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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 envirommental hazards is necessary for the establishment of sound requlatory
policy. These regulations serve to enhance the quality of cur enviromment in order
to pramte the public health and welfare and the productive capacity of our Nation's
population.

The complexities of environmental problems originate in the deep interdependent
relationships between the various physical and biological segments of man's natural
and social world. Solutions to these environmental problems require an integrated
program of research and development using input from a nurber of disciplines. The
Health Effects Research Laboratory, Research Triangle Park, NC and Cincinnati, OH
conducts a coordinated environmental health research program in toxicology, epidemi-
ology and clinical studies using human volunteer subjects. Wide ranges of pollutants
known or suspected to cause health problems are studied. The research focuses on
air pollutants, water pollutants, toxic substances, hazardous wastes, pesticides,
and non-ionizing radjation. The laboratory participates in the development and
revision of air and water quality criteria and health assessment documents on
pollutants for which regulatory actions are being considered. 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 environmental regulatory decisions involving the protection
of the health and welfare of all U.S. inhabitants. ‘

F.Gordon Hueter,Ph.D.
Director
Health Effects Research lLaboratory
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ABSTRACT

Fifteen pesticides being reviewed as part of the EPA Substitute
Chemical Program were examined by SRI International by several in vitro
test procedures, for the following:

*» Reverse mutation in Salmonella typhimurium strains TAL1535,

TA1537, TA98, and TAl0OO and in Escherichia coli WP2.

» Induction of mitotic recombination in the yeast
Saccharomyces cerevisiae D3.

* Relative toxicity in DNA repair-proficient and repair-
deficient strains of E. coll (strains W3110 and p3478,
respectively) and of Bacillus subtilis (strains H17
and M45, respectively).

s Unscheduled DNA synthesis (UDS) in human fibroblasts
(WI-38 cells). :

None of the fifteen pesticides demonstrated genetic activity in
all six of the in vitro assays. Bioallethrin was the only pesticide
that was mutagenic in the S. typhimurium reverse mutation assay.
Manzate-D and manzate 200 increased both mitotic recombination in
S. cerevisiae D3 and UDS in WI-38 cells. Dithane M-22, dithane M-45,
ethylchrysanthemate, and zineb increased mitotic recombination in
S. cerevisiae D3. DL-cis/trans chrysanthemic acid was genotoxic in
the relative toxicity assay, being more toxic to the repair-deficient

(rec™) B. subtilis strain M45 than to the repair-proficient (rect)

strain HI17.
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INTRODUCTION

The Federal Insecticide, Fungicide, and Rodenticide Act designates
the Envircnmental Protection Agency as the governmental body responsible
for the safety of all pesticides used iﬁ the United States. More
recently, the Federal Environmental Pesticide Control Act (PL 92-516)
Istrengthened EPA's regulatory responsibilities in the area of pesticides

to include intra- as well as interstate 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, in accordance with new law as
well as with specific directives included in Public Law 93-135, 1973,
EPA is now conducting a thorough review of the implications of using
alternative chemicals, 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 review
anq evaluation of the literature on pesticides and maintenance of
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 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 scien~
tific 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
chemical compounds has advanced markedly in the last few years. In
contrast to the undefined empirical teses used a short time ago,
procedures now available can detect chromosome breaks, DNA damage,
and mutational events caused by chemical stress. Mutant strains of
microorganisms and human fibroblast cells are effective in vitro

systems for reliable detection of genotoxic agents.

Many pesticide chemicals in commercial use today have not been
adequately investigated for their potential mutagenic hazard. In
view of the public's increasing concern about possible pollution of
our environment by chemicals, the widely used pesticides must be

evaluated.

Under contract to EPA, SRI studied 15 pesticides to determine
their potential for mutagenic acrivity. We used in vitro test
methods that are appropriate for such evaluations. The 15 pesticides
tested are listed in Table 1l; the common or trade name, manufacturer,
purity, batch or lot number, and supplier are shown. (SRI had pre-
viously reported on "In Vivo and In Vitro Studies of Selected
Pesticides to Evaluate Their Potential as Chemical Mutagens'" in
February 1977* and "In Vitro Microbiological Mutagenicity and
Unscheduled DNA Synthesis Studies of Elghteen Pesticides™ in August
1978.* Those studie# of 38 pesticides were a part of this contract,
No. 68-01-2548, and bring the total number of pesticides tested to 53.)

The six in vitro assay systems used were reverse mutation in
Salmonella typhimurium strains TA1535, TA1§37, TAS8, and TAlOQ and in
Escherichia colli WP2; induction of mitetic recombination in the yeast

Saccharomyces cerevisiae D3; relative toxicity assays in DNA repair-

proficient and repair-deficient strains of E. coli (strains W311l0 and
p3478, respectively) and of Bacillus subtilis (sﬁrains H17 and M45,
respectively)}; and unscheduled DNA synthesis (UDS) in human fibroblasts
(WI-38 cells). |



METHODS

Microbiological Assays

Fifteen EPA pesticides were examined for genetic activity in five
microbiological assay systems: (1) reverse mutation in four strains of
histidine-dependent Salmonella typhimurium (TA1535, TAl537, TA98, and

TA100); (2) reverse mutation in tryptophan-dependent Escherichia coli

WP2; (3) mitotic recombination in Saccharomyces cerevisiae D3; (4) rela-~

‘tive toxicity to DNA repair-deficient and DNA repair-proficient strains

of Bacillus subtilis (M45 and Hl7, respectively); and {5) relative
toxicity to DNA repailr-deficient and DNA‘repair-proficient strains of
E. coli (p3478 and W3110, respectively). An Aroclor 1254-stimulated
rat liver metabeolic activation system was included in all but the
relative toxicity assayslto provide steps that the microbes either

are incapable of conducting or do not carry out under the assay condi-

tions. The solvent used in all experiments was DMSO.

The assay procedure with 5. typhimurium has proved to be B0 to 90Z
reliable in detecting carcinogens as mutagens; it has about the same
reliability in identifying chemicals that are not carcinogens.®:* The
assay procedure with 5. cerevisiae D3 is about 60% reliable in detecting
carcinogens as agents that increase mitotic recombination.® The E. coli
WP2 and the two relative toxicity assays are three additional methods
of{detecting mutagens; however, the reliability of these test methods

has not been adegquately validated yet. The combination of these

five assay procedures significantly enhances the probability of detecting

potentially hazardous chemicals.

Salmonella typhimurium Strains TA1535,
TA1537, TA98, and TAlO00

The Salmonella tvphimurium strains used at SRI are all histidine

auxotrophs by virtue of mutations in the histidine operon. When these




histidine-dependent cells are grown on minimal medium agar plates
containing a trace of histidine, only cells that revert to histidine
independence (Eig%) are able to form colonies. The small amount of
histidine allows all the plated bacteria to undergo a few divisions; in
many cases, this growth is e§sential for mutagenesis. The hiﬁf rever-
tants are easily scored as toleonies against the slight background growth.
The spontanecus mutatlon frequency of each strain is relatively constant,
but when a mutagen 1s added to the agar, the mutation frequency is

increased 2- to 100-fold, usually in a dose-related manner.

We obtained our 8. typhimurium strains from Dr. Bruce Ames of the
University of California at Berkeley.’?’®”** 1In addition to having muta-
tibns in the histidine operon, all the indicator strains have a mutation
(rfa) that leads to a defective lipopolysaccharide coat; they also have
a deletion that covers genes Iinvolved in the synthesis of the vitamin
biotin (bio) and in the repair of ultraviolet (uv)-induced DNA damage
(uvrb). The rfa mutation makes the strains more permeable to many large
aromatic molecules, thereby increasing the mutagenic effect of these
molecules. The uvrB mutation causes decreased repair of some types of
chemically or physicélly damaged DNA and thereby enhances the strains'
sensitivicy to some mutagenic agents. Strain TA1535 is reverted to h&gf
by many mutagens that cause base-palr substitutions. TAIQO 1s derived
from TA1535 by the infroduction of the resistance transfer factor,
plasmid pikM10l. This plasmid is believed toc cause an increase in error-
prone DNA repair that leads to many more mutations for a given dose of
most mutagens.''

antibiotic ampicillin,

In addicion, plasmid pKM10l confers resistance to the
'% which is a cenvenient marker to detect the
presence of the plasmid in the cell. We have shown that TAIOO can

detec mutagens such as benzyl chloride and 2-(2-furyl)-3-(5-nitro-2-
furyl)acrylamide (AF2) that are not detected by TAL535. The presence

of this plasmid also makes strain TAl0O sensitive to some frameshift
mutagens [e.g., ICI-191, benzo(a)pyrene, aflatoxin B,, and 7,12-dimethyl-
benz(a)anthracene]. Strain Tal537 1is reverted by many frameshift mutagens.
Strain TA98 is derived from TA1538 by the addition of the plasmid pKMI1Ol,

which makes it more sensirive to some mutagenic agents.



All indicator strains are kept at 4°C on minimal agar plates supple-
mented with an excess of biotin and histidine. The plates with the
plasmid-carrying strains also contain ampicillin (25 ug/ml) to ensure
stable maintenance of the plasmid pKM10l. New stock culture plates are
made every 4 to 6 weeks from single colony reisolates thar have been

checked for their genotypic characteristics (his, rfa, uvrB, bio) and

for the presence of the plasmid. For each experiment, an incculum from
the stock culture plates is grown overnight at 37°C 1n nutrient broth
(Oxoid, CM67). After statipnary overnight growth, the cultures are

shaken for 3 to 4 hours to ensure optimal growth,

To a sterile 13 x 100 mm test tube placed in a 43°C heating block,
we add in the following order:

(1) 2.00 ml of 0.6% agar™

(2) 0.05 ml of in&ica:or organisms

(3) 0.50 ml of metabolic activation mixture (optional)+
(4) 0.05 ml of a solution of the test chemical.

For negative controls, we use steps (1), (2), and (3) (opticnal) and
0.05 ml of the solvent used for the test chemical. For positive controls,
we test each culture by specific mutagens known to revert each strain,

using steps (1), (2), (3) (optiomal), and (4).

This mixture 1s stirred gently and then poured onto minimal agar
plates.* After the top agar has set, the plates are incubated at 37°C
for 2 or 3 days. The number of his+ Tevertant coloniles is counted and

recorded.

A positive response in the Salmonella/microsome assay is indicated
by a reproducible, dose-related increase in the number of revertants in

one or more of the tester strains.

*

The 0.67% agar contains 0.05 mM histidine, 0.05 mM biotin, and 0.6% NaCl.
+See page 11.

*Minimal agar plates consist of, per liter, 15 g of agar, 10 g of glucose,

0.2 g of MgS0.*7H,0, 2 g of citric acid monohydrate, 10 g of K.HPO,, and
3.5 g of NaHNH;PO,*4Hz0.



Escherichia coli WP2

The E. coll WP2 (uvrA) strain used at SRI was obtained originally
from Dr. D. McCalla.'® It {s a tryptophan auxctroph (trp) by virtue of
a base-pair substitution mutation in the tryptophan operon., In addition,
WP2 is deficient in the repair of some physically or chemically induced
DNA damage (uvrA).'” This uvrA mutation makes the strain more sensitive

to certain mutagens,

A procedure similar to the Ames Salmonella assay 1is used to measure
the reversicn of WP2 to tryptophan independence. However, the minimal
agar 1s supplemented with 1.25 g of Oxoid nutrient broth (CM67) per
liter to provide each plate with the trace of tfyptcphan required for
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enhancement of any mutagenic effect of the test chemical. No additional

tryptophan is added to the top agar.

Saccharcmyces cerevisiae D3

The yeast S. cerevisiae D3 is a diploid micrcorganism that is
hetefozygous for a mutation leading to a defective enzyme in the adenine-
metabolizing pachway.'® When grown on medium containing adenine, cells
homezygous for this mutation produce a red pigmenc. These homezygous
mutants can be generated from the heteroczygotes by mitotic recombinatiom.
The frequency of this recombinational event may be increased by incubat-
ing the organisms with various mutagens (recombinogenic agents). The
recombinogenic activity of a compound or its metabolite is determined

from the number of red-pigmented colonies appearing on test plates.'?

A stock culture of S. cerevisiae D3 is stored at 4°C. For each experi-
ment, broth containing 0.05% Mg80,, 0.15% KH;PO,, 0.45% (NH,).S0., 0.35%
peptone, 0.5% yeast extract, and 27 dextrose is inoculated with a loop-

ful of the stock culture and incubated overnight at 30°C with shaking.

The in vitro yeast mitotic recombination assay in suspension is
conducted as follows. The overnight culture is centrifuged and the
cells are resuspended at a concentration of ~10° cells/ml in 67 mM
phosphate buffer (pH 7.4). To a sterile test tube are added:



. 1.00 ml of the resuspended culture
. 0.50 ml of either the metabolic activation mixture or buffer

. 0.20 ml of a solution of pesticide dissolved in DMSO or 0.20 ml
of DMSO alone

. 0.30 ml of buffer.

Several doses of the pesticide (up te 5%, w/v or v/v) are tested in each

experiment and appropriate contreols are included.

The suspension mixture is incubated at 30°C fof 4 hours on a roller
drum, The sample is diluted serially in sterile physiolegical saline and
0.2-ml aliquots of the 10™® and 107* dilutions are spread on tryptone-
yeast agar plates; five pla;es are used for the 107° dilution, and three

plates are used for the 10> dilution. The plates 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-deficient homozygosity. |Plates of
the 107? dilution are scanned with a dissecting microscope at 10X magni-
fication and the number of red colonies or red sectors (mitotic recombi-
nants) is recorded. The surviving fraction of organisms is determined

from the number of colonies appearing on the plates of the 107> dilutionm.

The number of mitotic recombinants is calculated per 10? survivors.
A positive respomnse in this assay is indicated by a dose-related
increase in the absolute number of mitotic recombinants per millilirer
as well as in the relative number of mitotic recombinants per 10°

survivors.

Escherichia coli W3110/p3478
and Dacillus subtilis H17/M45

We obtained E. coli strains W311l0 and p3478 from Dr. H. Rosenkranz,
who devised a differential toxicity/repair assay.®® Strain p3478 is a
DNA (polA-) derivative of W311l0. The enzyme DNA polymerase A is involved
in resynthesizing DNA segments that have been damaged and excised.??
Because strain p3478 lacks DNA polymerase, DNA damage (caused by
physical or chemical agents that react with DNA) is not repaired as
efficiently as it is in the parent strain, W3110. Exposure to physical

or chemical agents that interact with DNA will usually inhibit the




growth of p3478 more than that of W3ll0. Therefore, test compounds that
are more toxic to p3478 chan to W311l0 are probably reacting with the
DNA. Test compounds that do not react with DNA are generally equally
toxic (or nontoxic) to both strains. The abllity of a test compound to
induce DNA damage can be evaluated by comparing its relative toxicity

(zone of inhibition of growth) to these two strains.

B. subtilis strains H17 and M45 were obtained from Dr. T. Kada.??
Strain M45 1s a recombination-deficient (rec-) derivative of H17.
Recombination is required for repair of some types of damaged DNA.
Strain M45 lacks the rec function, so damage caused by agents that react
with DNA is not as efficiently repaired in M43 as it is in the parent
strain, H17. As in the E. coli W3110/p3478 repair assay, the ability of
a test compound to induce DNA damage can be evaluated by comparing its

relative toxicity to the rec+ (H17) and rec {M45) strains.

For each experiment a l-ml inoculum of a frozen (-80°C) stock
culture is grown overnight at 37°C, with shaking, in broth consisting of
0.5% yeast extract, 0.35% peptone, 2% glucose, 0.05% MgS0,, 0.15%
KH;PO,, and 0.45% (NH,)280.. To 2 ml of top agar (0.6% NaCl and 0.6%
agar) is added 0.1 ml of the overnight bacterial culture (approximately
3 x 10® cells). The suspension is mixed and poured onto the surface of
a plate containing the same ingredients as the broth, plus 2% agar
(25 ml). When the top agar has solidified, a sterile filter paper
disc (6-mm diameter) is placed on the top agar and impregnated with the
test substance, Plates are incubated at 37°C for 16 to 17 hours, and

then the diameter of the zone of inhibition of growth is measured.

Several concentrations of the test substances are tested in dupli-
cate. Methylmethanesulfonate is used as the positive control in these
assays. The negative control is ampicillin, which causes equal zones
of inhibition to repair-proficient and repair-deficient strains because
it killénthe bacteria by interfering with cell wall synthesis, not by
interacting with the DNA.



Arcclor 1254=-Stimulated Metabolic Activation System

Some carcinopgenic chemicals (e.g., of the aromatic amino type or
the polycyclic hydrocarbon type) are inactive unless they are metabolized
to active forms. In animals and map, én enzyme system in the liver or
other organs (e.g., lung or kidney) is capable of metabolizing a large

13714,23  gome of these inter-

number of these chemicals to carcinogens.
mediate metabolites are very_potent mutagens in the S. typhimurium test.
Ames has described the liver metabolic activation system that we use.'*
In brief, adult male rats (250°to 300 g) are given a single 500-mg/kg
intraperitoneal injection of Aroclor 1254. This treatment enhances the
synthesis of enzymes involved in the metabolic conversion of chemicals.
Four days after the injection, the animals' food is removed but drinking
‘water is provided ad libitum. On the fifth day, the rats are killed and

the liver homogenate is prepared as follows,

The livers are removed aseptically and placed in a preweighed
sterile glass beaker. The organ weight is determined, and all sub-
sequent operations are conducted in an ice bath. The livers are washed
in an equal volume of cold, sterile 0.15 M KCl (1 ml/g of wet organ),
minced with sterile surgical scissors in three volumes of 0.15 M KCI,
and homogenized with a Potter-Elvehjem apparatus. The homogenate 1Is
centrifuged for 10 minutes at 9000 x g, and the supernatant, referred to

as the 5-9 fraction, is quickly frozem in dry ice and stored at -80°C.

The metabolic activation mixture for each experiment consists of,
for 10 ml:

. 1.00 ml of S-9 fractien

. 0.20 ml of MgCl, (0.4 M) and KC1 (1.65 M)

. 0.05 ml of glucose-6-phosphate (1 M)

d 0.40 wl of NADP (0.1 M)

. 5.00 ml of sodium phosphate buffer (0.2 M, pH 7.4)
. 3.35 ml of H,O.

Unscheduled DNA Synthesis Assays

Many mutagenic and carcinogenic agents have been shown te induce

unscheduled DNA synthesis (UDS) in an in vitro tissue culture system



of mammalian cells.?®"

UDS is a form of mammalian repair synthesis that
involves at least two processes: first, the damaged DNA region is
enzymatlcally removed; then follows incorporation of nucleoti&es

to repaif the DNA. UDS, which occurs in a wide variétylof mammalian
cell types, is considered to be a fairly universal system because it
has been observed in all stages of the cell cycle (Gs, G,, G2, and M)
other than S, the normal synthetic phase.?®>%® (UDS is not observed
during S-phase because the high level of incorporation of nucleotides
during scheduled DNA synthesis obscures the relatively low level of

incorporation of nucleotides during UDS.)

A number of chemicals have been shown to be ineffective in producing
DNA damage in ig_ziszg‘cultures of mammalian cells unless an S-9
preparation from a mammalian liver homogenate and appropriate cof;ctors
are added to the test system. Thus, we routinely perform a parallel
series of UDS assays in the presence and absence of a metabolically

active environment.

We used the UDS assay system in the previous testing of 38 substi-

tute pesticides.*»® Reported here are the results of UDS testing, with

and without metabolic activation, of 15 pyrethroid pesticides.

Cell Culture

WI-38 cells grown in T-25 tissue culture flasks were used for the
UDS assays. Replicate cultures of these cells were iniriared in Eagle's
Basal Medium containing 10%Z {v/v) fetal calf serum. The cells were grown
to coﬁfluency and were maintained in medium containing 0.5% serum for
5 to 6 days preceding the UDS aséay.* This‘produced contact~inhibited

cells in synchronous cultures in the Go phase of the mitotic cycle., To

As a check against the presence of mycoplasma, which could incorporate
tritiated thymidine (?H-TdR) and thus obscure measurements of UDS, stock
cultures were periodically sent to Microbiological Associlates, who
cultured them on Difco Beef Heart Infusion agar or broth for amalysis
for the presence of mycoplasma. The results of these analyses were
consistently negative.
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further reduce the possibility of incorporation of *H-TdR by an occasional
S-phase cell that might escape the contact-inhibition synchrony and thus
obscure measurements of UDS, the cultures were preincubated for 1 hour
with 10~% M hydroxyurea (HU) before each assay and 10™° M HU was added

during each subsequent step of the assays.

Dilution of Compounds

Immediately prior to each assay, the pesticide was diluted in DMSO
to form a series of concentrations that, when diluted into culture medium,
yielded the appropriate set of test concentrations. To facilitare solu-
bilization or to achieve an even suspension of the stock soclutions of the
compounds in solvent, some of the compounds were sonicated for a brief
-period of time prior to dilution. The final concentration of DMSO was
maintained at 1% or less, which we have previously found toc be not cyto-
toxic, In defining the concentrations tested, solid compounds are
assumed to be volumeless and compounds in the liquid state are assumed

to have a density of 1.00.

Metabolic Activation

For testing with metabolic activation, a preparation consisting
of the 9000 x g supernatant of a liver homogenate (250 mg of liver/ml)
from adult Swiss-Webster mice was used. To this was added the following
cofactors: unicotinamide, 3.05 mg/ml; glucose-6-phosphate, 16.1 mg/ml;
MgCl.+6H.0, 5.08 mg/ml; and NADP, 0.765 mg/ml.

Controls

The positive controls were 4-nitroquinoline-N-oxide (4NQO), a
compouﬁd that induces UDS in the absence of a metabolic activation
system, and dimethylnitrosamine (DMN), a compound that induces UDS
in vitro only when an exogenous metabolic activatien system is in-
corporated into the treatment protocol. The negative control was DMSO

diluted in culture medium.
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Preliminary Testing

Preliminary testing was performed according to the procedure
described for UDS assays. However, this testing differed in two
respects: (l) a different number of concentrations spanning a much
broader dose range was tested; and (2) fewer replicate samples were
tested at each concentration, This testing was conducted for the

purpose of establishing an appropriate dose range for each UDS assay.

Test Procedure

The contact-inhibited WI-38 cells were incubated at 37°C with
dilutions of the pesticides and with 1 uCu/ml of *H-TdR (specific
acfivity, 6.7 Ci/mmole). For testing in the absence of metabolic,
activation, the cells were exposed simultanecusly to the pesticide
and to *H-TdR for 3 hours. For testing with metabolic activation, the
cells were incubated together with pesticide, 3H-TdR, and the metabolic
activation preparation for 1 hour. (The shorter exposure time for
metabolic activation testing was used because longer exposures of WI-38
cells to the liver homogenate preparation could be cytotoxic.) In both
cases, the cells were then incubate& with ?H-TdR and HU, but withaut
pesticide, for an additional 3 hours.

DNA was extracted from the cells using a modification of the PCA-

%7 one aliquot of the DNA solution was used to

hydrolysis procedure;
measure the DNA content after the reaction with diphenylamine,?® and

a second aliquot was used for scintillation-counting measurements of the
extent of incorpeoration of *H-TdR. The results were expressed as
disintegrations per minute (dpm) of incorporated *H-TdR per unit of DNA
and were compared with the rate of incorporation of *H-TdR into cells

exposed te solvent only (negative controls).

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

have acquired in previous testing:
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Sample Correlation

Type of Testing Regression® Size (n) Coefficient
Without metabolic +

activation Y, = 629 + 16.42 (X) 55 0.8066
With metabolic t

activation Y, = 212 + 2.11 (X) 25 0.8307

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

and the test is repeated.

Interpretation of Results

We have tested 41 compounds of defined carcinogenic activity, based
on the results of in vivo biocassays, and have analyzed these results
'using either the parametric One-Way Analysis of Variance or the non-
parametric Kruskal-Wallis One-Way Analysis of Variance, depending on
which was more appropriate.* 0f the 16 compounds generzlly recognized
as being direct-acting carcinogens, 15 Induced statistically significant
elevations‘in the incorporation of *H-TdR into DNA, at the 99% confidence
level. In all but three of these, the response was dose-related. The

assay of the sixteenth carcinogen, p-rosaniline, failed to suggest a

positive response. Of the 13 compounds reported to be noncarcinogenic,
only one {glycidol) had a statistically significant positive response,
which was not dose-related. Thus it appears that the 99% confidence
limits of these statistical analysis coupled with the indication of

a dose-related relationship can be used with reasonable accuracy

to predict the biological significance of the UDS response to

*
Regressions over a range of background dpm/ug DNA of 0 to 450.

TY1 = Average dpm/ug DNA for 10™° M 4NQO (positive centrol).
Y., Average dpm/ug DNA for 5 x 1077 M DMN (positive control).
X Average dpm/ug DNA for background (negative control).

1]

*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 nonparametric analysis is the appropriate
one_ao,ax
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an ultimate carcinogen or a noncarcinogen.

The correlation between UDS response and bielogical significance
for testing with metabolic activation is less clear. Of the 12 pro-
carcinogens (compounds requiring chemical medifications to become active)
that we have tested with metabolic activation, seven induced statis-
tically significant increases in *H-TdR uptake at the 99% confidence
level, all of which were dose-related. The remaining five procarcinogens
failed to indicate any increase in *H-TdR incerporaticn. Thus, 1t
appears that the metabolic activation preparation presently used for
UDS testing is capable of activating only a portiom of the spectrum cf
procarcinogens. However, for those that can be activated, a statisti-
cally significant and dose-related response can be observed. Thus,
if these two criteria are met, we can interpret the results as indicac-
ing the repailr of DNA damage by the cells in response to the compound
being evaluated. However, lack of a positive response in testing cannot
be assumed to be indicative of an absence of potential biological

hazard.
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RESULTS AND DISCUSSION

The results of the in vitro microbiological and UDS assays of the
15 compounds are summarized in Table 2. A positive response in these
assays is defined as a reproducible dose~related increase in the effect
being observed. A genotoxic or mutagenic effect was observed for
eight of the 15 pesticides tested. The eight pesticides that had a
positive response in one or more of the assays were bicallethrin,
DL-cis/trans chrysanthemic acid, dithane M22, dithane M-45,
ethylchrysanthemate, manzate-D, manzate 2d0 and zineb. None of the
15 pesticides tested were positive in all six of the in vitro assays.
Biocallethrin was the only compound mutagenic in the Salmonella/
microsome assay. Dithane M-22, dithane ¥-45, ethylchrysanthemate,
manzate-D, manzate 200, and zineb all increased mitotic recombination
in S. cerevisiae D3, but only manzate-D and manzate 200 alsc induced
unscheduled DNA synthesis in WI-38 cells. DL-cis/trans chrysanthemic
acid was genotoxic in the B. subtilis relative toxicity assay but was
inactive in all other assays. Dose-response curves are presented for
pesticides that give a positive response in the assays except for the
relative toxicity assays. Biphenyl, chlordimeform, NRDC-149,
permethrin, pelyram, resmethrin, and sumithrin were not genotoxic or

mutagenic in any of the six assays we performed.

Microbiological Assays

Each pesticide was tested at least twice on separate days, using
one plate per dose. The first experiment was a test over a wide range
of doses to look for toxicity or mutagenicity. If no toxicity or
mutagenicity was observed, the second experiment was conducted at
higher concentrations. If mutagenicity was observed, a dose response

was determined. An assay that gave a mutagenic response was always
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repeated to confirm that the results were reproducible.

Tables 3 through 37 present the results of the assays using strains
TAL535, TAl537, TA98, and TA100 of the bacteria Salmonella typhimurium

and Escherichia coli WP2. In the standard Ames Salmonella/microsome

assay, bioallethrin was the only pesticide found te be mutagenic.
Bicallethrin (Tables 3 and 4) was tested with all strains once over a
dose range of 50 to 10,000 pg/plate and retested over a range of 500

to 20,000 ug/plate. A third experiment using only TA100 in the presence
of metabolic activation, with doses ranging from 10 to 2500 ug/plate,
.is presented in Table 5. Bioallethrin appeared to be mutagenic when
metabolic activation was provided; without activatiom, no significant
increase 1in revertants was observed. Figure 1 shows the dose response.

No increase in revertants occurred with E. coli WP2.

The results for biphenyl (Tables 6 and 7), chlordimeform (Tables
8 and 9), DL—EEE/EEEEE‘chrysanthemic acid (Tables 10 and 11), dichane
M-22 (Tables 12 and 13), dithane M-45 (Tables 14-16), ethylchrysan-
themate (Tables 17 and 18), manzate~D (Tables 19 and 20), manzate 200
(Tables 21 'and 22), NRDC-149 (Tables 23-25), permethrin (Tables 26 and
27), polyram (Tables 28 and 29), resmithrin (Tables 30 and 31),
sumithrin {Tables 32-34), and zineb (Tables 35-37) all failed to
demonstrate a reproducible, dose-related increase in the number of

revertants with and without metabolic activation.

The results appearing in Tables 38 chrough 67 represent the

findings of the assays for mitotic recombiﬁation in Saccharomyces
cerevisiae D3. Six pesticides--dithane M-22, dithane M-45, ethyl-
chrysanthemate, manzate-D, manzate 200, and zineb~-increased the
mitotic recombination frequency in each experiment and are considered

positive by these procedures.

DL-cis/trans chrysanthemic acid was tested over a range of 0.5

to 0.9% and retested over a range of 0.6 to 0.8% (Tables 44 and 45).
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FIGURE 1 ASSAY OF BIOALLETHRIN WITH SALMONELLA
TYPHIMURIUM STRAIN TA100 WITH
METABOLIC ACTIVATION
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This compound demonstrated a narrow range of toxicity--the level of
survival was 100% at a concentration of 0.7%, but the compound was
toxic at 0.8Z%Z. Although some of the values for mitotic recombinant
per 10% survivors are high without the metabolic activation system,
there is no reproducible dose-related increase in the number of
recombinants; thus, we conclude that DL-cis/trans chrysanthemic acid

is not recombinogenic.

Dithane M-22 increased mitotic recombinants in che absence of
metabolic activation at a concentration of D.005%. Tables 46 and 47

present the data; Figure Z shows the curve.

Dithane M-45 showed recombinogenic activity both in the presence
and absence of metabolic activation., It was tested at a dose range
of 0.001 to 0.01%Z. Toxicity occurred above 0.01%. The results are

presented in Tables 48 and 49; Figure 3 shows the curve.

Ethylchrysanthemate was first tested over a range of 0.5 to 4.07
without metabolic activation and of 1 to 4% with metabolic activation
(Table 50). It was retested over the same range without metabolic
activation and at 1 to 5% wich activation (Table 51; Figure 4).
Alcthough recombinogenic activity was observed in both the presence
and absence of metabolic activation, addition of metabolic activicy
reduced recombinogenicity. A possible explanation of this event is
that the metabolic activation system acts to metﬁbolize the compound
to less genetically active metabolites or, by nonspecifically reacting -

with the compound, makes them less available to the yeast.

Manzate-D (Tables 52 and 53, Figure 5), manzate 200 (Tables 54
and 55, Figure 6), and zineb (Tables 66 and 67; Figure 7) induced
increases in the number of mitotic recombinants in both the presence

and absence of the metabolic activation system.

Table 68 presents the results of the differential toxicity
assessed in DNA repair-proficient and DNA repajr-deficient strains of
E. coli (WJIIO and p3478) and of B. subrilis (H17 and M&45) with the
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FIGURE 4 ASSAYS OF ETHYLCHRYSANTHEMATE WITH
SACCHAROMYCES CEREVISIAE D3
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FIGURE 6 ASSAYS OF MANZATE 200 WITH SACCHAROMYCES CEREVISIAE D3
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15 pesticides. Toxic chemicals that do not act by damaging DNA (e.g.,
ampicillin) should give equal zones of toxicity on both DNA repair-
proficient and DNA repair—deficiént strains. However, a given concen-
tration of a chemical that is genotoxic may be more toxic for a repair-

deficient strain than for a strain that effectively repairs its DNA.

Results in which no growth inhibition was observed could indicate
that either the pesticide did not diffuse into the agar, the pesticide
was not able to penetrate the cell, or the concentration of the test
dose was not high enough. The differential toxicity assays of E. coli
with bioallethrin, chlordimeform, and DlL-cis/trans chrysanthemic acid
showed no growth inhibition. Biphenyl, NRDC-149, permethrin, res-
methrin, and simithrin caused no growth inhibition in either E. coli
or B. subtilis. Therefore, the results from these assays remain

inconclusive.

Bicallethrin and chlordiméform induced approximately equal zones
of inhibition in assays with B. subtilis. Dithane M-22, dithane M-45,
ethylchrysanthemate, manzate-D, manzate 200, polyram, and zineb all
induced approximately equal zones of inhibition in both E:‘Eﬂli and

B. subtilis. The results from these assays are considered negative.

DL-cis/trans chrysanthemic acid caused a slightly larger zone of
inhibition, at all doses tested, in the rec™ strain (B. subtilis M45)

than in the rect strain (B. subtilis H17).

UDS ASSAYS

The results of the UDS testing of 15 pyrethroid pesticides are
presented in Tables 69 through 133. For each compound, preliminary
assays were performed with and without metabolic activation to
establish the appropriate range of concentrations to be tested in the
actual UDS assays. The range of test concentrations to be used for
each compound was then selected according to the following criteria:

(1) if a positive response was indicated by the preliminary assay,
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concentrations that would confirm the response and define a dose-
response relationship were tested; (2) in the absence of a preliminary
indication of a positive response, concencrations that were expected

to cover the range between cytotoxic effects and no effect were tested;
and (3) if the preliminary assay did not indicate either a positive
response or cytotoxic effects, a range of concentrations near the
maximum feasible under the constraints of the solubility of the
compound and the protocols described in "Dilution of Compounds’ was
tested.

In the absence of metabolic aétivation, the initial tescing of
bioallethrin (Tables 69 and 70) suggested an increase in UDS. The
results presented in Table 70 were statistically positive (H = 20.16 =
Xg > 15.09} but did not clearly indicate a2 dose-response. Therefore,
a second UDS assay was conducted without metabolie aectivation. The
results of this test (Table 71) failed to indicate an increase in
3H-TdR uptake. Therefore, the results of the testing of biocallethrin
without metabolic activation must be considered negative. Likewise,
the results observed in the testing of this compound with metabolic
activation (Tables 72 and 73) failed to suggest an increase in UDS,

and are interpreted as being negative.

Tables 98 through 107 present the results of the testing of
manzate-D and manzate 200. 1In each case, the preliminary assays with-
out metabolic activation (Tables 98 and 103) indicated cytotoxic
effects at concentrations down to approximately 20 pg/ml, with no
effects at 2 ﬁg/ml. The UDS assays were then conducted over a range
vof concentrations from approximately 1 to 30 ug/ml. The results of
these tests (Tables 99 and 104) indicated an elevation in *H-TdR
incorporation at a concentration of 5 pg/ml, but failed to define a
dose response. Therefore, a second assay of each without metabolic
activation was performed over an even more na:roﬁ concentration range.
fhe resuylcs of these assays. (Tables 100 'and 105; Figures 8 and 9)

indicated dose-dependent, statistically significant increases in UDS
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(manzate-D, H = 26.57 = X2 > 15.09; manzate 200, Fs,30 = 33.02 > 3.70).

The testing of manzate-D and manzate 200 with metabolic activation
(Tables 101, 102, 106, and 107) failed to indicate increases in 2H-TdR
incorporation. Thus, UDS was induced by these compounds only in the

absence of metabolic activation. \

Thé initial results of the testing of zineb (Tables 129 and 130)
suggested that this compound did nét induce UDS in the absence of
metabolic activation; however, a statistically significant elevation
in ?H-TdR uptake (F,,25 = 10.90 > 4.18) was observed at a concentration
of 100 ug/ml with metabolic activaticn (Table 132). Because this was
the only significant increase, a second assay of zineb with metabolic
activation was conducted. The results of cthis test (Table 133) did
not provide evidence for a dose-dependent increase in UDS. Although
an apparent elevation in ?H-TdR incerporation was observed, it was
not statistically significant. Thus zineb did not appear to induce

UDS.

The results of the testing of the following compounds did not
indicate significant increases in UDS in either the presence or the
absence of metabolic activation: biphenyl (Tables 74 to 77), chlor-
dimeform (Tables 78 to 81), DL-cis/trans chrysanthemic acid (Tables 82
to 85), dithane M-22 (Tables 86 to 89), dithane M-45 (Tables 90 to 93),
ethylchrysanthemate (Tables 94 ro 97), NRDC-149 (Tables 108 to 111),
permethrin (Tables 112 to 115), polyram (Tables 116 to 119), resemethrin
(Tables 120 to 123), and sumithrin (Tables 124 to 127). .
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CONCLUSIONS

Our results indicate that none of the 15 pesticides tested in
Phase III were mutagenic or genotoxic in all six of the in vitro
assays. Only two pesticides were positive in more than one assay.
They were manzate-D and manzate 200, which increased mitotic recom—
bination in S. cerevisiae D3 and induced UDS in WI-38 cells. Dithane
M-22, dithane M-45, ethylchrysanthemate, and zineb increased mitotic
recombination. The Salmonella/microsome assay detected mutagenic
activity in only one pesticide, bicallethrin. No pesticide was found
to be mutagenic with E. coli WP2. DL-cis/trans chrysanthemic acid

was genotixic in the relative toxicity assay.

It is recommended that these eight pesticides that were positive
in at least one assay be considered for further study to more completely
characterize their potential hazards te human health. Although a
mutagenic response does not mean that a chemical is harmful to humans,
the combination of six separate assay systems greatly enhances the
probability of detecting potentially hazardous chemicals. It is
apparent that no one assay is uniquely capable of detecting the
spectrum of mutagenic events that different chemical structures may

cause.
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Table 69 -

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF BIOALLETHRIN
(dpm/ug DNA)

Concentration of Compounds Tested

- Bicallethrin {(pg/ml) 4NQO (M)
Sample o* 2 20 - 200F }QQQT ' 10-2
1 80 59 102 61 63 1450
2 55 104 97 46 52 1395
3 78 79 102 54 36 1039
4 8 62 77 62 28 415
Mean 75 76 95 56 45 1075
SD 13 21 12 g 16 476
SE 7 10 6 4 8 238

*
Negative control and compound solvent, 0.5% DMSO.
*Precipitates observed at 200 and 2000 ug/ml.
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Table 70

UNSCHEDULED DNA SYNTHESIS ASSAY OF BIQALLETHIRIN
(dpm/ug DNA)

Concentration of Compounds Tested

Bicallethrin (ug/ml)

Sample 0o* .3 12.5 25 50t 100t
1 41 53 60 70 61 45
2 45 39 62 83 68 66
3 45 66 66 78 66 59
4 37 38 69 69 64 53
5 57 67 65 83 68 65
6 56 89 72 71 62 47
Mean 47 59 66 76 65 56
SD 8 20 4 7 3 9
SE 3 8 2 3 1 4

*
Negative control and compound solvent, 0.57% DMSO.

+Precipitates observed at 50 and 100 ug/ml.
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4NQO (M)

10-°

1583
1401
1353
1516
1878
1454
1531

189

77



Table 71

SECOND UNSCHEDULED DNA SYNTHESIS ASSAY OF BIOALLETHRIN
(dpm/ug DNA)

Concentration of Compounds Tested

Bioallethrin (ug/ml)

Sample 0 11.11  16.7 25 37.5 56.25
1 27 50 63 52 52 58
2 46 59 85 48 44 52
3 70 B4 73 60 67 66
4 65 72 59 60 60 47
5 62 46 56 77 65 64
6 .63 58 66 50‘ 57 59
Mean 56 62 67 58 58 58
SD 16 14 10 11 8 7
SE 6 6 4 4 3 3
*Negative control and compound solvent, 0.5% DMSO.
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4NQO

1553

@

10~

1614

1861

1731

1565

1607

1655
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Table 72

+ PRELTMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF BIOALLETHRIN
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Bioallethrin (ug/ml) DMN (M)

Sample % R 40 4007 4000t 5 x 10-°
1 116 85 86 86 73 452
2 81 79 97 58 54 4t
3 117 94 54 113 85 466
4 63 64 . 60 85 76 382
Mean 94 81 74 85 72 436
'sp 27 12 20 22 13 37
SE 13 6 10 11 7 19

*
Negative control and compound solvent, 0.5% DMSO.

+Precipitates observed at 400 and 4000 ug/ml.
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UNSCHEDULED DNA SYNTHESIS ASSAY OF BIOALLETHRIN

Table 73

WITH METABOLIC ACTIVATION

(dpm/ug DNA)

Concentration of Compounds Tested

Biocallethrin (pg/ml) DMN (M)

Sample _0* 3137 e2st 1250t 25007  s000" 5 x 1072
1 73 62 72 86 56 39 290
2 58 58 56 62 80 60 382
3 49 34 34 81 56 48 342
4 56 48 53 53 65 84 358
5 80 40 39 56 29 68 280
6 100 47 50 53 65 50 150
Mean 69 48 51 65 59 58 300
SD 19 10 14 15 17 16 84
SE 8 4 6 6 7 6 34

*

Negative control and compound solvent, 0.5% DMSO.

+ s
Precipitates observed at all concentrations.
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Table 74

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF BIPHENYL
(dpm/ug DNA)

Concentration of Compounds Tested

Biphenyl (ug/ml) 4NQD (M)

Sample _0* 2 20 2007 20007 1073
1 150 84 97 1 96 1192
2 117 93 84 62 64 ' 969

3 99 92 96 98 104 1254

4 93 97 78 g8 123 434
Mean 114 91 89 80 97 962
5D 26 5 10 16 24 373
SE 13 3 5 8 12 186

*
Negative control and compound solvent, 0.5% DMSO.

+Precipitates observed at 200 and 2000 pg/ml.
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Table 75

UNSCHEDULED DNA SYNTHESIS ASSAY OF BIPHENYL
(dpm/ug DNA)

Concentration of Compounds Tested

Biphenvyl (ug/ml) 4NQO (M)

Sample oF 125t 250T 5007 10007 2000t 10-5
1 78 63 46 68 85 107 2022

2 48 36 60 50 89 182 2050

3 66 97 59 35 70 87 . 2093

4 91 60 55 45 74 78 2083

5 70 73 37 58 86 . 85 2434

6 59 55 95 44 55 90 1518
Mean 69 64 59 50 77 105 2033
SD 15 23 20 12 13 39 294
SE 6 9 8 5 5 16 120

*
Negative control and compound solvent, 0.5% DMSO.

+Precipita:es observed at all concentrations.
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Table 76

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF BIPHENYL

Sample
1
2
3
4
Mean
sD

SE

WITH METABOLIC ACTIVATION

Concentration of Compounds Tested

(dpm/ug DNA)

*

Negative control and compound solvent, 1.0% DMSO.

tPrecipitates observed at 400 and 4000 ug/ml.
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Biphenyl (ug/ml) DMN (M)

_o* b 40 4007 4000t 5 x 1072
119 209 92 107 109 682
112 130 142 70 164 670.
116 95 93 118 213 717

62 135 84 74 167 336
102 142 103 92 163 601

27 48 27 24 43 178

13 24 13 12 21 89



Table 77

UNSCHEDULED DNA SYNTHESIS ASSAY OF BIPHENYL WITH METABOLIC ACTIVATION
{dpm/ug DNA)

Concentration of Compounds Tested

Biphenyl (ug/ml) DMN (M)

Sample o 250t 500t 1000f 20007 4000t 5 x 1072
1 s6 43 59 56 54 40 227
2 67 52 47 61 62 64 245
3 72 64 52 62 71 54 266
4 52 54 60 60 62 68 217
5 65 50 62 55 51 68 223
6 82 56 65 68 73 57 219
Mean 66 53 58 60 62 58 233
SD 11 7 7 5 9 11 19
SE 4 3 3 2 4 4 8

*
Negative control and compound solvent, 1.0% DMSO.

+ ,
Precipitates observed at all concentrations.
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Table 78

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF CHLORDIMEFORM
(dpm/ug DNA)

Concentration of Compcunds Tested

Chlordimeform (ug/ml) 4NQO (M)

Sample . O* 2 20 200 20007 1073
1 80 42 61 68 7 1450

2 55 45 67 78 13 1395

3 78 | 57 93 72 6 1039

4 a5 64 71 46 8 415
Mean 75 52 73 66 9 1075
5D 13 11 14 14 3 476
SE 7 5 7 7 1 238

*
Negative control and compound solvent, 0.5Z DMSC.

+Precipitate observed at 2000 ug/ml.
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Table 79

UNSCHEDULED DNA SYNTHESIS ASSAY OF CHLORDIMEFORM
(dpm/ug DNA)

Concentration of Compounds Tested

Chlordimeform (ug/ml) 4NQ0 (M)

Sample  0*  62.5 125 250 500 1000t 10->
1 78 40 65 36 109 41 2022

2 48 50 49 50 64 41 2050

3 66 70 97 67 78 29 2093

4 91 38 64 48 39 14 2083

5 70 62 49 35 36 36 2634

6 50 38 73 64 52 27 1518
Mean 69 50 66 50 63 31 2033
SD 15 14 18 14 28 10 294
SE 6 6 7 6 11 4 120

*
Negative control and compound solvent, 0.5% DMSO.

TPrecipicate observed at 1000 ug/ml.
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Table 80

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF CHLORDIMEFORM

Mean

SD

SE

Concentration of Compounds Tested

WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Chlordimeform {ug/ml)

oF % 40 400¢ 5000 5 x 10-°
119 118 108 102 192 682
112 104 131 104 106 670
116 101 99 119 220 717

62 129 125 88 221 336
102 113 116 103 184 601

27 13 15 13 54 178

13 7 7 6 27 89

*Negative control and compound solvent, 0.5% DMSO.

fPrecipitates observed at 400 and 5000 ug/ml.

112

DMN (M)




Table 81

UNSCHEDULED DNA SYNTHESIS ASSAY OF CHLORDIMEFORM
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Chlordimeform (pg/ml) DMN (M)

Sample oF 313 625 12507 25007 5000 5 x 10-2
1 69 65 61 60 68 25 417
2 58 66 70 68 68 28 379
3 58 59 77 65 58 36 355"
4 58 62 61 65 64 24 397
5 62 61 53 72 77 35 432
6 59 70 50 75 72 31 414
Mean 61 64 62 68 68 30 3599
SD 4 4 10 5 7 5 28
SE 2 2 "4 2 3 2 11

*
Negative ccntrol and compound solvent, 0,57 DMSO.
JrPrecipitates observed at 1250, 2500 and 5000 ug/ml.
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Table 82

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF
DL-cis/trans CHRYSANTHEMIC ACID
(dpm/ug DNA)

Concentration of Compounds Tested

DL-cis/trans Chrysanthemic acid (ug/ml) 4NQO (M)
Sample o= 2 20 200 2000t 10-5
1 103, 184 102 116 128 1610
2 ‘ 94 88 43 146 106 976
3 43 81 57 105 102 2012
4 66 61 65 69 82 1890
Mean ‘ 77 103 67 109 105 1622
SD 28 55 25 32 19 462
SE 14 27 13 16 9 231

-

*
Negative control and compound solvent, 0.5% DMSO.

+Precipitatg observed at 2000 npg/ml.
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Table 83

UNSCHEDULED DNA SYNTHESIS ASSAY OF DL-cis/trans CHRYSANTHEMIC ACID
{dpm/ug DNA)

Concentration of Compounds Tested

DL cis/trans Chrysanthemic aAcid (ug/ml) 4NQO (M)

Sample ~ _O* 250 500 1000  2000F  4000F  _107%
1 48 &5 53 77 98 69 1676
2 62 52 46 " 41 43 47 1763
3 87 55 84 65 64 44 1894
4 50 65 96 . 104 46 47 . 1244
5 58 100 70 73 38 64 1684
6 103 44 76 54 46 58 - 1405
Mean 68 60 71 69 56 55 1611
SD 22 21 .19 22 22 10 241
SE 9 9 8 9 9 4 98

*
Negative control and compound sclvent, 0.5% DMSO.

TLPrecipitates cbserved at 2000 and 4000 pg/ml.
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Table 84

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF DL-cis/trans
CHRYSANTHEMIC ACID WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

DL cis/trans chrysanthemic acid (ug/ml) DMN (M)

Sample o & 40 400 4000 5 x 107
1 75 55 96 112 77 567
2 81 87 61 89 78 596
3 90 83 68 99 118 492
4 72 86 61 74 84 506
Mean 80 78 1 93 89 540
SD 8 15 17 16 20 49
SE 4 8 8 8 10 25

* ,
Negative control and compound solvent, 0.5% DMSO.
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Table 85

UNSCHEDULED DNA SYNTHESIS ASSAY OF DL-cis/trans CHRYSANTHEMIC ACID
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

DL cis/trans Chrysanthemic Acid (ug/ml) DMN (M)

Sample  _ 0" 313 625 1250 2500 5000 5 x 10”2
1 73 65 | 66 86 87 64 290
2 58 74 66 72 68 48 382
3 49 83 72 67 60 58 342
4- _ 56 63 83 92 72 55 358
5 8o 83 67 80 68 103 280
6 100 45 44 70 73 67 150
Mean 89 69 66 78 71 66 300
sD 19 15 13 10 9 19 84
SE 8 6 5 4 4 8 34

*
Negative control and compound solvent, 0.57% DMSO.
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Table B6

PRELIMINARY UNSCHEDULED DNA SYNTHFSIS ASSAY OF DITHANE M-22
(dpm/ug DNA) ‘

Concentration of Compounds Tested

Dithane M-22 (ug/ml) 4NQO (M)

Sample - _o* 2 20 2007 - 20007 10-3
1 150 108 26 6 0 1192

2 117 75 35 6 3 969

3 99 143 20 & 4 1254

4 93 91 23 3 3 434
Mean 114 104 26 5 3 962
sb 26 29 6 1 2 373
SE 13 15 3 0.5 1 186

*
Negative control and compound solvent, 0.5% DMSO.

+Precipitates observed at 200 and 2000 ug/ml.
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Table 87

UNSCHEDULED DNA SYNTHESIS ASSAY OF DITHANE M-22
(dpm/ug DNA)

Concentration of Compounds Tested

Dithane M-22 (ug/ml) 4NQO (M)

Sample ~ 0* 0.8 2.0 50  12.5  31.3 10-5
1 193 191 204 166 8 -t 2352
2 182 213 163 147 15 14 2476
3 200 202 179 127 12 15 2117
4 -7 270 189 80 5 22 2143
5 281 146 162 217 19 16 1605
6 337 162 293 245 16 23 2157
Mean 239 197 198 164 13 18 2142
SD 68 43 49 60 5 4 298
SE 30 18 20 25 2 2 122

*
Negative control and compound solvent, 0.3% DMSO.

+Sample lost.
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Table 88

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF DITHANE M-22
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Dithane M-22 (ug/ml) DMN (M)

Sample ox 2 20 200% 2000t 5 x 1072
L 65 89 68 70 69 509
2 66 94 89 56- | 67 492
3 56 44 92 81 56 485
4 84 73 86 88 76 302
Mean 68 75 83 74 67 447
SD 12 23 10 16 7 97
SE 6 11 5 7 4 49

HNegative control and compound solvent, 1.0% DMSO.

+Precipitates observed at 200 and 2000 vg/ml.
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Table 89

UNSCHEDULED DNA SYNTHESIS ASSAY OF DITHANE M-22
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Dithane M-22 (ug/ml) DMN (M)

Sample _o* 250t 500" 1000t 20007 4000T 5 x 1072
1 52 49 52 62 48 11 448
2 60 71 65 85 49 74 363
3 55 63 63 72 56 46 122
4 51 68 55 65 S8 19 401
5 66 70 64 48 38 35 409
6 50 47 73 64 24 9 426
Mean 56 62 62 66 46 32 361
D 6 11 8 12 13 25 121
' SE 3 5 3 5 5 10 49

*
Negative control and compound solvent, 1.0% DMSO.

+ o
Precipitates observed at all concentrations.
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Table 90

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF DITHANE M-45
(dpm/ug DNA)

Concentration of Compounds Tested

Dithane M-45 (ug/ml) 4NQO (M)
Sample o*x 2 20 2007 20007 1073
1 150 146 22 2 2 1192
2 117 93 13 2 3 969
3 99 114 40 1 2 1254
4 ‘ 93 82 11 1 2 434
Mean 114 109 22 - 2 2 962
SD 26 28 13 1 1 373
SE 13 14 6 0.5 0.5 186

L]
Negative control and compound solvent, 0.3%Z DMSO.

+Precipitates observed at 200 and 2000 pg/ml.
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Sample

Mean
SD

SE

Table 91

UNSCHEDULED DNA SYNTHESIS ASSAY OF DITHANE M-45

(dpm/ug DNA)

Concentration of Compounds Tested

Dithane M-45 (ug/ml) 4NQO (M)
_o* 0.8 2.0 5.0 12.5 31.3 10-5
193 166 187 152 22 14 2352
182 189 251 142 24 3 2476
200 193 263 130 21 2 2117
-t 107 184 151 21 9 2143
281 167 308 147 17 7 1605
337 169 180 162 11 + 2157
239 165 229 147 19 7 2142
68 31 53 11 4 5 298
30 13 22 4 2 2 122

* .
Negative control and compound solvent, 0.5% DMSO.

TSample lost.
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Table 92

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF DITHANE M-45
WITH METABCLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Dithane M-45 (ug/ml) DMN (M)

Sample o 2 20 2007 20007 5 x 1072
1 65 81 80 70 85 509
2 66 46 72 72 58 492
3 56 76 73 62 57 485
A 84 72 106 65 47 302
Mean 68 69 83 67 62 447
SD 12 15 16 5 16 97

SE 6 8 8 2 8 49

*
Negative control and compound solvent, 1.0% DMSO.

TPrecipitates observed at 200 and 2000 ug/ml.
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Table 93

UNSCHEDULED DNA SYNTHESIS ASSAY OF DITHANE M-45
WITH METABOLIC ACTIVATION
{dpm/ug DNA)

Concentration of Compounds Tested

Dithane M-45 (ug/ml) DMN (M)

Sample o 2507 5007 1ooot  2000F 40007 5 x 1072
1 52 43 54 61 52 3 448
2 60 72 44 61 35 7 363
3 55 65 51 59 28 3 122
4 51 53 84 54 57 2 © 401
5 66 59 54 39 31 3 409
6 50 47 37 60 41 9 426
Mean 56 56 54 56 41 5 361
SD 6 11 16 9 11 3 121
SE 3 5 7 4 5 1 49

%
Negative control and compound solvent, 1.0% DMSO.

TPrecipitates observed at all concentrations.
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Table 94

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF ETHYLCHRYSANTHEMATE
(dpm/ug DNA) '

Concentration of Compounds Tested

Ethylchrysanthemate (ug/ml) 4NQO (M)
Sample | o* 2 20 200 20007 10-3
1 80 7% 82 21 25 1450
2 55 71 67 21 23 1395
3 N 78 39 78 25 18 1039
4 B3 46 70 28 10 415
Mean 75 62 74 24 19 1075
SD 13 | 13 ? 3 7 476
SE 7 6 3 2 3 238

*Nega:ive control and compound solvent, 0.5% DMSO.

+Droplets of compound observed at 2000 ug/ml.
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Table 85

UNSCHEDULED DNA SYNTHESIS ASSAY OF ETHYLCHRYSANTHEMATE
(dpm/ug DNA)

Concentration of Compounds Tested

Ethylchrysanthemate (ug/ml) 4NQO (M)

Sample oF 6.3 12.5 25 50 100 10-3
1 41 40 43 59 73 77 1583

2 45 47 33 71 75 76 1401

3 45 39 53 85 72 61 1353

4 a7 43 53 99 54 57 1516

5 57 50 56 60 78 90 1878

6 56 95 59 61 71 76 1454
Mean 47 52 50 73 70 73 1531
sO 8 2 10 16 8 12 189
SE 3 9 4 7 3 5 77

*
Negative control and compound selvent, 0.57% DMSO.
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Table 96

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF ETHYLCHRYSANTHEMATE
WITH METABOLIC ACTIVATION

Mean

SD

SE

Concentration of Compounds Tested

(dpm/ug DNA)

Ethylchrysanthemate {pg/ml)

*
Negative contzol and compound solvent, 0.57 DMSO.

+Sample lost.
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_0% 4 A0 400 4000
116 118 108 60 28
81 108 65 - -t
117 61 137 136 33
63 98 74 57 20
94 96 96 84 27
27 25 33 45 7
13 12 16 26 4

DMN (M)

5 x 10-2

452
444
466
382
436

37

19



Table 97

UNSCHEDULED DNA SYNTHESLS ASSAY OF ETHYLCHRYSANTHEMATE
WITH METABOLIC ACTIVATION
(dpm/ug DNA) '

Concentration of Compounds Tested

Ethylchrysanthemate (ug/ml) DMN (M)
Sample o* 250 500 1000t 2000t 4000t 5 x 1072

1 58 49 60 51 22 37 526
2 74 51 65 71 43 36 427
3 60 78 69 67 30 40 329
4 81 59 68 64 34 29 350
5 60 51 50 57 37 27 449

6 59 66 64 36 40 22 --f
Mean 65 59 63 58 34 32 416
SD 10 12 7 13 7 7 79
SE 4 5 3 5 3 3 35

. -

Negative control and compound solvent, 0.5% DMSO.
*Precipitaces observed at 1000, 2000, and 4000 pyg/ml.
*Sample lost.
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PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZATE-D

Sample

Mean

SD

SE

Concentration of Compounds Tested

Table 98

(dpm/ug DNA)

Manzate-D (yg/ml} .

0*

150
117
99
93
114
26

13

2
103
132
74
91
100
24

12

*
Negative control and compound solvent, 0.5% DMSO.

20
52
48
41
24
41

12

2007
4

6

+Precipitaces observed at 200 and 2000 ug/ml.
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2000
0

2

4NQO (M)

_10-°

1192
969
1254
434
962
373
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Table 99

UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZATE-D

(dpm/ug DNA)

Concentration of Compounds Tested

Manzate-D (ug/ml) 4NQ0 (M)

Sample 0F 0.8 2.0 5.0 12.5 31.3" 10-°
1 Y 58 89 36 23 1361

2 57 68 60 81 29 21 1509

3 73 68 89 104 32 20 1418

4 58 65 68 75 38 21 1432

5 50 92 68 80 42 15 1745

6 60 - 47 53 138 30 28 1419
Mean 60 66 66 94 34 21 1481
SD 8 15 13 23 5 4 138
SE 4 6 5 10 2 2 56

*
Negative control and compound solvent, 0.5% DMSO.
fPrecipitate observed at 31.3 ug/ml.

+Sample lost.
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Mean

SD

SE

Table 100

SECOND UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZATE-D
(dpm/ug DNA)

Concentration of Compounds Tested

* -/,
Negative control and ccmpound solvent, 0.5%Z DMSO,

132

Manzate-b (ug/ml) 4NQO (M)
0 2,22  3.33 5 1.5 11.25 10-°
50 42 62 87 97 73 1446
59 55 73 72 100 72 1684
58 57 79 74 83 63 1736
48 69 76 93 103 70 1575
49 64 53 106 101 68 1532
54 44 56 126 113 67 1140
53 55 66 93 39 69 1519
5 11 11 20 10 4 213
2 4 4 8 4 1 87



Table 101

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZATE-D
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Manzare-D (ug/ml) . DMN (M)

Sample 0= 2 20 2007 2000° 5 x 1072

1 65 6l 62 61 50 509

2 66 61 69 85 66 C 492

3 56 69 87 62 66 485

4 84 74 63 67 63 302
Mean 68 66 70 69 61 447

SD 12 6 12 11 8 97

SE 6 k! 6 6 A 49

*
Negative control and compound solvent, 1.0% DMSO.

1'P:.'e::'i.{::i.tates observed at 200 and 2000 pg/ml.
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Table 102

UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZATE-D
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Manzate-D (ug/ml) DMN (M)

Sample oF 125t 250t so0t  1000" 2000 5 x 1072
1 73 68 77 90 62 86 430
2 68 94 75 84 58 67 447
3 66 64 81 81 66 76 480
4 62 66 66 43 56 58 507
5 68 70 69 -F 84 90 588
6 88 98 66 52 79 77 532
Mean 71 77 12 70 68 76 497
SD 9 15 6 21 11 12 58
SE 4 6 3 10 5 5 24

* .
Negative contrel and compound solvent, 1.0% DMSO.
1.

Precipitates observed at all concentrations.

F

Sample lost.
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Table 103

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZ\TE 200
. {dpm/ug DNA) ’

Concentration of Compounds Testecd

Manzate 200 (upg/ml) 4NQO (M)

Sample _o* 2 20 2007 2000% 1073
1 53 50 43 6 5 1275

2 47 41 54 6 2 1302

3 67 37 33 5 3 1119

4 55 60 42 5 0 1438
Mean 56 47 43 6 3 1284
SD 8 10 9 0.6 2 131
SE 4 5 5 0.3 1 65

*
Negative control ard compound solvent, 0.5% DMSO.
+Precipitates observed at 200 and 2000 ug/ml.
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Sample

Mean
sD

SE

Table 104

UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZATE 200
(dpm/ug DNA)

Concentration of Compounds Tested

Manzate 200 (pg/ml) 4NQD (M)

_o* 0.8 2 5 12.5 31.3t 10-3
115 73 84 137 28 21 2112
120 105 110 122 27 12 2174
86 73 96 144 18 12 1857
82 103 91 159 28 29 2374
104 76 107 187 29 24 971
101 58 115 223 38 14 2129
101 81 100 152 28 19 1936
15 18 12 37 6 7 501
6 8 5 15 3 3 205

*
Negative control and compound solvent, 0.5% DMSO.

TPrecipitate observed at 31.3 ug/ml.
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Mean

SD

SE

SECOND UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZATE 200
(dpm/ug DNA)

Table 105

Concentration of Compounds Tested

59

58

48

49

54

53

Manzate 200 {(ug/ml) 4NQO (M)
2.22 3.33 5 7.5 11.25 10~
49 53 73 91 90 1446
50 61 71 108 86 1684
52 74 87 122 89 1736
59 71 100 112 68 1575
54 55 82 106 76 1532
55 56 83 89 87 1140
53 62 83 105 83 1519
3 9 10 13 9 213
1 4 4 5 4 87

*
Negative control and compound seolvent, 0.5% DMSO.
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Table 106

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZATE 200

WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Manzate 200 (ug/ml)

Sample o2 20 2007 20007
1 65 76 55 61 72
2 66 69 108 63 47
3 56 55 96 64 48
4 84 63 63 92 59
Mean 68 66 80 70 56
sD 12 9 26 15 12

SE 6 & 13 7 6

“Negative control and compound solvent, 1.0% DMSO.

tPrecipitates observed at 200 and 2000 ug/ml.
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DMN (M)

5 x 102

509
492
485
302
447

97

49



Mean

SD

SE

UNSCHEDULED DNA SYNTHESIS ASSAY OF MANZATE 200
WITH METABOLIC ACTIVATION -
(dpm/ug DNA)

Concentration of Compounds Tested

Table 107

Manzate 200 (ug/ml}

©0* 125t 250f 500t  1o00t  2000"
73 83 74 86 86 12
68 78 78 73 74 16
66 89 67 77 55 15
62 67 75 60 65 16
68 64 65 85 73 28
88 85 83 101 60 25
71 78 73 80 69 19

9 10 7 14 11 6

4 4 3 6 5 2

*

Negative control and compound solvent, 1.0% DMSO.

+Precipitates observed at all concentrations.

139

DMN (M)

5 x 10-2

430
447
480
507
588
532
497
58

24



Table 108

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF NRDC -149
(dpm/ug DNA)

Concentration of Compounds Tested

NRDC ~149 (ug/ml) 4NGO (M)

Sample _o* 2 20 2007 20007 1073
1 103 61 173 87 16 1610

2 94 62 77 55 57 976

3 43 74 77 45 78 2012

4 66 59 68 70 60 1890
Mean 77 64 98 64 58 - 1622
SD 28 7 50 18 18 462
SE 14 3 25 9 9 231

* 3
Negative control and compound solvent, 0.5% DMSO.

+Precipitates observed at 200 and 2000 ug/ml.
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Table 109

UNSCHEDULED DNA SYNTHESIS ASSAY OF NRDC-149
(dpm/ug DNA)

Concentration of Compounds Tested

NRDC ~149 (ug/ml) 4NQO (M)

Sample 0ox 2507 5007 10007 20007 40007 1073
1 48 80 82 70 41 40 1676

2 62 - sl 56 63 53 44 1763
3 87 75 66 57 46 37 1894
4 50 77 109 60 33 Y 1244

5 58 137 92 122 46 30 1684

6 103 78 81 45 70 41 1405
Mean 68 83 81 70 48 38 1611
sD 22 29 19 27 12 5 241

SE 9 12 8 11 5 2 98

*
Negative control and compound solvent, 0.5% DMSO.

t - .
Precipitates observed at all concentrations.

141



" PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY QF NRDC -149
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Mean

SD

SE

Table 110

Concentration of Compounds Tested

NRDC =149 (ug/ml) DMN (M)

o b 40 4007 40007 5 x 10-
119 133 106 129 100 682
112 132 110 99 110 670
116 131 132 89 108 717
62 164 140 133 134 336
107 140 122 113 113 §Ol
27 16 17 22 15 178
13 8 8 11 7 89

*

Negative control and compound solvent, 0.5% DMSO.

*Precipitates observed at 400 and 4000 ug/ml.
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Table 111

UNSCHEDULED DNA SYNTHESIS ASSAY OF NRDC-149 WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

NRDC-149 (pg/ml) DMN (M)
Sample 0¥ 250t soot 1000t 20007 4000 5 x 1072

1 58 68 39 53 56 58 526
2 74 57 48 . 41 67 62 427
3 60 51 56 52 90 60 329
4 81 69 59 58 61 65 350
5 60 73 83 50 65 56 449

6 59 50 54 59 57 73 --F
Mean 65 61 57 52 66 63 416
SD 10 10 15 6 12 6 79
SE 4 4 6 3 5 2 35

*
Negative control and compound solvent, 0.5% DMSO.

TPrecipitates observed at all concentrations.

*Sample lost.
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Table 112

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF PERMETHRIN
(dpm/ug DNA)

Concentration of Compounds Tested

Permethrin {pg/ml) 4NQD (M)

Sample o 2 20 2007 20007 1075
1 80 80 80 38 108 1450

2 55 52 90 127 87 1395

3 78 64 85 94 115 1039

4 85 88 106 121 121 415
Mean 75 71 90 95 108 1075
SD 13 16 11 40 14 476

SE 7 8 6 20 7 238

N ‘
Negative control and compound solvent, 0.5% DMSO.

+Precipitates observed at 200 and 2000 ug/ml.
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Fm e et st o A M ve s iie care wea re s

Table 113

UNSCHEDULED DNA SYNTHESIS ASSAY OF PERMETHRIN
(dpm/ug DNA)

Concentration of Compounds Tested

Permethrin {(ug/ml) 4NQO (M)

Sample ks 2507 5007 1000t 20007 4000t 1075
1 % 72 67 72 81 70 1361
2 57 90 73 - 88 62 74 1509
3 73 61 59 101 60 82 1418
4 58 57 79 70 63 93 1432
5 50 77 71 63 75 83 1745
6 60 83 69 57 64 62 1419
Mean 60 73 70 75 68 77 1481
SD 8 137 16 8 11 138
SE 4 5 | 3 7 3 4 56

*
Negative control and compound solvent, 0,5% DMSO.

t .
Precipitates observed at all concentrations.

+Sample lost.
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Table 114

PRELIMINARY UNSCHEDULED DNA SYNTHESTIS ASSAY OF PERMETHRIN
WITH METABOLIC ACTIVATION
(dpm/pg DNA)

Concentration of Compounds Tested

Permethrin (ug/ml) DMN (M)

Sample oF & 40 4007 4000t 5 x 10-°
1 119 105 -t 136 112 682
2 112 134 151 113 161 670
3 116 194 159 103 112 717
4 52 105 128 112 108 336
Mean 102 135 146 116 123 601
SD 27 42 16 14 25 178
SE 13 21 9 7 7 89

*Negative control and compound sclvent, 0.5% DMSO.
fPrecipitates observed at 400 and 4000 ug/ml.

*Sample lost.
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Table .15

UNSCHEDULED DNA SYNTHESIS ASSAY OF PERIETHRIN WITH METABOLIC ACTIVATICON
(dpm/ug Di'A)

Concentration of ('ompounds Tested

. Permethrin {vg/ml) DMN (M)

Sample s 15. 62.57 250" 10007 4000 5 x 107°
1 69 37 46 46 61 60 417
2 58 56 49 51 69 64 379
3 58 58 48 57 53 63 355
4 58 47 59 60 50 65 397
5 62 57 50 49 42 53 432
6 59 53 62 48 70 58 414
Mean 61 51 52 52 57 61 399
SD 4 8 6 5 L 4 28
2 3 2 2 5 2 11

*

Negative control and compound solvent, 0.5% DMSO.

TPrecipitates observed at 62.5, 250, 1000, ard 4000 yug/ml.
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Mean

SD

SE

Table 116

{(dpm/ug DNA)

Concentration of Compounds Tested

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF POLYRAM

Polyram (ug/ml)

* a
Negative control and compound solvent, 0.5% DMSO.

+Precipitate observed at 2000 ug/ml.

*

Sample lost.
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_0* 2 20 200 2000%

86 108 30 8 4
144 144 26 7 2
128 # 28 7 2
108 i 28 7 4
117 126 28 7 3

25 253 2 0.5 1

12 18 1 0.25 0.5

GNQO (M)
1075

1582

1559
1649
108

54



Table 117

UNSCHEDULED DNA SYNTHESIS ASSAY OF POLYRAM
(dpm/ug DNA)

Concentration of Compounds Tested

Polyram (ug/ml)

Sample 0* 0.8 2.0 5.0 12.3 31.3
1 96 58 g8 47 21 12

2 98 81 124 49 18 16

3 74 110 120 37 13 9

4 89 69 108 48 17 19

5 109 99 89 47 24 14

6 127 124 118 36 19 10
Mean 99 90 110 44 19 13
sD 18 25 14 6 4 4
SE 7 10 6 2 2 2

*
Negative control and compound solvent, 0.5% DMSO.
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4NQO (M)

10-°

1850

1954

2031

2077

2218

1281

1909

327

134



Table 118

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF POLYRAM
WITH METAROLIC ACTIVATION
{dpm/ug DNA)

Concentration of Compounds Tested

Polyram (ug/ml) DMN (M)

Sample o= 2 20 200 20000 5 x 102

L 99 99 106 62 4 368

2 121 118 109 86 3 397

3 120 74 104 36 2 387

4 141 132 107 50 5 38L
Mean 120 105 107 . 59 4 383

SD 17 25 2 21 1 12

SE 9 12 1 10 0.5 6

L

"Negative control and compound solvent, 0.5% DMSO.

tprecipitate observed at 2000 pg/ml.
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Table 119

UNSCHEDULED DNA SYNTHESIS ASSAY OF POLYRAM WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Polyram (ug/ml) DMN (M)

Sample 0¥ 12.5 25 50 100t 2007 5 x 1072
1 41 56 44 38 40 7 331
2 | 55 57 62 38 44 & 355
3 58 63 63 35 46 -6 349
4 50 51 45 48 42 11 370
5 64 49 44 52 48 8 340
6 92 67 50 63 50 10 409
Meén 60 57 51 49 - 45 8 359
SD 17 7 9 10 4 2 28
SE 7 3 4 4 2 1 11

*
Negative control and compound sclvent, 0.5% DMSO.

TPrecipitates observed at 100 and 200 ug/ml.
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Sample

Mean
SD

SE

Concentration ¢f Compounds Tested

Table 120

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF RESMETHRIN
(dpm/ug DNA)

Resmethrin (ug/ml)

47

67

55

56

*

Negative control and compound sclvent, 0.5% DMSO.

49
41
46
30

10

20
75
85
63
77

75

2007
77
89
73
85

81

TPrecipitates observed at 200 and 2000 ug/ml.

i52

20007
69
85
55
55
66

14

4NQO (M)

107°

1275

1302

1119

1438

1284

131

65



Table 121

UNSCHEDULED DNA SYNTHESIS ASSAY OF RESMETHRIN
(dpm/ug DNA)

Concentration of Compounds Tested

Resmethrin (ug/ml) 4NQ0 (M)

Sample “o* 100f 200 400t 00T 1600F 10-°
1 107 102 175 86 89 118 1832

2 85 263 78 150 97 91 1983

3 136 84 - 61 121 97 94 1800

4 188 112 211 166 121 81 1904

5 78 83 111 93 86 90 1870

6 76 60 160 90 114 85 1645
Mean 112 117 133 109 101 93 1839
SD 44 74 59 26 14 13 114
SE 18 30 24 11 6 5 47

*
Negative control and compound solvent, 0.5% DMSO.

+Precipitates observed at all concentrations.
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Table 122

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF RESMETHRIN
WITH METABOLIC ACTIVATION
{dpm/ug DNA)

Concentration of Compounds Tested

Resmethrin (ug/ml) DMN (M)

Sample ox & 40 4007 000t 5 x 107f
1 99 112 105 89 105 168
2 121 103 102 96 107 397
3 120 78 115 93 114 387
4 141 85 105 107 125 381
Mean 120 95 107 96 113 383
SD 17 16 6 8 9 12

SE 9 8 3 4 5 &

* g,
Negative control and compound solvent, 0.5% DMSO.

tPrecipitates observed at 400 and 4000 ug/ml.
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Table 123

UNSCHEDULED DNA SYNTHESIS ASSAY OF RESMETHRIN WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Resmethrin (ng/ml) DMN (M)

Sample 0¥ 2507 5007 . 1000t 20007 40007 5 x 1072
1 97 62 65 66 33 76 381
2 88 60 66 55 75 68 297
3 46 59 46 --F 50 52 298
4 90 55 52 68 56 74 332
5 105 58 45 73 64 81 321
6 71 56 56 44 53 48 313
Mean 83 58 55 61 55 66 324
SD 21 2 9 12 14 13 31
SE 9 1 4 5 6 5 13

*
Negative control and compound solvent, 0.5% DMSO.

+Precipitates observed at all concentrarions.

*Sample lost.
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Table 124

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF SUMITHRIN
(dpm/ug DNA)

Concentration of Compounds Tested

Sumithrin (ug/ml) 4ANQO (M)

Sample o* 2 20 2007 20007 1077
1 53 51 80 76 96 1275

2 47 59 93 85 54 1302

3 67 57 82 86 84 1119

4 55 62 96 100 98 1438
Mean ‘56 57 88 87 83 1284
D 8 5 8 10 20 131
SE 4 2 4 5 10 65

*
Negative control and compound solvent, 0.57% DMSO.

*Precipitates observed at 200 and 2000 pg/ml.
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UNSCHEDULED DNA SYNTHESIS ASSAY OF SUMITHRIN
(dpm/ug DNA)

Table 125

Concentration of Compounds Tested

Sumithrin (ug/ml) 4NQO (M)

Sample 0" 15 44 1337 400f 1200t 10-°
1 65 104 92 102 91 90 1838

2 54 105 99 109 125 79 1776
3 97 128 133 96 82 107 1814

4 77 101 83 91 89 102 1681

5 81 97 87 130 79 131 816

6 63 84 100 93 94 129 1913
Mean 73 103 99 104 93 107 1639
SD 15 14 18 15 16 21 411
SE 6 6 7 6 7 8 168

*

Negative control and compound solvent, 0.5% DMSO.
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+Precipitates observed at 133, 400, and 1200 ug/ml.



Table 126

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF SUMITHRIN
WITH METABOLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested

Sumithrin (pg/ml) DMN (M)

Sample _o* b 40T 4007 4000t 5 x 1072

1 99 88 87 97 114 368

2 121 97 93 106 110 397

3 120 110 89 105 131 387

A 141 115 120 138 119 381
Mean 120 102 97 112 119 383

SD 17 12 16 18 9 12

SE 9 6 8 9 5 6

KNegative control and compound sclvent, O0.5% DMSO.

Tprecipitates observed at 40, 400 and 4000 ug/ml.
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Table 127

UNSCHEDULED DN.. SYNTHESIS ASSAY OF SUMITHRIN WITH META3OLIC ACTIVATION
(dpm/ug DNA)

Concentration of Compounds Tested
Sumithrin (ug/ml) DMN (M)

Sample 0% 2507  500¢ 10007 20007  4000F 5 x 10=°
1 97 68 51 75 68 60 381
2 88 64 59 51 65 51 297
3 46 69 69 52 70 66 298
4 90 96 55 56 83 51 332
5 105 54 47 65 59 49 321
6 71 65 46 84 60 63 313
Mean 83 70 54 64 68 57 324
SD 2 & 9 14 9 7 31
SE 9 6 } 4 6 4 3 '3
*Negative control and . -ound solvent, 0.5% DMSO.

+
Precipitate observed at all concentrations.
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Table 128

FIRST PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASAY OF ZINEB

(dpm/ug DNA)

Concentration of Compounds Tested

Zineb (pe/ml)

Sample _O* il 20t 2007 20007
1 53 13 3 1 1
-2 47 5 4 2 2
3 67 2 1 4 1
4 55 2 2 2 2
Mean 56 5 2.5 2 1.5
SD 8 5 1.2 1.2 0.6
SE 4 2.5 0.6 0.6 0.3
*

+ . .
Precipitates observed at all concentrations.
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Nugative control an& compound sclvent, 0.5% DMSO.

4NQO (M)

10~=°

1275
1302
1115
1438
1284
131

63



Table 129

SECOND PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF ZINEB
(dpm/ug DNA)

Concentration of Compounds Tested

: Zineb {pg/ml) 4NQO (M)

Sample “o* 0.016 0.08 0.4 7.0 10-5
1 107 156 94 112 95 1832

2 136 117 102 92 73 1983

3 85 156 106 77 90 1800

4 78 168 60 98 113 1904
Mean 102 149 91 95 93 1879
SD 26 22 21 15 16 81
SE 13 11 10 7 8 41

*
Negative control and compound solvent, 0.5% DMSO.
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Table 130

UNSCHEDULED DNA SYNTHESIS ASSAY QF ZINEB

(dpm/ug DNA)

Concentration of Compounds Tested

Zineb (ug/ml)

Sample 0¥ 0.05 0.19 0.75 3.0 127
1 65 64 63 89 77 19
2 54 64 63 68 84 24
3 97 46 80 68 156 23
4 77 70 . 95 79 87 20
5 81 74 80 93 94 19
6 63 98 52 109 82 14
Mean 73 69 72 8 97 20
SD 15 17 16 16 30 4
SE 6 7 6 7 12 2

*Negative control and compound solvent, 0.5% DMSO.

+Precipitate observed at 12 ug/ml.
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4NQO (M)

10-5

1838
1776
1814
1681

816
1913
1639

411
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Table 131

PRELIMINARY UNSCHEDULED DNA SYNTHESIS ASSAY OF ZINEB

Mean

SD

SE

Concentration of Compounds Tested

WITH METABOLIC ACTIVATION

(dpm/ug DNA)

Zineb (ug/ml) DMN (M)

0% 2 20 2007 20007 5 x 1072

99 125 91 11 0 368
121 120 102 11 0 397
120 --* 128 7 2 387
141 104 127 9 2 381
120 116 112 10 1 383

17 11 18 2 1 12

9 5 9 1 0.5 6

k]

Negative control and compound solvent, 0.5% DMSO.

+Precipitates observed at 200 and 2000 pg/ml.

#Sample lost.
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Table 132

UNSCHEDULED DNA SYNTHESIS ASSAY OF ZINEB WITH METABOLIC ACTIVATION
' (dpm/ug DNA)

Concentration of Compounds Tested

Zineb (ug/ml) DMN (M)

Sample 0* 12.5 25 50 100f 2000 5 x 1072
1 41 45 49 52 102 10 331
2 55 52 50 51 62 19 355
3 58 73 47 65 122 14 349
4 50 49 61 48 106 16 370
5 b4 55 55 42 87 25 340
6 .92 60 72 43 102 24 409
Mean 60 56 56 50 97 18 359
SD 17 10 9 8 20 6 28
SE 7 4 4 3 8 2 11

*
Negative contral and compound solvent, 0.5% DMSO.

1-l='1:ecipit.;u:es observed at 100 and 200 ug/ml.
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Table 133

SECOND UNSCHEDULED DNA SYNTHESIS ASSAY OF ZINEB
WITH METABOLIC ACTIVATION
(dpm/ig DNA)

Concentration of Compounds Tested

Zineb (ug/ml) DMN (M)

Sample o* 51t 71.4T 100t 1s0F 196t 5 x 1072
1 58 65 73 67 14 --F 315
2 58 62 62 86 27 7 314
3 75 68 104 --F 22 7 386
4 58 62 70 76 12 5 372
5 70 6l 79 75 28 --F 317
6 70 86 93 89 13 -1 279
Mean 65 67 80 79 19 6 330
SD 8 9 16 9 7 1 40
SE 3 4 6 4 3 1 16

*

Negative contrel and compound solvent, 0.5% DMSO.
+

"Precipitates observed at all concentrations.

*Sample losct.
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