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FOREWORD

The many benefits of our modern, developing, industrial society 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 policy. These regulations serve to
enhance the quality of our environment in order to promote the public
health and welfare and the productive capacity of our Nation's population.

The Health Effects Research Laboratory, Research Triangle Park,
conducts a coordinated environmental health research program in toxicology,
epidemiology, and clinical studies using human volunteer subjects. These
studies address problems in air pollution, non-ionizing radiation,
environmental carcinogenesis and the toxicology of pesticides as well as
other chemical pollutants. The Laboratory develops and revises air quality
criteria documents on pollutants for which national ambient air quality
standards exist or are proposed, provides the data for registration of new
pesticides or proposed suspension of those already in .»se, conducts research
on hazardous and toxic materials, and is preparing the health basis for
non-iouizing radiation standards. Direct support to the regulatory function
of the Agency is provided in the form of expert testimony and preparation of
affidavits as well as expert advice to the Administrator to assure the
adequacy of health care anj surveillance of persons having suffered imminent
and substantial endangeraent of their health.

This report describes the testing of a series of twenty technical
grade pesticide chemicals for genotoxic properties by use of a battery
of in vitro and in vivo methods. 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 a variety of ceils and organisms are
relevant in assessing the potential genetic hazard of pesticide chemicals
in humans.

John H. Knelson, 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 dominant lethal test. All twenty compounds were

tested by the following in vitro procedures:

Unscheduled DNA synthesis (UDS) in human fibro-

blasts (WI-38 cells); reverse mutation in Salmonella

typhimuriuis strains TA1535, TA1537, TA1538, and

TA100 and in Escherichia coli WP2; mitotic recombi-

nation in the yeast Saccharomyces cerevisiae D3;

and preferential toxicity assays in DNA repair-

proficient and -deficient strains of Ê . coli

(strains W3110 and p3478, respectively) and Bacilluj

subtilis (strains H17 and MAS, respectively).

None of the ten compounds tested in the mouse produced a dominant

lethal response.

Ten of the twenty compounds were mutagenic in one or more ill vitro

assays. Two were mutagenic in all of the in vitro assays; captan and

folpet. In a heritable translocation 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.
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INTRODUCTION

The Federal Insecticide, Fungicide, and Rodenticide Act designates

the Environmental Protection Agency as the governmental body responsible

for the safety of all pesticides used in the United States. More recently,

the Federal Environmental Pesticide Control Act (PL 92-516) strengthened

EPA's regulatory responsibilities in the area of pesticides to include

intra- as well as inter-state commerce.

To be federally registered, a pesticide must have been determined

not to be hazardous to health or to the environment when used according

to its labeling restrictions. Thus, relative to new law as well as to

specific directives included 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 emphasizes development of

scientific criteria for evaluating the safety of compounds substituted for

those pesticides found to be hazardous. In addition to reviewing 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 Scientific Advisory Committee Report of

September 1973, Chemicals and Health. In 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 empirical tests used a short time ago, procedures now



available can detect chromosome breaks and other genetic changes caused by

chemical stress. Mutant strains of microorganisms 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 chromosome damage to germinal cells.'

Today many pesticide chemicals in commercial use have not been

/ invi. tigated adequately 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 fibroblasts

(WI-38 cells); reverse mutation in Salmonella typhimurium strains TA1535,

TA1537, TA1538, and TA100 and in Escherichia coli WP2; mitotic

recombination in the yeast Saccharomyces cerevisiae D3; and preferential

toxicity assays in DNA repair-proficient and -deficient strains of IJ. 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 II (Drosophila) mutagenic studies, it was recommended that a

heritable translocation test (Tier TII) in the mouse be conducted



I
to further assess the rniitagt..ii; potential of Captan. The results of

these further studies are reported as Appendix A.

The experimental procedures and results for the mammalian dominant

lethal test, the 'JDS assay, and the microbiological assays are described

in the separate suctions that follow.



IN VIVO AND IN VITRO MUTACENESIS: SUMMARY DATA FOR EPA PESTICIDES

Positive Response, +; Negative Response, -

Mouse Salmonella
Dominant typhlmurlunt Escherlchla coll WP2 Saccharomyces cerevistae E«chertehla coll Bacillus subtil is UDS

Pesticide Lethal* (His* Reversion) (Try* Reversion) (Mltotic Recombination) (Relative ToxlcUy) (Relative Toxlctty) (DNA Repair)

-MA +MA -MA +«A -MA 4MA -MA +KA

Monocrotophos - - - - - + + - _ 4 . 4 .

Bromacll - - - - - - - - - . - -

Cacodyllc AcH . - - - - + + - - - -

Captan - •(• + 4- 4 4 + 4> + - +

Chlorpyrllos - - - - - - + 4 . -

Dinoseb - - - - - - 4. 4 . - -

DSMA - - - . - - . . . .

Fenthlon - _ _ _ - . . - - .

Folpet - + . + + + + + + 4- - 4 -

Azinphos-methyl - - - - - + 4 . _ - - 4

Malathlon - - - - - - _ . . . .

Methoaiyl - - - - - - - _ , _

Monuron - - - - - - - - - +

MSMA ' . - - - _ - . . . - . _

Parathlon - - - - - - - - - 4 -

Parathlon-methyl - - - - - 4 > * + t

Qutntozene (PCNB) - - - - - - - . - . -

Phorate - - - - - . - - - _ _

Slmazlne ' _ _ - - • - - - - - _

Trlfluralln . . - _ - - - - . . .

* Only ten pesticides were tested by the dominant lethal procedure.
t See page 170.
t Marginally positive.



TWENTY PESTICIDES EVALUATED BY SRI FOR MUTAGENIC ACTIVITY

Common Name*

Monocrotophos

Bromacil
Cacodylic Acid
Captan
Chlorpyrifos

Dinoseb
DSMA
Fenthion
Folpet
Azinphos-methyl
Malathion
Methorny1
Monuron
MSMA
Parathion
Parathion-methyl
Quintozene (PCNB)

Phorate
Simaztne
Trifluralin

Trade Name of
Compound Tested

Azodrin-5

Hyvar
Phytar
Orthoside 406
Dursban

Premerge
Ansar
Baytex
Phaltan
Guthion
Malathion
Lannate
Telvar
Ansar
Niran
Methyl Parathion
Terrachlor

Thimet
Primatol
Treflan

Manufacturer

Shell Chemical Company

E.I. DuPont de Nemours
Ansul Chemical Company
Chevron Chemical Company
Dow Chemical Company

Dow Chemical Company
Ansul Chemical Company
Chemogro
Chevron Chemical Company
Chemogro
American Cyanamid Company
E.I. DuPont de ilemours
E.I. PuPont de Nemours
Ansul Chemical Company
Monsanti Chemical Company
Monsanto Chemical Company
Olin Mathieson Chemical
Corporation

American Cyanamid Company
Ciba-Geigy Chemical Co.
Eli Lillv & Company

Batch or
Lot Number

Batch H,
9-SCL-77

T80619/40
Phyton 138
5X640
MM-1114-1
(603-D1)

MM 200554
8100
4-15-2026
SX579
411-0229
40216006.300
6602-82
T-40817-20
170 H.C.
AD 1236
AD 0659
Technical

MC85
FL-740846
X-26290

Purity </0

55.0

95.9
65.6

Technical
98.8

97.7
80.1
9o.O

Technical
iyc'nr.lc.al
Technical

99.0
97.0
58.4
99.0
80.0
99.0

97.7
97.7

Supplier

Manufacturer

Battelle
Battelle
Battelle
Battelle

Battelle
Battelle
Battelle
Battelle
Battelle
Eattelle
Battelle
Battelle
Battelle
Battelle
Battelle
Battelle

Battelle
Battelle.
Battelle

* Common name as approved by the International Organization for Standardization.



DOMINANT LETHAL TEST IN THE MOUSE

General

In Che dominant lethal test, the ten compounds 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 two 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 to reveal in her offspring abnormalities that may have

occurred in the male. We evaluated effects by examining the condition

and state of fetal development during the middle to latter stages of

gestation.

Experimental

Animals and Chemicals

Adult ICR/SIM mice from a closed, random-bred colony were used for

the acute toxicity and maximum tolerated dose determinations 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 12-week-old

virgin stock.

At the direction of EPA, the Battelle Columbus Laboratories obtained

the pesricides from the manufacturers and subsequently provided SRT. with

aliquots for the studies reported here. Each pesticide was a "technical"

grade product (or equivalent) and was provided in sufficient quantity

for us to complete all aspects of the experimental program. Excess

supplies were refrigerated or frozen, should they be needed for future

reference.



We investigated the solubility of each compound using water,

propylene glycol, polyethylene glycol, corn oil, or carboxymethyl-

cellulose to determine the most appropriate vehicle for administration.

Compounds were administered orally, by gavage for the acute toxicity

(LDcQ) detPtminations, 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 Lo

obtain an LD__ 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 determination of the oral LD^Q.

Maximum Tolerated Dose Study

Based on the acute toxicity 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 diet to adult male mice for 2 weeks. Treated males then were caged with

two adult virgin females each for 7 days; these females were replaced

by two others 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 fetal deaths. For this work, we defined a maximum

tolerated dose as that dietary level which may produce u^ to a 20%

weight loss, mild but transient clinical signs, no inhibition of breeding

performance, and no mortality. Thus, these initial studies provided

information on changes in body weight, acceptability of the diet,

clinical signs, mortality, and breeding performance.

Treatment Levels

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

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 thu Compounds

Each pesticide was fed in the diet to adult male mice for 7 weeks.

An appropriate amount of compound initially was dissolved or suspended
\

in corn oil; then the compound-oil^concentrate was added at a level of 3%
\

to a finely ground commercial diet of .known composition. The use of

corn oil assured even distribution of the compound and prevented strati-

fication of the test material in an otherwise dry diet. Diets were pre-

pared at 2-week intervals and were refrigerated at 4°C until fed to the

animals. Fresh diet was placed in the feed containers every ot~h'er~"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 of each of the two dominant lethal series, five

pesticides being ran 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 3%.

Control groups were treated in the same manner as the compound test

groups.

Two positive control groups were run concurrently with each of the

two series of five pesticide tests. For these groups, the known mutagen

triethylenemelamine (TEM) was administered as a single intraperitoneal

injection of 0.2 mg/kg approximately 2 hours before the first mating.

A commercial pelleted diet was available at all times.

Each control and experimental test group contained 20 adult male

mice. At the end of the 7-week compound treatment period, each male

was allowed to 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 infection was

present; such a condition can induce preimplantation loss and early

fetal deaths. At sacrifice, each female was scored for early fetal

deaths, late fetal deaths, and living fetuses (all of which provide 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 Application). 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:

Compound LD50

Monocrotophos 17 mg/kg

Bromacil 3.04 g/kg

Captai. > 15 g/kg

Folpet > 10 g/kg

Azinphos-methyl 15 mg/kg

Halathion 1196 mg/kg

Parathion ' 17 mg/kg

Parathion-methyl 39 mg/kg

Quintozene (PCNB) > 10 g/kg

Phorate 6.59 mg/kg



After evaluating 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 (mg/kg of Diet)

M^nocrotophos 15, 30, 60
Bromacil 1250, 2500, 5000
Captan 1250, 2500, 5000
Folpet 1250, 2500, 5000
Azinphos-methyl 20, 40, 80
Malathion 1250, 2500, 5000
Parathion 62.5, 125, 250
Parathion-methyl 20, 40, 80
Qulntozene (PCNB) 1250, 2500, 5000
Phorate 5, 10, 20

Throughout the experiment, the biological criteria used to evaluate

mutagenic effects in the mouse showed no consistent responses that could

be attributed to treatment. Although we found occasional statistical

differences between control and compound treated groups, they were random

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

Summary data on the fertility index, implantations per pregnant

female, dead implants per pregnant female, death index, and number of

dead implants per total implants are presented by compound ao follows:

Tables 1 through 5, Monocrotophos; Tables 6 through 10, Broiaacil;

Tables 11 through 15, Captan; Tables 16 through 20, Fclpet; Tables 21

through 25, Azinphos-methyl; Tables 26 through 30, Malathion; Tables 31

through 35, Parathion; Tables 36 through 40, Parathion-Methyl; Tables 41

through 45, Quintozene (PCNB); and Tables 46 through 50, Phorate.

Two copies of a description of the statistical analysis procedures

used for dominant lethal tpsts and computer printouts of the raw data

and the statistical analyses are on file with the current Project Officer,

Dr. Michael P. Waters, Environmental Toxicology Division, Health Effects

Research Laboratory, EPA Environmental Research Center, Research

Triangle Park, North Carolina 27711.
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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 fertility

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 imp1antacions 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 the number of dead implants; -

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 logarithm's 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, preimplantation 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 oc corpora lutea in pregnant females.

Careful review and statistical evaluation of the data show that

folpet, captan, parathion-methy1, parathion, phorate, malathion,

bromacil, monocrotophos, quintozene (PCNB), and azinphos-methyl are
~f , *y

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

General

Many mutagenic and carcinogenic agents have been shown to induce un-

scheduled DNA synthesis (UDS) in an in vitro tissue culture system of mam-

malian cells. UDS is a form of mammalian repair synthesis that involves

at least two processes. The first is interaction of the agent with DNA,

resulting in damage of the DNA. The second, which follows, Is incopor-

»;tion of nucleotides to repair the DNA.

I!DS may be considered a fairly universal system because it occurs in

wide variety of mammalian cell types and because it has been observd

in all stages of the cell cycle (GQ, -'i, 1?, and M) other than S_, the

normal DNA synthetic phase.2'3 (UDS it. not. observed during S_-phase be-

cause the high Jevel of incorporation o£ mcleotides dicing the scheduled

DNA synthesis obscures the relatively low level of incorporation of

nucleotides 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 repair results in ll.ttle or no de> ••ctn'ole char f.

in chror.jsome morphology. For each compound tested, a:i in vitro metabolic

activation system should be incorporated for a parallel series of UDS

assays since some compounds may be ineffective in producing DNA damage

unless they are first activated by a microsomal preparation from a mam-

malian liver homogenate.

The UDS system we have developed is unique in thai., at the end of

each assay, DNA is extracted from human diploid fibroblasts (WI-38 cells)

so that the exteii. of repair may be expressed per unit of DNA. Ke have

found that this UDS assay system affords sensitivity and precision with-

out sacrificing efficiency or economy. Under separate contact, NCI

approved our use and validation of this system for the prescreeniivj; r>f

che:..ical carcinogens. With the approval of the EPA project offi,

used this system for testing the 20 substitute pesticides, with

without metabolic activation.

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 anreomycin,

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-inhibited cells in synchronous cultures in the Gj phase of

the mitotic. cyclo. To reduce further the possibility of incorporation

of 3H-TdR by an occasional S-phase cell that might escape the contact-

iiihibition synchrony and thus obscure measurements of UDS, the cultures

were preincubated for 1 hour with 10~2 M hydroxyurea (HU) before each

assay, and 10~2 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 solvents (water, ethanol, or DMSO), the final

concentration of solvent 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-

tions of the compounds. The highest concentration was diluted further

in solvent and then in culture medium to give several log dilutions of

each compound. 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 (4NQO), a com-

pound that induces UDS in the absence of a metabolic activation system,

and dimethylnitrosamine (DMN), a compound that induces UDS only with

metabolic activation. The negative controls were the solvents diluted

in culture medium.

* As an additional check against the presence of PPLO, which could incor-
porate tritiated thymidine (3H-TdR) and thus ob re measurementr of UDS,
stock cultures were analyzed monthly for the presence of PPLO. The
results of these analyses wore consistently negative.
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UPS Assays

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

dilutions of the substitute pesticides and with 1 pCi/ml of 3H-TdR (sp act,

6.7 Ci/tnmole). For testing in the absence of metabolic activation, the

cells wer.T exposed simultaneously to the substitute pesticide and to 3H-TdR

for 3 hours. For testing with metabolic activation, the cells were exposed

to the substitute pesticide, to 3H-TdR, and to 500 rag/ml of the 9000 x £

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. DMA was extracted from the

cells by a modification of the PCA-hydrolysis procedure;5 one aliquot of

the DNA solution was used to measure the DNA content, after reaction with

diphenylamine,6 and a second aliquot was used for scintillation counting

measurements of the extent of incorporation of 3H-TdR. Results were expres-

sed as incorporated per unit of DNA and were compared with the background

rate of incorporation.

We have defined as an acceptable assay one in which the response of

the positive control compound is predicted, within the 95% confidence

limits, by regressions of average dpm/yg DNA versus average dpm/pg for

background. The regressions that follow are based on data that we have

acquired in previous testing:

Type of Testing

Without metabolic
activation

With Metabolic
activation

Regression"*"

YI = 696 + 17.45 (X)*

Y2 = 263 + 1.83 (X)*

Sample
Size (n)

48

13

Correlation
Coefficient (r)

0.7668

0.9639

*Nicotinamide, 3.05 mg/ml; glucose-6-phosphate, 16.1 mg/ml: MgCl2'6H20,
5.08 mg/ml; NADP, 0.765 mg/ml.
''"Regressions over a range of background dpm/yg DNA of 0 to 450.
*Yj = Average dpm/ug DNA for 10~5 M 4NQO (positive control).
Y2 = Average dpm/yg DNA for 5 x 10~

? M DMh (positive control).
X = Average dpm/ g DNA for background (negative control).
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If the observed average level of incorporation for the positive control

compound is outside the 95% confidence limits of the regression, we

assume that sorie variation has occured in the experimental procedures

and repeat the test.

Interpretation of Pesults

In a report to the National Cancer Institute,7 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 non-

parametric Kruskal-Wallis One-Way Analysis of Variance, depending on which

was more appropriate.* At the 99% confidence limits, all the ultimate

carcinogens significantly 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 biological signifi-

cance of the response to a chemical.

The number of compounds we have tested with metabolic activation is

insufficient to establish a correlation between statistical significance

and biological significance. Therefore, v;e assumed that the 99% confid-

ence levels of the analyses of variance 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 metabolic activation, of the 20 substitute 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. The assays presented in the following taoxes (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. If the
variances are not equal, the nor.parametric analysis is the appropriate
one.
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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 basis of the testing without

metabolic activation).

Based on the criteria for positive responses, we observed significant

increases in unscheduled DNA synthesis in the absence of metabolic activa-

tion after exposure of the cells to only two substitute pesticides, mono-

crotophos and parathion. In 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 metabolic 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 metabolic activation for only one compound, captan, and this

was observed at a higher concentration 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

UDS, often a close relationship exists between concentrations that induce

UDS and concentrations that are cytotoxic or that inhibit repair.

because of the cytotoxic or inhibitory effects of the substitute

pesticides, it should not be assuued rithout 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 evaluations of the effects

of these chemicals in in vivc bioassays.
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MICROBIOLOGICAL ASSAYS

General

SRI examined twenty pesticides for mutagenicity by in vitro micro-

biological assays with Salmonella typhimurium (TA1535, TA1537, TA1538,

TA100), Escherichia coli WP2, repair-deficient and -proficient strains

of Bacillus subtilis and E. coli, and with the yeast Saccharomyc e s

cerevisiae D3. An Aroclor 1254-stimulated, rat-liver-homogenate meta-

bolic activation system was included in 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

90% accurate in detecting carcinogens as mutagens, and it has about the
o

same accuracy in identifying chemicals that are not carcinogenic. The

assay procedure with J3. cerevisiae is about 50% accurate in detecting

carcinogens as agents that increase mitotic recombination. E. coli WP2

and the microbial sensitivity assay are two additional methods of detecting

mutagens. The combination of these four assay procedures significantly

enhances the probability of detecting potentially hazardous chemicals.
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Experimental

Salmonella typhimurium Strains TA1535, TA1537, TA1538, and TA100

The Ĵ . typhimurium strains used at SRI were obtained from Dr. Bruce

Ames of the University of California at Berkeley.10"12 All are histidine

auxotrophs (his~) by virtue of mutations in the histidine operon. In

addition to the mutations in the histidine operon, the indicator strains

have mutations in the lipopolysaccharide coat (rfa ) and deletions that

cover a gene involved in the repair of uv damage (uvrB~). The rfa~

mutation makes the strains more permeable to large molecules, thereby

increasing their sensitivity to these molecules. The uvrB~ mutation

decreases repair of some types of chemically damaged DNA and thereby

enhances sensitivity to some mutagenic chemicals. Strain TA1535 is

reverted to histidine prototrophy (his+) by many mutagens that cause base-

pair substitutions. Strains TA1537 and TA1538 are reverted by many

frameshift mutagens. TA1537 is more sensitive than TA1538 to mutation

by some acridine and benzanthracenes, but the difference is quantitative

rather than qualitative. TA100 is derived from TA1535 by the intro-

duction of the R factor plasmid pKMlOl.13 The introduction of this

plasmid, which confers ampicillin resistance to the strain, greatly

enhances the sensitivity of the strain to some base-pair substitution

mutagens. We have shown that mutagens such as benzyl chloride and

2-(2-furyl)-3-(5-nitro-2-furyl) acrylasiide (known as AF2) can be detected

in plate assays by TA100 but not by TA.1535. The presence of this plasmid

also makes strain TA100 sensitive to some frameshift mutagens—e.g.,

ICR-191, benzo(a)pyrene, aflatoxin B,, and 7,12-dimethylbenz(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 broth consisting 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 violet. The presence of the rfa mutation makes the indicator

strains sensitive to this dye, whereas the parent strain, rfa*, is not

sensitive to the dye. However, the mutation is reversible, ̂ leading to
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the accumulation of rfa cells in the culture. Therefore, the cells

must be tested routinely to ensure their sensitivity to crystal violet.

Each culture also is tested by specific mutagens known to revert each

test strain (positive controls).

To a sterile 13 x 100 mm test tube placed in a A3°C heating block,

we add in the following order:

Assays in agar

(1) 2 ml of 0.6% agar*

(2) 0.1 ml of indicator organisms

(3) 0.5 ml of metabolic activation mixture (optional)

(4) Up to 100 pi of a solution of the test chemical.**

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

ard 100 vil of the solvent used for the test chemical.

"This mixture is stirred gently and then poured onto minimal agar

plates.t After the soft agar has set, the plates are incubated at 37°C

for 2 days. The number of his revertanr.s (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 his]*", require biotin, and are sensicive to crystal

violet (rfa~).

Escherichia coli WP2

The 1Z. coli WP2 (uvrA~) used in this project was given to us by

Dr. D. McCalla. ' A procedure similar to the one used with Salmonella

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

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

minimal agar plates contain 1.25 g of oxoid broth per liter to provide

* 0.6% agar contains 0.05 mM histidine and 0.05 mM biotin.

t Minimal agar plates consist of 15 g of agar, 20 g of glucose, 0.2 g
of MgSO,.7 H20, 2 g of citric acid monohydrate, 10 g of K2HP04, and
3.5 g of NaHNH4P04.H20 per liter.

**Solvents used as appropriate include: water, dimethyl sulfoxlde,
ethanol, and benzene.
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the trace of tryptophan required for enhancement of any mutagenic effect

of the test chemical.

Alternatively, reversion of the mutated tryptophan gene, WP2

may undergo 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).

Escherichia coli W3110/p3478 and Bacillus subttlis H17/M45

The JE. coli strains W311C and p3478 were obtained from Dr. H.

Rosenkranz.16 Strain p3478 is a polA~ derivative of strain W3110. It

carries a single, revertable mutation in a gene for a DNA polymerase;

Gross and Gross showed that this mutation is involved in DNA repair

synthesis. This mutation increases the sensitivity of strain p3478 to

chemicals that lead to alterations (damage) of the DNA. Therefore, we

can assay for chemicals that damage DNA by comparing the relative sensi-

tivity of the two strains (p3478 and W3110) to the test chemical.

18The IJ. subtilus strains H17 and M45 were obtained from Dr. Kada.

Strain HI7 (rec'*') is derived from H17 but is deficient in the genetic

recombination mechanism necessary to repair DNA damage. Cells deficient

in this repair mechanism are killed more easily by chemical mutagens

than are wild-type cells (rec*). If the chemical is toxic to rec~ cells,

Lut at the same concentration is not toxic to rec"*" cells, the chemical

probably is a mutagen.

Inoculums from frozen stocks are grown overnight in nutrient broth

at 37°C with shaking. To 2 ml of nutrient broth containing 0.6* agar

is added 0.1 ml of the test culture. The suspension is mixed and poured

onto plates containing 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 are incubated at 37°C for 16 hours, and the width of the zone of

* Tryptone, '%, and O.j% yeast extract, supplemented with 5 pg of
thymine/nl to prevent selection of thy"1" revertants.
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toxiclty or inhibition of growth is then measured. We usually must test

several concentrations of chemical to detect accurately differences in

the zones of growth inhibition because higher initial concentrations lead

to steep concentration gradients that may reduce the differences in

growth inhibition of the two strains.

The positive control for this asray is 1 ml of l-phenyl-3,3-diraethyl-

triazene placed on the disc. A zone of approximately 40-mra width is

observed (52 and 61 mm, respectively). An additional control is 30 vig

of chloramphenicol placed on a disc. Equal zones of inhibition are

expected in all four strains (approximately 30 mm) since the toxicity of

this chemical does not depend on a mechanism that leads to DNA damage.

All assays are performed at least three times.

Saccharomyces cercvisiae D3

The yeast Ŝ . cerevisiae D3 is a diploid heterozygous for a mutation

in an adenine-metabolizing enzymes.*' Cells homozygous for this mutation

produce a red dye when grown on medium containing adenlrie. Adenine-

requiring homozygotes can be generated from ths heterozygotes by mitotic

recombination. Many mutagens increase the frequency of mitotic recombi-

nation. Mitotic recombination is indicated by the development, of

colonies with red pigmentation, and the degree of conversion to this

pigmented colony indicates the tnutagenicity of a compound or its

metabolite.20

The Saccharomyces test strain from the liquid nitrogen is grown over-

night at 30°C with aeration in 1.0% tryptcne and 0.5'* yeast extract.

The cells are washed twice in 0.067M P04 buffer (pH 7.4) and resuspended

in the same buffer at a concentration of 10° cells/ml.

The iH vitro yeast mitotic recombination assay in suspension con-

sists of 5 x 10 washed, stationary-phase yeast cells in 1 ml of 0.067M

P(>4 buffer (pH 7.4) and 50 rag/ml of the test chemical (or a fraction of

the concentration required to give 50% killing). The. suspension is

incubated at 30° for 4 hours. After incubation, the sample is diluted

serially in sterile saline and plated on tryptone-yeast-agar plates.
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Platas of a 10"̂  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 colonies or red sectors,

we scan the plates with a disrecting mi:roscc?e at 10 x magnification.

Plates of a 10 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., dimethvlnitrosamine) are inactive

•inless they are converted to their active form by being metabolized.

Ames et ai. 1 have described the metabolic activation systems we use.

Adult male mice are given a single 500-mg/kg intraperitoneal injection

of a polychlorinated biphenyl (Aroclor 1254). 2 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 step are conducted in an ice

bath. The orgaa is washed in an equal volume of cold, sterile 0.15 M

KC1 (1 ml/g of wet organ), minced with sterile surgical scissors in three

volume of 0.15 KC1, and homogenized with a Potter-Elvehjem apparatus.

The homogenate is centrifuged for 10 minutes at 9000 x j>, and the super-

natant is removed and stored in liquid nitrogen. To the postmito-

chondrlal supernate are added MgCl2, KC1, glucose-6-phosphate, TPN, and

sodium phosphate (pH 7.A).

Results and Discussion

All the pesticides submitted 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 presents the results of the microbiological assays in

agar with Snlmoiyl la typhimurium. In this histitline reverse-i.-utation

assay system, two pest icidcs--captar» and folpct—were riutagonic. For

each chemical, we observed an increase in the number of histidine-

indcpendcrt revertants on strains TA1535 and TA100 but not on strains

TA98, TA1537, or TA1538. These results suggest that these pesticides

can alkylste DNA, rousing mutations of the base-pair substitution type.

This conclusion is consistent with the r.mtagenic activity of these

compounds in assays with E. coli WP2 (Toble 92), which is sensitive to

base-pair substitution mutagens. Although liver hoirogcnate activation

was not required for mutagenic activity, the mut.igenic activity was

enhanced somwhat with activation at some doses. A toxic effect

(reduction of the number of mutants) was observed at doses of 100 pg

of each compound.

Table 92 presents the results of assays with _E. coli WP2.

Essentially, the results were identical to those obtained with j[.

typhimuriun! TA1535 and TA100; captan and folpet were ir.utagenic,

but none of the other pesticides was mutagenic.

Table 93 presents the results of the assays for microbial inhibition

in repair-deficient and-proficient strains of B. Aul>Jtili§. and ¥,. .celt..

Folpet, captan, ch]oropyrifos, and dinoseb all gave toxic zones that

were larger on t:io repair-deficient strains than on the repair-proficient

strains, indicating a mutagenic response. Toxic chemicals that do not

act by damaging DNA (e.g., chloramphenicol) should give equivalent zones

of toxicity. However, many ii not all nutagens 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 repairs its DNA.

Tables 94 through 1J3 present the results of the assays for mitotic

roconib invit ion in Saccharomyccs _t-erovi siae D3. A positive response in

this assay is indirated by an increase of more than threefold in the

absolute number of mitotic reron.M riaiivs por millilitor as well as ir

the relative number of mi I otic rocomhinants per 10" survivors. Folpet,
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captan, tnonocrotophos, cacodylic acid, and azinphos-methyl increased

mitotio 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 microbiological assay

procedures. Although a mutagenic response in a microorganisms does

not mean that a chemical is a mutagen in humans, the combination of

four separate assay system greatly enhances the probability of detecting

potentially hazardous chemicals. Folpet and captan are mutagenic in

all four assay procedures. Chloropyrifos and dinoseb are positive in

the microbial sensitivity. Monocrotophos, cacodylic acid, and azinphos-

methyl are positive in the yeast assays.



DISCUSSION

Of the 20 pesticides tested for mutagenic activity, 9 were clearly

mutagenic in one or more in vitro assays. Of these 9, 2 w=:re mutagei ic

in all the in vitro assays, but none of them produced a dorainaii-; I.-tlal

response in the mouse. In the Salmonella assays, these chemicalR c.-,i r.c.-i

base-pair substitution mutations but not frameshift mutations. The

absence of activity in the dominant lethal assay may be dui to a lack

of sensitivity of the mouse to these types of compounds; for example,

N-methyl-N'-nicro-N-nitrosoguanidine and other alkylating agents that

cause base-pair substitution mutations do not all cause dominrnt lethality.

Another explanation for the absence of activity may be that those pesti-

cides did not reach the gonadal tissues in sufficient amounts >_o 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 more thoroughly before they are substituted for

other pesticides already considered as a risk to the environment. AJ.SO

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 I

CHI-SQUARE TEST OF THE FERTILITY INDEX - MOHOCROTOPHOS
1 DECREE OF FREEDOM

HEEK VEMIUE CONTROL 74-10 IS MG/KO 74-10 30 MO/KO 74-10 60 MG/KO T F M MG/KO

CO

N N FERT.
PRO MTD INDEX CMISO

N N FERT.
PRQ MTD INDEX

N N FERT.
<M I SO PRO MTD INDEX CM I so

N
PR8

N FERT.
MTD INOE.« CM I SO

N
PRO

n FERT.
MTO INDEX CHISQ

MULTIPLE rHEATMENT

1 28

2 26

3 23

4 27

5 24

6 24

7 30

8 27

40

40

40

40

40

38

39

38

.70

.65

.57

.67

.60

.63

.79

.71

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

23

31

30

25

33

27

25

28

40

40

40

40

39

40

40

40

.57

.77

.75

.63

.85

.67

.63

.70

.07 18

.96 20

2.01 19

.05 22

4.79*1 25

.03 23

1.81 21

.02 20

40

40

40

40

40

40

40

40

.45

.50

.47

.55

.63

.57

.52

.50

4.14

1.28

.45

.84

0.00

.08

4.9l»

2.78

16

16

22

IS

21

25

28

24

40

40

40

40

40

38

38

38

.40

.40

.55

.38

.52

.66

,T4

.63

6.11*

4.06*

0.00

6.07»

.20

0.00

.07

.24

29

27

32

27

30

27

27

26

40

39

40

40

40

38

36

36

.72

.69

.80

.67

.75

.71

.7S

.72

0.00

.03

3.72

.06

1.42

.24

.02

.02

* SIGNIFICANT AT P LT 0.05
I INCREASED ABOVE CONTROL



Table 2

AVERAGE IMPLANTS PER PRECXANT FEMALE - MONOCROTOPHOS

MEEK CONTROL 7»-10 15 MG/K3 7»-18 30 MO/KG 7«-10 60 NO/KG TE* .2 MG/KG

MULTIPLE TREATMENT

1

2

M

* *

5

6

T

8

319/

303/

2»5/

309/

27*/

302/

3»6/

292/

28«11.39

26*11.65

23.10.65

27.11.**

2*>11.*2

2*>:2.58

30«11.53

27.10.81

2*9/

332/

356/

31*/

372/

32V

285/

3I3/

23-10.83

31.10.71

30.11.87

25.12.56

33.11. 27

27.12.11

25.11. »0

Z8.ll.18

let/
2*2/

239/

2T*/

270/

275/

2S5/

228/

18-10.50

20.12.10

19.12. 58 "I

22.12. *5

25.10.80

23*11.96

21-12.1*

20«11. »0

leo/
iao/
267/

166/

2*8/

255/

316/

291/

16-11.

16*11.

22.12.

15*11.

21*11.

25»10.

26.11.

2*. 12.

25

25

1* *I

07

81

20 **

29

12

316/

293/

3*8/

266/

356/

273/

306/

322/

29.10.90

27.10.85

32.10.87

27. 9.85*

30.11.87

27.10.11"

27.11.33

26.12. 3d "I

• SIGNIFICANT AT f» LT 0.05
•• S I G N I F I C A N T AT P LT 0.01
I INCREASED ABOVE CONTROL



Table 3

AVERAGE DEAD IMPLANTS PER PREGNANT FEMALE - MONOCROTOPHOS

KEEK CONTROL 15 NO/KG 74-10 30 MO/KG 74-10 60 MG/KG TEM .2 MG/KG

MULTIPLE TREATMENT

1 13/

2 e/
3 9/

4 2/

5 ll/

6 21/

7 30/

8 19/

28.

26.

23.

27.

24.

24«

30.

27.

.46

.31

.39

.0?

.46

.88

1.00

.70

28/

3/

16/

7/

22/

16/

ll/

Z4/

23"

31.

30.

25.

33>

27.

25*

28.

1.22

.10*0

.53

.28 *

.67

.59

.44

.86

10X

lot

9X

26X

12X

14X

4X

7X

18.

20.

19.

22.

25.

23.

21-

20.

.56

.50

.47

1.18*

.48

.61

.19

.35

10X

2X

9X

9/

9/

6X

ax

9X

16*

16.

22>

15-

21-

25-

28>

24.

.63

.13

.*»

.60**

.43

,24*«D

.29

.38

62X

77X

87X

11X

22X

17X

lix

11X

29.

27.

32.

27.

30*

27.

27«

26.

2.14"

2.85**

2.72**

.41*

.73

.63

.41

.42

• S1SNIFKANT AT P LT 0.05
•• SIGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL



Table t>

CHI-SQUARE TEST OF THE DEATH INDEX - MOHOCROTOPHOS
1 DECREE OF FREEDOM

VEHICLE CONTROL 74-10 15 MO/KG 74-10 30 KG/KG 74-10 «0 M6/KG TE* .? MG/KG

N N DEATH
DDI PAG INDEX CHISO

N N DEATH
»DI PHO INDEX CHISQ

N N DEATH
tot PRG INDEX

N N DEATH
CMlsO «OI PRG INCCX

N
CM I SO MDI

N DEATH
PH<5 INDEX CM ISO

MULTIPLE TREATMENT

1 10

2 7

3 9

4 2

5 9

6 15

7 8

8 12

28

24

23

27

24

24

30

27

.36

.27

.39

• 0»

.38

.63

.27

.44

0.00

0.00

0.09

0.00

0.00

0.00

0.00

0.00 ,

11
3

11
7

11
13

8

IS

23

31

30

25

33

27

25

28

.48

.10

.37

.28

.33

.48

.32

.54

.35

1.84

.01

2.54

.00

.56

.02

.17

7

7

7

11

12

11

4

7

18

20

19

22

25

23

21

20

.39

.35

.37

.50

.48

.48

.19

.35

.01

.07

.03

9.20**

.21

.52

.09

.12

6

2

6

9

8

S

7

8

16

16

22

15

21

25

28

24

.38

.13

.27

.60

.38

.20

.25

.33

.04

.52

.28

11.21 «*

.07

7.48

.02

.27

25

26

25

8

19

10

9

10

29

27

32

2?

30

27-

27

26

.H6

.96

.7*

.30

.33

.37

.33

.38

13.27 **

24.26 **

7.05 **

3.07

.00

2.36

.07

.03

** SIGNIFICANT AT P IT 0.01



Table 5

NUMBER OF DEAD IMPLANTS PER TOTAL IMPLANTS - MONOCROTOPHOS

MEEK

u>

CONTROL 74-10 15 H6/KG T»-10 30 HG/KO 74-10 60 Mb/KG

MULTIPLE TREATMENT

1 13/ 319'

Z 8/ 303'

3 9/ 2*5»

» Z/ 309'

5 ll/ 27*'

6 Zl/ 30Z«

7 30/ 3»6«

8 19/ Z9Z'

.04

.03

.0*

.01

.0*

.07

.09

.07

28/ Z*9«

3/ 33Z'

16/ 356>

7/ 31*«

ZZ/ 37Z»

16/ 3Z7'

ll/ Z85*

Z*/ 313>

.11

.01

.0*

.02

.06

.05 .

.0*

.08

10/

10/

9/

Z6/

1Z/

I*/

*/

7/

189-

Z«Z»

Z39>

27*.

270«

275»

25S»

ZZ8>

• Ob

.0*

.0*

.09"

.0*

.05

.02

.43

10/

Z/

«/

9/

9/

6/

8/

9/

180'

180'

Z67»

166'

Z»8«

255'

316'

291'

.06

.01

.03

.05"

.0*

.02»D

.03

.03

62/ 316»

77/ 293«

B7/ 348'

ll/ 266<

Z2/ 356«

17/ 273*

ll/ 30A'

ll/ 3?2«

,ZO»*

.26"

.25"

.«»•-

.06

.06

.0*

.03

• SIGNIFICANT AT f UT 0.05
•• SIGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL



CHI-SQl'ARE TEST OF THE FERTILITY INDEX - BROHACIL
1 DEGREE OF FREEDOM

*EEK VEHICLE CONTROL 74-06 1250 HG/KG 74-06 2500 HO/KG 74-06 5000 MS/KG TEM .? MQ/KG

N N FERT.
PBG HTD INDEX CHISO

N N FERT.
PRG MTO INDEX CHISO

N N FERT.
PRG MTD INDEX CHISO

N
PRG

N FERT.
MTO INDEX CHisa

N
PRG

N FERT.
MTO INDEX CHISO

MULTIPLE, TREATMENT

U)

1 28

2 26

3 23

4 27

5 24

6 24

7 30

8 27

40

40

40

40

40

38

38

38

.70

.65

.57

.67

.60

.63

.79

.71

0.00

0.00

0.00

0.00

0.00

0.00

0.00

o.oo

21

24

29

25

31

31

29

20

40

40

40

40

40

40

40

39

.52

.60

.72

.63

.77

.77

.72

.72

1.90

.05

1.37

.05

2.09

1.30

.16

.03

23

26

19

22

22

25

22

24

40

38

38

38

38

38

38

38

.57

.68

.50

.58

.58

.66

.58

.63

.87

.01

.»»

.41

.00

0.00

2.98

.24

29

25

25

28

27

27

29

27

40

40

40

40

40

40

40

40

.72

.63

.63

.70

.67

.67

.72

.67

0.00

0.00

.05

0.00

.22

.03

.16

.01

29

27

32

27

30

27

27

26

40

39

40

40

40

38

36

36

.72

.69

."0

.67

.75

.71

.75

.72

0.00

.03

3.72

.06

1.42

.24

.02

.02



KEEK

T.fcle 7

AVERAGE IMPLANTS PER PREGNANT FEMALE - BROHACIL

CONTROL 74-06 1250 MG/KO 74-06 3500 MG/KG 74-06 5000 MG/K3 TE« .2 HO/KG

MULTIPLE TREATMENT

1 319/

2 303/

3 245/

4 309/

5 2T4/

6 302/

7 346/

8 292/

28*11.39

26.11.65

23.10.65

27-11.4*

24.11.42

24*12.58

30.11.53

27*10.81

23S/ 21.11

2S3/ 2-.. 10

33S/ 29.11

Z90/ 25*11

361' 31*11

368/ 31*11

3SS/ 29.12

318/ 28.11

.19

.54

.55

,6fl

.65

.87

.24

.36

27s/

2B4/

225/

268/

261/

294/

2S3/

277/

23*12.09

26.10.92

19.11.84

22*12.18

22.ll.B6

25*11.76

22.11.50

24.11.54

32g/ 29*11.31

304/

319/

346/

323/

278/

357/

307/

25*12.

25.12.

28-12.

16

76 "I

36

27*11.96

27*10.

29*12.

£7*11.

30"

31

37

316/

293/

34B/

26»/

35ft/

273/

306/

322/

29*10

27*10

32*10

37. 9

.90

.85

.87

.85 «

30*11.87

27*10

27.11

26*12

.11 •*

.33

.38"!

• SIGNIFICANT AT P LT 0.05
•• SIGNIFICANT AT P LT 0.01
I INCREASED ABOVE CONTROL



Table 8

AVERAGE DEAD IMPLANTS PER PREGNANT FEU ALE - BROMACU.

KEEK CONTROL 7«-06 1250 HO/KG 74-06 2500 KG/KG 74-06 5000 MS/KG TEM .2 MG/KG

MULTIPLE TREATMENT

1 13/

2 8/

3 9/

4 2/

5 ll/

6 21/

7 30/

8 I")/

28 •

26*

23>

27*

24*

24*

30*

27*

.46

.31

.39

.07

.46

.88

1.00

.TO

8/

12/

6/

7/

12/

7/

ll/

IS/

21*

24*

29*

25*

31*

31*

29*

28.

.38

.50

.21

.28

.39

.23**D

.38

.54

10/

8/

12/

16/

IS/

16/

14/

a/

23*

26*

19*

22.

22*

25'

22*

24.

.43

.Jl

.63

.73**

.68

• 64

.64

.33

17/

5/

10/

IS/

8/

21/

14/

9/

29'

25*

25*

28.

27*

27*

29.

27.

.59

.20

.40

.5**

.30

.78

.48

.33

62/

77/

87/

Jl'

«/

17/

ll/

ll/

29*

27.

32*

27.

30«

27*

27*

26.

2.1*..

2.85*.

2.T2«

.41.

.73

.63

.41

.«2

• S I G N I F I C A N T AT P LT 0.05
•• S I G N I F I C A N T AT P LT 0.01
D DECREASED BELOW CONTROL



Table 9

CHI-SQUARE TEST OF THE DEATH INDEX - BROKACIL
1 DECREE OF FREEDOM

•EEK VEHICLE CONTROL 7»-06 1250 MO/KB 74-06 2500 MO/KO 74-06 5000 M6/KO TEN .2 MG/KO

N N DEATH
ttDI PRO INDEX CHISO

N N DEATH
HOI PRG INDEX

N
CHISO MDI

N DEATH
PRG INDEX CHISO

N N DEATH
«DI PRG INDEX CHISQ

N
MDI

N
PKG

DEATH
INDEX CHISO

MULTIPLE TREATMENT

1 10

2 7

3 9

4 2

5 9

6 15

7 8

8 12

28

26

23

27

24

2*

30

27

.36

.27

.39

.07

.'48

.63

.27

.44

0.00

0.00

0.00

0.00

0.00

C'OO

0.00

0.00

7

10

6

6

12

5

7

11

21

24

29

25

31

31

29

28

.33

.42

.21

.24

.39

.16

.24

.39

.02

.64

1.32

1.62

.04

10.65**D

.01

.01

7

a
9

11

12

13

10

7

23

26

19

22

22

25

22

24

.30

.31

.47

.10

.55

• 52

.45

.29

.01

0.00

.05

9.20"

.74

• 21

1.24

.70

1*

5

6

14

8

10

12

T

29

25

25

28

27

27

29

27

.48

.20

.24

.50

.30

.37

.M

.26

.48

.06

.67

10.11"

.09

2.36

.84

1.30

25

26

25

8

10

10

9

10

29

27

32

27

30

2'

27

26

.86

.96

.78

.30

.33

.37

.33

.38

13.27"

2">.26*«

7.05"

3.0?

.00

2.36

.07

.03

»* SIGNIFICANT AT F LT 0.01
D DECREASED BELOW CONTROL



»EEK

Table 10

NUMBFR OF DEAD IMPLANTS PER TOTAL IMPLANTS - BROMACIL

CONTROL 74-06 5COO M6/KG .2 MS/KG

MULTIPLE TREATMENT

1 13/ 319*

2 8/ 303*

3 9/ 245*

I 4 2/ 309*

5 ll/ 274.

6 21/ 302*

7 30/ 346*

8 19/ 292*

.04

.03

.04

.01

.0*

.07

.09

.07

*/ 235*

12/ 253*

6/ 335*

7/ 290.

12/ 361*

7/ 368*

ll/ 355*

IS/ 318*

.03

.05

.02*0

.02

.03

.02 **D

.03

.05

IO/

e/
12/

16/

15/

16/

I*/

a/

278*

284*

225*

268*

261*

294*

253*

277*

.0*

.03

.05

.06**

.1)6

.05

. 06

.03

17/

5/

IO/

15/

8/

21/

I4/

9/

328*

304*

319*

346*

323*

278*

357*

307*

.05

.02

.03

.04**

.02

.08

.04

.03

62/

77/

87/

ll/

22/

17/

ll/

ll/

316*

293*

348*

266*

356*

273*

306*

322*

.20..

.26*.

.25**

.04*

.06

.06

.04

.03

• S I G N I F I C A N T AT P LT 0.05
•• S I G N I F I C A N T AT P LT 0.01
D DECREASED BELOW CONTROL



Table li

CHI-SQUARE TEST OF THE FERTILITY INDEX - CAPTAN
1 DECREE OF FREEIOM

• EE.K VEHICLE CONTROL 74-02 1250 MO/KG 74-02 2500 74-02 «(ooo NG/KG TEN .? MG/KG

N N FERT.
PRO NTD INDEX CHISQ

N N FERT.
PRG MTO INDEX CHISO

N
PRS

N FtRT.
MTO INDEX

N
CHISO PRG

N FEBT.
MTO INDEX CHISO

N
PRG

N FERT.
MTO INOEJ CHISO

MULTIPLE TREATMENT

LO 1
00

2

. 3

4

5

6

7

8

23

27

26

27

29

29

29

32

40

39

40

40

40

40 \

40

40

.57

.69

.65

.67

.72

.72

.72

.80

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

34

30

23

31

26

27

27

33

40

40

40

3»

38

38

3S

38

• 8!

.75

.57

•82

.68

.71

• O

.87

.10

.21

1.35

.02

.01

.01

.26

31

36

30

33

30

34

30

34

40

40

40

40

40

40

40

40

.77

.90

.75

.82

•75

.85

•75

.85

4.07.t

.54

1.67

0.00

1.20

o*oa
.09

30

31

32

26

30

26

27

40

40

40

40

38

38

38

38

.72

.75

.7T

.80

.68

.79

.68

.71

1.37

.10

.98

1*03

.02

.16

.02

.43

29

27

32

27

30

27

27

26

40

39

40

41)

40

38

36

36

.7?

.69

.80

.67

.7*

.71

.75

.7?

1.37

.06

1.5T

.0»

0.00

.01

.00

.28

* SIGNIFICANT .AT K.T 0.05
I INCREASED ABOVK CONTKOL



III <K

Table i:

AVERAGE IMPLASTS PER PREGNANT FEHALE - CAPTAN

CCNTHOL 7*-0<! MS/KG 74-02 2500 7«-OZ 5000 MG/KG .2 KG/KG

MULTIPLE TREATMENT

1

2

s 3
«
5

6

7

fl

265/ 23*11. S..

305/ 27.11.30

268/ 26.10. 11

?88/ ?7«10.67

33*/ 29=11. ">2

3J3/ 29.11.1*

323/ 29.11.1*

38,/ 3J.11.91

3f)7/ 3*«11

328/ 30=10

252/ 23.10

.38

.93

.96

339/

375/

313/

32»/ 31*10. »5 359/

2HH/ 2b*10

312/ 27.11

30V/ 27.11

3»2/ 33*11

.85

.56

.**

.58

3*8/

361/

329/

383/

31*10^*

36=10. »2

30x10. *3

33*10. »"

30*11. bO

3*»10.*2

30x10.97

34'll.^S

310/

3*2/

3*5/

333/

298/

3»0/

309/

301/

29* 10.

30*11.

31,

32=

26-

30*

26.

U.

10.

1!.

;i.
11.

27«11.

69

*0

13

*!

*6

33

31f</ 29*10.

293/ 27*10.

90

85

3»n/ 32*10.87

26iS/ 27* 9.

35*/ 30*11.

273/ 27*10.

85

87

11

«» 30»>/ 27.11.33

JS 322/ 26*12. 38

• SIGNIFICANT AT . LT 0.05
•• SIGNIFICANT AT P LT 0.01



AVERJWS :

Title 13

IMPLANTS PER PKKbNAKT TltHlX

Kf tK CONTROL 7»-02 1250 NG/KO 74-02 2500 HO/K6 T»-0.» 5000 K8/K8 MG/KG

WULTIPLE TREATMENT

1 R/ ?3* .35

2 ll/ 27* .41

3 16/ ?•>•* ,»>2

4 16/ 27« .59

5 15/ 29. .32

6 9/ z** ,-jl

7 21/ 25* .72

•1 13/ 32* .41

17/ 34. .50

lb/ 30. .50

lb/ 23* .70

I2/ 31* .39

?•>/ 26* .92

13/ 27* .48

15/ 27. .56

12/ 33* ,36

19/

J7/

16,

!'•>/

9.'

21'

I*/

ll/

3..*

36'

30*

33*

30*

34*

30*

34*

.61

..»

.S3

.•3

.JO

.62

.47

.32

IS/ 29> .52

14/ 30* ,»7

IS/ 31* .48

ll/ 32< .3*

ll/ 26. .42

IS/ 30' .60

«/ 26* .31

7/ 27* .26

«>2/ 24* 2.M**

77/ 27* 2.«5»*

87/ 3?« <.72**

ll/ 27. .4)

22/ 30. .73

17/ 27* .63

ll/ 27* •*!

ll/ 26r .»2

• SIGNIFICANT AT P LT O.O1)
•• SIGNIFICANT f.T P UT 0.01



Tible 14

CHI-SQUAKE TEST OF THE DEATH INDEX - CAPTAN
1 DECREE OF FREEDOM

KEfcK VEHICLE CONTROL 74-02 MO/K6 74-02 2500 KG/KG 74-02 5000 MS/KG TEN .? MS/KG

N N DEATH
WDI PRG INDEX CHISO

N N DEATH
•01 PRS INDEX CHISO

N N DEATH
«DI PRO INDEX CHISO

N
HOI

N
PRG

DEATH
INDEX CHISO

N
WDI

N
PRG

DEATH
INDEX CHISO

MULTIPLE TREATMENT

1 8

2 9

3 10

4 11

5 11

6 8

7 12

8 11

23

27

26

27

29

29

29

32

.35

.33

.38

.41

.38

.2"

.41

• 34

0.00

0.00

0.00

0.00

o.oo

o.oo

o.oo

o.oo

10 34

a 30

12 23

8 31

10 26

9 27

12 27

8 33

.29

.27

.52

.26

.38

• 33

.44

• 24

.02

.07

.46

.86

.06

.03

.00

.39

12

12

11

7

7

15

11

9

31

36

30

33

30

34

30

34

.39 .00

.33 ,'J7

.37 .02

.21 1.85

.23 .87

.44 1.20

.37 .01

.26 .19

12

10

13

8

11

10

7

5

29

30

31

12

£6

30

26

27

.<! .04

.33 .08

.42 .00

.25 1.02

.42 .00

.33 0*

.27 .71

.J9 1.15

25

26

25

8

10

10

9

10

29

27

32

27

30

27

27

26

..6

.96

.78

.30

.33

.37

.33

.38

12.49"

20.79"

7.B5"

.32

.01

.22

.12

.00

«« SIGNIFICANT AT PLT 0.01



Table IS

NUMBER OF DEAD IKPLANTS PER TOTAL IKPLAKTS - CAPTAK

CONTHOl 74-0? 1250 MG/KG 74-02 2500 MG/KG 74-02 5000 MO/KO TE» .?

MULTIPLE TREATMENT

1 B/ 265>

2 ll/ 305*

3 16/ 268*

4 J6/ 2«B«

5 IS/ 334*

6 9/ 3?3*

7 21/ 323*

8 13/ 3*1'

.03

.04

.06

.06

.04

.03

.07

.03

IT/ 3e7»

IS/ 328*

16/ 252*

12/ 324«

2*/ 282*

13/ 312*

15/ 309*

Ii/ 332»

.04

.05

.06

.04

.09

.04

.05

.03

19/ 339'

17/ 375*

16/ 313*

15/ 359*

9/ 348*

21/ 361*

14/ 329.

ll/ 3B3«

.06

.US

.uS

'04

.03

.06*

.11-.

.03

IS/

14/

IS/

ll/

ll/

IB/

8/

V

3>0*

342*

345*

333'

298'

340*

309.

30;-

.05

.04

.34

.03

.04

.05

.03

.02

6?/

T7/

VI f

ll/

22/

17/

ll/

ll/

3,t.

293>

348.

266.

356.

273*

306*

322*

.20*'

.?6"

.25"

.04

.06

.06

.04

.03

• SIGNIFICANT AT P LT 0.05
•• SIGNIFICANT AT P LT 0.01



CHI-SQUARE TEST OF THE FERTILITY INDEX - FOLPET
1 DECREE OF FREEDOM

• EEK VEHICLE CONTROL 74-03 1250 MG/KG 74-03 2500 MC/Kli 74-OJ 5000 Mto/KG TEH .2MG/KG

N N FERT.
PNG MTD INOtX CHISJ

N N CERT.
PHU MTU INDEX CHlaa

N N FERT. N
PRG MTU INDtX CHlSa HR«

N FEHT.
MTu INDEX CMISS

N N fERT.
"KG KTO INDEX CHISU

MULTIPLE TREATMENT

1

2

3

4

5

6

7

8

23

27

26

27

29

29

29

32

40

3.9

40

40

40

40

40

40

.57

.69

.65

.67

.72

.72

.72

.80

0.00

0.00

0.00

0.00

U.OO

0.00

0.00

0.00

«.
2«

2b

30

JO

30

28

27

40

40

40

;40

40

40

40

40

.67

.70

.63

.75

.75

.75

.70

.67

.48

.03

o.uo

.24

O.UO

0.00

o.uo
1.03

29 40

23 40

31 40

18 40

26 40

28 4o

27 40

29 40

.72 1.J7 30

,!>7 .12 3b

.77 .V8 32

.45 3*25 30

.65 .£3 35

.7o 0*00 21*

.67 (U6 31

.72 .28 JO

40

40

40

40

40

4U

40

40

.75

.88

.80

.75

.88

.70

.77

.75

2.91

2.90

1.57

.24

1.9b

U.OO

.07

.07

29

27

32

27

30

27

27

2»

40

39

40

40

40

38

J6

J6

.72

.69

.80

.67

.75

• 71

.75

• 72

1.37

.06

1.57

.06

0.00

• 01

.00

.28



Table 17

AVERAGE IMPLANTS PER PREGNANT FEMALE - FOI-PET

•ELK COSTAOL 7*-Oi IZSl) Mtf/KD M-03 £*>00 M6/K6 7»-03 9000 Mo/Mi IE" .ZMG/iVb

MULTIPLE TKtATMtNT

1 Z6S/ 23*11.5?

2 JOS/ 27*11.30

3 Z68/ 26*10.31

* Z88/ j7.lu.67

5 33»/ Z9*11.SZ

6 3Z3/ 29*11. 1»

7 3Z3/ 29*11.1*

8 3«l/ 32*11.91

30«/ 27*11.*!

30*/ ZB.10.b6

271/ 2b*10.8*

299/ 3o* 9.97

333/ 30*11.10

33«/ 30*11.13

307/ 28*10. >6

301/ Z'«1U1'

J2*/ 29*11.17

257/ 23*11.17

33«/ 31. 10. 1 1

18J/ 18*lu>l7

31tt/ 26*12.̂ 3

29«/ ZB.10.sO

311/ 27*11.32

3*3' Z9-U. VO

32B/ 30*10.93

390/ 33*11.1*

327/ 32*10.22

JZO/ 30*10.67

399/ 35*1 l.*0

312/ 28*11.1*

3!>6/ 31«ll.»t>

3*6/ 30*11.53

316/

293/

3*8/

266/

3S6/

Z73/

306/

322/

29*10.90

27*10.85

12*10.87

27* 9.85

30*11.87

27*10.11

27*11.33

26*12.38

• SIGNIFICANT AT f LT 0.05
•• SIGNIFICANT AT P LT U.01



Table 18

AVERAGE DEAD IMPLANTS PER PREGNANT FEMALE - FOLPET

• EtK CONTROL 74-03 1250 HO/KG 2SOO MG/R& 7»-03 5000 IE*

1
2

3

*

5

6

7

a

a/

ll/

16/

16/

15/

9/

21/

13/

23<

27.

26>

27.

29.

29«

29.

32'

.35

.41

.62

.59

.52

.31

.72

.41

m

1U/ 27* .37

la/ Z8» .64

U/ 2b. .52

16/ 30. .53

12/ 30« .40

17/ 30« .57

U/ 2B« .43

ll/ 27. .41

JLUPLt T«! «fMENT

25/ 29»

20/ 23'

19/ 31.

a/ la*

V/ 26«

16/ 28»

10/ 27'

20/ Z9«

.86

.07.

.61

.44

.J5

.57

.37

.69

13/

21/

ll/

7/

16/

13/

la/

13/

30« .43

35» .60

32« .34

30. ,23»D

35s .46

Ha* .46

31- .58

30' .43

62/

TV

87/

ll/

22/

\v
ll/

ll/

29'

27.

32'

27.

30.

27.

27«

26"

«.1»"

2.e5**

2.72**

.41

.73

.63

.41

.42

• S I G N I F I C A N T AT P LT 0.05
•• SIGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL



CHI-SQUARE TEST OF THE DEATH INDEX - FOtPET

1 DECREE OF FREEDOM

VEnICLt CONTROL /»-03 USO MG/Kti 7»-03 2500 7--03 5000 Mb/KU TEH

N N DEATH
HOI PRl> INUtX CHISU

N N DEATH
• UI HKW JNDEx CfllSU

N N DEATH N N OtATH
•01 PRI> iNUtX CHI SO »Ul PRb JNBEX CHISU

N N DEATH
»L)I PhO INDEX CHISU

MULTIPLE TNLATKENT

1

2

3

4

5

6

7

8

8

9

10

11

11

6

12

11

23

27

26

27

29

29

29

32

.35 0.00

.33 0.00

.38 0.00

.41 0.00

•38 0.00

•28 0.00

.41 0-CO

•34 0.00

a 27 .JO .VI

13 *8 ,»6 .SI

V «!b .36 .01

11 30 .37 .00

10 30 .33 .01

11 30 .37 ,ti

rt «!B .29 .b4

4 2' .33 «0»

13 24

12 23

V 31

7 la

8 26

11 2*

* 2T

16 29

.45 .<0 10 30

.52 1.12 IS 3b

.29 .22 « 32

.39 . UJ 7 30

.31 .07 12 35

• 39 .43 V 28

.33 .12 13 31

.55 1.89 11 30

.33

.43

.2b

.23

• 34

•32

• 42

.37

.03

.2b

•-.«-.

1.27

.00

• 01

• 05

• 01

25 <:v

in il

2S J2

8 tJ

10 JO

10 *1

» <f

10 <6

.86

.96

.78

.30

• 33

.37

.33

.38

12.49**

20.79.*

7.85**

.32

.01

.22

• 12

.04

** SIGNIFICANT AT PIT 0.01



W t t K

Tible 20

NUMBER OF DEAD IMPLANTS PER TOTAL IMPLAXTS - FOLPET

CONTROL 7»-OJ 12bO MO/KG 7»-OJ 5000 Mt>/f\G Tt* .?MG/Kb

HULTIHLE TKtATMtNT

1 8'

2 ll/

3 16/

* lb/

5 15/

6 9/

7 21/

8 13/

265*

305*

268*

288.

33*.

323*

323*

381.

.03

.0*

.06

.06

.0* '•'

.03

.0'

.03

10/

lb/

U/

If/

12/

I//

\i/

ll/

JOB*

30*.

271.

29V =

333.

J3»-

307.

301*

.03

.06

.05

.05

.0*

.05

.«*

.0*

2b/ 32**

20/ 257*

I*/ 33*.

8/ 1«3«

•V 318*

16/ *9»«

10/ 311*

20/ 3*5'

.08

.UB*

.06

.0-

.03

.Ob

.03

.06

13/

21/

ll/

7/

16/

13/

18/

13/

328*

390*

327.

320*

391'

312*

356.

3*6*

.0*

.05

.03

.02

.0*

.0*

.05

.0*

«2/

77/

87/

ll/

22/

17/

ll/

ll/

316*

293*

3*8.

266*

356'

273.

306.

322.

.20"

.26"

.25"

• 0*

.06

.06

.0*

.03

• SIGNIFICANT AT P LT 0.05
•• SIGNIFICANT AT V LT 0.01



Table 21

CHI-SQUARE TEST OF THE FERTILITY INDEX - AZINPHOS-METHYl,
1 DECREE OF FREEDOM

MEEK VEHICLE CONTROL 74-09 20 MG/K6 74-09 *0 MG/KO 74-09 DO MO/KO TEM MG/KO

N N FERT.
PRO MTO INDEX CHISQ

N N FERT.
PUG MTD INDEX CHISQ

N N FERT.
PR6 MTD INDEX CHISQ

•» N FEPT.
PRU MTD INDEX Chi SO

n
PRO

N FERT.
MTD INDEX CHISQ

MULTIPLE TREATMENT

«. 1 28
05

2 26

3 23

4 27

5 24

6 24

7 30

8 27

40

40

40

40

40

38

38

38

.70

.65

.57

.67

.60

• 63

.79

.1\

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

34

29

33

30

29

30

27

26

40

40

40

40

40

«0

40

40

.85

.72

.82

.75

.72

.75

.67

.65

1.79

.23

4.82*1

.24

.89

.79

.78

.11

28

27

29

2»

26

27

25

26

40

40

40

40

40

40

40

40

.70

.67

.72

.72

.65

.67

.63

.65

.06

0.00

1.37

.06

.05

• 03

1.81

.11

27

27

24

21

20

28

24

22

40

40

38

36

34

34

34

34

.67

.63

.58

.59

.82

.71

.65

0.00

0.00

.08

.35

.12

2.41

.30

.10

29

27

32

27

30

27

f

26

40

39

40

40

40

38

36

i6

.72

.69

.80

.67

.75

• 71

.75

.72

0.00

.03

3.72

.06

1.42

.24

.02

.02

• SIGNIFICANT AT P LT 0.05
I INCREASED ABOVE CONTROL



T.;ble II

AVERAGE IMPLANTS PER PRECNANT FEMALE - AZINPHOS-METHVL

*EEK CONTROL 74-09 20 MG/KG 74-09 40 MG/KG 74-09 80 MG/KB .2 KG/16

MULTIPLE TREATMENT

1 319/

2 303/

3 ?45/

vO
4 309/

* 274X

6 302/

7 346/

8 292X

28*11.39

26*11.65

23*10.65

27*11.44

24*11.42

24*12.58

30*11.53

27.10.fll

3T5/

335/

379/

367/

337/

34S/

288X

306/

34*11.03

;«*u.ss
33*11.48

30*12.23

29*11.62

30*11.50 *

27*10.67

26*11.77

300/

312/

33B/

369/

310/

276/

278/

293/

28*10

27*11

29*11

29.12

.71

.56

.66

.72**!

26.11.92

27*10

25*11

26.11

.22**

.12

.?T

306X

310/

272X

247/

228/

323X

262/

250/

27*11

27*11

24.11

21*11

20*11

28*11

.33

.*8

.33

.76

.40

.5**

24*10.92

22*11.36

31*/

293/

34«/

266/

3S6/

273/

30A/

322/

29*10.90

27*10.85

32*10.87

27, 9.85 *

30*11.87

27*10.11 **

27*11.33

26. 12. 39 **I

• S IGNIFICANT AT P LT 0.05
•• SIGNIFICANT AT P LT 0.01
I INCREASED ABOVE CONTROL



Table 23

AVERAGE DEAD IMPLANTS PER PREGNANT FEMALE - AZINPHOS-METHYL

MEEK CONTROL 7*-09 20 MG/KG V4-09 40 MS/KB 74-09 80 H8/KO TEM .? XG/K6

MULTIPLE TREATMENT

1 13/ 28>

2 8/ 26.

3 9/ 23.

4 2/ 27.

5 ll/ 24.

6 21/ 24.

7 30/ 30.

8 19/ 27.

.*6

.31

.39

.07

.46

.88

1.00

.70

13/ 34.

16/ 29.

31/ 33.

21/ 30-

IS/ 29»

10/ 30.

8/ 27.

13/ 26.

.38

.55

.94

.70*.

.52

,33«*D

.30

.50

3*/

15/

a/

31/

6/

17/

a/
10/

28>

27>

29.

29.

2ft.

27.

25.

26.

1.21 .

.56

.28

I.OT**

.23

.63

.32

.38

19/

19/

ll/

7/

ll/

9/

19/

a/

27-
27«

24.

21-
20.

28>

24.

22.

.70

.70**

.46

.33*

.55

.32**D

.T9

.36

62/

77,

87/

ll/

22/

17/

ll/

ll/

29>

27.

32.

27.

30.

27.

27.

26.

2.14.'

2.85**

2.72**

.41*

.73

.63

.41

.42

• S I G N I F I C A N T AT P LT 0.05
•• SIGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL



Table 24

CHI-SQUARE TEST OF THE DEATH INDEX - AZINPHOS-METHYL
1 DECREE OF FRF.EEOM

VEHICLE CONTROL 74-09 20 MO/KG 74-09 40 H6/KO 74-09 80 MG/KO TE" .? KG/KG

N N DEATH
PRG INDEX CHISQ

N
MOI

N DEATH N
PRO INDEX CHiSQ MOI

N DEATH
PRS INDEX CHISQ

N
MOI

N DEATH
PRO INDEX

N
CHI SO MOI

N
PHG

DEATH
INDEX CH1SO

MULTIPLE TREATMENT

1

! 2

3

4

5

6

7

8

10

7

9

2

9

15

8

12

28

26

23

27

24

24

30

27

.36

.27

.39

.07

.38

.63

.27

.*»

0.00

0.00

0.00

0.00

0.00

0.03

0.00

0.00

12

11
16

13

13

a
7

10

34

29

33

30

29

30

27

26

.35 .05

.38 .34

.48 .18

.43 7,70**

.45 .07

.27 5.61**D

.26 .06

.38 .03

14

8

5

14

6

9

7

8

28

2*

29

29

26

27

25

26

.50

.30

.IT

.48

.23

.33

.28

.31

.66

.01

2.11

9. 53"

.64

3.25

.04

.55

11
12

a

7

7

8

10

8

27

27

24

21

20

28

24

22

.41

.44

.33

.33

.35

.29

.*2

.36

.01

1.09

.01

3.65

.02

4.73 *a

.T6

.08

25

26

25

8

10

10

9

10

29

27

32

27

30

27

27

26

.Hft 13.27**

.96 24.26**

.78 T.OS**

.30 3.07

.33 .00

.37 2.36

.33 .07

.31 .03

* SIGNIFICANT AT t LT 0.05
** SIGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL



*EEK

Table 25

NUMBER OF DEAD IMPLANTS PER TOTAL IMPLANTS - AZINPHOS-METHYL

CONTROL T»-09 20 Mt /KO 74-09 40 M6XKO 74-09 80 M6XKO TEM .2 MOXK3

MULTIPLE TREATMENT

1

2

3
•Ji
M 4

5

6

7

8

13X 319. .04

«X 303« .03

9X 245. .04

2X 309. .01

11X »* .04

21/ .07

30X .09

19X i'/2« .07

13X 375*

16X 335*

31X 379.

21X 367.

15X 337.

10X 345.

ax 288.

]3X 3o>*

.03

.05

.08

.06 "

.04

.os «»o

.03

.04

34X

ISX

ax
31X

6X

17/

ax
10X

300*

312*

338.

369.

310.

..•76.

278.

2»3*

.11

.05

.02

.08"

.02

.06

.03

• 03

19X

19X

MX

7X

llx
9X

19X

ex

306*

310*

272«

247*

228.

323*

262*

?5,»

.06

.06

.0*

.03*

.05

,03"D

.07

.0*

62X

77X

BTX

MX

22X

17X

MX

MX

316*

293*

348.

266.

356.

273*

306.

322*

.20"

.26"

.25"

.04*

.06

.06

.04

• 03

• S IONi r tCANT AT P LT 0.05
•• S I G N I F I C A N T AT P LT 0.01
D DECREASED BELOW CONTROL



•Vable 26

CHI-SQUARE TEST OF THE FERTILITY INDEX - KM./.THION
1 DEGt_E OF FREEDOM

KEEK VEHICLE CONTROL 7»-07 1253 MO/KG 74-07 2500 MG/KG 7»-07 5000 MG/KG TFH .? MG/KO

N N FERT.
PRG MTD INDEX CHISO

N N FERT.
PRG MTO 1NOEX CHISO

N
PRG

N F£RT.
MTO INDEX CHISQ

N N FERT.
PRG MTD INDEX CHI sa

N
FV3

N FERT.
HTO INOE'. CHISQ

MULTIPLE TREATMENT

1 28

2 26

3 23

4 27

5 2*

6 2-,

7 10

8 27

40

40

40

40

40

38

38

38

.70

.65

.57

.67

.60

.63

.79

.7!

O.OC

0.00

O.bO

0.00

0.00

0.00

0.00

0.00

31

30

23

25

21

28

30

30

40

40

38

38

36

36

36

36

.77

.75

.61

.66

• 58

.78

.83

.83

.26

.54

.00

.01

.01

1.26

.03

.96

26

24

24

22

22

19

19

16

40

40

4?

38

36

34

34

34

.65

.60

.60

.58

.61

.56

.56

.47

.06

.05

0.00

.41

.02

.15

3.39

3.36

29

31

33

^^
34

35

32

37

40

39

40

40

*0

40

40

40

.72

.79

.82

.67

.85

.88

.80

.92

0.00

1.40

4.82*1

.06

5.08*1

5.02*1

.03

4.72*:

29

27

32

27

30

27

27

26

40

39

40

40

40

38

36

36

.72

.69

.to

.67

.75

.71

.75

.7?

0.00

.03

3.72

.06

1.42

.24

.02

.02

** SIGNIFICANT AT P IT 0,05
I INCREASED ABOVE CONTROL



Table 27

AVERAGE IMPLANTS PER PREGNANT FEMALE - MALATHION

KEEK CONTROL 74-07 1250 MO/K3 74-07 2500 MG/KG 74-07 5000 MG/KG TEM .2 "G/KG

HM.TIPLE TREATMENT

1 319/

2 303/

3 24S/
VI
4" » 309/

5 274/

6 30?/

' 3*6/

8 292/

28«11.39

26.11.65

23.10.65

27.U.44

24.11,42

24.12.58

30.11.53

27.10.81

346/

363/

281/

304/

238/

318/

337/

323/

3L11.16

30.12.10

23.12.22 *I

25.12.16

21.11.33

28.11.36 *

30.11.23

30.10.77

298 /

267/

30S/

256/

243/

226/

235/

187/

26.11

24.11

24.12

22.11

22.11

19.1*

19.12

16.11

.46

.12

.71*1

.64

.05

.89

.37*1

.69

321/

3S6/

402/

300/

386/

391/

3SZ/

397/

29*11.07

31.11.

33.12.

27.11.

34.11.

35-11.

32.11.

37>10.

48

18*1

11

35

17"

00

73

316/

293/

348/

266X

356/

273/

306/

322/

29.10.90

27.10.85

32.10.87

27. 9.6-3*

30. '.1.87

27.10.11**

27.11.33

26.12.38**!

• SIGNIFICANT AT f LT 0.05
•• SIGNIFICANT AT P LT 0.01
I INCREASED ABOVE CONTROL



Table 28

AVERAGE DEAD IMPHXTS PER PREGNANT FFVALE - MALATHION

MEEK CONTROL 7»-07 1250 MG/KG 74-07 2500 MG/KG 74-07 5000 MG/KG TEH .2 MG/KG

MULTIPLE TREATMENT

1 13/

2 8/

i 3 9/
1

4 2/

5 U/

o 21/

7 30/

8 19/

28.

26.

23.

27.

24.

24.

30.

27.

.46

.31

.39 <,

.07

.46

.88

1.00

.TO

18/ 31«

12/ 30.

14/ 23.

14/ 25.

4/ 21.

21/ 28,

10/ 30.

19/ 30.

.58

.40

.61

.56**

.19

.75

.33

.63

a/
u/
14/

e/
a/
20/

6/

7/

26.

24.

24.

22.

22.

19.

19.

16.

.31

.46

.58

.36*

.36

1.05

.32

.44

13/

ll/

14/

7/

a/
23/

IS/

32/

29.

31*

33.

27.

34.

35.

32>

37.

.45

.35

.42

.26

.24

.66

.47

.86

62/

77/

87/

ll/

22/

17/

ll/

ll/

29.

27.

32.

27.

30.

27.

27.

26.

2.14"

2.85"

2.72"

.41*

.73

.63

.41

.42

• SIGNIFICANT »T P LT 0.05
•• SIGNIFICANT AT P LT 0.01



Tlt>l* 29

CHI-SQUARE TEST Of THE DEATH IPDEX - MALATHION
1 DECREE OF FREEDOM

•EEK VEHICLE CONTROL 74-07 1250 NO/KG 74-07 2500 MG/KG 74-07 5000 MG/KO TEN .2 MB/KG

N N DEATH
•01 PRG INDEX CHI SO

N N C^ATH
•DI PRO INDEX CHISQ

N N DEATH
•01 PRG INDEX CHISO

N N DEATH
•01 PR3 INDEX CHISO

N N DEATH
•oi PHG INDEX CHISO

MULTIPLE TREATMENT

1 10

2 7

3 9

4 2

5 9

6 15

7 8

8 12

28

<I6

23

27

24

Z4

30

27

.36

.27

.39

.07

.38

.63

.27

.44

0.00

O.OP

0.00

0.00

0.00

0.00

0.00

0.00

13

8

7

10

3

11

7

14

31

30

23

25

21

28

30

30

.42 .05

.27 .08

.30 .10

.40 6.04*

.1* 2.01

.39 1.93

.23 0.00

.47 .01

7

9

11

S

6

6

4

7

26

24

24

22

22

1*

19

16

.27

.30

.«»

.23

.27

.32

.21

.**

.16

.25

.03

1.24

.18

2.91

.01

.07

10

8

9

5

7

16

12

16

29

31

33

27

34

35

32

37

.34

.26

.27

.19

.21

.46

.38

343

.03

.04

.*!

.66

1.26

1.01

.41

.03

25

26

ZS

8

10

10

9

10

29

27

3Z

27

30

27

27

26

.•6 13.27"

.»6 24.26 "

.70 7.05 **

.30 3.07

.33 .00

.37 2.36

.33 .07

.'8 .03

* SIGNIFICANT AT P LT 0.05
»• SIGNIFICANT AT P LT 0.01



»EEK

Table 30

NUMBER OF DEAD IMPLANTS PER TOTAL IMPLANTS - MALATHIOS

CONTROL 74-07 1250 MG/KG 7*.or 2500 MG/KG 74-07 SOOO MG/KG TE" .2 HO/KG

MULTIPLE TREATMENT

1 13/ 319.

2 8/ 303.

3 9/ 245.

4 2/ 309.

5 ll/ 274.

6 21/ 302.

7 30/ 346.

8 19/ 292.

.04

.03

.04

.01

.04

.07

.09

.07

18/ 346.

12/ 363.

14/ 281.

14/ 304.

4/ 238.

21/ 318.

10/ 337.

19/ 323.

.05

.'03

.05

.05"

.02*0

.07

.03

.06

8/

ll/

14/

B/

a/
20 /

6/

7/

298.

267.

305.

2S6.

243.

226.

235.

187.

.03

.04

.05

.03

.03

.09

.03

.04

13/

ll/

14/

T/

8/

23/

15/

32/

321«

356«

402*

300'

386.

391«

352.

397.

.04

.03

.03

.02

.02

.06

.0*

.08

6?/

77/

87/

ll/

22/

17/

ll/

ll/

316'

293*

348.

266*

356.

273'

306.

322*

.20"

.26"

.25"

.04»

.06

.06

.0*

.03

• S I G N I F I C A N T AT P LT 0.05
•• SIGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL



CHI-SQUARE TEST OF THE FERTILITY IXDEX - PARATHION
1 DEGREE OF FREEDOM

MEEK VEHICLE COM»OL 74.01 62.5 MG/K6 74-01 125. NQ/K6 T*-01 0. M6/KG TFM MR/KG

N N FERT.
PRG MTO INDEX CHISO

N N FERT.
PRG MTO INDEX CMlSB

N N
PRG MTO

FERT.
INDEX CHISQ

N
PRG

N
MTO

FEBT.
INDEX CKISJ

s
PHG

N
MTO

FEHT.
INOFX CHISO

5

MULTIPLE TREATMENT

1

2

3

4

5

6

7

•

23

27

26

27

29

29

29

32

40

39

40

40

40

40

40

41

.57

.69

.65

.67

.72

.72

.72

.80

0.00

0.00

0.00

0.00

0.00

(.00

(.01

(.0(

25

32

23

25

25

26

29

33

40

40

40

40

40

40

40

40

.63

.80

.57

.63

.63

.70

..'2

.*2

.05

.71

.21

.05

.51

O.(0

.06

(.(0

27

23

20

23

25

23

21

29

40

40

40

40

40

40

40

40

.67

.57

.50

.57

.63

.57

.52

.72

.48

.72

1.28

.48

.51

1.37

2.61

.28

22

23

26

2B

30

J2

2-»

30

40

40

40

40

40

40

40

40

.',5

.57

.65

.70

.75

.80

.72

.75

0.00

.72

.Ob

0.00

0.00

.28

.06

.07

29

27

32

27

30

27

27

«6

.0

J9

40

40

40

J1

36

36

.7?

.••9

.00

.*7

.75

.71

.75

.72

1.37

.06

1.57

.06

0.00

.01

.no

.?«



WEEK

Table 32

AVERAGE IMPLANTS IER PREGNANT FEHAJ.E - PARATHION

CONTROL 74-01 62.5 HG/K3 74-01 125. 7*-fll 250. Mb/«r, re- "G/KU

MULTIPLE TREATMENT

1 2t5/

2 305/

Wi 3 Z68/

VO
* 2B8/

5 334/

6 323/

7 323/

8 38l/

23*11

27*11

26*10

.52

.30

.31

27*10.67

29*11

29*11

29*11

33*11

.52

.14

.1*

.91

26b/ 25*10

337/ 32=10

257/ 23*11

277/ 25*11

29Y/ 2b*ll

322/ 2 t>=l l

.6*

.53

.17

.08

,V6

.50

322/ 29*11.10

393/ 33*11 .91

31*/

250/

246/

Z53/

28S/

259/

236.'

336/

27*11.63

23=10. H7

^0*12.30 >*I

2 i « l l . u O

2S«11.»0

23*11.^6

21*11. X*

29*11. b9

22*/ 22*10

23<S/ 23*10

277/ 2«>«10

311/ 2**11

339/ 30*11

331. / 32*10

339/ 29*11

355/ 30*11

.!«•

.35

.65

.11

.30

.3*

.69

.83

31*/

291/

3»fl/

26*/

35«i/

271/

30»>/

322/

29*10.90

27*10. «*

32*10. «7

?.7t 9.85

3«»11.R7

27*10.11

27*11.33

26*12. 3B

• S I G N I F I C A N T AT f LT 0.05
*• SIGNIFICANT »T P LT 0.01
I INCREASED ABOVE CONTROL



Table 33

AVERAGE DEAD IMPLAXTS PER PREGNANT FEMALE - PARATHIOK

NECK CONTROL 74-01 62.5 MG/KG 74-01 125. MG/KG T4~01 250. HG/KG

MULTIPLE TREATMENT

1 8/

2 ll/

3 16/

4 16/

S IS/

6 9/

7 21/

8 13/

23.

27.

26.

27.

29.

29.

29.

32*

.35

.41

.62

.59

.52

.31

.72

.41

18/

14/

7/

9/

13/

10/

15/

13/

25.

32.

23.

25.

25.

28.

29.

33*

.72

.44

.30

.36

.52

.36

.52

.39

ll/

10/

10/

5/

14/

9/

23/

9/

27.

23.

20*

23.

25.

23.

21.

2V.

.41

.43

.50

.22*0

.56

.39

1.10

.31

8/

17/

8/

»2'

ll/

14/

22/

6/

22*

23*

26*

26*

30.

3?.

29.

30*

.36

.74

.35

1.50

.37

.44

.76

.20

6?/

77/

B7/

ll/

22/

17/

ll/

I)/

29. 2.14**

27. 2.85**

32. 2.72**

27. .41

30. .7*

27. .63

27. .41

2A> .*2

• SIGNIFICANT M P LT O.OS
•• SIGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL



Table 34

CHI-SV'ARE TEST OF THE DEATH INDEX - PARATHION
1 DEGREE OF FREEDOM

•EEK VEHICLE CONTROL 74-01 62.5 MG/KG 74-01 125. "G/KO 7«-01 250. MO/KG .? MG/KG

N N DEATH
«DI PRG INDEX CMISO

N N DEATH
•01 PRS INDEX CHISU

N
HOI

N DEATH
PRG INDEX CM I SO

N

•U.

N OEATH
PRG INDEX

N K
ChlSU »CI P«G

CEATH
INOFX CHISU

MULTIPLE TREATMENT

1

2

3

4

5

6

7

8 '

8

9

10

11

11

8

12

11

23

27

26

27

29

29

29

32

.35

.33

.38

.41

.38

.28

• 41

.34

o.oo
0.00

o.oc

0.00

0.00

0.00

0.00

0.00

6

11

7

a

7

9

12

11

25

32

23

25

25

28

29

33

.14

.34

.30

.32

.28

.32

.41

.33

.25

.04

.08

.13

.23

.01

.07

.03

9

a

8

4

9

7

12

9

27

23

20

23

25

23

21

29

.33

.35

.40

.17

.36

• 30

.57

.31

.04

.04

.04

2.11

.02

• VI

.66

.00

5

7

7

10

8

10

11

5

22

23

26

2a

30

32

29

30

.23

.30

.27

.36

• 27

• 31

• 38

.17

.32 25 <>9

.01 26 27

.3* 25 32

.01 H *7

.42 10 30

.00 10 27

o.oo ? ^r
1.70 in />>>

.MA 12.49**

.If, 20.7<*.»

,7« 7.S5*.

.30 .32

.11 .01

.37 .22

• n .12
.1* .10

** SIGNIFICANT AT PIT 0.01



*EEK

Table 35

NUMBER OF DEAD IMPLANTS PER TOTAL IMPLANTS - PARVTHION

CONTROL 7*-01 6Z.5 KG/KG 74-01 125. MG/nO 74-0) 350. M6/KG IEM MO/KO

MULTIPLE TREATMENT

1 8/ 265>

2 ll/ 305.

3 16/ 26Bz
\
' 4 16/ 2BB.

5 IS/ 334.

6 9/ 323"

7 21/ 323.

8 13/ 381.

.03

.04

.06

.06

.04

.03

.07

.03

IB/

14/

7/

9/

13/

10/

15/

13/

26t>«

337.

257.

277.

299.

322>

322'

393.

.07

.04

.03

.03

.04

.03

.05

.03

ll/ 314.

10/ 250"

10/ 24f>.

s/ ac-3.
14/ 28b.

9/ 25V.

23/ 236.

9/ 336.

.04

.04

.04

.02*0

.AS

.03

.10

.03

e/
17/

e/

42/

ll/

14/

22/

6/

224.

230*

277*

311.

339.

331«

339»

355*

.04

.07

.03

.14

.03

.04

.06

.02*0

62/

77/

«7/

ll/

2?/

17/

ll/

ll/

316.

293.

34R.

266.

356.

273«

30*.

322*

.20**

.?!•>**

.25**

.04

.06

.06

.04

.03

• SIGNIFICANT AT P LT 0.05
•• SIGNIFICANT AT P LT 0.01
0 DECREASED BELOW CONTROL



CHI-SQUARE TEST OF THE FERTILITY INDEX - PARATHTON-KETHYL.
• DEGREE OF FREEDOM

DECK VEHICLE CONTROL 74-05 20 M6/K6 74-OS 40 74-05 80 T E M MS/KG

N N FERT.
PUG MTU INDEX cms'u

N N FtRT. H N
PNCi MTU INOEX CMIbU PHG MTU

FtRT.
1NOLX CHliU

N N
PHO MTO

FERT.
INCH CMlSQ

N N
PXI> MTU INUL« CM I Si.

MULTIHLE TREATMENT

1

W 2

3

4

5

6

7

8

23

27

26

27

29

29

29

32

40

39

40

40

40

40

40

40

.57

.69

,65

.67

.72

.72

.72

.80

0.00

0.00

o.oo

v.oo
0.00

0.00

0.00

0.00

'9 40

33 40

30 40

38 40

J2 40

33 40

36 40

32 40

.72

' .82

.75

.95

.80

.«2

.90

.80

1.47 24

l.<:5 23

.34 32

8.«1"I 26

.<rB 24

.65 30

2.95 32

.08 35

40

40

40

37

*0

40

40

40

.60 0.00

.57 .72

.80 1.57

.70 .00

.60 .69

.75 0.00

.BO ,tS

.88 .37

29

29

2M

C6

30

24

33

34

40

40

»o
39

40

40

40

40

.72

.72

.70

.67

.75

.60

.8?

.85

1.37

.01

.06

.03

0.00

.89

.65

.09

29 40

27 39

32 40

2' 40

30 »0

27 38

27 36

26 36

.72

.69

.40

.67

.71

.71

.7*

.72

1.37

.06

1.57

.06

0-00

.01

.00

.28

*• SIGNIFICANT AT P LT 0.01
I INCREASED ABOVE CONTROL



•EEK

T«ble 37

AVERAGE IMPLANTS PER PREGNANT FEMALE - PAXATHION-METHYL

CONTROL 74-05 20 MG/KO 74-05 40 MG/KG 80 Hto/KG TEM .2

MULTIPLE TREATMENT

1

i.

, 3

4

5

6

7

8

26S/

305/

268/

288/

334/

323/

323/

381/

23*11.52

27*11.30

26*10.31

27*10.67

29*11.52

29*11.14

29.11.14

32*11.91

301/

34 7/

306/

417/

38V/

J66/

401/

347/

29*10.38*

33*10.52

30*10.20

38*10. «7

32*12.16

33*11.09

36.11.14

32.10. 84»

268/

241/

331/

275/

300/

334/

3*7/

407/

24*11

23*10

32*10

26*lo

24*12

30*11

32*11

3S.11

.17

.48

.J4

.38

.SO

.13

.16

.63

303/

323/

297/

281/

368/

279/

399/

402/

29*10.45*

29*11.14

28*10.61

26*10.81

30*12.27

24*11.62

33*12.09

34*11.82

316/

293/

34H/

266/

35a/

273/

306/

322/

29*10.90

27*10.85

32.10.87

27* 9.85

30*11.87

27*10.11

27.11.33

26. tit. 38

• SIGNIFICANT AT P IT 0.05
•• SIGNIFICANT AT P LT 0.01



Table 38

AVERAGE DEAD IMPLANTS PER PREGNANT FEMALE - I-ARATHION-KETHYL

•UK CONTHOL 7»-Oi 20 «G/Kt» 74-05 *0 Mb/Kb 7«-Ob 80 It/US Tt« .2

HULTIHLE TREATMENT

1 8/ 23*

2 ll/ 27m

s 3 16/ 26m
t

5 IS/ 29m

6 9/ 29m

7 21/ 29m

8 13/ 32m

.35

.»!

.62

.59

.52

.31

.72

.*!

9/

10/

B/

!«/

23/

20/

7/

n/

29*

33.

30.

3(t*

32.

33"

36.

32m

.31

.JO

.27 *D

.«7

.72

.61

.19*0

.3*

2b/

a/

22/

b/

17/

10/

ll/

18/

2»m l.u* *

23* .Jb

32. .6S

£6» .jV «D

2«« ./I

30* .J3

32m .J«

35* .bl

16/ 29* .55

9/ 2<<m .31

3«/ 2tf« 1.21

9/ 26* .35

12/ 30« .*0

6/ 2»* .25

lb/ 33m .»S

12/ 3»« .35

62/

77/

87/

ll/

22/

17/

ll/

ll/

29«

2/m

32>

27«

30.

27«

27m

26*

..!»..

<!.es,.

2.72*.

•*1

.73

.63

.»!

.42

• SIONIFICANT AT P UT 0.05
•• S I G N I F I C A N T AT P LT 0.01
D DECREASED BELOW CONTROL



Table 39

CHI-SQUARE TEST OF THE DEATH INDEX - PARATHION-METHYI.

KEEK VEHICLE CONTROL 74-05 20 MO/KG 74-Ob 40 74-OS 80 m>/*« TEH HG/KG

N N DEATH
*DI PRG INDEX CHI SO

N
• 01

N
PRG

DEATH
INDEX CHlbU

N N DEATH
•DI PRG INOtX Cut SO

N
•01

N
PRO

DEATH
INDEX CHISU

N
• DI

ft
PNG

UIAT>:
INDEX CHlSg

MULTIPLE TREATMENT

1 8

2 9

. 3 10

4 11

5 11

6 8

7 12

a 11

23

27

26

27

29

29

29

32

.35

.33

.38

.41

.38

.28

• 41

.34

0.00

0.00

0.00

o.oo

0.00

0.00

0.00

0.00

a
9

8

14

11

11

6

8

29

33

30

38

32

33

36

32

.28

.27

.27

.37

.34

• 33

.17

.25

.07

.05

.»3

.00

.00

.05

3. '4

.JO

12

6

14

5

10

8

8

7

24

23

31

26

24

30

32

35

.5k

.26

.»*

.19

.42

.27

.25

.20

.be

.06

.02

1.98

.00

.05

i.ia
1.10

V

a

9

7

10

6

13

a

29

2V

28

26

3D

24

33

34

.31

.28

.32

.27

.33

• 25

• 39

• 24

.00

.03

.04

.60

.01

•01

• 01

.49

25

26

25

a

10

10

•»

10

29

27

J2

27

30

27

27

26

.06

.96

.78

.30

.33

.37

.33

.38

12.49**

20. 7***

7.85**

.32

.01

.22

• 12

.00

** SIGNIFICANT AT F LT 0.01



Table 40

NUMBER OF DEAD IMPLANT? PER TOTAL IMPLANTS - PAHATHION-METHYL

W E t K C O N T R O L 7*.Ob 20 MG/KG >*-05 «0 M6/KO 7»-OS 60 TEM .2 *G/M>

MULTIPLE TREATMENT

1

2

„ 3
j

5

6

7

r

8/ 265*

ll/ 305.

16/ 268*

16/ 288*

15/ 33**

«/ 323.

21/ 323*

13/ 381*

.03

.0*

.06

.06

.0* <'

.03

.07

.03

9/ 301*

10/ 3*7>

a/ 306.

18/ M7 =

23/ 389*

20/ 366*

7/ *01*

ll/ 3*7*

.03

.03

.03

.C*

.06

.OS

.02*0

.03

2S/

8/

22/

S/

17/

10/

ll/

18/

268*

2*1»

331.

27S*

30u«

53*̂

357*

*07*

• 91*

.1)3

.07

• U2*D

.06

.1)3

.03

• u*

16/ 303*

•>/ 323*

3»/ 297*

9/ 281*

12/ 368*

6/ 279*

16/ 399*

12/ *02*

.OS

.03

.11

.03

.03

.02

.0*

.03

62/

77/

87/

ll/

22/

17/

ll/

ll/

316*

293*

3*8*

266*

356*

273*

306*

322*

.20.*

.26.*

.25*.

.0*

.06

. 0*

.0*

.03

• S I G N I F I C A N T AT P LT 0.05
•• S I G N I F I C A N T AT t» LT 0.01
D DECREASED BELOW CONTROL



Table 41

CHI-SQUARE TEST OF THE FERTILITY IND.'X - qUINT07.ENE (PCNB)
1 DECREE OF FREEH- .1

VtHJCLE CONTROL T4-oe 1250 MO/KS 74-OB 2500 «G/K6 *.-OB 5000 KG/KG TEH .? MR/KG

N
PPG

N FERT.
MTU INOE» CHisa

N
PRO

N
HTO

FERT.
I NOES CHISO

N
PR6

N
HTD

FERT.
INDEX CHISO

N
PR3

N
HTO

FERT.
INOE« CM I SO

N
PR 6

N
HTO

FEBT.
INOF< CHISO

HULTIPLE TREATMENT

00
2 26

3 23

* 27

5 24

6 24

7 30

8 27

40

40

4 =

40

40

38

38

38

.70

.65

.57

.67

.60

.63

.79

.71

o.co
0.00

0.90

0.00

0.00

0.00

0.00

0.00

29

21

25

33

19

23

27

30

40

34

38

38

38

38

38

3D

.72

.62

.66

.87

.50

.61

.71

.79

0.00

.00

.27

3.09

.44

0.00

.28

.28

.10

22

26

30

;:a

26

27

31

40

40

38

40

4U

40

40

40

.75

.55

.68

.75

.70

.65

.67

,77

.06

.47

.58

.2*

.49

.00

.78

.15

31

26

29

28

33

36

28

30

'.V

40

40

40

40

40

40

40

.77

.65

.72

.70

.82

.90

.70

.75

.26

.05

1.37

0.00

3.»>*I

6.47*1

.»2

.02

29

27

32

27

30

27

27

26

40

39

40

*0

40

38

36

36

.7* 0.00

.60 .03

.00 3.72

,t7 .06

.75 1.42

.71 .24

.75 .02

.7? .02

* SIGNIFICANT AT P IT 0.05
I INCREASED ABOVS CONTROL



»t£K

Table 42

AVERAGE IMPLANTS PER PREGNANT FEMALE - QUINTOZENE (PCNB)

CONTROL 7*-OH 1250 W G / K & 7*-08 2SCO H6/K6 74-08 5000 HO/KG IE*

MULTIPLE TREATMENT

1

2

3

4

5

6

7

8

3l9/ 28*11.19

303/ 26*11.65

?*5/ 23*10.65 .;

309/ 27*11.44

274/ 24*11.42

302/ 24il2.Se

346/ 30*11. 5J

292/ 27*10.81

349/ £9*

222/ ?U

296/ 25*

392/ 33*

214/ IV*

2h7/ 23*

12

10

11
11
11
11

.03

.57

.84

.88

.26

.61

338/

23s/

32S/

3»9/

342/

291/

287/ 27*10.63* 292/

354/ 30*11 .80 336/

30*11.^7

22*10.68

26*12. S4 **I

30=11.63

28*12.2!

26*11.19 **

27*10. nl

31*10. H»

361/

259/

353/

317/

376/

400/

302/

333/

31«11.6S

26» 9.96*

29*12. 17*1

28*11.32

33»11.39

36-11.11*

28*10.79

30*11.10

3I6/

293/

34«/

26h/

35(S/

273/

306/

322/

29*10

27.10

32*10

27* <t

30*11

27*10

27*U

26*12

.90

.85

.«7

.ft5*

.87

.11 «*

.33

.38**!

• S I G N I F I C A N T AT l> LT 0.05
•• S I G N I F I C A N T »T f LT 0.01
I INCREASED ABOVE CONTROL



•EfK

Table 43

AVERAGE DEAD IMPLANTS PER PREGNANT FEMALE - QUINTOZENE (PC.SB)

CONTROL T4-OH 1250 "G/KO 74-08 2500 MG/K6 T'.-Ob 1000 HG/KG TFM

MULTIPLE TREATMENT

1 13/

2 8/

3 9/

4 2/

5 ll/

6 21/

7 30/

a >9/

28* .46

26. .31

23* .39

27« .07

24m .46

24. ,8H

30* 1.00

27« .TO

ll/ 29* .38

12/ 21. .57

13/ 25* .52

lb/ 33" ,»5»*

10/ . .53

B/ 23* .35*0

ll/ 27* .41

1Y/ 30* .57

12/ 30* .*0

IS/ 22* .68

7/ 2*« »*7

7/ 30* .<-3

21/ 2£« .75

«/ Z6« .35 **D

;6' 27* ,b9

10/ 31* .32

ll/

6/

IS/

10/

16/

16/

20/

13/

31*

26*

29*

2«*

33*

36.

Z8«

30*

.35

.23

.52

.36*

.*«

.44*D

• M
.43

62/

77/

87/

ll/

2?/

IT/

ll/

ll/

29.

27.

32"

27*

30.

27,

2T«

26-

2.14 **

2.85«»

2. 72 **

.41 *

.73

.63

.41

.42

• SIGNIFICANT AT C LT 0.05
•• S IGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL



Table 44

CHI-SQUARE TEST OF THE DEATH INDEX - QL1 IST07.F.NE (FCNB)
1 DECREE OF KREKUOM

VEHICLF CONTROL 74-08 U50 MG/FG 7*-<18 74-00 SOOO MS/KB MR/KG

N N
uni PRO

DEATH
INDEX CMISQ

N N DEATH
•01 PhG INDEX

N
CHISO HOI

N DEATH
pRu INDEX CHISO

N
uOl c«e INCEx CHISO

N N DFATH
PnO INPF* CHISO

MULTIPLE TREATMENT

1 10

2 7

3 9

* 2

5 9

6 15

7 8

8 12

2»

26

23

27

24

24 ,

30

27

.3fi 0.00

.27 0.00

.39 0.00

.07 0.00

.3fl 0.00

.63 0.00

.27 0.00

.44 0.00

7

10

11

12

9

6

10

13

2,

21

25

33

19

23

27

30

.24

,4fl

.44

.36

.47

.26

.37

.43

.4* 10

1.35 9

.00 6

5.44 * 6

.12 13

4.91 D 6

.Jl 14

.03 <i

30

22

26

30

20

26

27

31

.31

.»t

.23

.20

.46

.31

.52

.29

.0!

.51

.82

.M7

.14

3.06*D

2.01

.09

«

2

11

7

13

12

10

12

31

26

29

28

33

36

28

30

.2s

.06

.30

• 2S

.31

.33

.36

.40

.07

2.15

.04

1.96

.02

3.84*D

.21

.00

25

?ft

25

A

10

10

9

10

49 .8f. 13. ?7 **

27 .o>, 2*. 26"

32 ,7B 7.05**

27 ,?n 3.07

30 .31 .00

27 .17 2.36

27 .11 .rt?

2* .3* ,«3

• SICNIFICANT AT T LT 0.05
*• SIGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL
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Table 45

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

CONTHOL 74-08 1250 KG/KG 74-08 2500 M6/K6 74-08 5000 MG/KO .2 MO/KG

MULTIPLE TREATMENT

1 13/

2 8/

3 9/

4 2/

5 ll/

6 21/

7 30/

8 ]9/

319.

303.

245*

309*

274*

302*

346*

292*

.04

.03

.04

.01

.04

.07

.09

.0?

ll/ 349.

12/ 222.

13/ 296.

IS/ 392*

10/ 214*

8/ 267*

ll/ 287.

I?/ 354*

.03

.OS

• 04

.04**

.05

.03*0

.04

• OS

12/

IS/

7/

7/

21/

9/

16/

10/

338*

235.

326.

349*

342*

291.

292.

336*

.0*

.06

• 1)2 *0

.02

.06

.1(3 *D

.05

.03

ll/

6/

IS/

10/

16/

16/

20/

13/

361*

259.

353*

317*

376*

400*

302.

333«

.03

.02

.04

.03*

.04

.04

.07

.04

6?/

77/

B'7/

ll/

22/

I7/

ll/

ll/

316*

293*

34B*

?6f>*

3«>6«

?73=

306*

322*

.20**

.Ztf*

.25"

.04*

.0*.

.06

.04

.03

• SIGNIFICANT AT f LT O.OS
•• SIGNIFICANT AT P LT 0.01
D DECREASED BELOW CONTROL



Ttble 46

TEST OF THE FERTILITY INDEX - PHOROTE
1 DECREE OF FREEDOM

VEHICLE. COMRUL 74-04 74-0* 10 Mb/KU 7«t-04 20 TtM .? MG/KG

N N FERT.
PKli MTU INDEX ChlSU

N N FtHT.
HHO MTU INDEX CMtbU

N
PHO

N
MTU

FEHT.
INUEX CnliO

N
PKO

N
MTU

FERT.
INDEX Cnisu

N N
PHti MfU INDEX CHISU

MULTIPLE TKEATMtHT

1 23 40

2 27 39

3 26 40

4 27 ,0

b £0 40

6 29 40

7 29 40

* 32 40

.57

.69

.65

.*7

.72

.72

.72

.69

0.00

0.00

0.00

0.00

0.00

(1.0(1

0.00

0.00

2J 40

30 4U

26 40

26 40

lib 4u

25 40

30 40

26 40

.57 .Ub

.75 .10

.65 .05

.65 O.UO

.63 .51

.63 .SI

.75 O.UO

.65 1.97

21

2J

24

26

27

26

29

2*

40

40

4'j

40

40

4U

4U

40

.52 .05

,57 .72

.60 ,U5

.65 O.UO

.67 .06

.65 .̂ 3

.72 .06

.72 «<*

«!4

29

31

3i

31

33

3S

30

40

40

40

40

40

40

40

4U

.60

.72

.77

.80

.77

.02

.80

.75

il.OO

.01

.»«

1.03

.07

.6S

1.95

.07

24 40

27 3*

32 40

27 40

3D *0

2' 3»

27 Jb

J6 JO

.7? 1.37

.*« .06

.80 1.57

.67 .06

.75 0.00

.71 .01

.75 ,OU

.7? .2«



T«ble 47

AVERAGE IMPLANTS PER PREGNANT FEMALE - PHORATC

• EtK CONTROL. 7«-0« ?0 Nti/KO IKK .2 MG/KO

MULTIPLE TRfcATMtNT

1 26S/

2 305/

3 268/

4 288/

5 334/

6 323/

7 323/

o 381/

23*11.52

27*11.30

26.10.31

27.10.67

29.11.52

29.11.14

29.11.14

32-11.91

241/ 23*10.48*

326/ 30*10

299/ 26.11

291/ 26.11

2T8/ 2bxll

305/ 25.12

3J6/ 30.11

31b/ 26*12

.87

.50*1

.19

.12

.20*1

.20

• 12

22U

25S/

*S7/

277/

312/

*9S/

317/

33b/

21*10

23.11

24.10

26.10

27.11

26.11

29.10

29*11

.52 *

.09

.71

.65

.s6

.35

.V3

05

269/

3U7/

34 1/

353/

36V/

389/

• 07/

J24/

24.11

29*10

31.11

32.11

31.11

33.11

35.11

30*10

.21

.59

.00

.03

.90

.'*

.63

.do*

316/

293/

348/

266/

3S6/

273/

30A/

32<!/

29*10.90

27*10.85

32.10.87

27* 9.85

30.11.87

27.10.11

27.11.33

26*12.38

• SIGNIFICANT AT P LT 0.05
•• S IGNIFICANT AT P LT 0.01
I INCREASED ABOVE CONTROL



•tEK

Table 48

AVERAGE DEAD IMPLANTS PER PREGNANT FEMALE - PHORATE

COMTHOL 7»-U» b MG/KS 1U ZU ft* MG/Kli

MULTIPLE TKtATMtNT

1 B/ 23* .35 9/ 23. .39

2 ll/ 27* ,»1 16/ 30* .53

3 16/ 26. .62 U/ 26* .50

» U/ 27. .59 IS/ 26. .S8

5 IS/ 29* ,52 /-• 13/ 25* .bZ

6 9/ 29. .31 13/ 25* .52

7 21/ 29. ,li U/ 30* ,»3

8 13/ 32* .«1 10/ 26* .38

!«/ 21. .,„

«/ 23* .17

U/ 24. .SO

26/ 26i 1.00

ll/ 27. .»!

7/ 26* ,i7

22/ 29. . /o

26/ 29. .40

3/ 2*» .13

17/ 29* .59

15/ 31* .»B

12/ 32* .38

13/ 31* ,*2

7/ 33* .21

7/ 35* .20*0

ll/ 30* .37

6?/

77/

87/

ll/

22/

17/

ll/

ll/

29*

27*

32.

27*

30*

27.

27.

26.

2.1* "

2.85**

2.72**

.*!

.73

.63

.*!

.*2

• SIGNIFICANT »T f LT 0.05
•• S I G N I F I C A N T AT f LT U.01
D DECREASED BELOW CONTROL



ruble 49

CHI-SQUARE TEST OF THE DEATH INDEX - PHORATE
1 DECREE OF FREEDOM

«EtK VEHICLE CONTMOL
74-04 5 MG/Ktt 74-04 10 MG/Ko 74-04 20 Mb/nt!

.? Mfi/KG
N

MDI
N

PRb
DEATH
INDEX CM1SO

ft N

»UI PKli
DEATH
INDEX

H
CHl>« .01

N
PRS

DEATH
lNUt» CttlSU

N N
• Ul HRli

DEATH
INUEr. CnlSU

N N

•01 PHG
UEATH
INDFI rwrca

MULTIPLE TREATMENT

1

2

3

4

5

6

7

8

8

9

10

11

11

8

12

11

23

27

26

27

29

29

29

3?

.35

.33

.38

.41

.38

.28

.«!

.34

0.00

0.00

o.oo

0.00

o.oo

o.oc

0.00

O.Ov

t) 23

13 30

7 26

11 26

12 25

10 25

9 30

9 26

.35

.43

.27

.42

.*8

.40

.30

.35

.10 7

.<b 2

.« U

.03 15

,<LZ 7

.*6 7

.»! Ib

.*>7 14

21

23

24

26

27

26

29

29

.33 .US

.09 3.07

.SO ,«!9

.5tt .v2

.26 .46

.27 .06

.52 .<«

.*8 .71

2 24

13 29

10 31

11 31

11 31

7 33

S 3b

• 30

.08

.45

.32

.34

.35

.21

.14

.27

3.45

.37

.04

.05

.01

.08

4.66*D

.1*

2S £i

26 tl

25 J2

8 *7

10 JO

10 <7

9 iJ

10 eb

• H6

.96

.T8

..in

.33

.37

.3*

.38

12.44 ••

20.7V**

7.b5**

.32

.01

.22

.12

.00

* SIGNIFICANT AT P LT 0.05
** SIGNIFICANT AT P LT 0.01
0 DECREASED BELOW CONTROL
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Table 50

NUMBER 0( DEAD IMPLANTS PER TOTAL IMPLANTS - PHORATE

COMHOL 7»-0» 5 /»-0* 10 7*-0» 20 Mb/Kb M O / K G

1 «/

2 ll/

3 16/

» 16/

5 15/

6 9/

7 21/

8 13/

Z6S*

305*

266*

2B8*

33»*

323*

323*

381*

.03

.o«

.06

.06

.04

.03

.07

.03

PULTlfLt TKtATMtNT

V/ 2*1* .04 10/ 221* «ub

16/ J?6« .05 »/ 2bb* .UZ

13/ ZCV* .U* 1Z/ Z57* .0.

lb/ ̂ l» .05 26/ .J77. tu9

13/ 270* .05 ll/ 312* .0*

13/ 30b* .0* 7/ 29b» ,u2

13/ 336* .0* ZZ/ 317* ,«7

10/ Jib* .03 26/ 33b* .US

3/ 264*.

17/ 307*

lb/ 3*1*

12/ 3b3*

13/ 364*

7/ 3«9*

7/ »07«

ll/ 3Zt*

.01*D

.06

.0*

.03

.0*

.02

,OZ*D

.03

62/

77/

87/

U/

22/

17/

ll/

ll/

316*

293*

3*8*

266*

S56'

273*

306*

322*

.20

.26

.25

.0*

.06

.06

.0*

.03

**

**

**

• SIGNIFICANT AT P LT 0.05
•• S I G N I F I C A N T AT P LT 0.01
D DECREASED BELOW CONTROL



Table 51

DNA REPAIR SYNTHESIS ASSAY OF Monocrotophos
DNA)

Monocrotophos

_£,

65*

35

39

34

30

20

32

7

6

IO"7

46

42

39

34

26

~f

38

7

3

io-6

31
4fc
9

25

25

46

~f

32

10

5

(M)

HT1

54

46

40

40

53

— *

47

7

3

10-"

70

46

36

40

64

37

50

14

6

io-3

64

86

69

51

64

92

71

15

6

4NQO (M)

io-8

3354

1273

1308

975

972

1135

\169

168

69

Sample 1

2

3

4

5

/ 6

Mean

SD

SE

*
Sample deleted from calculations because of low DNA value.

Only five samples used.

Cell culture and experimental condition'-.

T-25 flask cultures of passage 24 WI-38 cells were initiated in medium con-
taining 10% serum. The medium was replaced with medium containing 0.5%
serum on day 5 following initiation and subsequently on days 11 and 15.
The assay was conducted on day 22.

Hydroxyurea (10~2M) preincubaticn = 1 hour.
Compound exposure time = 3.hours.
3H-tdR added with compound.
3H-TdR incorporation = 1 p,Ci/ml (S.A. = 13.7 Ci/mmole), 3 hours
Postinoorporation incubation = medium containing TdR, 3/4 hour.
Cells were removed with IK NaOH, 1 minute, 70°C.
DNA was extracted by the PCA-hydrolysis procedure and measured fallowing

reaction with diphenylamine.
Negative control and compound solvent = 0.556 EtOH.
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Table 52

DMA REPAIR SYNTHESIS ASSAY OF Monocrotophos
WITH METABOLIC ACTIVATION

(dpm/|Ag DNA)

Monocrotophcs (M) DMN (M)

0_ lO-4^ 10-3 IP"2 5 X 10"a

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

SO 2 14 4 2 9

S E 1 8 2 1 5

Cell culture and experimental conditions

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

Hydroxyurea (10~2M) preincubation = 1 hour.
Co.noounci exposure time = 1 hour, with the 9,000 £ fraction of a mouse

liver homogena^e.
*H-TdR added with compound.
3H-TdR incorporation = I ^Ci/ral (S.A. = 6.7 Ci/mmole), 4 hours.
Postincorporation incubation = medium containing TdR, J hour.
Cells were reiroved with IN NaOH, 10 minutes, 22°C.
DNA was extracted by tho> PCA-hydrolysis procedure and measured fol1 -JN-

ing reaction with diphenylamine.
Negative control and compound solvent = 0.55fe EtOH.
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Table 53

DNA REPAIR SYNTHESIS TESTING
OF BROMACIL
(dpm/yg

Bromacil (M)

Sample

1

2

3

4

5

6

Mean

SD

SE

0*

195

153

212

230

217

298

218

48

19

ID'7

207

212

156

187

182

251

199

32

13

10" 6

201

215

121

218

184

220

193

38

15

ID'5

248

178

179

231

240

178

209

34

14

10-* f

148

144

152

204

144

200

165

28

12

10- 3t

129

137

105

107

80

74

87

50

20

4NQO (M)

10-5

2670

2850

2688

2702

2438

2662

2668

134

55

Negative control and compound solvent = 0.5% DMSO.

"I" Slight precipitate observed at 10"3 M and lO"1* M
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Sample

1

2

3

4

5

6

Mean

SD

SE

Table 54

DNA REPAIR SYNTHESIS ASSAY OF BROMACIL
WITH METALOLIC ACTIVATVON

(dpm/ug DNA)

Bromacil (M)

0

113

102

1*1

158

218

136'

145

41

17

iir7

191

112

174

189

152

170

165

30

12

10- 6

91

117

110

82

104

96

100

13

5

10- 5

102

102

102

91

126

190

119

37

15

10-"

120

110

149

135

167

165

141

23

9

10~3

161

178

131

185

141

133

155

24

10

DMN (M)

5 X ID"2

400

397
*

529

645

448

484

105

50

* Sample lost.
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Table 55

DNA REPAIR SYNTHESIS ASSAY
OF CACODYi.IC ACID

DNA)

Cucodylic Acid (M)

Sample i

2

3

4

5

6

Mean

SD

SE

0*

61

31

32

18

25

35

34

15

6

1C-7

41

48

59

32

3S»

22

40

13

5

ic-6

47

27

25

38
__*
__*

34

10

5

io-5

__*

— *
63

68

23

29

46

23

11

10-*

31

27

30

29

22

28

28

3

1

10- »t

36

19

45

19

38

36

32

11

4

4NQO (M)

10- *

1891

1681

2418

2245

1430

2275

1990

387

158

* Negative control and compound solvent = O.S^b DMSO.

t Slight lowering of pH at 10"3 M.

t Sample lost.
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Table 56

DNA REPAIR SYNTHESIS ASSAY OF CACODYLIC ACID
WITH METABOLIC ACTIVATION

(dpm/pg DNA)

Sample 1

2

3

Mean

SD

SE

0*

44

30

23

33

11

6

Cacodylic

io-s

25

33

39

32

7

4

Acid (M)

10-"

21

22

28

24

4

2

io-3

29

25

21

25

4

2

DMN (M)

5 X IO-2

381

384

339

368

25

15

Negative control and compound solvent = 0.5̂ > EtOH.
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Table 57

DNA REPAIR SYNTHESIS ASSAY OF CAPTAN
DNA)

Oaptai? (M)

•Sample 1

2

3

4

5

6

Mean

SD

SE

_°T

37

64

76

76

63

66

64

14

6

io-«

43

58

so
60

61

44

51

8

3

io-7

41

S3

68

73

56

66

59

12

5

io-6

74

60

52

37

50

82

59

16

7

10~5

81

81

57

51

72

G5

68

12

5

10-

8

6

7

5

5

6

6

1

0.4

4NQO(M)

-510

924

947

1106

801

760

884

904

122

50

Negative control and compound solvent = 0.5% DMSO.
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Table 58

DNA REPAIR SYNTHESIS ASSAY OF CAPTAN
WITH METABOLIC ACTIVATION

(dpm/|j,g DNA)

Captan (M)

Sample 1

2

/ 3

Moan

SD

SE

0*

30

4O

t

35

7

5

IP"5

53

50

48

50

2

1

10- *

89

73

71

77

9

5

10~3

7

5

5

6

1

0.6

DMN (M)

5 x 10~*

_-t

323

384
i
353

43

31

Negative control and compouud solvent = 0.5̂ . DMSO.

Sample lost.
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Table 59

DNA REPAIR SYNTHESIS ASSAY OF CHLOROPYRIFOS

(dpm/p£/DNA)

Chloropyrlfos

Sample

Mean

SO

SE

1

2

3

4

5

6

_l_

115

143f

96

72

97

78

92

17

7

10-7

28$

129

102

95

89

• 98

103

15

7

io-6

282*

93

84

64

' 99

85

85

13

6

io-5

__*

110

110
__*

98

86

101

11

5

10-"

61

67

60

52

64

79

64

9

4

io-3

109
__*

__*

68

37

49

66

31

15

4NQO (II)

10- s

1337

_>±

1721

1220

1208

1209

1339

220

98

Negative control and compound solvent = 0.5̂ > DMSO.

Sample delete-! from calculations because of low DNA value.

Sample lost.
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Table 60

DNA REPAIR SYNTHKSIS ASSAY OF CHLOROPYRIFOS
WITH METABOLIC ACTIVATION

(dpm/jig DNA)

Chloropyrifos

Sample 1

5;

3

Mean

SO

SE

0*

72

75

55

67

iO

5

io-s

79

65

67

70

8

5

10-

70

75

63

69

6

4

io-3

52

71

79

67

14

8

DMN (M)

5 X 10~a

355

349

384

363

18

11

Negative control and compound solvent = 0.5% DMSO.
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Table 61

DEN REPAIR SYNTHESIS ASSAY
OF D1NOSEB
(dpm/u« DNA)

Dinoseb (H)

Sample

/

Mean

SD

SE

1

2

3

4

5

6

0*

115

143*

96

72

97

78

92

17

7

10-7

101

101

112

61

57

58

82

26

11

10-6

67

68

54

58

6C

73

64

7

3

io-»

103

100

116

62

60

60

84

25

10

io-4t

106

ICO

79

66

67

76

82

17

7

4NQO (H)

10~5

1337
_ _ §

1721

1220

1208

1209

1339

220

98

->
Negative control and compound solvent =0.5^ DMSO.

Suggestion of precipitate at 10~"* M.

Sample deleted from calculations because of low DNA value.

S Sample lost.
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Table 62

DNA REPAIR SYNTHESIS ASSAY OF DINOSED
WITH METABOLIC ACTIVATION

DNA)

Sample 1

2

3

Mean

3D

SE

0*

72

75

55

67

10

6

Dinoseb

10~5

93

81

51

75

22

12

(M)

10- «

76

80

58

71

i2

7

10-3

71

64

89

74

13

8

DMN (M)

5 x 10"*

355

349

384

363

18

11

Negative control and compound solvent = 0.5% DKSO.
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Table 63

DNA REPAIR SYNTHESIS ASSAY OF DSMA
DNA)

Sample

Mean

SD

SE

1

2

3

4

5

6

0*

67

5b

44

55

79

105

68

22

9

io-7

51

54

36

36

62

32

45

12

5

DSMA

10-«

79

67

99

400f

74

75

79

12

5

io-5

86

64

64

45

53

107

70

23

9

(M)

10-«

100

155

35

44

55

89

80

45

18

io-3

62

49

58

59

68

69

61

7

3

4NQO (M)

10- *

902

1241

1380

990

1087

971

1095

182

74

Negative control and compound solvent = H20.

Sample deleted from calculations because of low DNA value.
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Table 64

DNA REPAIR SYNTHESIS ASSAY OF DSMA
WITH METABOLIC ACTIVATION

DNA)

Sample 1

2

3

Mean

SO

SE

0*

44

30

23

33

11

6

DSMA

10~5

28

36

21

29

8

4

io-«

25

29

32

29

4

2

(M)

io-3

38

36

28

34

5

3

DMN (M)

5 X 10~s

381

384

339

368

25

li.

Negative control and compound solvent = 0.5̂  EtOH.
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Table 65

DNA REPAIR SYNTHESIS A3SAY
OF FENXHION

DNA)

Fenthion (M)

Sample 1

2

3

4

5

6

Mean

SD

SE

0*

89

43

107

62

61

94

76

24

10

10-6

65

105

83

46

34

51

64

26

11

10~5

154

337*

85

54

102

44

88

44

18

10-*

37

34

40

63

31

— §

41

13

5

10-3t

64

67

36

63

44

33

51

15

6

4NQO (M)

ID"5

2983

2272

2552

4059

1728

189J

2583

857

350

Negative control and compound solvent = 0.5% EtOH.

* Precipitate observed at 10~3 M.

* Sample deleted from calculations because of low DNA value.

§ Sample lost.
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Table 66

DNA REPAIR SYNTHESIS ASSAY OF PENSION
WITH METABOLIC ACTIVATION

DNA)

Sample 1

2

3

Mean

SD

SE

0*

55

54

52

54

2

1

renthion

10- s

54

50

42

48

6

4

(M)

10- «

60

46

64

57

10

6

io-3

51

64

63

60

7

4

DMN (M)

5 X 10"a

206

220

2*3

216

9

5

Negative control and compound solvent = O.Ŝ t EtOH.
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Table 67

DNA REPAIR SYNTHESIS ASSAY OF FOLPET
DNA)

Sample

Hear.

SD

SB

1

2

3

4

5

6

0*

37

64

76

76

63

66

64

14

10-"

43

58

91

83

107

60

73

24

10

Folpet

io-7.

63

62

108

91

72

84

80

18

7

(M)

IP"6

45

54

52

92

70

104

71

25

10

io-s

82

58

92

65

85

107

82

18

7

io-«

29

25

31

26

31

29

28

2

1

4NQO(M)

10- s

924

947

1106

801

760

884

904

122

50

Negative control and compound solvent = 0.5% DMSO.
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Table 68

DNA REPAIR SYNTHESIS ASSAY OF FOLPET
WITH METABOLIC ACTIVATION

(dpm/ug DNA)

• Folpet (M) DMN (M)

0* 10~5 10" *« 10"3 5 X 10~2

Sample 1 30 49 63 49 —t

2 40 54 82 40 323

3 —t 54 98 58 384

Mean 35 52 81 49 353

SD 7 3 18 9 43

SE 5 2 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/iig DNA)

Azinophos- methyl (M)

Sample

/

Mean

SD

SE

I

2

3

4

5

6

0*

102

99

77

97

85

111

95

12

5

io-7

145

115

96

125

93

77

108

25

10

io-a

99

103

71

100

— 5

72

89

16

7

10-s

264*

99

82

80

79

56

79

15

7

io-«

51

105*

55

85

57

68

63

14

6

io-'+

55

39

33

34

97

35

49

25

10

4NQO (M)

io-s

804

924

629

856

761

897

822

87

36

Negative control and compound solvent = 0.5% DMSO.

t Precipitate observed at 10~3 M.

* Sample deleted from calculations because of low DNA value.

§ Sample lost.
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Table 70

DNA REPAIR SYNTHESIS ASSAY
OF AZINPHOS-METHYL WITH METABOLIC ACTIVATION

DNA)

Sample 1

2

3

Mean

SD

SE

0*

30

40

— *
35

7

5

10-*

70

66

78

71

6

3

10-*

75

65

41

60

18

10

io-3

42

55

54

50

8

4

DMN (M)

5 X 10~a

-t

323

384

353

43

31

*
Negative control and compound solvent = 0-5% DMSO.

Sample lost.
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Table 71

DNA REPAIR SYNTHESIS ASSAY OF MALATHION
(dpm/pg DNA)

Malathion (M) 4NQO (M)

Sample

1

2

3

4

5

6

Mean

SD

SE

0*

123

125

106

100

114

138

118

14

6

io-7

110

111

86

133

116

110

111

15

6

10~6

128

124

130

116

127

143

128

9

4

10- 5

144

78

74

119

132

127

112

29

12

10-"
•

90

126

67

113

91

156

107

31

13

10-3

33

34

23

44

39

40

35

7

3

ID'5

1943

3626

1538

1264

1737

1651

1626

225

92

* Negative control and compound solvent » 0.5% EtOH.
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Table 72

DMA REPAIR SYNTHESIS ASSAY OF MALATHION
WITH METABOLIC ACTIVATION

DNA)

Sample 1

2

/ 3

Mean

SO

SE

Malathion (M)

0*

55

54

52

54

2

1

10-5.

48

49

62

53

8

5

10-"

46

52

55

51

5

3

10-'

38

48

37

41

6

4

DMN (M)

5 X 10-*

206

220

223

216

9

5

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

DMA REPAIR SYNTHESIS ASSAY
OF METHOMYL
(dpm/vig DNA)

Methomyl (M) __

Sample 1

2

3

4
•*

5

Mean

SD

SB

^ •

*
0

135

133

165

72

104

103

118

32

13

in-7lu

95
__t

100

98

85

95

94

6

3

io-eXV

116

133

129

97

103

93

112

17

7

10~s

11V

108

97

115

116

139

115

14

6

10- 4

126

116

122

109

109

130

118

9

4

IO-3

88

69

69

69

70

61

71

9

4

4NQO (M)

10- •

1442

1544

1518

1385

1423__t

1462

67

30

Negative control and compound solvent =0.5* DMSO.

Sample lost.
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Table 74

DNA REPAIR SYNTHESIS ASSAY OF METHOMYL
WITH METABOLIC ACTIVATION

(dpm/p>g DNA)

Methoayl (M) DMN(M)

Sample 1

2

3

Mean

SO

SB

0*

44

30

23

33

11

6

10~s

26

25

22

25

2

1

io-4

22

20

26

23

3

2

io-3

24

25

30

26

3

2

5 X 10-a

381

384

339

368

25

15

*
Negative control and compound solvent =0.5̂ . EtOH.
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Sample

/

Mean

SO

SE

1

2

3

4

5

6

0

135

133

165

72

104

1O3

118

32

13

Table 75

ONA REPAIR SYNTHESIS ASSAY
OF MONURON
(dpm/p« DMA)

4NQO (M)

113
__*

129
__*

118

131

123

8

4

86

93

89

83

92

110

92

9

4

97

88

77

75

77

109

87

14

6

83

72

81

82

84

85

81

5

2

Negative control and compound solvent = 0.5% DMSO.

Precipitate observed at. 10"3 M.

t Sample lest.

48

47

46

49

45

38

46

4

1

1442

1544

1518

1385

1423
__t

1462

67

30
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Table 76

DNA REPAIR SYNTHESIS ASSAY OF MONURON
WITH METABOLIC ACTIVATION

(dpm/jig DNA)

Monuron (M)

Sample 1

2

3

Mean

SD

SE

0*

30

40

--

35

7

5

io-s

78

88

92

86

7

4

10-"

81

68

63

71

9

5

io-3

74

74

88

79

8

5

DMN (M)

5 x 10~*

-t

323

384

353

43

31

Negative control and compound solvent =0.5^ OMSO.

Sample lost.
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Table 77

DNA REPAIR SYNTHESIS ASSAY OF MSMA
(dpm/jig DNA)

MSMA (M.)

Sample 1

2

3

4

5

6

Mean

SO

SE

JL

67

58

44

55

79

105

68

22

9

IO-7

38

84

114

235t

75

53

73

29

13

io-6

108

93

68

50

66
__*

77

23

9

10-s

60

53

61

63

75

50

60

9

4

10-*

93

52

66

66

48

59

64

16

7

io-3

68

39

61

67

60

75

62

12

5

4NQO (M)

io-»

902

1241

1380

990

1087

971

1095

182

74

Negative control and compound solvent = HaO.

Sample deleted from calculations because of low DNA value.

Sample lost.

104



Table 78

DNA REPAIR SYNTHESIS ASSAY OF MSMA
WITH METABOLIC ACTIVATION

(dpra/ng DNA)

Sample 1

2

3

Mean

SD

SE

o*

44

30

23

33

11

6

MSMA

IO-8

27

25

21

24

3

2

(M)

io-4

21

35

34

30

8

5

io-3

32

fco

24

27

4

3

DMN (M)

& X 10~»

381

384

339

368

25

15

fr
Negative control and compound solvent = O.Ŝ t KtOH.
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Table 79

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

Parathlon (M)

Sample

1

2

3

4

5

6

Mean

SD

SE

0*

123

125

106

100

114

138

118

14

6

10- 7

127

129

135

124

137

145

133

7

3

io-6

151

155

135

200

160

210

169

29

12

10~5

221

129

157

137

155

126

154

35

14

10-"

102

94

83

72

93

71

86

13

5

10- 3

90

104

93

116

102

93

100

10

4

4NQO (M)

10- 5

1943

1626

1538

1264

1737

1651

1626

225

92

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

DNA REPAIR SYNTHESIS ASSAY OF PAKATHION
WITH METABOLIC ACTIVATION

DNA)

Parathion (M)

Sample 1

2

3

Mean

SD

SE

0*

44

30

2?

33

11

6

io-5

33

33

35

34

1

1

io-«

42

32

30

35

6

4

10- 3

20

23

30

24

5

3

OMN (M)

5 x 10-*

381

384

339

368

25

15

*

Negative control and compound solvent = 0.5% EtOH.
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Table 81

DNA REPAIR SYNTHESIS ASSAY
OF PARATH ION -METHYL

DNA)

Parathion-Methyl (M)

Sample

/
I

Mean

SD

SE

1

2

3

4

5

6

0*

36

34

86

94

53

112*

61

28

13

10-'

36

38

49

56

49

46

46

8

3

io-«

33

32

28

27

35

41

33

5

2

10-»

34

55

31

52

43

85

50

20

8

10- *

44

44

53

41

40

44

44

5

2

10~3

40

23

28

29

29

27

28

6

3

4>IQO (M)

•w

Negative control and compound solvent =0.5% EtOH.

Precipitate observed at 10"3 M.

$ Sample deleted from calculations because of low DNA value.

10-'

411*

781

782

858

1296

1103

964

227

102
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Table 82

DNA REPAIR SYNTHESIS ASSAY OF PARATHION-METHYL
WITH METABOLIC ACTIVATION

DNA)

Parathion-Methyl (M)

Sample 1

2

3

Mean

SD

SE

0*

55

54

52

54

2

1

10-s

44

54

57

52

6

4

io-4

65

52

37

51

14

8

io-3

51

48

45

48

3

2

DMN (M)

5 X 10~a

206

220

223

216

9

5

*
Negative control and compound solvent = O.S^EtOH.
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Table 83

DNA REPAIR SYNTHESIS ASSAY OF QUINTOZENE (PCNB)

DNA)

PCNB (M)

Sample 1

2

3

/ 4

5

6

Mean

SO

SE

o*

61

31

32

18

25

35

34

15

6

io-7

35

43

44

30

38

20

35

9

4

lo-

ss
22

31

30

27

20

27

5

2

10-*

21

21

23

16

32

39

25

8

3

io-4

27

18

18

18

22

20

20

4

2

4NQO (M)

. 10~3+ 10"8

23

37

19

21

27

27

26

6

3

1891

1681

2418

2245

1430

2275

1990

387

158

Negative control and compound solvent = 0.5% DMSO.

Precipitate observed at 10"3 M.
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Table 84

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

DNA)
I

PCNB (M)

Sample 1

2

3

Mean

SO

SE

*
0

72

75

55

67

10

6

10-8

75

79

84

79

5

3

i<r«

95

71

73

80

13

8

IP-3

103

72

49

76

29

17

DMN (M)

5 X 10"a

355

349

384

363

18

11

*
Negative control and compound solvent = 0.5^> DMSO.
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Table 85

DNA REPAIR SYNTHESIS ASSAY OF PRORATE

DMA)

Phorate (M)

Sample

Mean

SO

SS

1

2

3

4

5

6

0*

36

34

86

94

53

112*

61

28

13

10-7

58

45

31

26

40

56

43

13

5

io-e

38

44

107
__§

44

26

52

32

14

io-5

25

17

22

43

52

77

39

23

9

io-«

27

50

42

43

37

39

40

8

3

io-3t

56

45

55

SO

61

59

55

6

2

4NQO (M)

10~5

411*

781

782

858

1295

1103

964

227

102

Negative control and compound solvent = 0.5% EtOH.

Precipitate observed at 10~3 M.

* Sample deleted from calculations because of low DNA value.

§ Sample lost.
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Table 86

DNA REPAIR SYNTHESIS ASSAK OF PHORATE
WITH METABOLIC ACTIVATION

DNA)

Phorate. (M)

Sample 1

2

3

Mean

SO

SE

0*

55

54

52

54

2

1

io-s

45

59

63

55

10

6

io-4

43

41

39

41

2

1

io-»

37

35

38

37

1.4

0.8

DMN (M)

5 X 10~*

206

220

223

216

9

5

*
Negative control and compound solvent =0.5% EtOH.
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Table 87

DNA REPAIR SYNTHESIS ASSAY
OF SIMAZINE
(dpm/Hg DNA)

Simazine

Sample

1

2

3

4

5

6
Mean

SD

SE

0*

195

153

212

230

217

298

218

43

19

io-7

165

91

131

138

152

113

132

27

11

io- 6

151

171

152

146

179

213

169

25

10

(M)

10-5

195

190

312

290

237

305

255

55

22

10-"

177

193

253

281

166

161

205

50

20

10-3

369

208

233

165

205
t

236

78

32

4NQO (M)

10-5

2670

2850

2688

2702

2435

2662

2668

134

55

* Media control and compound solvent *• 0.5Z DMSO.

t Sample lost.
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Table 88

DNA REPAIR SYNTHESIS ASSAY OF SIMAZINE
WITB METABOLIC ACTIVATION

DNA)

Simazine (M)

Sample 1

2

3

Moan

SO

SB

*
0

i2

75

55

67

10

6

io-»

57

58

64

60

4

2

io-«

64

60

61

62

2

1

io-3

59

58

76

64

10

6

DMN (It)

5 X 10~*

355

349

384

363

18

11

Negative control and compound solvent = O.SJt DMSO.
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Table 89

DNA REPAIR SYNTHESIS ASSAY
OF TRTFLURAWN

DKA)

Trifluralln (M)

Sample

/

Mean

SO

SE

1

2

3

4

5

6

0*

56

68

SI

45

50

29

50

13

5

io-7

42

29

78

51

47

41

48

17

7

10-

26
_.t

48

76

79

59

58

22

10

10-

53

152*

68

89

97

57

73

19

9

10-

51

97

158*

78

56

43

62

28

12

10-

71

123

112

83

80

S3

87

26

11

4NQO (M)

10- 8

639

1125

570

894

663

986

812

222

91

*
Negative control and compound solvent =0.5% EtCH.

Sample lost.

$
Sample deleted from calculations because of low DNA value.
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Table 90

DNA REPAIR SYNTHESIS ASSAY OF TRIFLURALIN
WITH METABOLIC ACTIVATION

DNA)

Sample 1

2

3

Mean

SO

SE

Trifluralln (M)

0*

72

75

55

67

10

6

10-"

67

58

74

66

8

5

10-

79

64

79

74

9

5

10-

51

61

--1"

56

7

5

DMN (M)

5 X 10~*

355

349

384

363

18

11

Negative control and compound solvent = 0.5% DMSO.

Sanmle lost.
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Table 91

IN VI.TRO ASSAYS WITH SALMONELLA TYPHIMURIUM

Compound

Negative control

Positive control, 4-o-tolylazo-l-toluidine

£ Monocrotophos
00

Metabolic ug Compound
Activation Added/Plate

+ •

25
+ 25

1
5
10
50
100
500
1000

+ 1
+ 5
+ 10
+ 50
+ 100
+ 500
+ 1000

Average Number of
Histidine-Positive Revertants/Plate
TA100

95
113

87
101
93
107
97
95
126

101
89
75
79
71
78
113

TA1535

13
13

9
22
14
23
13
17
14

' ' 16
20
16
14
16
19
18

TA1537

8
10

10
9
9
7

11
10
10

14
13
12
1C
15
9
10

TA1538

7
10

6
183

11
10
13
10
9
7
6

12
12
11
10
11
15
10

M
onoci

• io
0•o
o
01



Table 91 (continued)

Compound
Metabolic
Activation

\j.g Compound
Added/Plate

Average Number of
Hlstldlne-Positlve Revertants/Plate

Negative control

Positive controls
B -Proplolactone
AF-2
2-Anthramine

Bromacil

(0

50 ̂ 1
0.05
50
50

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

TA100

145
154

372

120
129
123
117
136
140
101

118
131
157
136
138
145
162

TA1535

22
25

756

23
17
31
29
40
30
11

35
28
33
26
30
21
8

TA1537

25
24

24
13
22
16
18
15
6

21
16
21
14
12
20
5

TA1538

16
30

63
338

26
14
13
15
19
15
11

16
20
19
13
15
20
16 I

0a



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Cacodylic Acid

N>o '

yg Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Histidine-Positive Revertants/Plate
TA100

56
72

48
42
42
39
43
44
44

69
53
64
DO
64
54
59

TA1535

15
14

17
15
12
18
22
15
IS

17
15
16
15
18
21
14

TA1537

12
9

15
15
15
10
11
11
8

14
15
12
11
15
14
13

TA1538

7
15

10
' 150

5
il
8
8
9
9
8

18
8
18
12
19
15 '
13

'£»n
8.



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Captan

yg Compound
Added/Platfc

2
2

1
5
10
15
25
50

1
5
10
15
25
50

Average Number of
Histidine-Positive Revertants/Plate
TA100

72
98

211
532
822
820
720

Killing

141
210
285
340
330
704

TA1535

18
14

3
100

29
80
76
104
80

Killing

20
60
113
55
71
143

TA1537

7
3

2
5
0
0
0
0

2
2
2
0
0
1

TA1538

8
25

"1
14
16
26
6
22

19
22
26
21
46
44

s?
•o
ft
0)a



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Chloropyrifos

pg Compound
Added/Plate

Average Number of
Histidine-Positive Revertants/Plate

NJ

H

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

TA1QQ

92
80

66
92
65
88
67
87
79

67
71
87
77
77
I'-
ll

TA1535

18
14

20
22
14
26

• 20
17
13

11
9
11
16
11
13
14

TA1537

12
16

12
15
21 .
15
17
18
20

15
15
15
18
14
14
11

TA1538

16
16

' )5
168

22
28
24
25
22
17
22

14
16
20
13
16
30
22 g.•»»-•

0
H
O•o
X
fl



Tabie 91 (continued)

Compound
Metabolic
Actî ar.ion

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Dinoseb

•f
+

Vg Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Hisfidine-Positive Revertants/Plate
TA100

97
80

69
59
57
67
82
91

Killing

79
82
94
83
87
104

TA1535

15
15

12
12
17
17
12
7

Killing

13
14
12
14
13
12

TA1537

12
16

21
16
18
17
16
17

Killing

19
18
17
15
17
10

TA1538

21
17

• 15
168

15
14
20
17
15
19

Killing

15
14
15
17
14
7

Killing Killing Killing Killing

•3
O
CD
(B
er



Table 91 (continued)

Compound

Negative control

Positive control, 4-o-tolylazo-o-toluidine

DSMA

Metabolic
Activation

Ug Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Histidine-Positive Revertants/Plate
TAIOQ

56
72

50
56
51
66
71
53
43

54
85
50

-55
50
60
53

TA1535

15
14

12
10
20
15
16
13
12

22
7
16
17
13
15
14

TA1537

12
9

7
10
10
11
7

12
7

8
8_

11
9
5
2

TA1538

7
13

. 10
250

4
5
3
8
8
7
9

8
15
3
5
7
10
8

o
CO



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidir.a

Azlnphos-methyl

+
+

+
+
•f

yg Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Histidine-Posftive Revertants/Plate
T/UOO

101
102

66
74
74
73
75
107
104

76
69
68
81
65
84
119

TA1535

26
26

39
22
23
30
49
30
31

23
23
24
22
24
30
24

TA1537

6
3

4
3
2
3
4
2
3

1
2
3
3
2
0
0

TA1538

13
24

13
78

10
11
9
11
10
10
13

20
25
28
21
19
24
23

N

P-
•g

VJ



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Fenthion

Ug Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Histidine-Positive Revertants/Plate
TA100

94
80

64
97
105
112
100
107
90

114
97
81
90
98
86
89

TA1535

36
20,

31
34
32
36
38
42
32

15
17
f/
16
14
22
2(j

TA1537

10
9

8
11
15
15
16
10
6

10
12
9
12
7
8
10

TA1538
m • • î  • ••

12
12

. 15
168

13
17
12
14
14
14
12

12
10
17
21
13
10
15

f
f^sr
H-oa



Table 91 (continued)

Average Number of

Negative control

Positive control, 4-o-tolylazo-o-toluldine

Folpet

Metabolic
Activation

-+_

—

—

-
w

.

+
+
+
+
4-

vg Compound
Added/Plate

25
25

1
5
10
25
50
100
500
1000

1
5
10
25
50
100
500
1000

Hist id im
TA10Q

72
93

127
150
244
300
550
286

Killing
Killing

11?.
173
241
420
720
532

Killing
Killing

i-Positiye
TA1535

19
15

20
35
39
48
111
110

Killing
Killing

20
51
79
70
218
216

Killing
Killing

Keveti.au
"TA1537

3
7

7
0

0 '

2
0
0
0

1
1

10
3
0
0

.UO/ * •*.»»•»-

TA1538

8
20

6
183

5

11
14
7

Killing
Killing

30
26
35
36
45
48

Killing
Killing



Negative control

Positive

91 (continued)

Metabolic pg Compound
Added/Plate

control, 4-o-tolvlazo-o-toluidine

Malathion
NJ
00

+

•f

+

+

Histidine-Pcsitive Revertants/PlTAJ™ -•• —

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500

1000

TA1538

89
92

54
48
85
99
81
82
61

65
61
99
92
75
90
66

10
10

8
7
7
8
7

12
10

5
6
9
8
9
8
7

8
10

11
12
10 .
6
7
5
7

6
8
7
7
6

12
10

7
7

6
183

3
3
5
7
5
7
4

9
5
4
6
5
4
4

o



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Methomyl

ug Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Histidine-Positive Revertants/Plate
TA100

128
149

123
112
98
109
110
119
105

145
115
126
129
132
133
122

TA1535

18
14

19
20
16
18
21
17
13

12
10
12
10
13
10
14

TA1537

33
20
•

28
35
28
27
34
23
24

18
18
21
19
20
20
24

TA1538

17
22

17
206

14
10
18
14
24
26
21

15
15
i:
20
19
18
14



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Monuron
U)
o

•f
+
•f
+
•f

pg Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Histidine-Positive Revertants/Plate
TA100

128
149

126
- 98
108
122
114
122
125

125
142
119
116
108
104
123

TA1535

17
12

15
24
17
19
19
20
22

10
13
17
15
15
15
11

TA1537

17
15

la
12
12
11
15
18
14

15
15
13
19
16
15
15

TA1538

17
22

6
177

19
18
22
21
29
29
19

21
15
18
21
19
12
17

I
I



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidine

MSMA

Ug Compound
Added/Plate

25
rs
1
5
10
50
100
500
1000

1
5
10
50
100
500
loon

Average Number of
Histidine-Positive Revertants/Plate
TA100

56
72

79
69
62
52
41
53
48

79
64
65
67
53
66
63

TA1535

15
14

15
15
14
17
15
17
13

11
15
7
7
12
14
10

TA1537

12
9

7
13
11
11
12
8
12

11
8
10
14
8
7
10

TA1538

7
15

10
250

6
4

' 6
6
7
5
5

10
10
9
7
8
8
10



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluiHine

Parathior

pg Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Histidine-Posittve Revertants/Platt.
TA10Q

95
114

94
138
85
98 .
87
110
107

56
75
69
76
88
105
103

TA1535

19
21

12
12
13
13
15
13
14

11
16
14
14
17
15
12

TA1537

6
13

7
7
4
4
4
4
3

12
7
5
6
7
8
6

TA1538

6
7

6
177

8
7
7
8
6
8
13

\5
15
19
8
5
9
12

s?
to
It

O



Table 91 (continued)

Compound
Metabolic
Activation

u>
U)

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Parathion-methyl

yg Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
5CO
1000

Average Number of
Histidine-Positive Revertants/Plate
TA100

84
77

64
75
86
75
72
78
46

61
53
60
69
66
67
56

TA1535

10
10

12
9
8
10
9
7
3

4
11
8
10
10
6
4

TA1537

10
6

6
7
8
8
9
7
5

8
9
9
12
4
6
7

TA1538

7
7

6
177

8
8
9
13
10
20
18

14
10
8
11
13
14
16

to
2

o

I



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Quintozene (PCNB)

V> g Compound
Added/Plate

Average Number of
Histidine-Positive Revertants/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

TA100

96
101

99
85
90
87
94
100
107

90
95
91
100
87
119
106

TA1535

33
24

32
29
34
30
37
27
35

20
25
18
18
23
22
30

TA1537

9
6

6
7
6
6
5
5
6

9
7
6
3
4
1
1

TA1538

13
25.

6
177

15
12
13
7

11
14
11

25
27
29
25
20 '
26
27

1?
3tozene 

i

/— \

ozw



Table 91 (continued)

Average Number of

Compound

Negative control

Positive control, 4-o-tolylar.o-o-toluidine

Phorate

Metabolic
Activation

+

-
+

"

i
T̂

+ :

+

+

+ .

vg Compound
Added /Plate

25
25
1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

TA10Q

96
118

70
65
85
65
72
70
58

101
103
79
89
79
59
70

TA1535

15
17

17
15
17
17
11
14
14

14
11
13
15
15
16
19

TAI537

8
11

8
8
7
5
7
o
7

11
8
10
9
6
6
8

TA1538

8
11

6
177

16
11
11
8

15
10
12
11

5

r
p>PI
(D



Table 91 (continued)

Compound
Metabolic
Activation

Negative control

Positive tontrol, 4-o-tolylazo-o-toluidine

Simazine

V> g Compound
AdctJ/Piate

25
25

1
5
10
SO
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Histidine-Positive Revertants/Plate
TA100

98
106

83
72
73
87
85
71
69

84
90
82
83
87
89
120

TA1535

10
7

7
5
7
7
8
3
4

9
4
8
9
8
4
2

TA1537

8
8

15
10
20
10
12
7
11

11
11
16
9
11
io
id

TA1538

25
26

22
266

?2
20
20
22
17
25
22

22
2i
15
14
15
15 '
18

9
n



Table 91 (concluded)

Compound
Metabolic
Activation

Negative control

Positive control, 4-o-tolylazo-o-toluidine

Trifluralin

yg Compound
Added/Plate

25
25

1
5
10
50
100
500
1000

1
5
10
50
100
500
1000

Average Number of
Histidine-Positive Revertants/Plate
TA100

96
80

73
81
74
93
86
76
95

72
80
78
90
81
79
81

TA1535

15
15

11
12
16
19
18
18
lj

10
13
14
15
8
12
12

TA1537

17
20

18
24
29
23
25
22
18

13
16
18
14
16
13
15

TA1538

14
8

15
168

15
14
14
16
15
11
15

9
9
14
13
15 .
11
10

1H.
Ml
h-"



Table 92

RESULTS OF ASSAYS WITH ESCHERICHIA COLI WP2

Compound
Metabolic
Activation

Negative control

Positive control,
AF-2

Moncrotophos

ug of Compound
Added per Plate

.00

Bromacil

0.05
0.05

1
10
50
100
SCO
1000

1
10
50
100
500
1000

10
50
100
500
1000

1
10
50
100
500
1000

Average Number of Tryptophan-
Positlve Revertants per Plate

68
73

204
220

89
83
76
77
61
70

90
88
76
73
75
95

65
74
71
70
70
67

71
73
66
70
70
71



Table 92 (continued)

/
Metabolic ug of Compound Average Number of Tryptophan-

Compound Activation Added per Plate Positive Revertants per Plate

Cacodylic Acid - 1 m
10 102
50 89
100 82
500 91
1000 85

+ 1 95
+ 10 76
+ 50 79

w + • 100 89
10 + 500 81

+ 1000 85
Captan - 1 124

5 381
10 733
15 1358
25 1755
50 2600

+ 1 89
+ 5 182
+ 10 423
+ 15 699
+ 25 955
+ 50 1712



Table 92 (continued)

Compound
Metabolic
Activation

Chloropyrifos

Dlnoseb

pg of Compound
Added per Plate

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

Average Number of Tryptophan-
Posltive Revertants per Plate

57
57
49
71
52
42

60
73
53
49
61
49

64
73
58
55
44
Toxic

73
69
63
65
49
Toxic



Table 92 (continued)

Metabolic yg of Compound Average Number of Tryptophan-
Compound Activation Added per Plate Positive Severtants per Plate

DSMA

Fenthion

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

86
81
67
68
68

. 71

69
62
67
73
81
79

59
63
62
56
70
71

64
50
67
64
64
81



Table 92 (continued)

Compound
Metabolic
Activation

Vig of Compound
Added per Plate

Average Number of Tryptophan-
Positlve Revertants per Plate

Folpet

Azlnphos-methyl

1
5
10
25
50
100

1
5
10
25
50
100

1
10
30
100
500
1000

1
10
50
100
500
1000

65
162
170
424
720
1260

74
167
202
900
1680
1880

92
87
83
89
68
88

83
74
87
86
/J
79



Table 92 (continued)

Compound
Metabolic
Activation

yg of Compound
Added per Plate

Average Number of Tryptophan-
Positive Revertants per Plate

Malathion

£

+
+
+
+
+
+

Methomyl

+
+

••• *•
+ '•-,

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

62
54
60
60
54
48

58
50
55
59
75
64

61
76
83
57
63
71

70
81
78
83
63
74



Table 92 (continued) ~~

Metabolic pg of Compound Average Number of Tryptophan-
Compound Activation Added per Plate Positive Revertants per Plate

Monuron - 1 72
10 68
50 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



Table 92 (continued)

Compound
Metabolic
Activation

Ug of Coa; ound
Added pe.- Plate

Average Ntnnber of Tryptophan-
Posltive Revertants per Plate

Parathion

•f
+
+
+
+
+

Parathion-methyl

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

71
64
66
70
64
64

69
53
76
57
72
66

53
56
60
68
63
52

64
83
60
65
53
71



Table 92 (continued)

Compound
Metabolic
Activation

Qulntozene (PCNB)

Phorate

+
+
+

Ug of Compound
Added per Plate

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

1
10
50
100
500
1000

Average Number of Tryptophan-
Posltlve Revertants per Plate

54
:s
70
60
57
62

78
67
54
57
59
62

63
64
65
49
71
60

78
86
83
73
90
70



Table 92 (concluded)

Metabolic pg of Compound Average Number of Tryptophan-
Coropound Activation Added per Plate Positive Revertants per Plate

Simazine - 1 55
10 51
50 73
100 54
500 54
1000 53

+ 1 64
+ 10 66
+ 50 72
+ . 100 56
+ 500 71
+ 1000 83

Trifluralin - 1 75
10 73
50 81
100 86
500 69
1000 60

+ 1 58
+ 10 63
+ 50 63
+ 100 65
+ 500 70
+ 1000 70



Table 93

MICROBIAL INHIBITION IN ESCHERICHIA COLI AND BACILLUS SUBTILIS

oo

Diameter of Zone of

Compound

Positive control,
l-phenyl-3,-
dimethyltriazene

Negative control,
chloramphenacol

Monocrotophos

Bromacil

Cacodylic acid

Cap tan

Chloropyrifos

Dinoseb

DMSA

Fsnthion

Folpet

Azinphos-methyl

mg of Compound
Added to Disc

1.0

0.03

1

1.0

1

0.1

2.5

1

1

1

0.1

1

E.
W3110

37

34.5

6 .

6.5

6

6.5

6

10

6

6

6.5

6

coll
p3478

52

34

6

6.5

6

11

10

17

6

6

10

6

Inhibition (mm)

B. subtilis
HI 7

40

32

6

6.5

6

9

6

8.5

6

6

6.5

6

m45

61

31

6

6.5

6

19

11

11

6

6

7.5

6



Table 93 (concluded)

Diameter of Zone of Inhibition (tma)

Compound

Malathion

Me thorny 1

Monuron

MSMA

Parathion

Parathiow-methyl

Qulntozene (PCNB)

Phorate

Simazine

Trifluralin

mg of Compound
Added to Disc

1

1

1

1

1

1

1

' 1

1

1

E.
W3110

6

6

6

6

6

6

6

6

6

6

coli
p3478

6

6

6

6

6

6

6

6

6

6

B.
H17

6

6

6

6

6

6

6

6

6

5

subtilis
n45

6

6

6

6

6

6

6

6

6

6



Ul
o

Table 94

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - MONOCROTOPHOS

Metabolic
Compound

Negative control

Positive control
1,2,3,4-Diepoxybutane

Monocrotophos

Negative control

Vonocro tophos

Percent
Concentration
(w/v or v/v)

EXPERIMENT 1

0.1

0.1

5

5

EXPERIMENT 2

5

5

Survivors
Cells/ml
(x ID'7)

5.7

5.8

5.8

4.6

5.7

4.7

9.1

8.6

6.3

4.8

Percent of
Control

100

100

102

79

100

81

100

100

69

56

Mitotic Recombinants
per ml

(x 10-3)

4.5

4.5

1,650

1,435

44

30

8

9.5

26

40

per 10s

Survivors

7.9

7.8

2,845

3,120

77.2

63.8

8.8

11.0

41.2

83.3



Table 95

IN VITRO ASSAYS WITH SACCHAROMVCES CEHEVISIAE D3 - BROMACIL

Compound

EXPERIMENT 1

Negative control

Positive control
1,2,3.4-Dlepoxybutane

Broraacll

Metabolic
Activation

EXPERIMENT 2

Negative control

Positive control
1,2,3,4-Diepoxybutrne

Bromacll

•f
4-

-i-

Percent
Concentration
(w/v or v/v)

0.04
0.04

0.005
0.01
0.05
0.10
0.50

0.005
0.01
0.05
0.10
0.50

0.04
0.04

0.05
0.10
0.25
0.50

0.05
0.10
0.25
O.SO

Survivors
Cells/ml
(x 10 7)

4.8
4.7

3.4
3.5

5.0
4.S
5.0
4.4
2.0

4.4
3.9
4.3
3.8
2.4

4.5
4.2

4.5
4.2

5.7
5.4
5.5
4.9

4 .9
4.7
4.8
4.9

Percent ol
Control

100
100

71
74

104
94
104
92
42

94
83
91
81
51

100
100

100
100

126
120
122
108

117
112
114
117

Mltotlc Recomblnants
per ml
(x 10 ')

3
3

745
683

3
2
3
1
1

5
3
3
1
3

5
3

870
653

7
5
5
1

4
3
6
1

per 10 5

Survivors

6.3
G.4

2191
1951

6.0
4.4
6.0
2.3
10.0

11.4
7.7
7.0
2.6
12.5

11.1
7.1

193J
1555

12.3
9.3
9.V
2.0

8. 2
10.8
12.5
2.0
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Table 97

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - CAPTAN

Compound

Negative control

Captan

Negative control

Captan

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

-

+

0.003

+ 0.003

EXPERIMENT 2
_

+

0 .003

+ 0 .003

Survivors
Cells/ml
(x 10-7)

7.1

6.5

6.0

9.1

7.5

6.0

.77

5.1

Percent of
Control

100

100

84

140

100

100

10

85

Mitotic Recombinants
per ml
(x 10-3)

3.5

3.0

205

145

1.5

4

37

58

per 10s

Survivors

4.9

4.6

342

159

2.0

6.7

481

114



Table 98

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - CHLOROPYRIFOS

Percent Survivors

Compound

Negative control

Chloropyrif os

Negative control

Positive control,
1,2,3, 4-diepoxybutane

Chloropyrifos

Metabolic Concentration Cells/ml
Activation (w/v or v/v) (x iO~7 )

EXPERIMENT 1

7.5

+ 6.0

5 7.7

+ 5 8.0

EXPERIMENT 2

6.3

+ 7.4

0.1 3.8

+ 0.1 5.2

5 7.9

+ 5 7.4

Percent of
Control

100

100

103

133

100

100

60

70

125

100

Mitettc Recombinants
per ml
(x 10-3)

1.5

4

7

10

1.5

3.5

1,045

903

3

10

per 10 5

Survivors

2.0

6.7

9.1

12.5

2.4

4.7

2,750

1,737

3.8

13.5



Table 99

IN VITRO ASSAYS VITA SACCHAROMYCES CEREVISIAE D3 - DINOSEB

Compound

Negative control

Positive control,
1,2,3, 4-diepoxybutane

Dinoseb

Negative control

Dinoseb

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

-
+

0.1

+ 0.1

0.2

+ 0.2

0.3

+ 0.3

EXPERIMENT 2
_

+

0.1

+ 0.1

0.2

+ 0.2

Survivors
Cells/ml
(x 10-7)

6.3

7.4

3.8

5.2

6.2

4.0

.3

2.4

5.5

5.2

4.4

4.0

4.1

4.3

Percent of
Control

100

100

60

70

98

54

5

32

100

100

80

77

75

83

Mitotic Recombinants
per ml
(x 10-')

1.5

3.5

1,045

903

9

1

5

5

2.5

2.0

3

4

8

8

r,er 10s

ourvivors

2.4

4.7

2,750

1,737

14.5

2.5

167

20.8

4.5

3,8

6.8

10.0

19.5

18.6



Table 100

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - DSMA

Percent Survivors

Compound

Negative control

DSMA

Negative control

DSMA

Metabolic Concentration Cells/ml
Activation (w/v or v/v) (x 10~7J

EXPERIMENT 1

7.4

+ 7.7

4.5 1.1

+ 4.5 5.2

EXPERIMENT 2

7.1

+ 6.5

5 4.7

+ 5 3.4

Percent of
Control

100

100

15

68

100

100

66

52

Mitotic Recombinants
per ml
(x 10-s)

7.5

5

0

0

3.5

3

3

7

per 10s

Survivors

10.1

6.5

4.9

4.6

6.4

20.6
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Table 101

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - FENTHION

Percent Survivors

Compound

Negative control

Positive control,
1 , 2 , 3 , A-d iepoxybutane

Fenthion

Negative control

Fenthion

Metabolic Concentration Cells/ml
Activation (w/v or v/v) (x 10~7)

EXPERIMENT 1

6.3

+ 7.4

0.1 3.8

+ 0.1 5.2

5 6.6

+ 5 7.5

EXPERIMENT 2

7.5

+ 6.0

5 7.8

+ 5 7.1

Percent of
Control

100

100

60

70

105

101

100

100

104

118

Mitotic Recombinants
per ml
(x 10-3)

1.5

3.5

1,045

903

9 ;

5

1.5

4

4

6

per 10s

Survivors

2.4

4.7

2,750

1,737

13.6

6.7

2.0

6.7

5.1

8.5
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Table 102

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - FOLPET

Compound

Negative control

Folpet

Negative control

Folpet

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

-
+

0 .003

+ 0 .003

EXPi-TttMEOT 2

_

+

0 .003

+ 0 .003

Survivors
Cells/ml
(x ID'7)

7.5

6.0

4.0

3.8

6.3

7.4

9.5

9.1

Percent of
Control

100

100

53

63

100

100

151

123

Mitotic Recombinants
per ml
(x 10-3)

1.5

4

119

65

1.5

3.5

89

82

per 10s

Survivors

2.0

6.7

298

171

2.3

4.7

94

90
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Table 103

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 -AZINPHOS-METHYL

Percent Survivors

Compound

Negative control

POL itive control
1,2,3,4-Diepoxybutane

Azlnphos-methyl

Negative control

AzinphoE-methyl

Metabolic Concentration Cells/ml
Activation (w/v or v/v) (x 10~7 )

EXPERIMENT 1

5.7

+ 5.8

0.1 5.8

+ 0.1 4.6

4.5 5.3

+ 4.5 5.8

EXPERIMENT 2

9.1

+ 8.6

5 5.7

+ 5 6.2

Percent of
Control

100

100

102

79

93

100

100

100

63

72

Mitotic Recombinants
per ml
(x 10-3)

4.5

4.5

1,650

1,435

15

15

8

9.5

68

80

per 10s

Survivors

7.9

7.8

2,845

3,120

28.3

25.9

8.8

11.0

119.3

129



Table 104

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - MALATHION

Compound

Negative control

Positive control,
1,2,3, 4-diepoxybutane

Malathion

Negative control

Malathion

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

M

+ '-x

0.1

+ 0.1

5

+ 5

EXPERIMENT 2
_

+

5

+ 5

Survivors
Cells/ml
(x 10-7)

5.7

5.8

5.8

4.6

7.8

6.3

9.1

8.6

8.1

7.6

Percent of
Control

100

100

102

79

137

109

100

100

89

88

Mitotic Recombinants
per ml

(x 10-3)

4.5

4.5

1,650

1,435

11

7

8

9.5

13

8

per 105

Survivors

7.9

7.8

2,845

3,120

14.1

11.1

8.8

11.0

16.0

10.5



Table 105

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - METHOMYL

Comoound

Negative control

Positive control,
1,2,3, 4-diepoxybutane

Methomyl

Negative control

Methomyl

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

-
+

0.1

+ 0.1

2.0

+ 2.0

3.0

+ 3.0

EXPERIMENT 2

_

+

3

+ 3

Survivors
Cells/ml
(x ID'7)

6.6

5.8

1.8

1.5

5.0

2.7

3.7

4.2

5.5

5.2

4.7

4.4

Percent of
Control

100

100

27

29

76

50

56

76

100

100

85

85

Mitotic Recomb< nants
per ml
(x 10-3)

4.5

2.5

266

184

4

0

8

6

2.5

2.0

15

10

per 105

Survivors

6.8

4.6

1,478

1,227

8.0

21.6

14.6

4.5

3.8

31.9

22."



Table 106

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - MONURON

Compound

Negative control

Positive control,
1,2,3,4-diepoxybutane

Monuron

Negative control

Monuron

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

-
+

0.1

+ 0.1

5

+ 5

EXPERIMENT 2

_

+

5

+ 5

Survivors
Cells/ml
(x ID'7)

6.6

5.4

1.8

1.5

3.5

3.8

5.5

5.2

6.9

6.2

Percent of
Control

100

100

27

29

53

70

100

100

125

119

Mitotic Recombinants
per ml
(x 10-3)

4.5

2.5

266

184

3

1

2.5

2.0

2

9

per 10s

Survivors

6.8

4.6

1,478

1,227

8.6

2.6

4.5

3.3

2.9

14.5



Table 107

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - MSMA

Compound

Negative control

MSMA

Negative control

MSMA

'

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

-

•f

5

+ 5

EXPERIMENT 3
_

+

5

+ 5

Survivors
Cells/ml
(x 10-7)

7.4

7.7

4.3

5.4

7.1

6.5

4.9

5.8

Percent of
Control

100

100

58

70

100

100

69

89 •

Mitotic Recombinants
per ml
(x ur3)

7.5

5

1

3

3.5

3

10.2

10.4

per 10s

Survivors

10.1

6.5

2.3

5.6

4.9

4.6

20.8

17.9



Table 10F

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIA^ D3 - PARATHION

Compound

Negative control

Positiva control,
1,2,3, 4-diepoxybutane

Pfi.rathi.on

Negative control

Par ;thion

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1
_

+

0.1

+ 0.1

5

+ 5

EXPERIMENT 2
_

+

5

+ 5

Survivors
Cells/ml
(x 10-7)

5.7

5.3

5.8

4.6

6.5

5.8

9.1

8.6

8.8

8.2

Percent of
Control

100

100

102

79

114

1JO

100

100

96

95

Mitotic Rrcombinants
per ml
(x 10-3)

4.5

4.5

1,650

1,435

9j

5

8

ft.s

4

5

per 10s

Survivors

7.9

7.8

2,845

3,120

4.6

8.8

8.8

11.0

4.5

6.1



Table 109

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - PARATHION-METHYL

Compound

Negative control

Positive control,
1,2,3, 4-d iepoxybu cane

Parathion-methyl

Negative control

Parathion-methyl

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

-

+

0.1

+ 0.1

5

+ 5

EXPERIMENT 2

+

5

+ 5

Survivors
Cells/ml
(x 10"7)

5.7

5.8

5.8

4.6

7.7

5.4

9.1

8.6

7.4

7.2

Percent of
Control

100

300

102

79

135

93

100

100

81

84

Mitotic Rec^mbinants
per ml
(x 10-3)

4J5

4.5

1,650

1,435

16

15

8

9.5

19

25

per 10s

Survivors

7.9

7.8

2,845

3,120

20.8

27.8

8.8

11.0

25.7

34.7



Table 110

IE VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - QUINTOZQIE (PCNB)

Compound

Negative control

Positive control,
1 , 2 , 3 , 4-d iepoxybutane

Quint ozene (PCNB)

Negative control

Qulntozene (PCNB)

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

*.

+

0.1

+ 0.1

2

+ 2

EXPERIMENT 2

-
+

1

+ 1

2

+ 2

Survivors
Cells/ml
(x 10-')

5.7

5.8

5.8

4.6

3.7

4.2

9.1

8.6

5.8

7.0

6.8

7.5

Percent of
Control

100

100

102

79

65

72

100

100

64

81

75

87

Mitotic Recombinants
per ml
(x 10-3)

4.5

4.5

1,650

1,435

3

4

8

9.5

4

7

3

10

per 10s

Survivors

7.9

7.8

2,845

3,120

8.1

9.5

8.8

11.0

6.9

10.0

4,4

13.3



Table 111

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - PHORATE

Percent Survivors

Compound

Negativs control

Phorate

Negative control

Phorate

Metabolic Concentration Cells/ml
Activation (w/v or v/v) (x 10~7)

EXPERIMENT 1

9.1

+ 8.6

5 8.7

+ 5 7.5

EXPERIMENT 2

5.7

+ 5.8

5 7.5

+ 5 7.2

Percent of
Control

100

100

96

87

100

100

132

124

Mitotic Recombinants
per ml
(x ID'3)

8

9.5

9

3

4.5

4.5

4

7

per 10 5

Survivors

8.8

11.0

10.3

4.0

7.9

7.8

5.3

9.7
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Table 112

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE D3 - SIMAZINE

Compound

Negative control

Positive control,
1 ,2,3,4-diepoxybutane

Simazine

Negative control

Simazine

Percent
Metabolic Concentration
Activation (w/v or v/v)

EXPERIMENT 1

_

+

0.1

+ 0.1

5

+ 5

EXPERIMENT 2
_

-t-

5

+ 5

Survivors
Cells/ml
(x 10-7 )

6.6

5.4

1.8 -

1.5

3.8

2.0

5.5

5.2

7.0

7.0

Percent of
Control

100

100

27

29

58

37

100

100

127

135

Mitotic Recombinants
per ml

(x 10-3)

4.5

2.5

266

184

3

1

2.5

2

7

4

per 10s

Survivors

6.8

4.6

1,478

1,227

7.9

5.0

4.5

3.8

10.0

5.7
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Table 113

IN VITRO ASSAYS WITH SACCHAROMYCES CEREVISIAE DS - TRIFLURALIN

Percent Survivors

Compound

Negative control

Trifl'jralin

-̂

Negative control

Positive control,
1,2,3, 4-diepoxybutane

Trifluralin

Metabolic Concentration Cells/ml
Activation fw/v or v/v) (x 10~7 )

EXPERIMENT 1

7.5

+ 6.0

5 8.4

+ 5 6.0

EXPERIMENT 2

6.3

+ 7.4

0.1 3.8

+ 0.1 5.2

5 8.7

+ 5 8.4

Percent of
Control

100

100

112

100

100

100

60

70

138

114

Mitotic Recombinants
per ml
(x 10-3)

1.5

4

5

2

1.5

3.5

1,045

903

7

3

per 10s

Survivors

2.0

6.7

5.9

3.3

2.4

4.7

2,750

1,737

8.0

3.6



Table 114

IN VITBO MOTAGENESIS WITH SALMONELLA TYPHIUURIU1I

SUMMARY DATA FOR EPA PESTICIDES
Po*ltlve Re*pon*e, +; Negative Re*pon*e, -

Pesticide

Monocrotophoa
Bromacll

Cacodyllc Acid

Captan
Chlorpyrlfoa

Dlnoseb

DSHA

Fenthlon

Folpet

Azlnphos-metbyl

Malathlon

Methorny1

Uonuron

MSMA

Parathlon

Parathion-nethy1

Qulntozene (POJB)

Phorate

Slnazlne

Trifluralln

TA100 TA153S
- Metabolic + Metabolic - Metabolic 4 Metabolic ~
Activation Activation Activation Activation

TA1537
• Metabolic + Metabolic
Activation Activation

TA1838
- Metabolic + Metabolic
Activation Activation



APPENDIX A

MUTAGENESIS STUDIES OF PESTICIDE COMPOUNDS

MOUSE HERITABLE TRANSLOCATION TEST

CAPTAN

171



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 Captan in their diet;

60 mice received 2500 ppm, and 61 received 5000 ppm. A control group

of 60 adult male mice received an untreated diet during this time.

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

a control group for 4 weeks and then received the known mutagen tri-

ethylenemelamine (TEM) in the drinking water for A weeks. After

treatment, all males were bred with two virgin females each to produce

an Fj generation, the males of which were raised to maturity. Selected

(200 per group) F. males were bred to three virgin females each, and

presumptive translocates were rebred to three additional females each.

A third breeding was conducted with selected nonbrteder and/or presump-

tive males.

Evaluation of the data on fertility, breeding, and litter size

distribution for F_ and F. generations does not suggest the presence

of translocation 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 t'le presumptive males

were evaluated cytogenetically. Normal meiotic chromosomes were found

in the following numbers of F males derived from the group specified:

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

5000 ppm Captan group, and 2 of 2 from the 5000 ppm Captan-treated group

derived from traumatized F females. Five of 5 TEM-treated F males

and 1 of 8 from the 5000 ppm Captan-treated males showed reciprocal

translocations.
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The results of this study show that under the experimental procedures

employed, Captan at 5000 ppra in the diet of male mice for 8 consecutive

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

The EPA is reviewing and evaluating the health hazard of pesticides

and of substitute candidate pesticides according to available data.

Additionally, the Agency is obtaining supplemental laboratory data.

The objective is to enable the EPA to select those chemicals that are

minimally hazardous when used according to labeling restrictions. SRI

is participating in this Suostitute Chemical Program by investigating

the mutagenic potential of selected materials by in vitro and in vivo

procedures.

Captan has been shown to respond in a positive manner in Salmonella

typhimurium, Escherichia coli WP2, Saccharonyces cerevisiae, JS. coli

(relative toxicity), Bacillus subtilis, WI-38 unscheduled DNA synthesis

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

It vas not positive in a mouse dominant-lethal test. Based on positive

responses in both Tier I (in vitro test) and Tier II (Drosophila)

mutagenic studies, it was recommended that a heritable translocation

test (Tier III) in the mouse be conducted to further assess the mutagenic

potential of Captan.

In this study, young adult male ICR/SIM mice from a closed, random-

bred colony were administered Captan in the diet for 8 weeks. After

treatment, each male was mated to two virgin females to produce an F-

generation, the males of which were raised to maturity and bred to three

virgin females eacr.. Pregnant females were evaluated against pre-

determined selection criteria for identification of suspect F. males,

which were rebred and evaluated again. Presumptive F. males were

examined cytogenetically.

Through this procedure, a heritable mutagenic response can be

detected. Potential muLa^enic effects were identified by examination

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

suspect males for conf iiiurtion of findings obtained from the breeding

studies.

Reported here, are the results of the heritable translocatirn

study of Captan.
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MOUSE HERITABLE TRANSLOCAT10N TEST

Background

Human 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 mammalian systems so as to maximize detection of a mutagenic

response. The study reported here was such an investigation of Captan

for its potential to produce heritable genetic defects.

Chemical induction of chromosomal aberrations in the me use is a

valuable and important experimental aid in understanding the many

genetic defects due to chromosomal anomalies in 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 aberrations in mammalian systems. The mouse

translocation procedure appears to be such a system.

A well-defined translocation test will demonstrate the fertility

of an F male population derived from F males treated with a test agent.

Confirmation of a nonbreeder, sterile, or partially sterile response

can be obtained by cytological examination of the germ cells from suspected

males. Sterility and partial sterility are closely correlated with the

induction of translocation heterozygotes.

The procedure used in conducting this translocation test was based

on experimental techniques described by Leonard and DeKnudt,1 Cattanach

et al.,2 Falconer et al ,3 and Generoso.1* We modified this approach,

in consultation with government and industry scientists actively

engaged in mutagenesis research.
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Materials and Methods

Animals

Male and female ICR/SIM mice were purchased from Simonsen Laboratories.

Gilroy, California. The F males were 8 to 10 weeks old. The females "

used in the breeding phases were 10- to 12-week-old virgin stock.

Chemical Supply

A supply of Captan sufficient for all aspects t the experimental

program was received from Battelle Columbus Laboratory and EPA-RTP.

Lot number SX-640, Chevron Chemical Company, was used for all treatment

periods. The excess material has been placed in storage in case it is

needed for future reference.

Dosage 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, Captan was fed in

ti diet at 2500 t.id 5000 ppra.

An appropriate amount of Captan was dissolved and/or susperded in

corn oil. Then the compound-oil concentrate was added at a level of

3% to a finely ground commercial diet (Purina) of known composition.

The use of corn oil assured even distribution of Captan and prevented

its stratification in an otherwise dry diet. Diets prepared at 2-week

intervals were refrigerated at 4°C until fed to the animals. The diet

was replaced in the feed containers twice weekly to minimize the

possibility of compound loss. Body weights and food consumption were

recorded weekly during the 8-week exposure period.

Reference Control

Males in the reference control group 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. Body weights were

recorded weekly, as was food consumption.
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Positive Control

For the positive control group, the known mutagen triethyl-onemelaraine

(TEM) was administered in the drinking water at 0.32 mg/liter fjr 2 weeks

and then at 0.124 mg/liter for ' weeks. TEM treatment was initiated after

the males had been on the control diet for 4 weeks. 3ody weights and

food consumption were recorded weekly. TEM is one of the chemical

mutagens that have the demonstrated effect Oi inducing translocations in

the F.. progeny of F_ treated males.

Genetic Tests

After 8 weeks of treatment, the mai.<= in each treatment group were
;

mated to two adult virgin females each. A£ -er 1 we.k, each femalo was

housed inH<vtdually tnd allowed to deliver its litter. The F_ males

were discarded. All litters were raised to weaning age, at wnich time

the females were discarded. The F.. males were raised to maturity. At

maturity (10 to 12 "eeks of age), 200 F males from ecch experimental

group, were selected randomly and housed individually.

Three adult virgin females were housed with each F.. male for the

first breeding. They were examined daily for the presence of vaginal

plugs. These females were sacrificed 14 days after mating, and a

uterine analysis was performed for determination of the number of total,

live, and dead implants. Males bred to females that produced litters

fitting our criteria for presumptive classification as steri]z, 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:

* "Partially Sterile" Male

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

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

- If only 2 of 3 females are pregnant, both must have 9 or

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

,6 or fewer live implants.

• "Sterile" Male

- None of 3 females pregnant—previously identified by presence

of vaginal plug.

• "Nonbreeder" Male

- None of 3 females pregnant—not previously identified by

presence of vaginal plug.

Any F male that did not fit one of these descriptions was

considered "normal" and was discarded. For each FI male in the control

and compound-treated groups suspected of being a translocate or nonbreeder

after 2 or 3 breedings, a cytogenetic evaluation was made of meiotic cell

preparations of its tastes. Five males from the positive control group

were also subjected to cytogenetic evaluation.

Evaluation of Breeding Data

F. males w^re identified as sterile, partially sterile, or non-

breeders by the methods outlined above. Individual data were totaled

to give the number of observed (presumptive) translocations per treatment

group, using a data base of 600 to 800 females per group. Also, for an

accurate review of such findings, the F. breeding and litter data were

thoroughly evaluated. The various measured evaluated included percentage

of pregnancies, average litter size, average number of males and Temalcs,

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.

Meiotic Cell Cytogenetic Studies

Cytogenetic examinations were made of the testes of 31 F mice, with

the two testes from each mouse being examined separately. The procedures
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used for the cytogenetic preparat Ji.s are as follows. CO- 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 on a glass

plate to release the cell contents into the isotonic solution. The

resulting cell suspension was centrifuged at 800 rpm for 5 minutes; the

supernatant was removed, and each pellet of cells was resuspended.in

5 ml of IX sodium citrate hypotonic and held at room temperature for

15 minutes. The cells were centrifuged again at 800 rpm for 5 minutes

and the supernatant was discarded. The cells were then treated with

Carney's fixative (3 parts methyl alcohol and 1 part glacial acetic

acid) to give a total volume of 5 ml, and immediately centrifuged again

at 800 rpm for 5 minutes. This procedure was performed twice. Then

the cells, suspended in an appropriate amount of fixative, were dropped

onto clean, wet microscope slides and allowed to air-dry. The slides

were stained with 2% buffered Giemsa for 5 minutes. Covcrslips 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 weights for mice in the various

groups. The body weights of the control, TEM, and 2500 ppm Captan

group were within normal limits and comparable throughout the experiment.

The 5000 ppm Captan-treatcd group showed a depressed body weight for

5 weeks before demonstrating a recovery trend during Weeks 6 to 8.

This body weight depression appeared to be c'ue 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 5000 ppm) showed a lower average

weekly food intake than did the control and TEM-treated groups.

During the week immediately following the 1-week F generation

mating, one animal rack holding some 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,

sufficient numbers of F generation males from those females that were

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

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

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

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

this separate group we selected 50 FI males (at least one per feriale

retained) for use in the F generation breedings and evaluations.

FO Generation

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

tion, and clinical effects of the F. generation should be included in

the evaluation of translocation data, because it may provide valuable

reference data.
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Table 3 summarizes the breeding and litter performance of the F

generation. No adverse effects were observed in the control and 2590

ppm Captan groups. The two 5000 ppm Captan group:; showed a reduced

pregnancy rate; the rate for the traumatized females was 29% below that

of the controls. Litter sizes for the 5000 ppm groups were slightly

below control values. As expected, the TEM group had a reduced pregnancy

rate and a litter size 47% below the control level.

Table 4 presents litter-size distributions of live young from the

F.. generation mating. Although the distribution patterns for the control

and Captan-treated animals were within normal ranges for our strain of

mouse, there was evident a definite pattern of decreasing litter size

and increasing variance and standard -Jeviations 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.

F, Generationj_

Table 5 summarizes breeding data from the first mating of the F

generation male mice. In the females mated with TEM males and with

males from the 5000 ppra Captan group of traumatized F- mothers, there

were 10% fewer females with mating plu^s and an increased percentage

of nonpregnant females in comparison with control values; also, these

two male groups had an increased percentage of males with no pregnant

females. Results from males in the 2500 and 5000 ppm Captan groups

were within normal limits for this strain of mouse and comparable with

'-.f rrom control males.

Litter-size distributions of live implants-- derived from the first

mating of F. generation males are pre.-it-nted 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 F female) group, and
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10.24 for the TEM-treated group. The data on the F generation litter-

size distribution are presented graphically in Figure 2.

Tables 7 and 8 summarize the data on dead implants per FI male

and dead implants per female, respectively. The 2500 and 5000 ppm

Captan groups showed a slight increase in total dead implants for both

males and fena'es at the 4, 5, and >5 levels when compared with controls.

TEM aniuals showed significant increases in dead implants for both males

and females.

Table 9 summarizes the breeding results by treatment of those F.

males classified as presumptive sterile, partially sterile, or non-

breeders after three breedings. Table 10 identifies these F males

individually by number and treatment.

Details of the breeding and rebreeding data for presumptive F

males are presented in Table 11. In the reference control group, 24

of the 200 males were considered as presumptive translocates. When

rebred, 12 males remained in this classification. A third mating of

selected questionable and/or nonbreeder males reduced the number of

presumptive males to eight: 1 nonbreeder, 1 presumptive sterile, and

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

For the TEM group, 83 of 200 F males were identified as presumptive

mutants after the first breeding. When rebred, 53 still met the original

criteria. A third breeding reduced this number to 49; 4 continued to

be nonbreeders, 14 were presumptive sterile, and 31 were partially sterile

(6 of which were questionable partially sterile).

In the 2500 ppm Captan group. 30 of 200 FI -nales were identified

as presumptive mutants after the first breeding. When rebred, 11

still met the criteria: 5 were nonbreeders, 1 was a presumptive

sterile, and 2 were partially sterile (1 of which was questionable

partially sterile). - • .

The 5000 pr Captan group alsc had 30 of 200 F males identified

as presumptive mutants after the first breeding. The second mating

reduced this number to 9. After a third breeding, 8 males still met the-
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original criteria: 2 were nonbreeders, 1 was a presumptive sterile,

and 5 were partially sterile.

For the group of F.. males derived from traumatized F females

and males treated with 5000 ppm Captan, 12 of 50 F 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 criteria; both were

partially sterile, with one of them being questionable partially sterile.
t '

The data on the F and F generations' fertility, breeding, and

litter-size distribution as well as the data on the F generation's

dead implants and rebreeding show that Captan tends to induce dose-

related effects on the reproductive performance of male mice. The data

also suggest the presence of translocation heterozygotes tn the 5000 ppm

Captan group.

Review of the data on dead implants, breeding, and rebreeding for

the F.. generation of the TEM-treated group showed, as expected, the

potential for the presence of translocation heterozygotes in 24.5%

of the F males.

Cytogenetic Studies

Table 12 presents the findings from the cytogenetic evaluation of

meiotic cell preparations from F. males in the Captan groups characterized

as nonbreedf.r, presumptive sterile, or partially'sterile. Also, eight

control 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 uiales examined in the control group were cyto-
genetically normal.

• The five TEM males all showed positive reciprocal translocations.

• 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
from traumatized F temales vere cytogenet'cally normal.

Discussion

Increased use of Lhe translocation procedure has revealed that a

meaningful relationship exists between the incidence of dead implants

in F.. ma tings and the occurrence of a heritable translocation event.

Previous experiments at SRI and at Oak Ridge National Laboratories have

demonstrated this correlation. The following paragraphs discuss

occurrences 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

compound 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 13) showed a normal implant distribution,

with the exception of one F. mala (No. 122) for whom the number of
1 i

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

in dead implants and the n 3ultant decrease in live implants occurred,

although the numbers of total implants were generally normal. This

pattern occurred during all breeding periods.
i

The 2500 ppm Captan group (Table 15) contained seven 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 FI males were classified as normal after the breeding

phases.
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Five F malea in the 5000 ppm Captan group (Table 16) showed an

increase in dead implants during the first breeding. In the rebreeding

of these males, only male No. 657 continued to show the increase in

dead iuplarits and the resultant decrease in live implants. All other

P.. males in this group had a normal distribution of dead and live

implants for all breedings.

Table 17 presents the implant data for f. 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

distribution of total, dead, and live implants was normal.

The numbers of total implantations 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

Dietary Levels
of Captan

Week of
Test

Initial

1

2

3

4

5

6

7

8

Control

33.8

32.5

33,7

34.8

34.6

34.8

37.3

37.7

39.2

TEM

33.4

32.9

34.6

35.4

35.8

35.9

38.1

38.9

39.8

(ppm
2500

33.8

33.3

33.7

34.4

34.4

36.0

37.5

39.3

38.9

diet)
5000

33.6

31.8

31.4

32.1

31.4

33.0

35.3

35.8

36.9
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Table 2

AVERAGE FOOD CONSUMPTION FOR MICE RECEIVING
VARIOUS LEVELS OF CAPTAN IN THEIR DIETS

(Grams of Food Consumed/Mouse/Day)

Dietary Levels
of Captan

Week of (ppra diet)
Test

1

2

3

4

5

6

7

8

Control

4.01

4.82

4.91

5.28

5.08

5.36

5.81

5.55

TEM

4.05

5.00

5.08

5.33

5.55

5.56

6.14

5.74

2500

3.74

4.72

4.90

4.93

5.44

4.95

5.63

5.13

5000

3.25

4.38

4.40

4.45

4.95

4.75

5.27

4.83
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Table 3

TRANSTXXATION STUDY OF CAPTAN
F0 GENERATION MICE

SUMMARY OF BREEDING AND LITTER DATA

Parameter

Number of FQ males

Number of F.. females

Number pregnant

Percent pregnant

Number of nonbreeder males

Percent nonbreeders

Average live litter size

Average number of males weaned/Utter

Control

60

120

93

77.5

8

13.3

12.30

5.84

TEM

66

132

77

58.3

19

28.8

6.55

3.26

2500 ppm

60

119

91

76.5

8

13.3

12.16

5.68

5000 PI

31

61

38

62.3

5

16.1

11.68

6.29

5000 ppma

30

59

33

55.9

11.33

5.25

aGr~up of females accidentally tipped off rack folioving 1 week of mating with iOOO ppm-treated
mates. These traumatized females, and their offspring, nort of which could not re identified
back to a particular FQ male, vere considered as a separate group for the remainder OJL tne
study.



Table 4

TRANSLOCATION STUDY OF CAPTAN
MOUSE LITTER-SIZE DISTKIBUTION OF LIVE YOUNG

DERIVED FROM FQ GENERATION ADULTS

Litter
Size

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Mean (u)

Variance
(o3)

Standard
Deviation
(o)

Control

0

0

0

0

0

0

1

2

9

6

8

18

22

18

6

3

0

0

12.30

3.89

1.97

TEM

1

2

3

8

10

15

12

8

8

2

3

1

0

1

0

0

0

0

6.55

5.84

2.42

2500

0

0

0

0

1

2

0

3

3

8

9

24

20

10

6

3

2

0

12.16

4.97

2.23

Captan
(ppm diet)

5000

0

1

0

0

0

1

0

0

1

6

5

8

9

6

1

0

0

0

11.68

5.73

2.39

5000̂

0

0

0

1

0

1

1

0

3

3

7

5

8

1

3

0

0

0

11.33

6.09

2.47

Traumatized FQ females.
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Table 5

TRANSLOCATION STUDY OF CAPTAN
FL GENERATION MICE

SUMMARY OF BREEDING DATA--FIRST BREEDING

Parameter

Number of Fl males
Number of females
Number of mating plugs
Percent mating plugs
Number pregnant
Percent pregnant
Number pregnant with plug
Percent pregnant with plug
Number pregnant without plug
Percent pragnar.t without plug
Number not pregnant
Percent not pregnant
Number not pregnant with plug
Percent not pregnant with plug
Males with no pregnant females
Percent males with no pregnant females

Control

200
600
450
75
492
82
434
88
58
12
108
18
16
15
13
6.5

Captan (ppm)
TEM

200
600
376
63
383
64
326
85
57
15
217
36
50
23
39
19.5

2500

200
600
442
74
472
79
419
89
53
11
128
21
23
18
14
7.0

5000

200
600
439
73
477
80
413
87
64
13
123
20
26
21
9
4.5

5000a

50
150
95
63
112
75
94
84
18
16
38
25
1
3
7
14.0

Traumatized Fo females.



Table 6

TRANSLOCATION STUDY OF CAPTAN
MOUSE LITTER SIZE DISTRIBUTION OF LIVE YOUNG

DERIVED FROM FI GENERATION ADULTS--FIRST BREEDING

Litter
Size

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Mean (ji)

Variance

Standard
Deviation
(c)

Captan (ppm)
Control

5

4

2

4

5

8

7

14

35

37

73

80

89

72

32

16

7

1

0

0

11.72

8.13

2.85

TEM

4

9

12

17

21

11

8

17

25

31

53

61

52

27

21

8

1

1

1

0

10.24

13.59

3.69

2500

4

0

5

6

4

5

6

13

35

40

77

75

87

54

36

14

7

2

0

1

11.73

8.68

2.95

5000

3

3

1

5

6

8

11

19

17

53

77

85

93

55

19

11

7

3

0

0

11.56

7.40

2.72

5000a

0

0

0

1

1

4

3

4

2

16

14

15

17

14

13

5

1

0

0

0

11.88

7.20

2.68

Traumatized Fo females.
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Table 7

TRANSLOCATION STUDY OF CAPTAN
SUMMARY OF DEAD IMPLANTS PER FI MALE

Number of Males Captan (pom)
with Females Having

0 Dead implants

1 Dead implant

2 Dead implants

3 Dead implants

4 Dead implants

5 Dead implants

> 5 Dead implants

Control

68

54

30

18

8

2

7

TEM

37

36

25

16

9

6

32

2500

69

44

31

13

18

4

7

5000

49

68

36

18

9

3

8

5000a

20

11

7

2

0

2

1

Traumatized FO females.
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Tsble 8

TRANSLOCAT::ON OTUDY OF CAPTAN
SUMMARY OF DEj D ThPLANTS PER FEMALE

Number of Dead Captpn (ppm)
Implants/Female

0

1

2

3

4

5

> 5

Total Pregnant
Females

Control

320

109

39

18

3

0

3

492

TEM

182

83

35

16

11

11

45

383

2500

295

113

37

16

7

2

2

472

5000

284

130

41

9

3

2

8

477

5000a

79

23

9

0

0

0

1

112

Traumatized Fo female.
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Table 9

TRANSLOCATION STUDY OF CAFTAN
SUMMARY OF PRESUMPTIVE TRANSLOCATION T MALES AFTER THREE BREEDINGS

Total number of FI males

Number of nonbreeder males

Number of presumptive sterile males

Number of partially sterile males

Captan (r>pm)
Control

200

1

1

6(3?)

TEM

200

4

14

31(6?)

2500

200

5

1

2(1?)

5000

200

2

1

5

5000a

50

0

0

2(1?)

raumatized Fo females



Table 10

TRANSLOCATION STUDY OF CAPTAN
INDIVIDUAL IDENTIFICATION OF PRESUMPTIVE Ft MALES

AFTER THREE BREEDINGS

Partially Presumptive
Treatment Sterile Sterile _ Nonbrceder

Control 16? 72 220
65
122?
164?
189 ,
190

TEM 215 202 220
216 231 241
232 251 391
235? 256 396
238 268
245 273
262 288
264 317
269 321
280 326
281 339
290 343
292 369
299? 389
300
314
315

344
345
350
359
360?
361
371
375
376

' 388
390
399?
400?

(Continued)
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Table 10
(Concluded)

Treatment

Captan
2500 ppra

Captan
5000 pom

Captan
5000 ppma

Partially
Sterile

480?
526

635
657
760
779
780

805
837?

Presumptive
Sterile

474

736

Nonbreeder

449
479
496
523
583

634
733

Traumatized Fn females.
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Table 11

TRANSLOCATION STUDY OF CAPTAN
BREEDING AND REBREEDING SUMMARY OK tRESUMPTIVE FI MALES

(Live Implants Only)

FI
Male

Treatment No.

Control 11
16
17
24
39
43
50

/ 59

65
67
72
86
102
122
129
139
144
152
164
179
189
190
192
200

Totals

TEM 202
215
216
220
226
227
228

; 229
230

First Breeding
(3

.**
-
.
.
9

-
4
0
4

-.

-
-
6

-
-.
3

--
0
1
7
.

0_

.

.

.
0
.
7
-

Females)
_

-

-_

0
-
7
-
0

-
_

-
-2

-.
-
9
-

-
1
4

(14)

-
24

0

-
-

-
-
4
(9)
0
-

_

(13)

-.

-
-
6

-5

-
_

-
(U)
13
-

-
-
9

-
-
0
6
.

-

0

-(9)

-
-4.
-
9
-

(Continued)

Second Breeding
(3

13

-.
0*
0
-
12
10
3
14
0

(12)
9

• 7

-
14
9
10

-
10
0
1
12
13

0
7
-
-
12
12
14
14
11

Females)

8
-
.
11
-
-
11
9
6
11
.

-
5
7

-
-
10
8

-
-
0
0
11
-

12

0
4

-
-2
4
12
14
10

(IS)*
-

-.

-
-
12

-
2

-.

-16
14

-
-
-
13
(9)
-
0
0
-

-

0
-

-
--
8
11
13
"

Third
Breeding

(3 Females)

. . .
--

12 U 11
10

. . .

12 12 4

14

-

0 1 0
0 1 1

8

4
. . .

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

"-" indicates 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 live or dead upon gross observation.
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Fl
; rfale

Treatment No.

TEM 231
232
233
235
237
238
239
241
244
245
251
253
254
256
258
262
264
267
268
269
270
273
280
281
283
286
288
290
292
294
299
300
302
314
315
317
318
321
322

"0" indicates a

Table 11
(Continued)

First Breeding
(3 Females)

0*
3

-8
5
3

-.
.
®
0
3
4
0
0
2
3

-
-
-0
.
9
®
9

-
0
5
6
8
8
6
9

-0
0
4
0
9

.

plug was

**

4

-7
9
0

-.

-0
0
10

-.
.
8
5

-.

-
-
-
7
6
9

-
0
5
3

(18) +
.

(15)

-
-3
0
4
0
-

—

1
-6
8
1

-.
.
I
0

-
-.

-5
.

-.

-
-
-
2

-
8

-0
4
0
9
.

-
-
-0
0
3

-
-

(Continued)

Second Breeding
(3 Females)

0
8
11
7
10
1
13
.
10
1
0
14
13
.
13
5
®
13

-
6
8
0
8
4
14

-
0
7
3
10
9
8
13
2
0
0
9
0
11

observed for a female

0
2
15
7
10
2

-
_

13
0
0
11
14
.
0
4
5
®

-7

-
_

8
I
0
.
0
5
3
12
4
5
12
1
0
0
4
0
11

that was

0
5
6
13
14
®"
-
„

11
3
0
.
11_

.
5
9
12
.
.

-.
5
2

-
-
0
0
8
11
9
2
15
4
0
.

11
.

-

not pre

Third
Breeding
(3 Females)

10

"-" indicates 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 tney were live or dead upon gross observation.

"®" indicates female was pregnant but had no live implants.
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n
Male

Treatment No.

TEM 326
327
333
334
339
343
344
345
346
349
350
355
356
359
360
361
363
367
369
371
372
375
376
381
382
385
387
388
389
390
391
396
397
399
400

Totals

"0" indicates a plug

Table 11
(Continued)

First Breeding
(3 Females)

**

0
0

-
0
0
2

6

-
-
4
.

-
9

(15)
4
5

-
0
4

(16)
3
5

-
(13)
9

-
3

-4

-.
5
2

was

-
6

-
-
0
5
4

• -

-
3

-
-4

-4

-
-
-6
- .
-
0

-
(11)
5

-
4
- .
3
-

-
-
4
2

.8"

observed

-
--•
-
0

• -
5
-

(12)
2

-
-8

-
9

-1

-
-
-
-
6

-
-
(6)

-
0

-
5

-
-

(14)

(ID
(12)

(Continued)

for a femal

Second Breeding
(3

0*
0
10
-
0
0
5
4
12
10
(Ê
13
11
7
2
3
12
4
- •
5
10
5
1

11

-10
15
3

-3

-
-
11
5
4

e that

Females)

(10)
0

-
0
0
t;

4
11
8
0
0

-
3
©
7
14
5

-
5
9

-
-
0

-
12

-
3

-5
-

-0
2
5

53

was

t

-

0
0
5
3
-
10
1
.

(15)
7

-
®
.
11
-
5

-
7
1

-
- •
7

-
4

-
3

-
-
0
4
2

not pregr

Third
Breeding

(3 Females)

12 12

11 10

49

"-" indicates 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 live or dead upon gross observation.

"®" indicates female was pregnant but had no live implants.
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Table 11
(Continued)

Treatment

Captan
?500 ppm

i
/

Captan
5000 ppm

Male
I 3.

430
432
436
449
450
451
452
455
461
469
472
474
479
480
484
489
496
518
523
526
5?8
546
561
568
569
582
583
585
=88
590

Totalf

601
604
620
622
626
627
634
635

"0" in-Jicates a
**

First Breeding
(3 Females)

.**
4
9
.
0*
7
9

-
-
-8

-
-
(3)
4
11

-
-.
7
0

-
-8

-
-
-9

-8

-
7
8

-
-8

-
-

plug was

.

(17)
5_

1
0
10

-.

-
10
.
.
0
14
12
.
.
.
3
.

-
-(9)

-
-.
10

-0

30

(11)
9

-
--
8

--

A "*
f 9

8
_.

14

-10
.
.
.
9
.
.
..
11
6
.

-.
(1)
-.

-
(13)
.

-.
12
(12)
9

(8)
9

-
(9)

-8

--

(Continued)

Th rd
Second Breeding "jreedir.g
(3 Females) f3 Kenulest

12
1.1
11
_,

10
0
13
10
13

-0
0
.

(1?)
11
9
.
0_

0
74
.

-
9
11
8

-12
9
0

11
9
9
0

(12)
10
-
-

observed for a female

8
10
12_

13
0
11
12
11
.
11_
_
_

0
11_

11_

5
.
.
.
11
.
13
.
13
-
11

11

0
10

-
12
12
6

-(py

that was

12
12
13_

13
10
13
11
9
11
10

- - *

- - *

8 2 -
12
14
- _ _

13
• «• •

0 2 1_

9 13
1* 11

8
10
7
. . .
13

11
12

o
-
14

-
-
-
(g)"
. . .

- - -

not pregnant .

_

.

.

_

.
0
_

..

-

--

"-" indicates a plug was not detected tad the female was not pregnant

"( )" indicates all implants were ir. ?arly stages of development and
to determine if thry were live or dead upon gross observation.

"®" indicates female was pregnant but had no live implants.
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Table 11
(Concluded)

Treatment

Captan
5000 ppm

Captan g
5000 ppm

Male
No.

638
646
633
657
660
668
671
672
679
722
732
733
734
736
743
760
761
765
767
769
779
780

Totals

805
806
815
816
817
818
822
823
837
841
846
647

Totals

First Breeding

10
10
0*
2
0
-

-
-6

-
4
.

-.
0
7
9
9
10
8
2
4

-
-
6

-
-
10

-
-
-.
5

(14)

(3 Females)

6
_**

(13)"*
5
10
- .

--
0

-
-.

-
--
5

-
10

-
0
0
1
30

.

-
9

(10)
-
6

--

-
-
-.

12

6

-
-1
8
6

-
-
8

-
-
-.
-

(15)
8

-
-
-

(12)
1
5

.
-
7

(ID

-
-
--

-.

-
-

Second Breeding
(3

10
11
14
2
14
9
14

-
7

-
12

-11

-
14
1
5
12
12
12
0
0

-
12
13
9
7
11
6
13
7
13
10
10

Females)

12
13
13
1
9
12
11

-
12

-
-.
12

-
10
0

-.13
11
13
13
4
2

9

-
14
11

-0
8

-
-
-10
12
10

4

11
9
10
4
12
12

-14
3

-
-
-
-
-
10
0
11
9
12
10

-4

2
10
10

-- '
12

-
-
-
-12
14

Third
Breeding

(3 Females)

12 - -

. . .

0

8
. . .

11 2 13

10 12 12

.-

2

Traumatized Fo females.

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

"-" indicates 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 live or dead upon gross observation.
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Table 12

TRANSLOCATION STUDY OF CAFTAN
CYTOGENETIC EVALUATION OF Fl MALK MICE

Fl
Male

Treatment No.

Control

10
O

16

17
65
72
122

164

Body
Weight (g)

64.6

58.5
38.8
68.0
48.7

55.8

TEM

Captan
2500 ppra

189
190 ,

2?2
262
290
345
361

449
474
479
480

496
523
526
583

49.6
47.5

54.6
41.4
62.6
54.1
50.4

60.2
56.5
65.1
58.7

60.9
50.7
54.1
50.7

Testes
Weight (mg)

265

307
237
232
289

314

245
222

276
243
222
294
278

256
175
287
307

242
348
295
297

Classification-Based
Upon Breeding Data

Partially fterile
(questionable)

Nonbreeder
Partially sterile
Presumptive sterile
Partially 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)

Nonbreeder
Nonbreeder
Partially sterile
Nonbreeder

Cytogenetlc Classification

Normal

Normal
Normal
Normal
Normal

Normal

Nornia 1
Normal

Positive reciprocal
Positive reciprocal
Positive reciprocal
Positive reciprocal
Positive reciprocal

Normal
Normal
Normal
Normal

Normal
Normal
Normal
Normal

translocation
translocation
translocation
translocation
translocation



Table 12
(Concluded)

Fl
Male Body

Treatment No. Weight (g)

KJ
O
-J

Captan 634
5000 ppra 635

657 -
733
736
760
779
780

Captan 805
500C ppma 837

57.1
56.0
61.0
62.2
57.9
55.9
34.8
53.0

70.0
56.9

Testes
Weight (ing)

299
312
231.
256
--56
298
224
295

26P
303

Classification-Based
Upon Breeding Data

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

Partially sterile
Partially sterile
(questionable)

Cytogeretlc Classification

Normal
Normal
Positive reciprocal translocation
Normal
Normal
Normal
Normal
Normal

Normal
Normal

Traumatized F0 females.



Table 13

TRANSLOCATION STUDY OF C APT AN
IMPLANTATION SUMMARY OF PRESUMPTIVE F HALES

Control Croup
F. Male
NUaber

First 11
breeding

16

17

24

39

43

50

59

65

67

72

86

102

122

Female
Number

1
2
1

1
2
3
1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

_**

-•

.
-

(13) t

.

-
' -

.

.

-
9*
0
-
.
.

-
4
8
7

0
. •
•

5
0
5

.

.

-
.
.
-
.
.

•
.

-
(H)

16
4

13

Dead
Implantar ions

.

-
.
.-
?

'

--
.
.
-

0
0

-
.
.

.

0
1
1
0
-
-
1
0
0

-.
-
.

--
.
.
-
.

-•7

10
2
0

Live
Implantations

-
-
.

-(13)

.

.

-
,
.

-
9
0
-
.

-
-
4
7
6

0

--

4
0
5

.

-
-
.

--

.
.-

-
.

:̂
(11)
6
2
13

Initial Classification

Nonbreeder

Partially sterile
(questionable)

Nonbreeder

Nonbreeder

Normal

Nonbreeder
\

Partially sterile

Presumptive sterile

Partially sterile

Nonbreeder

Nonbreeder

Nonbreeder

Partially sterile
(questionable)

Normal

"0" indicates a pl«R was observed for a female that was not pregnant.

* •
"-" indicates 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 observation.
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Table 13 (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

Control Croup

First
breeding
(concl.)

j

Second
breeding

". Male
Number

129

139

144

152

164

179

189

190

192

200

11

16

17

Fema le
Number

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

.**

-

-

7
12
9

-

-

0*
1
0

1
4
6

7
(14) +

-

13
9

(15)

-

-

Lead
Implantations

-

;
*

4
3
0

™

-

0
0
0

0
0
0

0

-

0
I
7

i
-

Live
Implantat ions

-

j '

™

3
9
9

-

m

0
I
0

I
4
6

7
(14)

-

13
8

(15)

-

-

Initial Classification

Nonbreeder

Nonbreejer

Nonbreeder

Partially sterile

Nonbreeder

Nonbreeder

Partially sterile

Partially sterile

Partially sterile
(questionable)

Nonbreeder

Final Classification

Normal

Rebredb

Rebred

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

*
"-*' indicates .•» 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 1ivc 01 dead upon gross observat ion.

Sec third breeding for final classification.
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Table 13 (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F, MALES

Control Croup

Second
breeding
(cont.)

F. Male
Number

24

39

43

50

59

65

67

72

86

102

122

129

139

144

**
"0 indicates a

Female
Number

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3
1
2
3

1
2
3

1
2
3

I
2
3

I
2
3

I
2
3

1
2
3

plug vas

Total
Implantations

0*
12ww

0

--

-.
-
12
11
12

10
12

-
3
6
2

IS
11

-
0

-
-

(12) +

-
-
10
6
16

14
14
2

-.
-

15

-
-

9
10

observed for a

read
Implantations

0
1

-
0

-
-
.
.
-
0
0
0

0
3

-
0
0
0

1
0
-
0

--
?
--
I
1
0

7
7
8

-
-
-

1

-
-

0
0

female that was

Live
Implantat ions

0
11
•

0

-
-
.
.

-
12
11
12

10
9
-

3
6
2

14
11

-
0

-
-

(12)

--
9
5
16

7
7
4

-
-
-
14

-
-
9
10

i not pregnant.

Final Classification

Normal

k
ReLied

K
Rebred

Normal

Normal

Partially sterile

Normal

h
Rebred

h
Rebred

Normal

Normal

k
Rebred

Normal

Normal

"()" indicates all iirplants were in early stages of development, and thus difficult to
determine if they were live or dead upon gross observation.

Sec third breeding for final classification.
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Table 11 (Continued)

TRANSLOCATION STUDY OF CAFTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

Control Cr:nn

Second
breeding
(concl.)

Third
breeding

F. Male
Number

152

164

179

189

190

192

200

16

17

39

43

72

86

*
"0" indicat.es a

*'-" indicates a

act

Female
Number

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

plug was

plug was

Total
Implantations

11
8
14

.**

-
(9)t

11

-
-
0*
0
0

1
0
0

13
12
-

13

--

Dead Live
Implantations Implantations

1
0
1

-7

1
.

-

0
0
0

0
0
0

I
1

:

0

*

10
8
13

.
.

(9)

10

-
-
0
0
0

I
0
0

12
11
-

13

-~

Final Classification

Normal

Rebredb

Normal

Rebre'l"

t,
Rebred

Normal

Nortial

Partially sterile
- (questionable)

-
.

-
-

12
12
11

10

-
-
.

-
-.

14
14
5

-
.
.
-
0
1
0

0
.

-
.
.
-
2
2
1

observed for a female that

not detected and the female

icatcs all implants were in early stages of

.

.

-'

12
11
11

10
-
-

-'

-
-
12
12 '
4

was not pregnant,

was not pregnant

development, -and
observat ion'.

NonL;-?eder

Normal

Normal

Presumptive

Normal

thus difficult

sterile

*

to

Soc third breeding for f ina l c lass i f icat ion.
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Table 13 (Concluded)

TRANS IDC AT ION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

Control Croup
F, Male
Number

Third 129
breeding
(concl.)

164

189

190

/

Female Total
Number Implantations

1
2
3

1
2
3

1
2
3

1
2
3

14
**

-
.

-
-
0*
1

-
0
1

Dead
Implantations

0
.

-
.

-
-
0
0
-
0
0
0

Live
Implantations Final Classification

14
.

-
.

-
-
0
1

-
0
1
1

Normal

Partially sterile
(questionable)

Partially sterile

Partially sterile

~"0" Indicates a plig was observed for a female that was not pregnant.

"•" Indicates a plug was not detected and the female was not pregnant.
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Table 14

TRANSLOCATION STUPY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

TEH Group
F. Male
I/umber

First 202
breeding

215

216

220

226

227

228

229

230

231

232

233

2J5

237

Female
Number

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantat ions

0*
0
0
**

--
.

-
(9)*

-

--

-
-
-

0
11
11
.
(9)
-

8
0
10

--
-

0
-
-
12
9
10

--
-

15
11
11

5
,12
12

Dead
Implantations

0
0
0

„
•
-

.
-
?

-
-
-

.

-
-

0
7
9

-?

-
1
0
1

-
-
-

0

--
9
5
9

.

-
-

7
4
5

0
3
4

Live
Implantations

0
0
0
«

-
-
.

-(9)

.

-
-
.

-

-
0
4
2

.
(9)
-

7
0
9

--
-

0
-
-

3
4
1

-
-
-

8
7
6

5
9
8

Initial Classification

Presumptive sterile

Kcmbreeder

Partially srrrlle
(questionable)

Nonbreeder

Nonbreeder

Partially sterile

Partially sterile
(questionable)

Normal

Nonbreeder

Presumptive sterile

Partially sterile

Nonbreeder

partially sterile

Partially sterile

"0" indicates n plug w.is observed for a female that wa~» not pregnant.

•:.••::
"•" inuit/.urf •"> pl»'P, was .tot detected and the female was not pre^.iaut.

"()" indicates .til implants v^eie in early stage> of development , and thus difficult to
determine if they were live or dead upon gross observation.
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Table 14 (Contlnjed)

TRANSLOCATION STUDY F̂ CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

TEM Group
?j Male
Nurr.ber

First 238
breeding
(cont.)

239

241

244

245

251

253

254

T5C

258

262

264

267

268

269

Female
Number

I
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

I
2
3

I
2
3

I
2
3

I
2
3

1
2
3

1
2
3
1
2
3
l
2
3

1
2
3

Total
Implantations

14
0*
9

-**
.

-
.

-
.
.

-
6
0
t

0
0
0

12
12

6

-
-

0

-
-

0
*

-
12

' 12
15

8
8

'

.

-
-

• -
.
-

-
• -

Dead
Implantations

11
0
8

.

.
.

.

.

-
.

-
-
6
0
3

0
0
0

9
2
-

2

-
-
0

-
-

0
-

—
10
4
10

5
3

-
.

-
-

.

.

-
.

-

Live
Implantations

3
0
1

.

.

-'

.

-
.
.

-
0
0
1
0
0
0

3
10
-
4

-
-
0

--

0

-
-
2
8
5

3
5

-.
.
-
.
.

-
.
.

Initial Classification

Partially sterile

llonbreeder

Nonbreedtr

Nonbreeder

Partially sterile

Presumptive sterile

Normal

Partially sterile

Presumptive sterile

Presumptive sterile

Partially sterile

Partially sterile

NonbreeJer

Nonbreeder

Nonbreeder

"0" indicates a plug was observed for a iemale' that was not pregnant.

** ' /
"-" Indicates a plug was not detected and the, female was not pregnant.
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Table U (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

TEM Croup

First
breeding
(•:ont.)

/
/

F. Male
Kuaber

270

273

280

281

283

286

288

290

292

294

299

300

302

314

Female
Number

I
2
3
1
2
3
1
2
3
1
2
3
1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Xmplantatlons

0*
_**

-
,

--

13
12
3

4
12

-
12
11
9
,
.

-
0
0
0

9
U
11

14
10
0

8
(18)t
11

11
.

-
9

(15)

-
It
.

-
.

-

Dead
Implantations

0
.

-
.
.

-
It
5
1

4
6

-
3
2
1
.
.

-
0
0
0

• 4
9
7

8
7
0

0
?
2

3
.

-
3
?

-
2
.

-
.

-

Live
Implantations

0
.

-.
.

-
9
7
2

0
6

-
9
9
8_

.

-
0
0
0

5
5
4

6
3
0

8
(18)
9

8

-
-
6

(15)

-
9
.

-
.

-

Initial Classification

Presumptive sterile

Nonbreeder

Partially sterile

Partially sterile

Normal

Nonbreeder

Presumptive sterile

Partially oterlle

Partially sterile

Partially sterile
(questionable)

Normal

Partially sterile
(questionable)

Normal

Nonbreeder

"0" Indicates a plug was observed for a female that was not pregnant.

"-" Indicates 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 observation.
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Table 14 (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE FI MALES

TEH Group
F. Male
Number

First 313
breeding
(cont.)

317

318

321

322

326

317

333

334

339

343

344

345

346

349

Female
Number

I
2
3

1
2
3

1
2
3

I
i
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2

3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

0*
3
0

0
_**

-
9
13
13

0
0

-
10

-
-
.
.

-
0

--'
0
11
-
.
.
-
0
-
-
0
0
0

10
12
-

14
10
10

.

-
-

.
, -
(12) +

Dead
Implantations

0
0
0

0

-
-
5
9
10

0
0

-
1
.

-
.
.

-
0
-
-
0
5
-
.
.
-

0

--
0
0
0

7
7
-

8
6
5

.

.

-
.

-
?

Live
Implantations

0
3
0

0
.

-
4
4
3

0
0

-
9
.

-
_

.
-

0
.

-
0
6
-_

.

-
0

-
-
0
0
0

' 3
5
-

6
4
5

.

.

-
.

-(12)

Initial Classification

Partlall) sterile

Presumptive sterile

Partially sterile

Presumptive sterile

Normal

Nonbreeder

Presumptive sterile

Partially sterile

Nonbreeder

Presumptive sterile

Presumptive sterile

Partially sterile

Partially sterile

Nonbreeder

Partially sterile
(questionable)

"0" indicates a plug was observed for a female that was not pregnant.
•ff
"*" indicates 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 observation.
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Table 14 (Continued)

TRANSLOCATION STUDY OF CAPT.W
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

TEM Croup

First

F, Male
Number

350
breeding
(cont

Vr
"0"

**"."

.)

355

356

359

360

361

363

367

369

371

372

375

376

381

indicates a

indicates a

Female
Number

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
9
3

1
2
3

plug was

plug wa.i

Total
Implantations

12
11
8
.**
.
-
.

•
-
15
12
16

(15) +

-•

12
14
1)

9

-
-

-.
-

0*

-
-

10
13

-
(16)
.

-
14

-
-

11
0
10
.

.

observed for a

Dead
Icipimttations

8
8
6
.
.

-
-'

-
6
8
«

?.

-
-
8
10
2

1 4

-
-
.

-
- •

0
- '
-

6
7

-
7

-

-

11

-

-

G
0
4

-
-

feiiale that was

Live
Implantations

4
3
2
„
.
-
.

.
-

9
4
8

(15)
.

-

4
4
9

5

-
-

-
-
-

0

--

4
6

-
('&)

-
-
3

-
- -

5
0
6

-

not pregnant.

Initial Classification

Partially sterile

Nonbreeder

Nonbreeder

Partially sterile

Partially sterile
(questionable)

Partially sterile

Partially sterile

Nonbreeder

Presumptive sterile

Pai-tially sterile

Partially sterile
(questionable)

Partially sterile

Partially sterile

Nonbreeder

not detected and the female was not pregnant.

*'()" indicates all implants wort in »?arly stages of development, and thus difficult to
determine if they v.erv live or dc«id upon gro.;s observation.
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Table 14 (Continued)

TRANSLCv-Ai ION ..~"OY OF CAPTAN
IMPLANTATION SUMMARY OF PRt-T'IMPTIVE TI MALES

TEM C roup

First
bieed Inj
(concl.)

j

Second
breeding

F. Mile
Number

382

385

387

388

389

390

391

39C

397

399

400

202

215

Female
Nunhfc r

1
2
3

1
2
3

1
2
3

1
2
3
1
2
3

1
2
3

1
2
J

1
2
3

1
2
3

1
2
3
1
2
3

1
2
3

1
2
3

Tot.l
Implantations

(13) +
(11)
„**

9
6
(6)
.
.

-
14
6

0*

.

.
-
11
12
14

.

.

-
.
.

-_

.
(14)

11
9

(11)

12
9

(12)

0
0
0

11
9

Dead
Implantations

7

?

-
0
1
?

.

.

-
11
5
0

.

-
-
7
o
8

.

.

-
.

-
-
.

-?

6
3
?

10
7
?

0
0
0

4
5

Live
Implantations

(13)
(11)
•

9
5
(6>
.
.

-
3
4
0

-
--

4
3
5

.

-
-

-.

-

-
-v!4)

5
4

(11)

2
2

(12)

0
0
0

-
4

Initial Classification

Partially sterile
quest lonable)

Partially sterile

Nonbreeder

Partially sterile

Nonbreeder

Partially stcri'-

Non*>reedtr

Nonbreeder

Partially sterile
(questionable)

Partially sterile
(questionable)

Part: illy sterile
(questionable)

Final Classification

Presumptive sterile

Partially sterile

"0" Indicates a plug wa. observed for a female that was not pregnant.

"-" indicates a plug "as not detected »nd the female was not pregnant.

"O" Indicates all implants were i.i early stages of development, and thus difficult to
determine if they were live or dead upon gross observation.
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Table 14 (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F, MALES

TEM Group -

Second
breeding
(cont.)

F. Male
Number

216

220

226

227

228

229

230

231

232

CJ3

235

237

238

239

241

Female
Number

1
2
3

1
2
3

1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

2̂
3

Total
Implantat ions

-**

-
-

-'

-
-

14
5
-

12
11
8

14
12
1?

15
14
13

11
10

-
0*
0
0

17
12
15

11
15
7

11
13
14

11
U
14

9
12
13

13

-
-

-
-

Dead
Implantations

--

-.

-
-
2
3

.

0
7
0

0
0
I

1
0
0

0
0
-
0
0
0

9
10
10

0
1
1

4
6
1

1
4
1

8
10
13

0
.
-

-

-

Live
Implantations

.
-

.
•
-

12
2

-
12
4
8

14
12
11

14
14
13

11
10

-
0
0
0

8
2
5

11
15
6

7
7
13

10
10
14

1
2
0

13
'
.

-
-

*inal Classification

I-

Rebred .

b
Rebred

Normal

Normal

Normal

Normal

Normal

Presumptive sterile

Partially sterile

Normal

Normal

Normal

Partially sterile

Normal

Q

Rebred

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

""-" indicates a p l u g \7as not detected and the female was not pregnant.

S t V t ! i i r J breeding for f i n a l c la^s i f i ca t ion .
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Table 14 (Continued)

TRANSLOCATION STUDY OF CAFTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

TEH Croup
F. Male
Number

Second 744
breeding
(cont.)

245

251

253

254

256

258

262

264

267

268

269

270

273

280

Female
Numbe r

1
2
3

1
2
3

1
2
3
I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

I
2
3

I
2
3

Total
Implantations

12
13
11

1
0*
7

0
0
0

16
11
.**

13
14
11_

.

-
13
0

-
8
12
10

9
11
12

14
1
14
.
-
-

6
7
-

8

-
-
0

-
-

11
11
!«.

Dead
Implantations

2
0
0

0
0
4

0
0
0

2
1

-
0
0
0
.

.
-
0
0
-
3
8
5

9
6
3

1
1
2
.

-
-
0
0

-
0

-
-
0

-
3
3
5

Live
Implantations

10
13
11

1
0
3
0
0
0

14
11

-
13
14
11
—

.
-

13
0
-

5
4
5

0
5
9

13
0
12
.

--

6
7

-
8

-
-
0
.

-
8
8
5

Final Classification

Normal

Partially sterile

Presumptive sterile

Normal

Normal

Rebredh

Normal

Partially

Partially

Normal

L

Rebred

Partially

k
Rebred

Rebred

Partially

sterile

sterile

sterile

sterile

"0" Indlc.r.es a plug was observed for a female that was not pregnant.

"-" Indicates a plug was not detected and the female was not pregnant.

See third breeding for final classification.
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Table 14 (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

TE!i Group
F. Male
Number

Second 281
breeding
(cont .)

283

286

288

290

292

294

299

300

302

314

315

317

318

321

Female
Number

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

11
12
to
14
0*
-**

-
-
-
0
0
0

13
8
0

9
14
11

11
12
12

14
12
12

13
9
12

13
13
IS

7
12
12

0
0
0

0
0
-

14
9
13

0
0
•

Dead
Implantations

7
11
8

0
0

-

-•

-
0
0
0

6
3
0

6
11
3

1
0
1

5
8
3

5
it
10

0
1
0

5
11
8

0
0
0

0
0
-

5
5
2

0
0
•

Live
Implantations

4
1
2

14
0

-

-
-
-
0
0
0

7
5
0

3
3
8

10
12
11

9
4
9

8
5
2

13
12
15

2
1
4

0
0
0

0
0

-
9
4
11

0
0
~

Final Classification

Partially sterile

Normal

k
Rebred

Presumptive sterile

Partially sterile

Partially sterile

Normal

Normal

Partially sterile
(questionable)

Normal

Partially sterile

Partially sterile

Presumptive sterile

Normal

Presumptive sterile

"0" Indicates a plup was observed for a female that was not pregnant.

"-" indicates a plug was not Jetected and the female was not pregnant.

See third breeding for final classification.
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Table 14 (Continued)

TRANSLOGATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE ?, HALES

TEM Group
F. Male
Nuaber

Second 322
breeding
(cont.)

326

327

333

334

339

343

344

345

346

349

350

355

356

Female
Number

1
2
3

I
2
3

1
2
3
1
2
3

1
2
3
1
2
3

I
2
3

1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

11
11
»**

0*

-
-
13
(10) +

-
12
0

-
.

-
-
0
0
0

0
0
0

10
10
11
6
12
4

12
12

-
10
11
12

8
0
10

13
0

-
11
.

( 15)

Dead
Implantat ions

0
0

-
0
.
.-
13
?

-
2
0

-
• •

-.-

0
0
0

0
0
0

5
6
6

2
8
1

0
1
-

0
3
2

8
0
9

0
0

-
0
.

Live
Implantations

11
11

-
0
.

-
0

(10)
-
10
0
-
.

•
-
0
0
0

0
0
0

5
4
5

4
4
3

12
11

-
10
8
10

0
0
1

13
0

.

11
.
(15)

Final Classification

Normal

Presumptive

L

Rebred

Normal

K
Rebred

Presumptive

Presumptive

sterile

sterile

sterile

Partially sterile

Partially sterile

Normal

Normal

Partially sterile

N jrr.3 1

Normal

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

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

"()" Indicates all implants were in early stages of development, and thu.s difficult to
determine if they were Use or dead upon gross observation.

See third b-eeding for final classification.
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Table 14 (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PREStWPTIVt F MALES

TEM
F. Male
Number

Second 359
. breeding
* (cont.)

360

361

363

367

369

i7l

372

375

376

381

382

385

387

3S8

Female
Number

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

i
2
3

1
2
3
!
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

10
9
16

10
13
-**

13
13
8

14
14
-

10
11
11

.

-
-
10
11
14

11
9
-

5
.

11

I

-4

11
0*
-

.

-
-

10
12
7

15

-
-

12
6
12

DeaJ *
Implant at ions

3
6
9

8
13

-
10
6
8

2
0

-
6
6
0

-
-
-

5
6
9

1
0

-
0
.
4

0

-
3

0
0
-
-'

-
0
0
0

0
-

9
3
8

Live
Implantations

7
3
7

2
0
'

3
7
0

12
14

-
4
5
11

.

-
-
5
5
5

10
9

-
5

•
7

1

-1

11
0

-
--

-
10
12
7

15

--

3
3
4

Final Classification

Partially

Partially

sterile

sterile
(questionable)

Partially

Nornia 1

Normal

Rebred

Partially

Normal

Partially

Partially

Normal

h
Rebred

Normal

Normal

Partially

sterile

sterile

sterile

sterile

sterile

"U" indicates a plus was obsorv-cd for a female th.it was not pregnant.

-ViV

"-" indicates a plug «as no', detected and the female w;is not pregnant.

'. ?«• ililrd breeding for final classification.
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Table 14 (Continued)

TRANSLOCATION STUDY OF C APT AN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

TEH Croup

Second
breeding
(concl.)

Third
breeding

F. Male
Number

389

390

391

396

397

399

400

216

220

241

256

268

270

273

"0" indicates a i

Female
Number

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

.**

-
-
14
12
12

-•

-

-
-
-
11
0*
0

14
7
4

9
13
3

9
-

-
.

-
-
.

-
-
.

--

0

--

9
.

-
.

. ,

Dead
Implantations

—

-
-

11
7
9

-
-
-

-
-
-
0
0
0

9
5
0

5
8
1

5

-
-
.

-
-
.

-
-
.

-
-
0

-
-
0
.
-
.

-

Live
Implantations

.

-
-
2
5
3

-•

-
.

-
-

11
0
0

5
2
4

4
5
2

4

-
-
.
.

-
.

-
-
.

--

0

-
-
9
.

-
.

-

not pregnant .

Final Classification

L

Rebred

Partially sterile

b
Rebred

K
Rebred

Normal

Partially sterile
(questionable)

Partially sterile
(questionable)

Partially sterile
(questionable)

Norbreeder

Nonbreeder

Presumptive sterile

Presumptive sterile

Normal

Presumptive sterile

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

See third breeding for final classification.
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table 14 (Concluded)

TRANSLOCAT10N STUDY OF CAPT \N
IMPLANTATION SUMMARY OF PRESUMPTIVE F. HALES

TEM Croup
F. Male
Number

Third 286
breeding
(concl.)

327

334

369

382

389

391

396

Fema le
Number

1
2
3

1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

11
_**

-

11
(9)t

-
14
n
-_

.
-

11
10
-
0*
-
-
.
.
-
.

-
-

Dead
Implantations

1

-
!•

10
7

.

2
0

-
.
.

• -

0
0
-
0
-'
_

--
.

-.

Live
Iroplantat Ions

10

--
1
(9)
-

12
12

-
.
-•
-

11
10

-
0
-
-

.

--
.
.

-

Final Classification

Normal

Partially sterile
(questionable)

Normal

Presumptive sterile

Normal

Presumptive sterile

Nonbreeder

Nonbreeder

"0" indicates a plug was observed for a female that was not pregnent.

*'-" indicates 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 observation.
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Table 15

TRANS LOCATION STUDY OF CAFTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F, MALES

2500 ppm Croup

Flr«t
breeding

I

i

F. Male
Number

430

432

436

449

450

451

452

455

461

469

472

474

479

4BO

484

Female
Number

1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

.**

-
-
4

(17)t
9

14
7
11

.
- •

-
0*
5
14

11
0

-
10
12
13
.
.

-
.

-
-
.
.
-

9
11
12
.
.
-
.
.

-
(3)
0
-

11
16
11

Dead
Implantations

-
-
4
f

9

5
2
3
.
.

-
0
4
0

4
0

-
1
2
3
.
.

-
.
.

-
.
.
-

1
1
3
.

--
.
.
-
7

0
-
7.
2
0

Live
Implantations

-
-
4

(17)
9

9
5
8
.

-.

0
I
14

7
0

-
9
10
10

-.

-
.
.

-
.
.
-

8
10
9_

-
-
.
.

-
(3)
0

.

4
14
11

Initial Classification

Nonbreeder

Partially sterile
(questionable)

Partially sterile

Nonbreeder

Normal

Normal

Normal

Nonbreeder

Nonbreeder

Nonbreeder

Normal

Nonbreeder

Nonbreeder

Partially sterile

Normal

"0" indicates a plug was observed (or a female that was not pregnant.

"-" indicates 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 observation.
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Table 15 (Continued)

TRANS J'lCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F, MALES

2500 ppm Croup
F. Male
Number

First 489
breeding
(connl.)

496

518

523

526

528

546

561

568

569

582

583

585

588

590

Female
Number

1
2
3

1
2

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
: Implantations

14
13
B

-**

-
_

-
-
.

-
-
7
4
(1) +

0*

-
-
.
.
-

.

-
-

12
(9)
(13)
.

-
-
-
-
-

-
--

10
11
15
.
.

(12)

11
0
9

Dead
Implantations

3
1
2

.

-
_

-
-
.

-
-
0
1
?

0

--
.

--
.

--
4
?

1
.

-
-

-
--

.

-
-

1
1
3
.
.
*

3
0
0

Live
Implantations
\

11
12
6

.

-

m

-
-
.
.
-

7
3
(1)

0

-
-
.

-
-
.

-
-
8
(9)
(13)

.

--

.

--

-
-
-
9
10
U

.

-(12)

8
0
9

Initial Classification

Normal

Nonbreeder

Nonbreeoer

Nonbreeder

Partially sterile

Presumptive sterile

Nonbreeder

Nonbreeder

Partially sterile
(questionable)

Nonbreeder

Nonbreeder

Nonbreeder

Normal

Partially sterile
(questionable)

Normal

"0" Indicates a plug was observed for a female that was not pregnant.

"-" indicates a plug uas 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 observation.
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Table IS (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F HALES

F. Hale
Number

Second 430
breeding

432

436

449

450

451

452

455

461

469

472

474

479

480

*"0" Indicates a

"-" indicate.; a

Female
Nur.be r

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

plug was

oluc was

Total
Implantation

12
8
14

12
11
13

12
12
13

.**

.

-
11
13
14

0*
0
11

14
11
13

10
12
12

13
11
11
„
.
12

0
12
11

0

-
-
.

•

-
(13) +

-
8

observed for

not detected

Dead
Implantations

0
0
2

1
1
1

. 1
0
0
„
.

•

1
0
I

0
0
1
1
0
0

0
0
1
0
0
2

.

.
1

0
1
1
0

--

-
--
7

-0

a female that was

Live
Implantations

12
8
12

11
10
12

11
12
13
.
.

-
10
13
13

0
0
10

13
11
13

10
12
11

13
11
9
.

-11

0
11
10

0
-
- •

-
--

(13)

-8

not pregnant.

Final Classification

Normal

Normal

Normal

|j

Rebred

Normal

Normal

Normal

Normal

Normal

Normal

Normal

t,
Rebred

h
Rebred

t}
Rebrea

"()" Inulcates all Implants were in early stages of development, and thus difficult to
determine if they were live or dead upon gross observation.

See third breeding e - final classification.
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Table IS (Continued)

TRANSLOCATION STUDY OF CAPTAK
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

2500 ppra Croup
F. Male
Number

Second 484
breeding
(cent.)

489

49fc

518

/ 523

526

528

546

561

568

569

582

583

585

588

Female
Number

1
2
3

1
2
3
1
2
3

1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

11
0*
14

9
13
14

.**

.
-

0
11
13

.

.
• •-•

0
5
0

15
.

-
.
.

-
.

-
-

11
11
8

11
.
10

7
15
10

-.

-
12
13
13

9

-
*

Dead
Im.-lantat ions

0
0
2

0
2
0_

.

-
0
0
0

.

--
0
0
0

1
--

-
--
.

--
2
0
0

0
.
0

0
2
2

-
.
-

0
0
0

0

-
*

live
Implantations

11
0
12

9
11
14
..
.

-
0
11
13

.

--- '

0
5
0

14

-
-
.

--

.

-
-

9
11
8

11
.
10

7
13
8

--
-

12
13
13

9

-
~

Final Classification

Nor.tal

Normal

Rebred

Normal

K
Rebred

V.
Rebred

Normal

h
Rebred

5
Rebred

•
Ncrmal

Normal

Normal

Rcbred

Normal

K
Rebred

"0" Indicates a p lug was observed for a female tha t was not pregnant .
f.&

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

See third breeding for final classification.
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Table IS (Concluded)

TRANS1OCATION STUDY OF CAFTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

2500 ppm Croup

Second
breeding
(concl.)

Third
breeding

F. Male
Number

590

449

474

479

480

496

523

526

546

561

583

588

Female
Number

1
2
3

1
2
3
1
2
3

1
2
3

1
2
3
1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

0*
13
12

.**

.

-
.

-•
.
.

-
10

-
-
.

-
-
.
.

-
2
1
0

9
13

-
15
11
-
.

-
-
12
.

Dead
Implantations

0
2
0

^

.

-
.

-•
.
.

-
8

-
-
.

-
-
.
.

-
0
0
0

0
0
-
0
0
-
.

--
1
-

Live
Implantations

0
11
12

—

.

-
.

-
-
.
.

-
2

-
-
.

--

.

-
-
2
I
0

9
13

-
15
11

-

-
-
-

11

-

Final Classification

Normal

Nonbreeder

Presumptive sterile

Nonbreeder

Partially sterile
(questionable)

Nonbreeder

Nonbreeder

Partially slerl'.e

Normal

Normal

Nonbreeder

Normal

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

"-" indicates a plug was not detected and the female was not pregnant.
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Table 16

TRANSLOCATION STUDY OF CAPTAN
IMPUWTATION SUMMARY OF PRESUMPTIVE I1 MALES

5000 ppm Croup
F. Male
Number

First lid
breeding

604

620

622

626

627

634

635

638

646

653

657

660

668

Fera-<-.-
Number

1
2
3

1
2
3

I
2
3

1
2
3

1
•>

3

1
2
3

1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

2
3

I
2
3

Total
Implantations

.**
(ll).t
(S)

7
11
14

8
.
-

.

-
(9)

.

-
-

9
11
8

-.
-

.

--

10
6
6

12

-
-
0*

(13)

-
9
13
8

0
11
8

.
' -
7

Dsad
Implantations

_

?
?

0
2
5

0
.
-

.

-1

-
-
-

1
3

; 0

.

-
- '

.

.
-

0
0
0

2
.

-
0
7

-

7
8
7

0
1
0

.

.
1

Live
Implantations

_

(ID
(8)

7
9
9

8
.

-
.

-(v>

-
--
8
8
8

.

-
-

'

-
-
10
6
6

10

-
-
0

(13)

-
2
5
1

0
10
8

.

.
6

Initial Classification

Partially sterile
( ques t ionable)

No'-mal

Normal

Partially sterile
(questionable)

Nonbreeder

Normal

Nonbreeder

Nunbreeder

Normal

Normal

Part is' ly sterile
(questionable)

/

Partially sterile

Normal

Partially sterile

**0M indicates a plug was observed f o • a femaK that was not pregnant.

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

"()" indicates all implant' wt-rc in early stapos of development, and thus difficult to
determine if th*?y were 1 ivt. or dead upon gross ohservat ion.
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Table 16 (Continued)

TRANSIOCATION STUDY OF CAFTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

F. Male
Number

First 671
bred Ing
(cont.)

672

679

722

/ 732
/

733

734

736

743

700

761

7b5

767

769

remale
Number

1
2
3

1
2
3

1
*

3
1
2
3
1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

I
2
3

1
2
3

1
2
3

1
2
3

1
2
3 '

Total
Implantation*

.**

--.
.
.

-
6
0*
12_

.

-
4
.

-
_

.

-
.
.
-
.
.

-
0

-(15) +

8
5
9

12
.

-
12
11

-
12
.

-
8

-
(12)

Dead
Implantations

^

-
-
.
.

-
0
0
4
»
.

-
0

-
-
•

-
-
.
.

-
.

-
-
0
•
?
1
0
i
3
.

-
3
1
-

2
.

-
8

-?

Live
Implantations

.

.

-
.
.

-
6
0
8
.
.

-
4
.

-
»
.

-
.
.

-
.
.

-
0
-

(13)

7
5
8

9

-. -

9
10

-
10

-
-
6

-(12)

Initial Classification

Nonbreeder

Nonbreeder

Partially sterile

Nonbreeder

Pjrt tally sterile

Nonbreeder

Nonbreeuer
.

NonbrFeder

Partially sterile
(questionable)

Partially sterile

Normal

Normal

Normal •

Partially sterile
(question&ble)

•

"0" indicates a plu^ v&s obs<rved tor a female that was not pregnant.

"-" indicates a plug was not detected and the fjaale was not p.egnant.

"()" ind icaf es all implants ueiv in early stages of development, and thus difficult to
determine if they wei* live or deud upon gross observation.
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Table 16 (Continued)

TRANSLOCATION STUfW OF CAPTAS
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

5000 ppm Croup

FirJt
breeding
(concl.)

F. Male
Nuraber

779

780

Female
Number

1
2
3
I
2
3

Total
Implantations

2
0*
1

4
1
5

Dead
Implar tat ions

0
y
0

0
0
0

Live
Implantations

2
0
1

4
1
5

Initial Classification

Partially

Partially

sterile

sterile

Final Classification

Second
breed Ins

601

604

620

622

626

*27

634

635

638

64$

6̂ 3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
j

1
2
3

12
0
.**

9
10
15

10

-
-<

0
12

.

(12)t
12
-

13
6
1

-
-
-

-
1
-

10
1?
11

11
13
10

14
13
10

1
0
-
0
0
1
1
. .

0
0
-
?

0
-
3
0
1
. •

-• -
-
1
-
0
0
0

0
0
1
0
0
0

11
0
-

9
10
14

9

-
-
0
12

-
(12)
12

10
6
0

.
•

•

-
0

-
10
12
11

11
13
9

14
13
10

Normal

Normal

Normal

Normal

Normal

Normal

K
Rebred

b
Rebred

Normal

Normal

Normal

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

"-" indicates a plug was not detected .ind the fem.ile was not pregnant.

» •
"()" indicates a l l implants were in early st,ie,es of development, and thus difficult to

determine if they.were live.or dead upon Rross observat ioii.

See third breeding for final classification.
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Table 16 (Continued)

TRANSLOCATION STUDY OF CAPTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

500O ppro Croup
F. Male
Number

Second 657
breeding
leant.)

660

668

671

672

679

722

732

733

734

736

743

760

761

765

Female
Number

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3
I
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

7
9
5

14
10
12

9
13
13

14
11
.**_

.
14

7
12
4

.

--

12

--

.

-
-

11
12
-
.
.

-
14
10
11

1
0*
0

5
14
12

15
11
9

Dead
Implantat ions

5
8
1

0
1
0

0
1
1

0
0
-
.
.
0

0
0
1

-
--
0
-
-
.

--
0
0
-
.

-
-

0
0
1
0
0
0

0
1
1 ...
3
0
0

• Live
Implantations

?.
I
4

14
9
12

9
12
12

U
11
-
.

-14

7
12
3

-
-
-
12

-
-

-
-
-
.1
12

'

--

-
14
10
10

1
0
0

5
13
11

12
11
9

Final Classification

Pdrtially sterile

Normal

Normal

Normal

Normal

Normal

K
Rebred

Normal

h
Rebred

Normal

b
Reared

Normal

Partially sterile

Normal

Normal

"0" indicates a pine was observed for a female that was not pregnant.
%

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

See third brce-Hng for f ina l c la s s i f i ca t ion .
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Table 16 (Concluded)

TRANSLOCATION STUDY OF CAPTAN
_ IMPLANTATION SUMftAKY OF PRESUMPTIVE Fj

5000 ppm Croup

MALES

Second
breeding
(concl .)

Third
breeding

F, Male
Number

767

769

779

780

634

635

722

733

736

Female
Numbe*"

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

Total
Implantations

14
13
12

12
13
10

0*
A
.**

0
2
5

-
-_

-
-

13
.
-

.

-
-

0

-
-

Dead
Implantations

2
0
0

0
0
0

0
0

-
0
0
1

-
-_

.
-
1
.
-
.

--
0

-
-

Live
Implantations

12
13
12

12
13
10

0
4
-

0
2
4

.

-
-

-
-
-

12

-
-

-
--

0
-

-

Final Classification

Normal

Normal

Partially sterile

Partially sterile

Nonbreedcr

Partially sterile

Normal

Nonbreeder
/

Presumptive sterile

"0" indicates a plug was observed Cor a female that was not pregnant.

*
"-" indicates a plug was not detected and the female was not pregnant.
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Table 17

TRASSLOCATION STUDY OF CAFTAN
IMPLANTATION SUMMARY OF PRESUMPTIVE F MALES

5000 p?m Croup

First
breeding

Second
breeding

F. Male
Number

S05

806

815

816

817

818

822

823

837

841

84b

847

805

Female
Number

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

I
2
3

1
2
3
| .

2
3

1
2
3

1
2
3

Total
Implantations

**

-
-_

-
-
6
9
1

' -

(10)t
(11)

.

.

-
10
6
-

.

.

-
.
.
-_

-

-
.
.
-

5

-
-

(14)

-~

.

-2

Dead
Implantations

-
-
.

'
-

0
0
0

-?
7

-.
-

0
0
-

;
.

f

.

-.-

.

.

-

.

-
-

0
-
-
7

-
~

.

-0

Live
Implantations

-'

.

.
'

6
9
7

-
(10)
(11)

.

--

10
6
-_

-

-
,

-
-
.
.

-

-
-
-
5

--

(14)

-
-

_

-
2

Initial Classification

Nonbreeder

Nonbrceder

Partially sterile

Partially sterile
(questionable)

Nonbreeder

Nomia 1

Nonbreeder

Nonb>-eeder

Nonbreeder

Nonbreeder

Partially sterile

Partially sterile
(questionable)

Final Classification

h
• Rebred

Indicates traumatized F« females.
u

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

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

+
"()ft indicates all implants were in early stages of development, and thus difficult to

determine if they were live or dead upon gross observation.

See third breeding for final classification,
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Table 17 (Continued)

TRANSlrtCATlON STUDY OF CAPTAN
IMPLANTATION SIWIARY OF PRESUMPTIVE FEMALES

5000' ppni Croup

Second
breeding
(concl.)

Third
brerdl-n

F. Male
Numbe r

806

815

816

817

818

822

823

837

841

846

847

805

817

822

Female
Nurtber

,

2
3

1
2
3

1
2

1
2
3

1
2
3
5
2
3

1
2
3

1
2
3

1
2

,

2
3

1
2
3

1
2
3

• 1
2
3

. .-1
2
3

I n d i c a t e s traim.it i/.t-d F

"0" indicate:; a p i n t - vas

Tota l
If- ! an tat ions

13
14
10

14
11
13

11
**

11
0*
-

11
8

13

6
-

-

13
-

-

8
-
-

15
10

10
12
12

11
10
14

„

-

-

13
9

13

10
12
12

f cni.i ies .

ob- t - rved for .1

IVad
Imp hint at ions

,

0
0

1
0
3

2
-

4
0
-

0
0
1
0
-
-
0
-
-
1"

-
2
0

0
0
0

1
0
0

_

-
-
2
7
0

0
0
0

fcTimle tha t was

L ive
I m p l a n t at ions

12
14
10

13
11
10

9
-

7
0
-

11
8

12

6
-

-

13
- -

-

7
-
-

13
10

10
12
12

10
10
14
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Final C l a s s i f i c a t i o n

Normal

Normal

Normal

Rebred

Normal

.
Rebred

Normal

I,
Rebred

Normal

Normal

No'rma 1

P a r t i a l l y steri le

Normal .

Normal

"-" i n d i c a t e s a p lug W.TS not d e t e c t e d and the femalo was not pregnant .

See t h i r d brcoJ ing for f ino 1 c lass i f ic.it ion.
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\
Tahle 17 (Contludod)

»

- ' TRANSLOCATION ST'JDY OF CAPTAN
IMPLANTATION SltMMARY OF PRESUMPTIVE F HALES

SOflO ppm Croup

Third
breeding
(concl.)

F Male
Number

837

Female
Number

1
2
3

Total
Implantations

_**

•

Dead
Implantations

_

.

Live
Implantations

_

~

Final Clas

Normal

.sit icacion

Indicates rraumatized F_ f-nales.

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