations Implantations Implactations 1Initial Classificarion
Firat 805 1 Rl : - -
breeding ’ 2 - - ' - _Nonbreeder
o 3 - S . -
806 1 - - - .
- 2 - : - - i Nonbreeder
. 3 - ' -
81s 1 6 o 6.
- o 2 9 0 9 Fartially sterile
k] ? /] ? :
816 1 - - - ) Partially sterile
2 (103 ¢ 7 (10) {questionable)
3 (11} ? (1D . . .
at7 1 - - - )
2 - - - Nonbreeder
3 - - ) -
818 ¥ 10 0 10
: 2 6 Q & Normal
3 - - -
822 1 - : - -
2 - - . - Honbreeder
3 _ . . R
823 1 - - -
2 - - - ) Honbreeder
3 - - -
837 1 - - - :
2 - - - Nonbrecder
3 - - -
841 1 - - -
2 - - - Nonbreeder |
3 - - -
B4o T S 0 5
2 - - - Partially sterile
3 . - -
‘B47 1 (15 ) ? (14) Partially sterile
2 - - - (questionable)
3 - - -
 Final Zlasaification
Sceond BOS 1 - ' - - b
bracding 2 - C - ) - - Rebred
a ’ : 2 0 2

a :

Indicates ccaumatized Fy females,

"0" indicates a plug was abserved fur 4 female that was not pregmant.
w1

*-" indicates 2 plug was not detected and the female was not pregnant,

* ) -
()" indirates alb implants were in carly staces of developmentg, and thus difficult to
detzemine if they were live or dead vpon gross observation.

bSee_third breeding for Fina! classiEication.
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Tahle 17 (Continucd}

TRANSLOCATTON STUDY OF CAPTAN
IMPLANTAT 10K SUMMARY OF PRESUMPTIVE ?}_HA&S

Se0" pyom LToup
F, Male Female Total Pead Live
:«lluunber Sumber Ir-tastations lmplantarivns Implantations Fipat Classificat.on

Second 806 1 11 | [
breeding 2 14 ¢ t4 : Hormal
{conel.) 3 10 [} 1]
815 1 1 1 i3
2 11 n 1 Normal
k] 1] ] 114
Ble 1 11 2 9
2 S - - Normal
3 : ) - .
817 1 11 & 7 b
2 o ] . ] Rebrod
|'. 3 b - -
! 813 1 H 0 -1
2 B i 8 Normal
3 13 L 12
. B22 - 1 o 6 N
t2 - - - Rebred
3 . . -
823 1 13 a i3
2 - - : Co- Normal
3 - . .
837 1 5 1 b
2 - - - Rebyed
3 - - -
BalL 1 15 4 13
2 10 0 - 10 Normal
i - - -
846 ! 19 0 10
: 2 12 0 t2 Normal
L} 12 0 12
BAT 3 11 i 10
2 10 0 10 Raemal
3 14 0 14
Third 805 i . . - ]
brevdi-g 2 - - - Partially sterile
. 3 i A R .
arz? - 1 13 b ti .
2 9 H .2 Normal .
3 13 0 13
822 -1 ¢ 0 n
2 12 Lv] 12 Hormal
3 12 0 12

i . . .
Mndicates travmatizod Fo femrics,
O indicates a pluy vas oboeyved for a female that was not preenact
o
e jnd{cates a pleg was oot detected ond the female was pot pregnant .

hSce third breeding for final claasification,
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‘g; : Table 17 {Coniluded)

- "'Tﬁmsmmrmu STUDY OF CAPTAM
 JMPLANTAT ION SITMMARY OF PRESUMPTIVE I"l' MALES

SOGDa_p_En {roup
F, Male Female Total Dead Live
dhmber Number Implantaticons Implantaciors Implantations Final Clagsification

Third 837 1 . - -
breeding 2 - - - Rormal
{concl.) 3 - - ~

Madicates traumarized Fu f.males.

- i . o . . .
"-" Indicates & plug was nat detected and the {emale was not pregnant.
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