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Please find attached the Toxicology Chapter for the
Mancozeb Registracion Standard, consisting of the follow1nc
sections:

A. Toxicclogy Executive Summarys;

B. Toxicology Profile (FIFRA Subdivisicn F, 40 CFR
158.135, Series 81 through 85);

C. Summary of Data Gaps;
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605425
Teshn.c-. mincczel is relatively nontoxic on an acute basis,
as dero:.t:. . " i:n zdeguate acute toxicity studies (TOXICITY
CATESCRTE S 1717 'tz 1V

Adecuat. suhchronic studies (90-duy) indicate mancozeb
induces minimsl etfects on the rat thyroid (the assumed principal
target crgan! v the dietary route at 250 ppm. (= 18.75 mg/kg/day).,
and in the deg ax 5000 ppm (= 125 mg/kg/day), generating no-effect
levels of 12% ppm (= 9.375 mg/kg/day) and 1000 ppm-{= 25 mg/kg/day),
respectively. However, lower nonthyroid effect levels were also
found in thes~ fecding studies, namely, renal tubular degeneration
at 125 ppm in male rats (NOEL = 60 ppm, or 4.5 mg/kg/day), and
corticai lymphcic depletion in the thymus as well as prostatic .
hypogencsis in docs at 1000 ppm (NOEL = 100 ppm, or approximately
2.5 to 3.0 ms no-osv). Adequate data from long-term (2-year)
StuUGivs Lot :..._¢ =ftects/oncogenic potential (to satisfy
current vu--‘:izrs reguirements) are not available, in order to
ascertzia the persistence or toxicological consequences of these
effects (bot:. thyroid and nonthyroid). However, older (1965

ci.re

<

aqty

but inaceguate chronic studies { judged SUPPLEMENTARY DATA) have
S reported dooresssd 1131 yptake and thyroid hyperplasia in dogs
fed 1000 pprm -or 2 years, also generating a NOEL of 100 ppm.

-

e

% 9u-dz- nwalation study with mancozeb is also available
which inzic-tzz the presence of granular pigment in renal tubules
of rats expos.< t< a nominal concentration of 80 mg/m3 (correspond-~
ing to : res-iczlle concentration of 36 mg/m3), with a NOEL of
20 mo/r nvy oo ‘T mo/m3 respirable), which is a dese lower than
that at which reduction in T4 levels and hyperplasia of thyroid

foilic P.lio~ wers recorded (i.e., 320 mg/m3 nominal, or
144 ng/n ¢ irztle). Data from comparable dermal studies are
not &: += £ 7ine the risk for this route of human exposure;
ade . fro~ parcutaneous absorption (dermal penetration)
tes zeizl rzzuired.

sugt- stucies defining reproductive effects are also not
aveilstyl- ., - - =ldsr (1965) supplementary study reported reduc-
tion in fertility at the highest dose tested, 1000 ppm (NOEL =

100 ppr, or zgproximately 5 mg/kg/day), but no other parental,
reproductive, o. fetal effects at this level. Thyroid effects
(increascd relative organ weight, lower PBI and hyperplasia)

were recordeé after 3 months feeding diets containing 1000 ppm
mancozeb to the F1b (Fa) generation of this study, but no such
effects at 30U ppm (approximate intake, 15 mg/kg/day). Adequate
data from a rat teratology study reported fetal and teratologic
effects only zt doses higher than that causing maternal toxicity
(A/D ratio = C.25); an older (1968) inadequate rabbit study
(SUPPLEMENTAL: DATA, which the company js replacing), recorded
only slight decreases in maternal weight at the higher (of two)
doses tzsted, 250 mc/kg/day, but no other clinical, fetal or
teratogenic eftects .(provisional A/D ratio = 0.1).
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Except for direct (primary) DNA repair (only one inconclasive
study, reporting presumptively positive UDS in rat hepatocytes,
which should be repeated), adequate genotoxicity studies record
mancozeb to be negative for both bacterial and mammalian gene
mutations, negative for in vivo chromosome damage (but positize

in one in vitro sister-chromatid exchange assay), and negative

for in “Ttro mammalian c¢ell transformation.  Requirements for
promotlon assays were not satisfied by the unacceptable studiss
submitted for both mancozeb and ETU.

Adequate metabolism studies in rats with radioactively
labeled (C~14) mancozeb demonstrate that the EBDC is rapidly
absorbed from the gut and excreted in approximately equal porzions
in urine and feces (and to .a much lesser extent in bile), accymu-
lating in a number of major organs (with the highest accumulazion
in the thyroid). Residue analysis for ETU detected measurabls
amounts only during the 24 hours following a 100 mg/kg dose,
averaging 1 ppm in thyroid and 0.66 ppm in liver.

Since there are no adeqguate chronic studies to support
the tolerances previously established for mancozeb, only the
subchronic studies recently submitted (and judged fully satisfac-
tory by current regulatory Guidelines) can be used as reference
doses. Thus, a PADI has been drawn from a NOEL of 3 mg/kg/day
in the 90~day dietary dog study, which thus occupies 94Cs of the
current TMRC (applying a 1000 SF). This is supported by an older
(CORE SUPPLEMENTARY) study in dogs generating a comparatle NOIL

(= 100 ppm) based on thyroid effects at the next highest dose
level (1000 ppm):

In addition to the necessity for tolerance reassessnment,
several other major issues from this evaluation of available Zata
on technical mancozeb concern the uncertainties regarding:

1. Whether toxicologically effective concentrations of ITU
(an acknowledged goitrogen, teratogen, and oncogen) can
be generated from human exposure to this EBDC via the
three major routes {dietary, inhalation, and dermal).

2. Whether derivatives other than ETU contribute to risk
for nonthyroid human organ systems, as demonstrated by
subchronic animal studies to date, and by the apparezt
species~specific sensitivities so far recorded in oléer,
less~than-adequate chronic studies.

3., Whether one, or several, mechanism(s) of action need be
-defined to explain the variable results of toxicological
assays to date, specifically the effects seen in a number
of nonthyroid organ systems and tissues. These concerns
can only be resolved by the submission of fully adequate VN
long-term/lifetime studies. B
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B. TOXICOLOGY PROFILE

[According to the Federal Insecticide, Fungicide,
and Rodenticide Act Pesticide Assessment Guidelines,
Subdivision F, 40 CFR 158.135, Series 81 through 85]




Series 81: ;Acute Toxicity and Irritation Studies

Except for dermal,sensitization, adequate studies exist to
define the acute toxicity of both mancozeb technical (typically
80% ai #) and various forms of manufacturing-use products
(containing approximately 35% ai). The majority of these assays
(sumarized below and in One-Liners, Section H) indicate this EBDC
presents little or no acute hazard potential (Toxicity Category
I1I or 1IV); only one 35% MP formulation presented results which
could be considered moderately toxic (Toxicity Category 11} for

acute inhalation and eye irritation {(submitted under Accession
Nos. 244505 and 244298.

No further studies are required at this time for acute oral,
acute dermal, acute inhalation, primary eye, and primary skin
irritation. Bowever, the absence of any testing for dermal

sensitization makes this type of study required for both the TGAI
and current MP formulations. -

Series 82: Subchronic Testing

In response to the Data Call-In Hotice of October 19, 1984,
recently submitted 90-day studies have been found to satisfy:
data requirements for subchronic testing in the rat cné dog by
the dietary rcute, and in the rat by inhalation.

82=1: Oral (Rodent, Nonrédent) Studies

When fed to Spraque-~Dawley rats at levels of 0, 38, 60, 125,
250 and 1000 ppm (a seventh group received 250 ppm ETU), no gross
clinical effects or histological changes 1in the thyroid were
reported at levels of 250 ppm or below; depressed body weight
and changes in hormone levels accompanied by diffused hyperplasiz
of thyroid follicular epithelium were recorded in 1000 ppm males
and females (MRID IMM203). However, slight but significant
depression of T4 levels also occurred in females fed 250 ppm;
hence, the NOEL for thyroid effects is 125 ppm (= calculated
intakes of 7.9 and 9.2 mg/kg/day for males and females, respec-
tively). Residue analysis for ETU in mancozeb-treated animals
revealed none in blood, but dose~related increases in urine
(from 0.3 ppm at the LDT to 10 ppm at the HDT, i.e., a 1% conver-
sion), and thyroid (< 4 ppm at 30 ppm mancozeb to 25 ppm at 1000
ppm mancozeb, i.e., at least a 2.5 percent conversion). Although
discounted by the authors as being compound-related, deposits of
yellow=-brown pigment were present in the lumen of renal cortical
tubules at all doses above 60 ppm (both sexes), accompanied by
an increased incidence of multifocal cortical tubular degeneration
in 125 ppm mancozeb males. The authors suggested these granules
were deposits of the excretory metabolite, ethylenebisisothiocyanate
sulfide, or EBIS (none were found in ETU animals). Based upon
these histopathological changes in kidneys at levels of 125 ppn
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and ‘above, the systemic NOEL for mancozs: {2 set at 60 opnm,
equivalent to calculated intaces »f 3.5 -3 <z day . in males ang
4.4 mg/ka/day in females. Finally, comz:.-z-relzted effects in
250 ppm ETU~treated animals were ZSenerz..: :z:cmparable to those
observed at 1000 ppm nancozeb.

A comparable subchronic study was -zrizrmed in beagle dogs
fed diets. for 13 weeks containing 0, 11, ..., 1030, anc 5000 pm
mancozeb (but there w23 no ETY groua)(m::"-:ﬁnzosx. Significanz
clinically toxic effects Wwere noted only at the iwo highest dozs
levels, namely, doge~related anorexia z72 <Zenydrzcion (two malses
and one female at 5000 ppm had to be sz:zrificed in extremis
during the course of the study), decrezsei Zood E3hsumpf10h ani
body weight loss (especially in females . Zeduction in red cell
mass and related values were 2lso notec In nigh-cose animals of
both sexes, as well as: (i) histomorpnclzgizal evidence of hypc~
thyroidism; (ii) pallor in the zona fazsc:icuiata of adrerals;
(iii) hypoplasia of gonads and sex orzzns “sspecially prostatic
hypogenesis in males); and (iv) cortizz. _vmphoié depletion in
the thymus.  Since scme 1000 ppm animz_:z :.so manifested these
effects, the overall systeaic MNOEL is Zszzzrmined to be 00 ppnm,
equivalent to calculated intakes of =z :-:;;ﬁate-g 3.0 mc/kg/day

for males and 3.4 mg/xg/day for femz_ecs. ased :non thvroigd
effects only at the EZT (follicular :zsl. .J*erp zsia, decreased
T3/T4, and related hypercholesterolc*;: znd aypersilirubinenial,

a HOEL for this organ may be set at _.l. opm (29 mg/kg/cay for
both sexes).

-~
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A 90-cday dietary study in CD-1 -_:z: nas been submizzed
in which animals were fed mancozeb z- _zwslsz of ., 10, 100,
190U, and 10,090 ppm {MRID IMMZO06, > :szsz.:z- lic. 239888,
Doc, 4005038). Increzsed incidence: -Z z-wra2id f:llicular

=i

34

cell hyperplasia/hyperctrophy and decr=zs<. =.: aminzzyriasz
i-demethylase activity were rezported at 1i06. Coamd mittz
thus providing a provisional NHOEL of 100 ppm, Tzlar o
calculated intake of approxinately 18 mg/kg/Za. .

22 mqg/kg/day for females.

Mo further subchronic oral studies in rodernzs »sr ninroifenczs
are required at this zime.

8§2-2/82-3: Dermal (2l-day/90-day) Studies

tlo adequate subchronic dermal studies were =zvailable for
review. One clder (1265) subacute schecule involived the daily
application of 5000 mg/kg of an uncharacterized techniczl
{undiluted "Zimaneb,” stated zo contain 80% ai) Zor 5 days

to the clipped abdomens of four male andé four female. ra:olts
(half of whom were abraded), without clinical ef’ects

(MRID 047146)."

,
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geate 2l1-day uermal €ata ara reguired to
aneous and svstemic effects of longer
chnical mancozeb. :

A ssries =f ,i quate studies invslving repeat schedules of
ra=z =x>ised t: nancozed technical has recextly bsen submitted
(MEIZ ImZ2335).

£in~ a 2-seek range-~finding study fesigned to determine
evels ané mode of exposure, Ssragse—-Dawley rats of both
‘sex/group) were exposed "nose-only® to target (nominal)
ancentrations of 0, 20, 80, and 32“.:ng/mJ (6 hrs/day, .5
for & projectea 13 weeks), correszending to respirable
vz=insng 0f 2, 8, 36, and 144 m"/m3. respectively. After 4
¢ sxposure siqnificant reducticns wers noted for h‘gh-do
ai;ltlonallv, after 13 weeks' treatmsat, reduction in T4
ir nigh-dose females were recorded, zccompanied by hyper- -
5% follicular epithelium. Residue tissue analysis at
!blcc:, urine, thvroids) revealed izcreasing (mancozeb
ed), concentrations of ETU in wrine and thyroid,
n Zfamzles. The presence of yellzw-orown granular
1 tubules of both high-dose znd mid-dose males
oted. Based upon these rerzl inclusions (which
form 5 of kidney urolithiessis), the systemic
ned to bz the LIT, nominally 20 mg]m3 (= 8 mg/m
i1+ the thyroié HOEL is 80 mgfa3 ncminal (= 36
y. %o further inhalation stzdies are required
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z:=1: Zrronic Toxicity Studies

= 1965 report, weanling Wistar albinc rats (25/sex/group)
Sithare M-45 tachnical (86% ai) at levels of 0, 25, 50,
1000 pom in what was projected to £e a 2-year sthdy

:3). Dburing zhe first 6 nonths, trzated males and

ware mated twice to pravide animals *or a three-generation

isn study (discussed below), then tresatment was continued

Eo‘-;“ these matings. The study, however, had to be terminated
at 3% <s (21 months) because of excessive mortality in all

gr-;:_. %3 clinicel effects or gross lesions were described in

the £inzl rnp0tt which ~ould have contributed relevant information

prere~=in: completion of the projected schecule for this study;

the ==y significant finding reported <as thyroid hyperplasxa

in =i=h-Z2se (1000 ppm) animals of both sexes, as well as in a
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few males at each of the lower doses {including the LDT).

Since neither individual animal nor climical chemistry data were-

provided, and insufficient numbers of «nimals were examined
histopathologically, this study is classified CORE-SUPPLEMENTARY.

During the same period, the same laboratory also conducted
a 2~year study in beagle dogs (4/sex/group)’ fed a Mazola/cod
liver oil mixture of mancozeb at levels of 0, 25, 100, and 1000
ppm (MRID 080514).  ©No clinical toxicity was reported at any dose,
bocdy weight gains and food consumption were unaffected by treatment.
and all hematological and clin1ca} chemistry values were normal,
except for consistently lower Il uptakes recorded in high-dose
aninmals. Only summary bistopathaloglcal data were available at
the time of this review (included as Table 17 of the Final Report),
which indicate focal hype-plasia in the thyt01d of one mid-dose
(100 ppm) male, and Grade~l hyperplasia in two high-~dose (1000

ppm) animals (one male, one female) both of which had lower than
control 1 values.

Although no individual animal data were included in the
final report of this study (in addition to other deficiencies,
allowing only grading of CORE SUPPLEMENEARY according to current
Guidelines), this study is otherwise mimimally adequate in all
other respects. Thus, based upon these thyroid effects at 1000
ppm, a provisional NOEL of 100 ppm can %e substantiated (eguivalent
to an actual intake of 2.5 mg/kg/day), ctonsistent with the systemic
NOEL of 3 mg/kg/day cemonstrated in the fully adecuate 90-dayv dog
studv discussed above.

An adequate rat chronic study and = new dog chronic study
(or further information supporting the =t dy oa file} are requirss

83-2: Oncodenicity Studies

No studies assessing oncogeaicity in rodents were available
for review. :

Oncogenicity studies in both rats znd mice are required for
continued registration of mancozeb.

83-3: Teratology Studies

An adequate rat teratology study hzs been submitted
(MRID 093929), and the following develoymental toxicity parameters
defined:

Maternal toxicity: NOEL 32 mg/kg/day

wou

LEL 128 mg/kg/day (decreased

ZOdy weight)

Fetal toxicity: NOEL = 128 mg/kg/day
LEL = 512 wmg/kg/day (increased

resorptions)
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Teratogenic effect: HNOEL = 128 mg/kg/day

. LEL = 512 mg/kg/day (dilated
ventricles, spiaal cord
hemorrhage, delayed/
incomplete ossification
of skull skull and ribs)

A/D Ratio = 32 = 0.25
' 128

In the came study, 50 mg/kg/day ETU decreased fetal weight,
induced kidney and CNS lesions, and decreased ossification of
skull and vertebrae.

An older (. 368) rabbit study (MRID IMMZ207) employed three
groups of Mew Zealand White female rabbits orally intubated
at 0 {corn oil), 2%, and 250 mg/kg/day (10 rabbits each), and
reported only a slight decrease in maternal weight at the HDT,
but no maternal or fetotoxicity, and no gross or histological )
developmental abnormalities. The teratology phase, however,
had an insufficient number of animals per dose group and has
been classified CORES-SUPPLEMENTARY Data; hence, a new rabbit
study is required.

83-4: Reproduction

An acdequate study assessing reproductlve effects of
manecozeb over at least two generations is not available.
However, four of the five groups of young Wistar rats which
were deinc fed mancozeb for a projected 2-year period (MRID
080713) at levels ot 0, 25, 100, and 1000 ppm were mated twice
(the 50 ppn group was not mated) to provide the Fja and Fib
for a proiected three-generation reproduction study (2 litters/
generation, 20 matings each) (MRID 080715). Although individual
animal data Wwere not available, and only pooled summary results
presented in the Final Report, no apparent clinical clinical
or reproductive effects were reported at any level, except for
reduction of fertility (percent mated females that became preqg-
nant) at the HDT. No fetal values were reportedly affected,
and no histopathological lesions attributable to treatment.
Hence, provisional reproductive toxic1ty parameters may be
set as follows:

Parental clinical NOEL > 1000 ppm (= 50 mg/kg/day)
Reproductive NOZL = 100 ppm (= 5 mg/kg/day)
LEL = 1000 ppm (decreased
fertility)
Fetal ‘ NOEL > 1000 ppm
. 1¢
-
{,



In an addendum to this series of reports (MRID 080713/
080715), thyroid effects were examined in 15 males and 15
females from the Fjb (Fa) generation after 3 months on
diets containing 100 and 1000 ppm mancozeb, and in an addi-
tional intermediate dose group treated at 300 ppm mancozeb
for 3 months. As positive controls, a further group of 10
Fpa weanlings of each sex were were fed 300 ppm of the known
goitrogen, propylthiourea (2TU) for the same period of time,
and additional Fja weanlings originally on control diets were
placed on 1333 ppm PTU for the last 5 weeks of the same 3-month
period. Only PTU-treated animals, and to a much lesser extent
those on 1000 ppm mancozeb manifested thyroid dysTunction, as
evidenced by increased relative organ weight, lower PBI, and
hyperplasia; no such thyroid effects were observed in either
300 ppm or 100 ppm mancozed animals (respective intakes = 15
and 5 ©g/kg/day).__Further, only PTU-treated rats showed
markedly lower 1 1 uptakes but, despite the presence of
severe thyroid hyperplasia, no changes in PBI values.

A new reproducticn study is required, failing the registrant
providing data from the older study, as indicated above.

Series 84: Mutagenicity

Except for direct (primary) DNA damage/repair (84-2.3),
requirements for the basic set of mutagenicity assays for the
other categories of genetic effects have been satlsfled by the
followxng ACCEPTABLE data (MRID IMMZ208).

Series Assay Tyoe Ies; Systen Reported Result
84~2.1 Gene nutation Ames (Rat S$-9) Hegative

Gene nutation Ames (Mouse S-9) Negative

Gene mutation HMA (House) Negative

Gene nutation CHO cells Negative
84-2.2 | Chromosome damage Rat BM Negative

Chromosone damage CHO/SCE Positive
84~2.4 |Other mechanisms Transformation NegativeA

Briefly, mancozeb is negative for gene mutation in both
bacterial (Salmonella-Ames Tests and host-mediated assays) and
in vitro mammalian cell (Chinese hamster ovary cells, testlng
at the HGPRT locus) systems, for chromosome damage in vivo
(rat bene marrow cells), and in one mammalian cell transforma-
tion assay (mouse C3H 10T 1/2 cell cultures), but positive for
sister-chromatid exchanges in CHO cells in vitro.-

An assay for unscheduled DNA synthesis (UDS) in primary
rat hepatocyte (HPC)-cultures was classified inconclusive and 17

et
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must be repeated, because of uncertainties in the validity of
the presumptive positive result generated (e.q., the apparent
increase in net nuclear grain counts was compromised by a
rather high background, presumably due to cytotoxicity).

Further, the Data Call-In Notice of January 17, 1983
concludlng the Special Review for the EBDC required the submig-
sion of adequate data for in vitro mammalian cell transformatlon/
promotion. The negative studies submitted for this requirement
(for both mancozeb as well as ETU) were judged UNACCEPTABLE
because the assays were conducted at only one dose, which may
have been insufficient to conclude the test materials were not
in vitro promoters.

Series 85: Special Studies

85~1: Metabolism

Also in response to the Data Call-In Notice of January 17,
1983, an adequate metabolism study in rats has been submitted
(MRID IMMZ09). As reported in 3 parts, groups of 3 to 5 young
adult (6-weeks old) Spraque-Dawley rats of both sexes were given
single oral doses of either 1.5 (low-dose) or 100 (high~dose)
mg/kg *%C-mancozeb (in one group, following 2-week dietary
administration of 15 ppm unlabeled mancozeb), and total radio-
activity and excretion of metabolites as well as residues of
both the EBDC and ETU in selected tissues, determined at selected
time periods up to 96 hours. Mancozeb appears to be rapidly
absorbed from the gastrointestinal tract, distributed to target
organs (highest accumulation of radicactivity found in thyroid
within 24 hours), and excreted (by non-linear kinetics between
low- and high-dose) almost totally by 96 hours. Residues of ETU
in the thyroid averaged 1 ppm during the 24 hour period following
the 100 mg/kg mancozeb dose (none were detected in low-dose
animals), but was below the level of detection (0.012 ug/sample)
thereafter, liver ETU residues averaged 0.5 ppm 6 hours after
1.5 mg/kg mancozeb, and 0.66 during the 24 hours following 100
mg/kg, and undetectable (limit = 0.014 ppm) thereafter.

85-2: Domestic Animal Safety

In the only available study (MRID 129288, dated October
1970), mancozeb was fed to male and female broiler chickens
(of unstated strain) for 8 weeks at levels of 0, 0.02%, 0.10%,
and 0.20% (0, 200, 1000, and 2000 ppm, equivalent to approximate
intakes of 0, 30, 150, and 300 mg/kg/day). Deaths, severe dose-
related clinical toxicity, less body weight gain, and increases
in relative organ weights for both thyroids and livers were
reported at both mid and high levels, but selected hematological
values were comparable in all groups. Follicular enlargement,
colloid accumulation, and fused or cystic irregular follicles
were pronounced in high-dose birds, but were also recorded in
a few birds fed 0.l% mancozeb diets. Hence a provisional HOEL
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of 0.02% (200 ppm) :ay be set for this study. Since no individual
animal data were provided, and no reporting on neural histology,
however, this study is considered SUPPLEMENTARY DATA.

85-3: . Dermal (Percutaneous) Absorption/Penetraiion

Also in response to the Data Call-In Notice of January 17,
1983, the registrant submitted a dermal penetration study in
which 10 mg of commercial Dithane M-45 (8.3% ai, containg 0.043%
ETU) was applied to a 20~-ca? shaved area of the dorsum of adult
female Sprague-Dawlev rats, and secured in place under an elas-—
tic bandage for 6 hours (MRID 127950). Calculation of residues
in urine and feces collected over the 6-hour exposure time and
18 hours later (following termination of treatment), permit a
general value of 1% absorption to be utilized. Since only one

dose was employed, however, the maximum absorption rate cannot
be determined.

A study using teschnical mancozeb must be submitted to
satisfv regulatory vesquirements.

Human Studies

Two reports are available monitoring potential effects of
human mancozeb exposire.

In one undated survey of unstated source {(cited as
Document #003244 in 2 memorandum: Coberly to Nash, March 6,
1968), 54 manufacturing plant workers were subjected to physi-
cal examinations, bizod studv, and urinalysis over a period of
8 moaths (MRID 130632). This group continued in good physical
health over this period of time without any reported thyroid,
respiratory, gastroiztestinal, or skin manifestations that
coulZ be attributeéd = mancozeb. These men were presumably
exposed to greater czncentrations of mancozeb than would be
encountered by agrizzltural workers handling and applying the
same material, althcugh no exposure levels accompanied this
report. .

In the second {®"Report of the Analysis of Dithane M-45
and ETU . . . in Urine Samples from Applicators and Mixer-
Loaders . . . in Ohio" by R.O. Mumma et al., Penn State
University, February 17, 1983, as TB Document 004726), ETU,
but not the parent nancozeb, was detected in the urine of
_aerial applicators (pilots) at a level of 0.2 ppm (MRID 130638).
These trials were cecnducted in Michigan and Minnesota; the
urine of mixer-loaders was negative. All trials in other
states were negative. These results suggest that agricultural
use of mancozeb, ané probably other EBDC's, results in & least
some applicator expesure to the parent compound and the common
metabolite, ETU. OQuantification of this exposure, however,
w>s also not possible.from these data.

10 1.
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Based upon review and evaluation of available data, EPA does
not have adequate data for the following which are required to be

submitted under FIFRA 3(c)(2)(B):

For the TGAI: Dermal sensitization 3
Subchronic (21~-day) Dermal Study
Subchronic (90-day) Dermal Study
Chronic Toxicity Study - Rodent
Chronic Toxicity Study - Nonrodent
Oncogenicity Study - Rat
Oncogenicity Study - Mouse
Teratology Study - Rabbit
Reproduction Study -~ Rat .
Mutagenicity - DNA damage/repair
Mutagenicity - Promotion

Dermal {(Percutaneous) Absorption

For Current MP's: Dermal sensitization

Ny e
- 0035452

(81-6)
(82-2)
(82-3)
(83-1)
{83-1)
(83-2)
(83-2)
(83-3)
(83-4)
(34-2.4)
(85-3)

(81-6)
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D. TOLERANCES
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TOLERANCE REASSESSMENT
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D.  TOLERANCE REASSESSMENT

Mancezub is registered for use as a seed treatment for
cotton, and as a fungicide for diseases affecting a wide varisty
of ground and tree fruits, field and garden vegetables, nuts,
and cereal grains. Tolerances ranging from 0.1 to 10 ppm have
been set for these croup groups and 0.5 ppm as secondary limits
for kidney and liver (see attached), providing a TMRC (1.5 kg
diet, 60 kg bwt) of 0.028296 mg/kg/day. Although there are nu
adequate chronic studies t¢ support a firm NOEL in order to
determine an ADI (especlally in the rat), a PADI can be drawn
drawn from the lowest NOEL's found in both the recently submi:-
ted subchronic dietary dog study (MRID IMMZ04, discussed abovs:
and memorandum: . Mauer to Farmer, dated July 20, 1986), as well
as the older chronic dog study (MRID 080714), i.e., in the raamge
of 2.5 to 3 mg/kg/day. Applying a thousandfold safety factor
to the NOEL derived from the subchronic dog study a PADI of
0.003 mg/kg/day can be calculated. The current occupancy by
the TMRC of this PADI exceeds 940 percent (0.028296 0.003C =
9.432).

14
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TOXICOLOGY BRANCI ADI PRINTOUT
THE FOLLOWING INFORMATION WAS SUPPLIED BY THE USER:

Date: 06/11/86¢

-

Chemical name: MANCOZEB = MG/KG
Caswell #915A Safety factor =
CFR No.

RESIDUE CONTRIBUTION OF PUBLISHED TOLERANCES

TOLERANCE PETITION  FOOD
CROP (PPM) NUMBER FACTOR  MG/DAy

2 Apples 7,000 2.53 0.265650000
5 Asparagus 0.100 0.14 0.000210000
7 Bananas 0.500 1.42 0.010650000
8 Barley 5.000 0.03 0.002250000
24 Carrots 2.000 0.48 0.014400000
28 Celery 5.000 0.29 0.021750000
39 Corn, pop 0.500 0,08 0.000600000
40 Corn, sweet 0.500 1.43 0.010725000
41 Cottonseed (0il) 0.500 0.15 0.001)25000
42 Crabapples 10.000 0.03 0.004500000
44 Cranberries 7.000 0.03 0.003150000
46 Cucumbers, including pickles 4.000 0.73  0.043800000
66 Grapes, including raisins 7.000 0.49 0.051450700
68 Corn, grain . (fielda corn) 0.100 1.00 0.001500000
92 Melons ’ ) 4.000 2.00 0.120000000
102 oOats . 5.000 0.36 0.027000000
106 Onions, dry bulb . 0.500 0.72 0.005400000
109 Papayas . 0.000 0.03° 0.000000000
115 Peanuts : 0.500 0.36 0.002700000
L16 Pears - 10.000 0.26 0.039000000
132 Quinces 10.090 0.03 0.004500000
40 Rye 5.000 0.03 0.002250000
.54 Sugar, cane and beet 2.000 -3.64 0.109200000
.55 Summer squash . 4.000 0.03 0.001800000
63 Tomatoes 4.000 2.87 0.172200000
.70 Wheat ) 5.000 10.36 0.777000000
03 Kidney 0.500 0.03 0.000225000
11 Liver - 0.500 0.03 0.000225000
14 FENNEL- 10.000 0.03  0.004500000
TMRC . %
0.028296 mg/kg/day (60kg BW, 1.5kg diet) fahb AR 2 AL 22T ST 2 TE LI
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RESIDUE CONTRIBUTION OF TOX-APPROVED TOLERANCES

TOLERANCE PETITION , FOOD
(PEM) NUMBER FACTOR  MG/DAY

No tox-approved tolerances are listed in the file.
TMRC | L
0.028296 mg/kg/day (60kg BW, 1.5kg diet) khkREEARRAREA AR ARk ARk Rd

RESIDUE CONTRIBUTION OF NEW (PENDIKG’ TOLERANCES
TOLERANCE = PETITION = FOOD

CROP (PEM) NUMBER . FACTOR MG/DAY
No new tolerances are listed in the file.
TMRC . % .
0.028296 mg/kg/day (60kg BW, 1.5kg diet) khkkkbikhhkhhkdhhkhhhhhrhhkk
‘.:b. -
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E. TOXICOLOGICAL ISSUES

In common with the other ethylene bisdithiocarbamate
fungicides (the EBDC's maneb, zineb, metiram, nabam and Amobam),
preparations of mancuzeb contain irreducible amounts of an
acknowledged gouitrogen, teratougen and oncogen, namely, ethylene-
thicurea (ETU), both as a contaminant in manufacturing and formu-
lation, as well as an inevitable degradation product/metabolic
derivative in their usage. The major toxicological concern of
expusure to mancozeb (and to the other EBDC's) has reflected the
hazard to the human thyroid of this conversion (as enunciated in
the Decision Document councluding the EBDC RPAR, dated October 14,
1982, which based the risk assessment of these pesticides oun the
ETU component). Organ systems other than the thyroid, however,
may also be targets for the biological activity of these pesti-
cides. As dicussed above, for example (SECTION A: TOXICOLOGICAL
PROFILE), systemic effects have been reported in subchronic.
feeding/inhalation studies at dose levels vne-half to one-fifth
thuse affecting thyroid functions/tissue cells (e.g., in rat
kidneys, by the presence of pigment granules, accompanied by
renal tubular degeneration; in the dog genital system by prous-
tatic hypogenesis). Adequate long-term (chrounic) studies are
n.,t available tu assess either the validity (or consequences)
of these nonthyroid effects, nor whether they reflect a singular
mechanism of action, ur several diverse mechanisms, nor indeed
whether they are referable to the parent EBDC mulecule per se
{and/or other intermediary metaboulites, such as ethylene bis-
iscthiocyanate-sulfide, EBIS) or secondary to conversion to ETU
(and/ur its metaboulites).

These (short-term) studies, however, are neither sufficient
nor adequate to satisfy concerns for potential loung-term toxico-
logical effects of mancuzeb (as well as the other EBDC's), includ-
ing its ouncogenicity potential (as discussed bouth in the EBDC RPAR
pecisioun Ducument cited abuve, and more recently in the August 8,
1986 summary of the weight-of-the-evidence and oncogenic proper-
ties of ETU: Memorandum, Hauswirth to the Touxicology Branch Peer
Review Committee). Evidence for the chrounic touxicity and oncoge-
noncugenicity of ETU (and other EBDC's) has alscu recently been
summarized (the Hauswirth memorandum, op. cit.). While at the
present time a definitive quantitative assessment is not pussible,
nor thouse quantitative interrelatiounships linking ETU risks to
EBDC potential, a qualitative characterization of ETU hazard can
be made (see tabulation of mancuzeb/ETU effects parameters, ff).
From these assessments, ETU is demonstrably an oncogen in rodents,
as well as inducing dsyfunction and nononcogenic lesions in a
variety of organ systems (apparently species-specific), the most
sensitive of which is probably the rat thyroid (but awaiting NTP's
ETU bicassay results in both rats and mice). Mutagenicity
testing results of ETU are equivocal for an initiating event
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(summarized in a document accompanying the Hauswirth memorandum,
as well as previously by Mauer and others in previous reviews),
except in the presence of nitrites such as NaNOj (generating
N-nitroso-ETU), whereas other evidence suggests a promoter
(epigenetic) actiwvity (although this evidence is not stronqg).
Finally, mancozeb has not been assayed for oncogenicity (repre-
senting 'a data gap for this EBDC), and its mutagenicity profile
‘(discussed above) is also essentially negative for direct inter-
action with genetic material/mechanisms (adequate promotional
assays are not available).

From the foregoing, at least two major toxlcologlcal issues
must be resolved:

1. 1Is ETU the sole active substance accounting for all the
chronic effects of mancozeb treatment? 1If so, what is
its mechanism of action?

2. If not, is the parent molecule (and/or other non-ETUL
derivatives) also responsible for some of the (species-
specific) activity? 1If so, what is its (their)
mechanism(s) of action?

Finally, the concern for the potential teratogenicity
of mancozeb must be satisfied by an adequate study in a second
species. Although ETU has demonstrated developmentally toxic/
teratogenic effects in rats and hamsters (producing a wide
variety of abnormalities in the central nervous, skeletal, and
urogenital systems at dosages that are not maternally nor fetally
toxic), evidence to date indicates that mancozeb is not a primary
developmental toxicant or teratogen, at least in the single
adequate oral-study in rats (A/D ratio = 0.25). The A/D ratio in
an older, inadequate, stuéy in rabbits was = 0.1; the registrant
will be subnittlng a new rabbit study tc meet current Guidelines).
Hence, this is another area in which caution is required in
equating health hazard risks from the “"parent® EBDC molecule to
one (but perhaps not the only) active moiety of mancozeb.

NB:

To date (at the time of preparation of this Standard),
the lowest NOEL's for nononcoqgenic mancozeb effects have been
recorded in the dog, namely, (1) 100 ppm (= calculated actual
intake of 3 mg/kg/day) for nonthyroid systemic effects in a
recently submitted adequate subchronic study (in which the next
highest dose, 1000 pprm, decreased food consumption and body
weight, and caused cortical lymphoid depletion in the thymus
as well as prostatic hypogenesis); (2) 180 ppm (= inferred
intike of 2.5 mg/kqg/day) for thyroid dysfunction (decreased

uptake and thyroid hyperplasia) in an older supplementary
study, which awaits confirmation in a repeat study.

xa
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MCZB/ETA EFFECTS PARAMETERS®* (ppm)

|
RAT MOUSE
ORGAN TOX . i ~
SYSTEM EFFECT MCZB ETU - MCzB ETU
NOEL LEL |NOEL |LEL |NOEL |LEL NOEL|LEL
(100-) ‘
: FUNCTION | 125 250 |(<) 5| 5 100 |1000 10} 100
THYROID ' S
ONCO N/A N/A | 125 | 175| NEGATIVE N/A
FUNCTION | N/A N/A | NEGATIVE 1000 |10,000] 10 [100
LIVER , ‘ ‘
ONCO N/A N/A NEGATIVE | N/A N/A 1< 646] 646
FUNCTION | 60 125 | n/A N/A| N/A N/A N/A | N/A
KIDNEY
ONCO N/A N/A

*In absence of adequate chronic (lung-term) studies.
N/A=not available,
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F. DAT: REQUIREMENTS

SUMARY TABLES

{A/ B)
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00047146 Keplinger, M.L. (1965) Acute Toxicity Tests with

Zimaneb. (Unpublished study received January 11,
1965 under unknown Admin. No.; prepared by Univ.
of Miami, School of Medicine, submitted by 2;
CDL:105611-A.)

00080713 .Larson, P.S.; Wooles, W.R.; Ambrosde, A.M. (1965)
Correlative Study of Functional and Morphologic
Changes in the Thyroid Gland of Rats Receiving
Dithane M~45 or Propylthiouracil in Their Diet.
(Unpublished study received December 30, 1965 under
6F0467; prepared by Medical College of Virginia,
Depts of Pharmacology, submitted by Rohm & Haas
Co., Philadelphia, PA; CDL:090520-C.)

00080714 Larson, P.S.3 Borzelleca, J.F.; Ambrose, A.M. (1965)

Toxicologic Study on the Effect of Adding Dithane
M=45 to the Diet of Beagle Dogs fcr.a Period of Two
Years. (Unpublished study, including letter dated
November 22, 1965 from P.S5. Larson to Allen R.
Deschere, received December 30, 1965 under 6F0467;
prepared by Medical College of Virginia, Dept. of
Pharmacology, submitted by Rohm & Haas Co.,
Philadelphia, PA; CDL:090520-D; 090519.)

00080715 Larson, P.S.; Borzelleca, J.F.; Ambrose, A.M. (1965)
Three Generation Reproduction Study on Rats Receiving
Dithane M-45 in Their Diet. (Unpublished Study,
including letters dated May 25, 1964; June 9, 1964;
July 2, 1964; Auqust 18, 1964; January 20, 1965;
February 5, 1965; February 8, 1965; March 1, 1965;
May 14, 19653 October 7, 1965 from P.S. Larson to
Allen R. Deschere, received on unknown date under

o 6F0467; prepared by ledical College of Virginia, -

Dept. of Pharmacology, submitted by Rohm & Haas Co.,
Philadelphia, PA, CDL: 090519-~A.)

00093926 Rohm & Haas Company. (1980) Acute Toxicity Report:
Dithane M-451: Report No. 79R-~180. (Unpublished -

study received January 28, 1982 under 707-78;
CDL:246662-B)

00093927 Rohm & Haas Company. (1979) Toxicity of Dithane M-43
to Rabbits, Report No. 79R-180. (Compilation;

unpublished study received January 28, 1982 under 707-
78; CDL.246662-C )

00093928 Baldwin, R.C.; Hagan, J.V. (1982) Dithane M-45:
Acute Inhalation Toxicity Study in Rats: Report kNo.
81R~171. Final Rept. (Unpublished study received
January 28,1982 under 707-78; submitted by Rohm &
Haas Co., Philadephia, PA; CDL:246662~D.)
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00127949

Kam' Co; Ste‘vensg KoR-? Gallo, MJA. (1980)

Teratologic Evaluation of Dithane M-45 in the Albino
Rat: Volume I, Snell Project No. 10065-009. (Unpub-
lished study, including letter dated December 4, 1979
from W.T. Lynch to Kent Stevens, Received January 28,
1982 under 70778; prepared by Booz, Allen & Hamilton,
Inc., submitted by Rohm & Haas Co., Philadelphia, PA;
CDL:246663~4.)

Parsons, R.D. (1979) Dithane M-45 Flowable Agricultural
Funjicide: Acute Toxcity Profile on the Formulated
Product: Report ilo. 79R-38. (Unpublished study
received June 5, 1979 under 707-156; submitted by
Ro%s & Haas Co., Philadelphia, PA; CDL: 238564~-A.)

Krzywicki, I.; De Crescente, M. (1983) Toxicity
Report: Dithane F-45 Flowable Agricultural Fungi-
cide: Report No. 83R 002A, Final Rept. (Unpub-
lished study received March 7, 1983 under 707-156;
submitted by Ror - Haas Co., Philadelphia, PA;
ST 249732-A))

Haines, L.  (1980) Dithane M~45 Percutaneous
absorption in Rats: . Technical Report No. 34F-80-9.
{Uapublished study received April 28, 1983 under
797-783 subnitted by Rohm & Haas Co., Philadelphia,

“PA; CDL:250063--D.)

- Engel, A.; Van Der Meulen, H. (1970) Subacute

(3-wuedk) Toxicity Study with the Fungicide Dithane
M-35 in Chickens: Report No. R 3290. (Unpublished
study received May 13, 1983 under 707-78; prepared
b Ceatraal Instituut Voor Voedingsonderzoek, Neth.,
susnitted by Rohm & Haas Co., Philadelphia, PA;
{ol:U71598-D.)

Sosers, D.; Gordon, C.; Steigerwalt, R.; et al.
{1980) The Percutaneous Absorption of Dithane M-45:
Part I: Dosage of Agricultural Applicators, and
Teratogenic Margins of Safetys: . DSG-80~17. (Unpub-
lished study received April 28, 1983 under 707-78;
submitted by Rohm & Haas, Co., Philadelphia, PA:
CDL$250063-B.)

Gowers; D.; Gordon, C. (1980) The Percutaneous
Absorption of Dithane M-45: Part II: Dosage of
Ditnane Production wWorkers and Teratogenic Margins
of Safety: DS5G-80-18. (Unpublished study received
April 28, 1983 under 707-78; submitted by Rohm &
Haas Co., Philadelphia, PA; CDL:250063~C.)



00130638 Gowers, D.; Gordon, C. {1980) The Percutaneous
Absorption of Dithane M-45: Rats and Human Subjects.
(Unpubl ished study received 1980 under .unknown Admin.
No.: submitted by Rohm & Haas Co., Philadelphia, PA;
CDL:250911-A.)

00142522  Kryzwicki, K.; Wargo, R. (1983) Toxicity Report on
Dithane M~45 DG Fungicide: Final Report:  83R 086A.
(Unpublished study prepared by Rohm & Haas Co.,
9 pp.) -

00145996 Hagan, J.; Baldwin, - R.  (1982)  Dithane M~45:  Acute
Inhalation: Report No. 8lR-171. Unpublished study
prepared by Rohm & Haas Company,; 9 pp.

mnzol Acute Cral LDgg in B6C3F1l Mice With Dithane M-45
fFungicide (R & H Report o 83R~213A, dated
September 24, 1984).

IMMZ 02 Acute Cral LDgg in Fischer-344 Rats Wtih Dithane M~-45
Fungicide (R & H Report Nos. 83R-213B and 83R-0218,
dated, respectively, September 21 and 24, 1984).

IMMZ 03 Goldman, P.R.; Bernacki, H.J.; Quinn, D.L. Mancozeb:
3-Mcnth Dietary Toxicity Study in Rats. Report No.
85R~167, February 27, 1986 (EPA Accession HNo. 261536).

IMMZ04 Cox, R.H. 3-Month Dietary Toxicity Study with Mancozeb
in Dogs. Report No. 86RC-7, Febraury 26, 1986 (EPA
Accession No. 261537).

IMMZ05 Baldwin, R.C.: Hagan, J.V.; Fischer, J.R. Mancozeb:
2-Week Intalation Toxicity Study in Rats. Report -
No. 85R~190, February 27, 1986 (EPA Accession YNo.
261538).

IMMZ 05 Baldwin, R.C.; Hagan, J.,V.; Fischer;, J.R. Mancozeb:
Subchronic Inhalation Toxicity Study in Rats/13-Week
Interim Report. Report Yo. B6R~-0003, February 27,
1986 and Mancozeb/ETU: Rat Inhalation Study - Exposure
Phases: Analysis of Urine, Blood, and Thyroids, Report
No. ARM-477-86, February 27, 1986 (EPA Accession No.
261539).

IMMZ 06 O‘'Hara, G.P.; DiDonato, L.J. (1922) Dithane M~-45 and
Ethylenethiourea (ETU) 3-Month Dietary Study in Hice.
- Unpublished Report No. 80R-124;, submitted by Rohm &
Haas Company under Accession No. 259888.
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IMMZ 07 Brown, J.R. Somers Te<st o~ Dithane M-45. Unpublished
' Study No. 6B-RC~1G13, dated August 8, 1968, submitted
by Rohm & Haas Company.

IMHZ 08 Chism, E.M.; Kunze, E. Dithane microbial mutagen assay.
(Unpublished study Ho. 84R 0059 prepared and subnmitted
by Rohm & Hazs Company, Spring House, PA; dated
June 21, 19B%.) EPA Accession No. 259044.

Chism, E.M.; Kutze, E. Dithane microbial mutagen assay.
(Unpublished study No. 84R 0060 prepared and submitted
by Rohm & Hazs Company, Spring House, PA; dated
June 21, 1984.) EPA Accession No. 259044,

MecCarroll, N.E.; Farrow, M.G. Host mediated assay in
mice with conpound Dithane M-45. (Unpublished study
No. B84RC=25B prepared by Hazelton Laboratories; Vienna,
VA, for Rohm & Haas Company, Spring House, PA; dated

-—sdg

September 26, 1984.) EPA Accession No. 259%944.

YcCarroll, N.E. Host mediated assay in mice with compound
Dithane M~45.  (Unpublished study No. 85RC-48 prepared
by Hazelton laboratories, Vienna, VA, for Rohm & Haas

Company, Spring House, PA; dated September 26, 1984.)
EPA Accession No. 259044.

foxall, S., Byers, M.J.; Scribner, H.E., Dithane H-45
CHO/HGPRT germe mutation assay. (Unpubllsheﬁ study
No. 84R=-207 prepared and submitted by Rohm & Haas

Company, Spring House, Pa; dated February 11, 1985.)
EPA Accessior YNo. 259044,

3vers, M.J.; Scribner, H.E. Dithane %-45, in vitro
unscheduled DNA synthesis. (Unpublished study

No. 84R~-280 prepared and submitted by Rohn & Haas
Co., Spring House, PA; dated May 29, 1985.)

EPA Accession tlo. 258044.

Sames, Je Lo' MCond' P L‘l Doollttle' D.de lehan M=45
in vivo cytogenetic study in rats. ' (Unpublished study
No. B4R-246 jrepared and submitted by Rohm & Haas,
Spring House, PA; dated December 21, 1984.)

EPA Accession No. 259044,

ivett, I.L.; Mykr, B.C. Mutagenicity evaluation of
Dithane N=-45 Fungicide lot No. 0842 in an in vitro
sister chromztid exchange assay in Chinese namster
ovary (CHO) cells. (Unpublished study No. 84RC-60
prepared by Litton Bionetics, Inc., Kensington, MD,
for Rohm & Haas, Spring House, PA; dated March
1985.) EPA 2accession Ho. 259044.

By

24

*



N
-2

Woin

625

IMMZ 08 McGlynn~-Kreft, A.M.; McCarthy, K.L. Dithane U=15

(cont'd) mammalian cell transformation test.  (Unpublished
study HNo. 24R-U55 prepared and subnitted by Rohm &
Haas Co., Spring House, PA; dated November 1%, 13384,
EPA Accession No. 259044.

McLeod, P.L.; Doolittle, D.J. Dithane M—-45 mammalian
cell transiormation test for -promotion. (Unpublishs
study Ho. 34R-297 prepared -and submitted by Rohm %
Haas Co., S$pring Bouse, PA; dated May 29, 1985.})
EPA Accession No. 259044.

I¥MZ 09 DiDonato, L.J.; Longacre, S.L. Mancozeb pharmacokinet:ic
study in rzt (unpublished study Ho. BS5R-=123); Prepswad
by Rohm & Zaas Company, Philadelphia, PA; dated
May 21/22, 1985. Accession Hos. 262834 and 262835.

Longacre, S.L. Summary of ETU and EBDC analyses in plzsma,
liver, and thyroid after mancozeb administration (urpub—
lished stucy No. 85R-123); Prepared by Rohm & Hzas
Company, Pailadelphia, PA; dated May 21/22, 1985.
Accession lios. 262834 and 262835.

Yelson, S.S. Metabolism of C-14 mancozedb in ra%
(unpublished study No. 314-86-02). Prepared by Rohr &
Haas Company, Philadelphia, PA; dated May 21/22, 18:3.
Accession lios. 262834 and 262835,
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005425

sozeb) File Last Updated 10721185 Current Date 99715/86
EPA
Accession Results: TOX CORE Grade/ .
Materisl No. LDsq, LCsq, PIS, NOEL, LEL Category Doc. MNo.
005425
Technical 246663 Doses tested: 0, 2, 8, 32, 128, 512 Minin
(83% ai) mg/ kg/day 032,6‘9’"
Teratogenic NOEL = 128 mg/xg Hin'
Teratogenic LEL = 512 mg/kg (incamp ) oosigg"
ossification of skull and
ribs; spinal cord hemorrha
dilated ventricles)
Fetotoxic NOEL = 128 ng/kg
Fetotoxic LEL= 512 mg/kg (increased
' resorptians)
Maternal NOEL = 32 mg/kg
Maternal LEL = 128 mg/kg (dccreased
' : body weight)
A/D ratio = 8.25
:chnical .|Poses tested: 0, 25, 250 mg/kg/day. bupplementary
30% ai) Teratogenic NOEL > 250 mg/kz . 905425
' Fetotoxic NOEL > 250 mg/kg . -
Maternal NOEL = 25 mg/kg
Maternal LEL = 250 mg/kg {decreased
body weight)
A/D ratio = 0.1.
=
«¢hnical Levels tested: 0, 25, 100, 1000 ppm. -+ 002493
6% ai) Parental toxicity NOELD 1003 ppm <1 bupplementary
Reproductive MOEL = 100 ppm (5 mg/kg/ b 005425
. day) e .
Reproduct ive LEL = 1000 ppm (decreas-| 5
ed fertility) -
Fetal NOEL 2% 1000 ppm. '3;
No ind ividual animal data. o ‘
2;128“1 : levels testéd: 0, 100, 200, 1000 ppm £ 002493
: (to the Fib/E2a) Supplementary
NOEL = 300 ppm 005425
LEL = 1000 ppm (50 mg/ kg/day) (incre- ;.
ased thyroid/bod ‘

y Wweight; hypepd 1
=plasia ' pe)li:;e —ofrL 54
Incampletn f‘f’ff”t]np,‘.‘-A‘- '

EEE R




: File Last Updated Current Date
EPA

Acggzssion Results: TOX
Material * No. LDsq, LCsn, PIS, NOEL, LEL

CORE Grade/ -
= cate&(’ty DOCO No.
Technical 26136 ewris tested: 9, 39, 60, 125,-1000 l

184% ar) rzm i G-l pats. :
e

in
AGE,
0;;:’: l'*"'~-¢mg/ T3

O
0
L

.
o
o
Lt
]
<
@
P
:

]

-z 3.
Systenic NUTL = 180 ppm (3 mg/sg/day]
Systenac LEL = O ppm (gj me rz/dad
\iecreased food cmnsumition/

L

e

s

gairc; c.rt .zl

=7 in mailes :
feroii foilicular celd

v

.,perylas.ga decreased T3/
T4; hypercholesterclemia/

-
[~
e §
¥}
wad
-1
- =]
1 .y
=
-
ny;;ﬂrb‘llrubme* ia; decreased z
1 Tood consumption/sody weight) -
e
Technical 261539 (Conkentratims: 0, 20, 80, 220 mg/.. ‘;‘;’
% ail (261538) X‘n:minal( respirabis concentra-—
tions = C, 8, 36, 144 mg/m 3y
: to S=D rats.
NOEL = & mg/m”_(resgirable)
LEL = %6 ...g/n*' {respirzzle) {granuz
. lar plgasm, in renzl tuoules
tsth seyes)
Thyroid ROEL = 26 mg/m
Thyroia LEL = 146 mg/m® !{resyirsble)
(decreased T4 in f-males, acco
1

mpanied by folliculzsr ¢
S ki P,rplaf;..a .

l"
&Gt

|




File Last Updatad Current Date )
EPA ‘
Accesgsion
Material No,

Results: TOX CORE Grade/ .
LDsn, LCsq, PIS, NOEL, LEL

— Category  Doc. No.
DITHANE M-4d levels tested: 0, 0.02%, 0.10%, 0.20

of the diet to male/female "broiidr" Supplementary

chickens (= 0, 200, 1000, 2000 005425
ppm)

[Systemic NOEL = 0.02% (200 ppm)
Systmeic LELz 0.10% (1000 ppm) (Leg A
X Pparalysis, dewreased BW gain in Hales,

increased relative thyroid uelght
in both sexes, increased relative
'\ liver weight in males; goiter witt
colloid enlargement in both sexe
INo individua)l animal data; no reporti
on neural histology.

¢4

g

Techriocal 259888 Levels tested: @, 10 , 100, 1000 and
(83.1 % ai)

- 005038
10,000 ppm in CD-1 mice

Supplementary
005425

|
}

- ‘ INOEL = 100 ppm
LEL- = 1000 ppm (increased incidence of
thyroid follicular cell hyper-

plasia/hypertrophy; decreased heps
atic aminopyrine N-demethylase).

it . | Technical levels tested: 0, 25, 50, 100, 1000

Wir- (86% ai) , ppm.

Systemic NOEL = 100 gpipm .

Systemic LEL = 1000 ppm (thyroid
hyperplasia in both sexes).

Roor survival necessitated termination

4t 90 weeks (2] months); inadequate
histopahthology and clinical chemistr

no individual animal data.

BESY AVAILABLE COVS

002493
Jupplementary
405425

jes H

Technical Levels tested: 0, [, 100, 1060 iim. Supplementary
(86 % ai) | NOEL (thryoid) = 1o ppm (.5 mgligs

905425
. day) -
LEL = 04C ppm (2% =a/ke/day) ;) de~
L creased 1~131.uptake, thry 4
hyp=rplasaa.
pneaplao iy e peartead,

Junnoapy Bty ey, Page_g_of ."1.. 5
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File Last Updated ____ Current Date )
EPA
Accession Results: TOX CORE Crade/ .
Material = . No. LDsq, LCsq, PIS, NOEL, LEL . Category Doc. NMo.

C-14 technical 262834/ |Doses tested: 1.5. 100 mg/kg {x1, ora}) inimum
(84.4% ai) [262835 50% of oral dose absorbed; excreted 095425
' equally in urine/feces; rapidly

metabolized and/oc degraded to ETU
{major canponent} and intermediate
(ETD, EBIS, EDA, etc.); accumulate
in major organs, hzghest. in thyroif.
Residue anaysis for ETU = 1 ppm

) in thyroid during 24 hr. after h
dose (only); ix undetectable the
after.

-+

arjety
Te(ggn;.’c:i) 25+~ | Negative for reversion in fmes S. . ' Accertable
typhimurium strains up to cytotoxic |7 - cery

ccncentrationqr, with/witho:t activa- *.”

tica. (250 ug’ plat.e), . :

e : Technical . 25?0% Negative far reversion of S. typhi-
(88%ai) murium G46 incubated in mice treated

Accefgtable
Resde- - ip to 5000 mg/kgd

Technical 256044 | Negative for foreward mutation up td
(88% ai) T cytotoxic concentrations {45hg/ml), Acceptable
with/without activation .

4

Technical 25?344 POSITIVE for inducing sister-chramatlid ACC@Ptable’
(88%ai) ekchanges at non-toxic doses in bot

ARC- non-activatedgand activated assayLfaRe 4 of /I

7 _f/ml)w o i | 37
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File Last Updated Current Date 2
EPA .
. Accession Results: TOX CORE Grade/ -
Material No. LDcg, LCsa, PIS, NOEL, LEL - - Category Doc. No. -
Technical i Negative for chromcsome aberrations
(88% ai) o (clastogene}s) in tone marrow cells Acceptable
. ' 257905 up to toxil doses (4.4 g/kg)
1, '
A
: RMRB& echnical 253044 Presumpt ively positive for unschedy yled .
n vi (88% ail| ? DN& synthesis in rat hepatocyte cul=- / Irconclusive
tures treated at 1, 2.5 and 5.0 ug/ml
B4R-Y Procedural problems indicate assay
s should be repeated,
Bmechi~- Techrical 25?344 l‘:egailve at concentrations up to cytot Acceptable
R ma - (88% ai) . toxicity (0.5 ug/=l)} for transfor-
) v-ung C3# 10T: cells in vitro
i #65F]
9,

7o - Gt

Techrical 259064 Reported negative fcr carcintgen-

{83% ai) Anixizaxxx initiated cells exposed mem ?% %acce ptable

=
(s 2]
F
b
¥
]
-
.

Page 5 of é / /




File Last Updated

Current Date

005425

EPA )
, Accession ) Results: TOX CORE Grade/

b Material No . LDsg, LCsqs PIS, NOEL, LEL Category  Doc. No.

Technical: 253044 LD50 (males) > 5000 mg/kg
B3R} (80% ai) No females were tested. v Supplementary

Techaical  |259044 LD50 (males) ~> 5000 mg/kg
R~ (30%*?1) No females were tested Iv Supplementary
D1, ' 5425¢>"
. | Technical 253044 LD50 {males) _~:> 5000 mg/xg 1y Supplementary
134, (80% ai) Ho females were tested. 005425
.
hp| Technical LDS0 (mzles/females) _>> 5000 mg/kg Iv Minimum
,63‘ (72.6% ai) = ®x 005425

“i:m:gibgl LD50 {males/females) = 4500 ag/kg 11 Miniim -

chnic
- 4
1, (80% ai) (3600~5700 mg/kg) <305 25
bit! Techpnical LL50 {mzles/females) /;>> 5000 mg/kg] 111 Hinimum
3R (72.6% ai) : DO5425
B3
i n i " 1y i
: Zimaneb" MBkc D50 (males/females) > 10,000 ;.. Wi
; techical mg/kg. 005425
pcd (BO% ai) No effect of five-days' trealment at
11 =SHReEx 5100 mg/kg/day.
H
BEST AVAILABLE COPY | fore s _or /!
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File Last Updated Current Date -
EPA ’ .
Accession Results: TOX CORE CGrade/
e . Materisl = No. LD¢q, LCsq, PIS, NOEL, LEL Category  Doc. No. .
| *zimaneb® LC50 (males/females) > 6.85 mg/L ‘3?
Tec nical Acttial chamber concentration and res v Supplementary :
Rec} (80 ai) pirable particle size not determine 005425
1,|2x '
: »
! I - ' ) [} %
3 = [a coordination [244505 LCso > 0.35 mg/L - only dose tested i1 Mndmom .
5.3 lpreduct of zinc (gravimetric concentration) 001243 -
{fon & manganese | |
ethylene bis- . |
dithiocarbamate
35% (707-156) |
) = \ Manganese 16% | 246662 | LCgp greater than 5.14 mg/L. | v Guideline
i Zinc 2% ] | * |
/ Ethylene bis- | | 002803
dithiocarba- | | .
mate fon 623 1 |

3EST ARUAGIE ¥y
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File Last Updated Current Date
EPA
- Accession Results: TOX CORE Grade/
Material - No. - LDsq, LCcn, PIS, NOEL, LEL Category = Doc. No.
«' " ‘ N i g L) N
i |A coordination | 244298 [LD5p > 5000 mg/kg (only dose tested) v ‘ Guideline
H prod. of zinc : ' | 000809
| fon and manga- | ) |
nese ethylene- | |
bis dithiocar-| | | |
bamate  35% ! = | -
Manganese 16% | 246682 % LD5y greater than 5 g/kg (M) 1y Minimym
v Zinc 2% :
Ethylene bis- | 002803
dithiocarba- |
matetion 62% I = |
Mancozeb 1238564 | LDgg > 5 gm/kg (male) v | Minimum
Flowable | | : 003245
(36% a.1.) g l
| Dithane M-45 | ILDsg > 8000 mg/kg v 002493
68| Technical ILevels tested = 4, 6, 8, g/kg
861 a.i. } } :
35% a.i. 238564 |LD5g > 5000 mg/kg (only dose tested) v 1Minimum
. | {002494
' ;' L
t - | 1 ! .'
A coordination | 244298 |LDsp > 2000 mg/kg (only dose tested) 11 Guideline
prod. of zinc | 000809 -
ion and manga- |
nese ethylene- |
bis dithiocar- |
bamate 35% | |
| | | | £
: in?ngangze 1632 : 246662 ’ LD;g greater than 5 g/kg (M) : 111 Kinimum
nc
30| Ethylene bis- ' 002803 61
dithiocarba- = SR -
mate fon 62% o ;;_ 3‘,‘,&. ,8?'; :
| _ S o
| Mancozeb 1238564 | LDgg >. 5 gn/kg (uale) 1 Min{mm
. | Flowable (only dose tested) g go32a5 | ﬂ C
(36% a.1.) | | ’r

! 35% a.i. | 238564 |LDgy > 5000 mg/kg (only dose tested)|  IfI | M1¢i{mum

i e m—

&




File Last Updated

Current Date

EPA .
Accession Results: -TOX CORE Grade/ .
- Material No. LDsqa, LCgq, PIS, NOEL, LEL Category Doc. No.
- Technical PIS (72 hr) = 2.3 I11 Minimum
(72.6% ai) 005425

R~

528)

-[A coordination | 244298  |Corneal opacity in 6/6 treated, i 11 | cuideline
prod. of zinc | |uhwashed eyes and 3/3 treated ! | 000809
{fon and manga- washed eyes. Conjunctive redness, | |

* nese ethylene-{- swelling, and discharge in most | |
bis - dithio- lanimals., l )
carbamate 35% [ |

1 1 % .

) -} Mancozeb 238564 PIS =0 v Gutdeline

1« | Flowable 003245
(36% a.i.) I

|

v -1 35% a.i. 238564 |PIS = 0 at 24 hours. 111 Guideline

INo corneal opacity 0024394

| A coordination| 244298  [S1ight to well defined erythema i Guideline
prod. of zinc | and edema at 24 hours and persisted 000809
fon and manga-| in 3/6 animals thru day 9, but all -
nese ethylene-| |irritation clear by day 10. |
bis dithiocar-| i ‘ | |
bamate 35% } |
Manganese 16% ‘ 246662 At 24 hrs. slight erythema. At 72 v lsuidel-ine
Zinc 22 hrs. slight erythema. ' | |

| Ethylene bis- | | PIS = 0,5 | | 002803

| dithiocarba- | | | |

| mate {on 62% |l ; ; =

i .

I Mancozeb 1238564 | PIS = 0.4 /8.0 | 1v | Guideline 5

|l (362 a.i.) { : { :

| 35% a.i. : 238564 %PIS’ = 04 ’ ' v {ggzggl‘lne

' _—-———"'—’.'_—_—-‘-1 H

' ! ' (BEST AVMUABLE C6PY | ! -

{)‘.\'.(' 9 .4 &
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File Last Updated Current Date
EPA
~ Accession Results: TOX CORE Grade/
Material No. LDsq, LCsq, PIS, NOEL, LEL Catepory  Doc. No.
lfechnical PIS (72 hr) = 0.2 Iv Min imum
172.6% ai) 003425
’
#*Zimaneb" . No irritation reported from treatment fupplementary
technical . at 2000 mg/kg. 005425
(80% ai) Too few animals tested.
Dithare M=45 250063 Approximately 1% mancozeb in a 10 mg icceptable
(B8.3% ai) dose of Dithane M-45 cammercial fort 003997
’ -~ mulation (8.3%) is absorbed through 3upplementary
the skin of female rats following 005425
a 6-hour applicatim.

Page 19 of /]
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Material

EPA
Accession

File Last Updated Current Date _ 10/21/85

Results:
LDsg, ICsg, PIS, NOEL, LEL.

TOX-.  CORE Grade/
Category _ Doc, No.

Dithane M-45
{mancozeb)

Dithane M~45

parent mancozeb, was detected in the

In two trials, ETU, but not the

urine of aerial applicators (pilots)
at a level of 0.2Zppm. These two
trials were conducted in Michigan
and Minnesota; the urine of mixer—
loaders and home gardners was neg-
ative. All trials in other states
were also negative. These results
suggest that agricultural use of
mancozeb, and probably other EBIC's,
results in at least sawme applicator |
exposure to the parent campound and
the cammon metabolite, ETW. Quanti-
fication of this exposure is not
possible from these data, as
presented. ,

No adverse effects observed in 54
men” exposed during the manufacturing
of Dithane M-45.

o e i —— —-‘r‘

- G T e N

I AT z .:-"'\-. 3

Lt sltase
: o

N/A LODAWZG
05425

002493
jOO324h
05425
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DATA EVALUATION REPORT

MRID NO.: 080714

-STUDY TYPE: Chronic toxicity feeding study in dogs.

S —_—

ACCESSION NUMBER: Not available.

w o

 TEST MATERIAL: "oiknai;e-n;agfi‘ff & O
SYNOﬂfﬁS: Mancozeb.

STUDY NUMBER(S): Not avaiiable.

SPONSOR: - -Rohm and Haas Company, Philadelphia, PA.

TESTING FACILITY: ODepartment of Pharmacology, Medical College of Virginia.

TITLE OF REPORT: Toxicologic Study on the Effect of Adding Dithane M-45
to the Diet of Beagle Dogs for a Period of Two Years.

AUTHOR(S): Larson, P. G., Borzeileca, J. F., and Ambrose, A. M.

REPORT ISSUED: December 1, 1965.




When fed to beagle dogs for 24 months at levels of 25, 200, or 1000 ppm,
Dithane M-45 produced slight but significant decreases at 24 months in the
uptake of radioiodine [

I] in low- and mid-dose females sampied at 48
hours (88 and 86 percent of centrols, respectively) and at all doses at 72
hours (84, 81, and 83 percent of control in low-, mid- and” high-doces,
respectively); however, all values were within the normal range for dogs
(14-40 percent). No changes in ['311] uptake were found in dosed males,
and PBI values were similar in all groups. Two high-dose animals (one
male, one female) showed grade 1 hyperplasia of the thyroid; focal
hyperplasia was seen 1in one mid-dose female. ' Absolute and relative
weights of thyroids were increased (p <0.05) only in mid-dose females.
Testes 1n  all male groups (control, 13/4; 1low-, 1/4; mid-, 3/4; and
high-dose, 2/4) showed age-related incidences of minimal atrophy.

Based upon thyroid hyperplasia at the HOT, a NOEL of 100 ppm (estimated
intake 2.5 mg/kg/day) for systemic toxicity has been assigned.

Classification: Core Supplemestary.
A.  MATERIALS:

1. Test Compound: ~Dithane M-45. Oescription: solid. Batch No.:
16-3202. Purity: 86.2 percent.

2. Test Animals: Species: dog. Strair: purebred beagle. Age:
about 6 months. - Weignt: males, 5.3-8.5 kg; females, 4.9-7.2 kg.
Source: not reported.

B.  STUDY DESIGN:

1. Animal Ass‘ign;nent: Animals . were - assigned randomly to the
following test groups:

Dose 1a Main study

Test diet (24 weeks) _
group - {ppm) Males Females
1 Control 0 4 4
~2 Low (LDT) 25 4 4

3 Bid (MDT) 100 4 4

4 High (HOT) 1000 4 4
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2. "Diet ‘Preparatich: A single ::.° s“rigerited test material
wac  u<ed for & months ani -~ - ized. ~Dithane "M-45 was
suspended in-a. 12 percent Mezl .- :qt cod liver oil mixture

" and aaded to the basal diet [..° - =3 feeding time. Details
regarding the frequency af p-=-:":" ~2.storzge conditions for

the diets were not reporied.

Results: The results <-:= ~z-: :3 of concentrations,
homogeneity, and stability c‘ seoomz o omagund in the dilets were
not ‘reported. Dietary ccoismt i of  Dithane  W-45 were
corrected to the 100 perce*‘ :_4* -* _-.-the gctive ingredient;

however, method of amalysis ang ::2z -=°° "ot given in the report.
3. Animals receive¢ food and water zi *iI"t.T.
4. Statistics: The methodology £ :z2t :T7:3} esaluation was not
reported.

C.  METHODS AND RESULTS:

1. QObservations: ?Prior to stucy s-csigmice 277 dogs were treateg
for intestinal - parasites  3nz  “mruTUIes azainst = distemper,

infectious hepatitis, ant leczzsz-=s57c.

petails about routine amime”™ examirei:~c 272 not provided in
this report. .

Pesults: Accorzing to study authors, -: s :=saynd-related signs
of toxicily wers observed. No deaths :::.--e2 during the study
periog.

2. Body weiaht: Bcdy weighzs were getermirzz -°:7 to iniziation c¢f
study ang at wesss 1, 3, 8, 33, 26, 52, “z, s “04.

o

Reculzs: Mezn hody weizht aatz are [-ese” .. ~ Tarte ° 5
significant differences were seen between any 2ci-° ¢ 0 fomE s
or femzles and <heir reszecTive contro‘s, exce"

‘male group which showed 2z 60 percent gein over :. :
statisticaliy significant (p <0.03);. Nc zompouri- . & .= ;
trends were observed.

3. Food consumptics, water consumption, znz ccwpcund intzke: Focd
consumption ~was determined anc . -mean na‘ 4+ food intake was
calculated.

Results: No ~significant - intergrsuc c*“*rences in = focd
consumption werz found. Ffood efficiency anc -snmpound intake were
not determined.

Ophthaimologica’ examinations were not Csrformel.

!
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£ TABLE 1. Maan Body Weight (kg * SD) for:Dogs Fed Dithane H-AS'.,‘f_or'IM Weeks?
Dose .. Meek on Tast Wi, Gained
(ppm) 0 13 52 104 x 8D
Males
Control 6.8010.80 9.33%0.61 10.25%0.45 11.00%1.10 4.20%1.10
25 6.88%1.37 9.43%1. 14 10.73%1.61 il.25$2.£0 4.38%1.41
100 6.80%1.11 9.83%0.99 11.7820.81 13.53%2.05 6.73%1,40%
1000 ‘ 7.15£1.07 9.65%1.20 10.63£1.09 1n.10%1.44 3.95%1.39
Females
Control 5.60+0.58 6.48£0.95 7.45%1.01 7.85%1.66 2.25%1.60
25 5.9810.83 7.83%1.42 8.95£1.19  9.20%1.24 3.23%1.24
100 5.85t0.70 7.5330.69 8.98%0.9!1 9.5840.40 3.73%20.39
e ;«,;; S 1000 5.93£0.81 7.58%0.67 8.9821.02 9.43%1.75 3.501.60

8Moan values based on four animals per dose group.

*Significantly different from control values by ANOVA followed by Duncan's test for muitiple comparisons
(p <0.05). Statistical analysis was conducted by our statistician.
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5. Blood was collected for hematology from four animals/sex/dose
before treatment and at 3, &, 12, 18, and 24 months. The CHECKED
(X) parameters listed below were exanined. '

protein-bound iodine (PBI) and tptake of (['3'I]) by the
thyroid were determized on rantrol and high-dose dogs at months 6
and 12 and on all groups of males and females at 24 months. In
addition, at month 24, brumosulphalein (3SP), serum glutamate-~
oxaloacetate transaminase (SGOT), serum alkaline phosphatase
(ALP), 'blood wurea nitrogsn (BUN}, and blocod glucose were
-determined in all dogs.

a. Hematology

X Hematocrit (HCT)T Total plasma protein (TP)

X Hemoglobin (HGB)* % Leukoryte differential count

X Leukocyte count (WBC)Y Mean corpuscular HEB (MCH)
Erythrocyte count (rREC) T Mean corpuscuiar HEB concentration
Platelet countt (MCHC)

Mean corpuscular volume (MCV)
Reticulocyte count

Results: Examination of 1ne mean values indicated no dose-
related trends. Changes im parameters that reached a level of
significance in doseg dogs (g <0.05) were sparadic and the values
were within the normal range of bislogical variation for beagle
dogs (Table 2). At month 12, mid-dose males shawed a significant
(p <0.05) decrease im hematacrit (13 percent) and hemoglobin (11
percent) and an increase (p <0.05) in Tleukocyte count
(30 percent). At month 24, percent aeutrophils were increased 15
percent and lymphocytes were decreased 30 percent in high-dose
‘males when compared to controls. W¥id-dose females showed a 43
and 36 percent decrsase in lymphocytes (p <0.05) at 6 and 24
months, respectively: and @ 23 percent iacrease (p <0.05) in
neutrophils at 6 montns. : ‘
b. Clinical Chemistry

Electrolytes Ither
Calcium ‘Albumiat

) Chloridet Blood creatininet
& Magnesium® X Blood urea mitragent (BUN)

Phosphorust Cholesterol?
Potassiumt Globulins
Sodiumt X Glucoset

Enzymes Total bilirubinf

tRecommended by Subdivision F {(October 1982) cuidelines for chronic
studies. ‘ o
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TABLE 2. Selective Group Mean Hematologic Values (1SD) in Dogs Fed :
Dithane M-45 for 24 Months® i

Month
6 12 24
Dose (ppmd: 0 100 1000 0 100 1000 0 100 1000
. Males
Hematocrit (%) 45.0 43.75 A44.75 49.25 42.75*  49.25 48.0 46.75 49.50
3.4 +3.5 +2.5 3.8 +1.7 +3.0 t1.4 +1.0 1.0
Hb (g/100 ml) 15.6 14.5 16.08 15.75 13.98¢ i6.2 14,65 14.6 14.95
+0.8 0.2 +1.0 A +0.40 #%1.0 $0.80 10.2 10.90
WBC (x |03) 21.93 21.80 23.88 18.53 24.13%  16.38 20.3% 20.05 16.0
+t.7 +6.6 16.30 2.0 +1.8 +1.5 4.1 5.1 +1.30
Lymphocyte (%) 7.5 20.25 29-75 24.5 17.25 28.25 28.75 24.25 20.25¢
+5.4 5.3 +4.0 *4.t 9.2 +4.9 5.1 4.6 43.8
Neufro;hi'ls [t ) 69.50 74.75 671.% 73.2 76.5 656.0 68.5 72.25 78.5%
*5.0 +4.9 t7.0 +1.1 +9.7 +6.5 +4.8 +4.1 4.0
females
Hoematocrit (%3 51.0 51.25 52.75 52.2% 51.5 52.0 50.5 51.25 49.75
+4.24 +4.90 +3.60 +1.90 #1.0 $2.2 +1.9 +4.30 12,80
Hb (g/100 mlJ 16.38 16.0 i7.13 16.9 17.43 16.85 16.83 15.85 15.3
+1.20 +0.3 +0.40 40.7 +0.4 +0.7 +1.60 %1.50 %0.8
WBC (x 103) 20.88 27.48 18.53 15.45 15.88 16.45 16.93 19.35 15.35
. +4.30 H14.80  15.40 $2.5 +0.8 +2.50 +4.9 1.6 42.6
Lymphocyte (%) 31.0 17.75% 25.25 17.75 25.0 25.0 28.5 18.25% 29.75
*1.8 6.5 +0.5 5.7 +6.6 %6.1 +6.2 +2.8 5.6
Neutrophils (3) 64.75 79.5% 70.5 66.75 79.0 71.0 70.0 81.25 69.5
+1.9 +7.0 +3.1 +8. 45.0 +6.7 5.9 $2.8 45.3

%Maan values based on four dogs/group.

#Significantly different from control by ANOVA, foliowed by Duncan’s test for multiple
comparisons (p <0.05). Statistical snalyses were conducted by our statistician.
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X Alkaline phosphatase (ALP) Indirect bilirubin

Cholinesterase Total proteint
Creatinine phosphokinaset Protein quotient (A/G ratio)
Lactic acid dehydrogenase Triglycerides

Serum alanine aminotrans-
ferase (also SGpT)t

X Serumaspartate amino-
transferase (also seom)t

Serum protein-bound iodine (PBI)
Thyroid radioiodine ([1311])
8romosulphalein retention

3 D

Results: It was reported that levels of glucose, SGOT, ALP, BUN,

and findings. on bromosulphalein -retention were comparable to

control values in all dosed groups at 24 months. Mean values

were presented that combined data for males and females. When -
data were separated by sex and statistically analyzed by our

reviewers, the only significant change (p <0.05) was a decrease

in glucose in females receiving 25 ppm Dithane M-45.  Values in -
females receiving 100 or 1000 ppm were comparable to controls.

In males, values for PBl were similar in control and high-dose
groups at 6 and 12 months and were similar in all dosed groups
and controls at 24 months. The uptake of ['311] was similar in
dose and control dgroups at & and 24 months; at the 12-month
interval it was slightly but significantly (p <0.05) higher than
control in high-dose males at the 24-hour samplin% period but not
at 48 or 72 hours. In females, PBI and {13 1] uptake were
similar in controls and high-dose groups at 6 and 12 months. At
month 24, low- and mid-dose females showed a significant
(p <0.05) decrease (12 and 14 percent, respectively) in []311]
uptake at 48 hours (Table 3). At 72 hours, these values were
further decreased to 16 and 19 percent, respectively. In
addition, high-dose females also showed a significant (p <0.05)
decrease of 17 percent in ['9'I] uptake. A1l values, however,
are within the normal range for Beagle dogs (15-40 percent).

6. Urinalysés: Urine was collected from animals at 3, 6, 12, and 18 .
months. _The CHECKED (X) parameters were examined. . B

Appearancet X Glucoset
Volumet X Ketonest
specific gravityt Bilirubint
X pH Bloodt
Sediment (microscopic)t Nitrate
X Proteint Urobilinogen

Results: No significant differences between the- controls and
dosed groups were found in any of the parameters determined.

7. Sacrifice and Pathology: All animals were sacrificed on schedule
and were subjected to gross pathological examination. The
CHECKED (X) tissues were collected for histological examination.
The (XX) organs were also weighed.
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~TABLE 3. ?roup Mean Values (+SD) for Protein-Bound lodire (PBI) and
(1311] uptake in Beagle Dogs Fed Dithane M-45 for 24 Months?

Percent [1311] Uptake

Dose P8I .
(ppm) {mcg %) 24 Hr 48 Hr 72 Hr
Males ~
0 5.740.9 21.5744.0 31.10£5.6  .32.73t5.5
25 4.9%0.9 26.83£3.1 29.05:4.4 30.9424.0
100 4.93:0.8 23.7943.5 27.68£3.7  28.16%4.5
1000 5.4840.8 25.4726.1 28.19:7.6 26.148.3
Females
0 6.15¢0.9 26.2 £2.00  32.70:2.30  34.94:3.70
25 5.55:0.6 23.1641.53  28.80£2.40%  29.36£2.40%
100 5.30£0.6 22.43:0.80  28.05:0.80%  28.30#1.00%
1000 5.6040.9 26.79+3.30  30.34:2.20  28.94:2.50%

dMean values based on four dogs/group.

*Significantly different from control by ANOVA, followed by Duncan's test for
multiple comparisons (p <0.05). Al calculations and statistical analyses were
performed by our statistician.




005425
Digestive system Cardiovasc./Hemat. Neurologic
Tongue Aorta X Brain
salivary glandsf %X Heartt Peripheral nervest
Esophagus Bone marrowt spinal cord (3 level)
X Stomacht Lymph nodest Pituitary?
X Duodenumt XX Spleent Eyes (optic nerve)t
X Jejungm+ Thyﬂuﬁ* ] Glgndu1§r+
X Ileum Urogenita . XX  Adrenals
X Cecumt AX  Kidneys tacrimal gland
X Colont X Urinar¥ bladdert Mammary gland?
X Rectumt ™ Testes parathyroidst
XX Liver? Epididymides XX Thyroidst :
Gall blaceert Prostate Other
=X Pancreast : Semina) vesicle X ~Bone (femur)t
Respiratory X Ovaries X Skeletal musclet
-~ Trachea Uterus Skin
"% Lungt A1l gross lesions and
masses

Because of a compound-related decrease in [13'I] uptake, major

efforts were mede to study the histopathologic lesions in the

thyroi¢ glands. Two sections from each thyroid - 1obe of every -
animal were exazmined. Alcian Blue-PAS stain was used to estimate e
the amount of mutosubstances in the follicles.

Results:

a. Organ Weights: Thers were some elevations in organ weights
in dogs dosed with Dithane M-45 (Table 4). Mean absolute
heart weights in low- and mid-dose females were significantly
(p <0.05) dmcreased by 25 and 28 percent, respectively.
Mid-dose females also showed 54 and 64 percent increases in
mezn absoiuze weigh:s for spleen and thyroid, respectively.
Mic-dose mz"es showed 15 and 52 percent increases in heart
and kidney. weights, respectively. Organ-to-body weight
ratios  of ‘spleen znd thyroid in mid-dose females were
increased by 31 and 30 percent; increases in heart and liver
weights werz not accompanied by corresponding increases in
organ-to-bocy weight ratios.

No other siztisticaily significant changes in mean absolute
or relative weights were seen.

According tec the study authors, elevated organ weights seen
in some dosed animals were due to increased body weights, and
no dose~ or compound-related trend was present. However,
individual 3rgan weight data were not included in the CBI
report to evaziuate and verify these statements.




in Dogs Fed Dithane M-45 for 24 Months®

TABLE 4. Maan Organ Weights (g*SD). and Organ-to-Body Weight Ratios (g/kg)
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Dose Body ,
(ppm) Weight (kg) Heart Spleen Kidneys Liver Thyroid
Females
Control 8.0%1.2 60.6%11.2 50.9% 8.6 40.5% 9.2 235131.0 0.39%0.09
(7.5510.29) (6.42%1.%9) (5.03%0.60) (29.5113.04) - (0.049%0.01)
25 9.3%1.3 75.7% 4.9*% $3.5%25.8 43.1% 2.4 250£29.0 0.63%0.21
(8.30£1.17) €6.00%3.16) (4.7410.85) (27.2813.51) (0.06710.02)
100 9.3%0.5 77,3 5.6% 78.5% 5.2% 43.0% 4.4 252£13.0 0.6410.14%
(8.31%0.37) (8.441£0.44%)  (4.63%0.53) (27.08%1.45) (0.06920.01)*
1000 9.6%1.7 72.7%11.6 60.0t14.4 45.9% 7.9 329%37.0% 0.46%0.07
(7.65%0.25) (6.36%1.57) (4.8510.86) (34.80%4.38) (0.050%0.01)
les
Control 11.2%1.6 80.7% 2.4 56.2%21.0 47.2% 5.0 32443 0.67£0.07 -
(7.24£0.80) (5.0612.01) (4.2220.37) (28.83£1.82) (0.06010.01)
25 11.4%2.4 89.6%16.5 64.9%20.6 . 53.6% 6.9 298136 0.65%0.08
(7.9110.54) (5.66%1.48) (4,80%0.73) (26.63%3.26) (0.058%0.0¢>
100 13.4%1.4 93.1% 8.9% 74.6%32.9 65.4% 9.9*% 385123 0.73%0.18
- (6,9810.46) (5.52%1.98) (4,97+1.28) €27.11%6.33) (0.053%0.01)
1000 11.281.2 '89.1%10.2 78.5% 6.3 52.4% 8.6 35570 0.68%0.13
(8.0811.46) (7.08%0.72) (4.77¢1.18) (31.9615.21)  (0.06120.01)

8%The values in parentheses are organ-to-body weight ratios in g/kg.

#Yalye is significantly different from control (p <0.05).

11
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b. Gross Pathology: Gross pathologic findings were not reported.

Microscopic Patholo Nonneoplastic):  According to the
study authors, no major histopathologic lesions attributable
to Dithane M-45 administration were observed. One high-dose
animal of each sex showed grade 1 hyperplasia of the thyroid;
focal hyperplasia of the thyroid was observed in one mid-dose
female. ~ However, no dose-related changes 1in the thyroid
follicle morphology were observed. Alclan Blue~PAS stain
also showed no significant intergroup differences in the
amount - of 'mutosubstances present in the ‘follicles. ~No
detailed description of grade 1 hyperplasia was given.

Testes in all-male treatment groups (control 1/4; low-dose,
1/4; mid-dose, 3/4; high-dose, 2/4) showed 1nc1dences of
m1n1mal atrophy. ~Focal hemorrhage in the ling was observed
in one high-dose female. Mo distinct lesions ‘that could be
related to the 1increased heart, spleen, kidney, and liver
weights were observed.

No neoplastic lesions were observed.

QISCUSSION:

The experimental design was incomplete and inadequate to assess the
systemic chronic toxicity of Dithane M-45. In-a number of summary
tables, data for males and females were combined, and some.summary
tables were not supported by the individual animal data. Under the
conditions of the study, compound-related biochemical aberrations and
histopathologic lesions were restricted to the female thyroids. At
month 24, low- and mid-dose females showed a significant (‘p<0 .05)
decrease (12 and 14 percent, respectively) 1in uptake of 13117 at
48 hours. At 72 hours, these values were further decreased to 16 and
19 percent, respectively. At 72 hours, high-dose femaies showed a
significant (p <0.05) decrease of 17 percent in [ I] uptake.
However, all-values .are within the normal range for Beagle dogs.:
Only one high-dose animal of each sex showed grade 1 hyperplasia of
the thyroid; focal hyperplasia. of thyrold was observed in. one
mid-dose female. = Absolute and thyroid-to-body weight ratios were
significantla% (p <0.05) 1ncreased only 1in the mid-dose females.
Although [ 1] uptake was significantly reduced at all dose levels
in -females, this could not be correlated with any other thyroid
effects except for the definitive hyperplasia at the HOT.

Testes- tn all male groups (control, 1/4; low-dose, 1/4; nmid-dose,
3/4; high-dose, 2/4) showed age-related incidences of minimal atrophy.

There were no toxicologically 1important effects on mortath, body
weights, food corsumption, and hematology.

1l..cm\hardy. M. H., Comar, C. L. and Kirk, R. W. D-ﬁgnos’(s of thyroid
gland function in the dog. Am. J. Vet. Res. 23:412-420, 1962.

12



Some major deficiencies of this study are as follows:

1.

8.

Hence, the study is graded Core Supplementary Data according to FIFRA
guidelines. The LOEL 1s 1000 ppm (estimated intake, 25 mg/kg/day)
based on thyroid hyperplasia and the NOEL for systemic toxicity is
100 ppm (estimated intake, 2.5 mg/kg/day).

005425

Concentration, homoqeneity, and stability of the test compound in
the diets werz not determined.

No statistical érocedures or names of methods used were given in
the report.

Ophthalmologic examinations were not conducted.

In many summary tables, male and female values were combined to
calculate the means. y

Individual organ weight data were not provided in the report.

The number of organs weighed and examined histopathoiogically was
insufficient.

Not all of ‘the required -hematologic and clinical chemistry
parameters were determined.

Thyroid function tests (T3, T4, or TSH) were not conducted.

13
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7. CONCLUSIONS:

A.  Groups of 38 male and 38 female rats were exposed to mancozeb
target concentrations of 0, 20, 80, or 320'ag/m3;for 13 weeks.
Groups of Five males and five females were sacrificed after 4
weeks of exposure, and groups of 16 males and 16 females were
necropsied at the end of the 13 week exposure. In addition, 17
males and 17 females were held for an additional 13 weeks
following the exposure phase of the study as a recovery study.
{The results of the recovery study, were not included in this
report.}. The actual mean respirable concentrations to which the
rats were exposed were 0, 8, 36, and_144 my/m3, respectively.
The  male rats exposed to 144 mglm3 exhibited significant
(p <0.05) reduced mean body weight and body weight gain for most
of the exposure period, whereas no such effects were noted in
female . rats. Mean corpuscular volume, mean corpuscular
hemoglobin  concentration, serum triglyceride levels, and
jnorganic phosphorus levels were significantly (p <0.05) altered;
howevar, they were within normal ranges for rats and were not
considered  of biological relevance. Thyrofd ' function tests
revealed significantly reduced T4 serum levels in female rats
exposed to 144 mg/m3 for 13 weeks. In samples collected zt the
termination of exposures, blood, urine, and thyroid samples

exhibited an exposure-response increase in ethylenethicurea (ETY)

and ethylenebisdithiocarbamate (EBOC) concentrations. These data
support the hypothesis that mancozeb is metabolized to ethylene-
thiourea. Organ weight cnanges included reduced kidneys and
heart weights in male rats exposed :o 144 mg/ms; this may have
reflected the raduced body weight of these animals. No
remarkable ophthalmologic findings were reported. Among the
histologic findings, hyperplasia of the follicalar epithelium was
noted in 3 of 10 females exposed to 144 mg/m®, yellow-brown
granular pigment in kidneys of both males and females exposed to

36 or 144 mg/m3, and several lesions in the respiratory tract.

The thyroid changes were related. to exposure to mancozeb whereas

the respiratory tract lesioas are typically observed following

exposure to dusts. The respiratory tract Jesions . may be
indicative of a progressive disease. The authors considered
renal inclusicas to represent the elimination "of a urinary
metabolite. However, the granular form of the pigmented material
may be findicative of progressive disease or lead to chronic
tesions following the inhalation of mancozeb. Based on the renal
inclusions, the LOAEL is 36 mg/m3 and the NOAEL is 8 mg/m’
for rats exposed to mancozeb dust aerosols via nose-only exposure.

item 8--see footnote 1.

L
Only items appropriate to this DER have been included.

3
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9. BACKGROUND: ' The exposure levels selectec Fz-  this subchronic study
were derived from a 2-week 1inhalation siuay designed to ‘determine
exposure levels and the mode of exposure. Nose-only was : selected
over whole body exposure. From the I-week siudy, the NOAEL was
55 mg/mS and the LOAEL wss 258 mg/m3 -“2r rats exposed to mancozeb

for 10 ‘exposures based on the respirenle concentrations of mancozeb
in the chambers.

Item 10--see footnote 1.

11. - MATERTALS AND METHODS {PROTOCOLS):

A. Materials and Methods:

1. The. test material, mancozz2, centzinen 83.35 percent active
ingredient, wnich was a c:zorgination croduct of zinc on and

;. manganese 2t~ “enedisdithiccarpamaze. The exposure concentra-
- tions used - - this study were based on the formulated test

material, as -sceived. Four groups of animals, designated 1,
2, 3, and 4, aere exposed to targe: a2e-osel concentrations of

mancozeb of .. 20, 80, or 320 mg/m*. Animals were exposed
{(nose-only) 6 -“ours a day, § days 3 wesx.

2. Thirty-eight male and 38 female C(r’:I5(SD)BR rats (Charles
River-Lakeview, Nexfield, MJ) were rendomly assigned to ezch
of the four exposuzre groups. - The rats were 35 days old at
the initiation of the study aand weighed between 157 and 21% ¢
(males) and 124 and 168 ¢ (females). Jue to an error in
sexing, group 2 contained 37 males and 39 females. The
animals in each of the four groups were further divided into
three subgroups, designated A, B, =za~2 C. Animals from
subgroup A were zecropsied after 4 wesxs, and subgroup B
animals were necropsied ~after 1C weeks of exposure.
Subgroup C animals were to be necrops 4 after a 13-wzzk
post-exposure recovery period; data for th- racs ery ¢ :
will appear in the final report.

3. The animals were housed individually in stainless steel
wire-mesh cages 1ia an environmentally controlied room while
they were not 1ir the exposure chnambers. The room was

maintained at a temperature ranging between 70 and BO°F

(21-27°C), a relative humidity of 30-70 percent, and a 12

hour 1ight, 12 hour dark cycie. During = exposure, the

exposure chambers were maintained under similar conditicas.

Animals were provided food and water ad libitum except during

exposure and during the pre-necropsy fasting period. Ouring

exposure, animals were housed in ‘ndividual PVC nose-oaly

restraining tubes which were attacned to the front of the
exposure chambers.
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4. The powdered test material was placed in a sample reservoir,
and was forced through the funnel-shaped bottom  of the
reservoir by a plunger, 1into a conducting duct which
contained a blow-jet nozzle.  From the. conducting duct, the
test material was fincorporated 1into an air stream which
entered the air-mixing turret of a stainless steel and glass
exposure chamber. The configuration and stroke frequency of
the plunger were varied in order to achieve the different
exposure concentrations. The exposure chambers were supplied
with filtered room air, and the “chamber air flow rate was
monitored. - The aerosol concentrations in each -exposure
chamber were also monitored periodically each day in order to
check and adjust the aerosol output of the dust generators.
The actual chamber analytical concentrations and the particle
size distributions were determined gravimetrically. Samples

. were taken daily from all four chambers to determine chamber
analytical concentrations. Particle size samples were taken
veekly from chambers 2, 3, and 4, which housed groups 2, 3,
and 4, respectively; particle size samples were not taken
from chamber 1 (control chamber). The exposure concentrations
cited in the report were the respirable dust concentrations,
which were calculated from the total analytical dust concen-
trations and the respirable fraction. The respirable
fraction was calculated from the mass median diameter and the
geometric standard deviation. Temperature and humidity were

monitored continuously in the chambers and in the animal
holding room.

5. A1l animals were examined and weighed the day before the
first exposure (week 0), and then weekly until study
termination. Animals were examined before, during, and after
each exposure for signs of toxicity and mortality. tach
animal was given an ophthalmologic examination prior to the
first exposure and again during week 12. At the scheduled
intervals, after 4 weeks and after 13 weeks of exposure,
animals were sacrificed and necropsied. B8lood samples were

A drawn from &11 animals scheduled for histopathologi:

e - evaluation: These samples were.. used to evaluyate eight
hematolcgic and 15 clinical chemistry parameters. Thyroid

. . functions (T3, T4, and TSH serum levels) were also evaluated.

. e At necropsy, all animals were examined macroscopically.
L . . After 4 weeks of exposure, the following target organs from
Y all animals sacrificed were removed, fixed in formalin, and
Lo histologically examined: lungs; lymph node (peribronchial);
L nasal turbinates; trachea; and thyroid/parathyroid. Absolute

. organ weights were recorded and relative organ weights
A : o (organ-to-body weight ratios) were determined for lungs and
1 ‘ thyroid/parathyroid. After 13 weeks of exposure, the

absolute and relative weights of 10 organs from all
sacrificed animals were recorded. Tissues from the
T - - above-mentioned target organs, as well as liver and kidney
-3 ’ tissues and all gross Jesions and masses were histologically
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examined for rats expased to 20 or 80 mg/m3. A complete
histopathological examination was performed on rats exposed s
to 0 or 320 mg/m3, which included tissues of 40 organs and
all gross lesions and masses.

Six male and six female rats from each group had previously
been designated for residue analysis, and were not sacrificed
at study termination. After 13 weeks of exposure, these rats
were placed in metabclism cages for 24 hours, during which
time the total urine ostput was collected and frozen. After
the 24-hour .period, these animals were sazrificed, and the
lungs, trachea, and livers were removed and placed in frozen
storage. The blood and thyroids were also removed and
frozen; the frozen -samples and wurine were sent to
tnviro-8io~-Tech, Ltd. (Bernville, PA) for determination of
residual levels of ETU and EBDC as carbon disulfide.

The data for bedy weights, body weight changes, hematologic
parameters, clinical chemistry parameters, thyroid function
parameters, organ weights, and organ-to-body weight ratios
were evaluated using  appropriate statistical methods. A
difference between exposure dgroups and controls was
considered statistically significant at p <0.05.

Protocol: The study protocael is included in Appendix A.

12. REPORTED RESULTS:

A.

Chamber Conditions: It was reported that the air flow rate

during exposure in all chamders was 40C L/min., which resulted in
2 92 percent aeroscl equilibrium time (t99) of 14.4 min. or 4.0
percent of the exposure time. The chamber concentration and
aerasol characterization data are shown in Tsble 1.

V.-

4 Weeks of Exposure: “-e mean anadiyli. il derosal coac i .
tions of mancozeb in the chambers were found to & U
(group’ 1), 22 :igroup ¢}, 86 (group 3), and 308 (group 4)
mg/m3; these values carresponded to target concentrations
of 0, 20, 80, and 32G mg/m°. The corresponding respirable
concentrations were 0, 8, 40, and 127 mg/m3 for groups 1,
2, 3, and 4. respectively. The mean mass median diameter
{MMD) of the aerosol particles ranged from 3.7 to 4.4
micrometers, the mean geometric standard deviation (65D)
ranged from 2.1 to 2.3, and the respirable fraction ranged
from 42 to 47 percent. The mean temperature in the chambers
ranged from 20.0 to 21.8°C, and the mean relative humidities
ranged from 71 to 74 percent.

13 _MWeeks of FExposure: The mean analytical aerosol concen-
trations of mancozeb were 0, 18, 79, and 326 mg/m3; these
values corresponded to target concentrations of 0, 20, 80,
and 320 mg/m” respectively. The corresponding respirable

kol

&
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TABLE 1.. Chasber Concentration and Aerosol Characterization

Target Mean Analyt-  Range of Daily Respirable Mean Mass
Exposure ical Exposure Exposure Exposun Median Coometric Respirable
Concentration Concentration Concentration Concentration Dismeter Standard Fraction
(mg/n) (mg/m) (mg/m’) (mg/m) (micrometers) Deviation (percent)
After 4 Moeks
0 0 0 0 0 0 )
20 22 1--70 8 4.1 2.1 43
80 86 36-152 40 3.7 2.2 47
320 308 161-572 127 s 23 2
After 13 Weeks
0 0 0 0 0 0 0
20 18 7- 30 8 3.9 2.1 45
80 9 a7 36 3.8 2.1 P
320 ’ 326 215-514 144 4.2 2.1 42




B.
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concentrations were 0, 8, 36, and 144 mg/m3, respectively.
The aerosol particles had. mean MMO of 3.8 to 4.2 micrometers,
mean GSD of 2.1, and respirable fraction ranged from 42 to 46
percent. The mean chamber temperatures ranged from 19.6 to

21.1°C, and mean relative humidities ranged from 68 to 77
percent.

Clinical Observations:

1. 4 Weeks of Exposure: Six animals, distributed among the four
groups, died during this study period. The authors attributed
these deaths to asphyxiation caused by excessive restraint in
the nose-only restraining tubes. Alopecia and missing tail
tips were noted for several animals; these findings were
attributed to injury by the restraining tubes.

2. 13 Weeks of Exposure: During week 5 to week 13, Ffive
additional deaths occurred, two of these were attributed to
excessive restraint. One female, exposed to 80 mg/m3. died
as the result cf gastric torsion. One male exposed to
320 mg/m3 died with a prostate abscess. One male exposed
to 20 mglu3 exhibited gasping, rales, bradypnea, dyspnea, a
red serosanguinous exudate on the muzzle, and bright red
spotting on the dropping sheet during week 5. The animal
appeared emaciated through week 11 with misaligned incisors
at week 7, and died during exposure in week 12 with a nasal
abscess arcund a tooth. Several animals exhibited alopecia,
dark brown staining of the fur, abrasions, missing tail tips,
wet abdomiral fur, and/or red exudate around the eyes, all of
which were attributed to the restraining method.

Body Weights and Body Weight Gains: A sunmafy of the mean body
weight data is presented in Table 2. :

" 1. 4 Weeks of Exposure: Mean body weights and mean body weight

gains of males exposed to 320 mg/m3 were significantly
reduced (p <0.05) compared to controls during weeks 2 through

4. " No other exposure-related body weight effects were noted
during the first 4 weeks of exposure. ' ’

2. 13 Meeks of Exposure: Males exposed to 320 mg/m~ exhibited
significantly reduced (p <0.05) mean body weights and mean .
body weight gains compared to controls during weeks 7 through
13. Females exposed to 20 mg/m3 exhibited a significantly
increased (p <0.05) body weight gain as compared to controls.

No other exposure-related body weight effects were noted
during this time period.

Hematoloqy:

1. 4 Weeks of Exposure: An insufficient amount of blood was
obtained from 11 of 20 females at the 4-week necropsy
interval.  The data, therefore, were insufficient to make a
meaningful statistical evaluation of female hematologic

8
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TABLE 2. Selected Mean Body Weights: (t SD) and Total Body Weight Gain
(£ SD) in Rats Exposed to Mancozeb for 13 Weeks

Group Mean Body Weight (qg) at Week

Target Exposure Total Body
Concentration Weight Gain
(mg/m3) 0 4 8 13 (Week 0-13)3
Males
0 182.97  336.4 399.3 3€0.3 2111
$12.67  $30.0 +30.2 +40.6 $34.0
20 180.27 327.2  ° 383.2 4401 259.6
+9.83  £30.0 $40.7 $50.6 +45.8
80 182.45  329.7 393.3 451.9 S 2n.o
+11.79  $22.9 +32.1 +40.7 #3711
320 181.37 318.0%  376.8*  429.0* 248.3*
+10.64  #23.3 $29.5 +34.8 £30.5
Females
0 145.05  200.1 223.0 241.1 ©85.17
#9.19  $17.5 $16.3 $18.3 +16.8
20 142.49 203.3 228.5 251.9 110.1*
+9.56  $18.3 $19.4 £25.8 +20.1
80 143.92 197.1 225.2 241.6 98.5
+6.19  %12.9 +14.0 £17.4 +14.8
320 146.13  205.4 228.4 245.9 99.5
+14.7 £15.7 $18.3 +14.6

+9.86

3Total weight gain for rats alive at week 13.

*Significantlv different from control value {p <0.05).
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parameters. No hematologic effects were seen for males in
any expostre group.

2. 13 Weeks of Exposure: Females exposed to 320 mg/m3 exhibited
a significant increase (p £0.05) in mean corpuscular. volume
(MCY) and a significant decrease (p <0.05) in mean corpuscular
hemoglobin concentration (MCHC) compared to controls. However,
the parameters from which the MCV and MCHC values were derived
(hematocrit, red blood cell count, and _hemoglobin) were not
affected. Therefore, these differences were not considered
toxicologically relevant. No other hematologic effects were
seen in males or females. Table 3 summarizes mean values of
selected hematologic parameters for females.

€. Clinical Chemistry:

1. 4 Weeks of Exposure: Mo effects were “seen 1in clinical
chemistry parameters for males or females in any group after 4
weeks of exposure.

2. 13 Weeks of Exposure: A significant reduction (p <0.05) was
seen in triglyceride levels in males exposed to 320 mg/tu3
after 13 weeks of exposure. The authors considered this effect
to be related to the reduced body weights which were seen these
males, and was, therefore, a secondary effect of mancozeb
exposure. '

Inorganic phosphorus was significantly reduced (p <0.05) in )
' females exposed to 80 ma/m” compared to controls. This -
effect was not observed in females exposed to 320 mg/m3, and

was, therefore, not considered toxicologically relevant by the “»(
authors. No other clinical chemistry effects were seen in \

males or females. :

F. Thyroid. Function Data:

1. 4 Weeks of Exposure: T3, T4, and TSH serum levels were not
affected im males or females of any group during the first 4
weeks of exposure.’ :

2. 13 _Weeks Exposure: A significant reduction {p <0.05), in T4
serum level was noted in females exposed to 320 mg/m3; this
was considered to be exposure related. No other effects on
thyroid function were noted. female T4 serum levels are
presented in Table 4.

6. Residue Analysis (conducted by subcontractor and included in
Appendix of report): Urine, blood, and thyroid samples collected
after 13 weeks of exposure were analyzed for ETU and EBOC; the data
are presented in Table 5. The subcontractor reported that EOBC
residues increased in urine at 20, 80, anc 320 mg/m3 and in
blood at 320'mg/m3. The ETU residues fincreased in urine and

blood at 20, 80, and 320 my/m> and in thyroid at 80 and
320 mg/m3. .

10
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Selected Mean Hematology VYalues (+ SD) in Rats
Exposed to Mancozeb for 13 Weeks

005425

Target Exposure

Parameter/Group Mean Value After 13 Weeks

Concentration RBC MCV MCHC
(mg/m3) (10E6/mm3) (97100 mL) (u3d) (%)
Males
0 .63 50.4 14.4 58 28.6
.45 +2.0 $0.6 $2.0 +0.4
20 .38 49.3 14.1 59 28.5
.41 +0.9 +0.7 2.0 +0.8
80 .47 49.9 14.1 59 28.4
.34 +1.4 +0.4 +2.0 $0.4
320 .49 50.0 14.4 59 28.17
.40 +2.9 +0.7 +2.0 +0.7
females
0 7.95 47 13.8 60 28.9
+0.27 +1. $0.4 1.0 +0.5
20 8.12 49.6 14.1 61 28.5
+0.39 +2.6 +0.17 +1.0 +0.4
80 8.09 49.9 14.1 62 28.3
+0.40 +1.5 0.6 $2.0 +0.8
320 81 48.5 13.6 62 28.0
52 3.6 +0.9 £1.0 +0.6

*Significantly different from control value (p <0.05).
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005425
TABLE 4. Selected Thyroid Function Data for Rats Exposed to
Mancozeb for 13 Weeks
Target Exposure Group Mean (+ SD) T4 Serum Level (wg/dl)
Concentration
(mg/m3) After 4 Weeks After 13 Weeks
Mzles .
0 4.61 £1.22 4.39 30.76
20 5.40 $0.15 4.17 %0.31
80 4.71 x0.59 4.50 $0.67
320 4.13 1. 4.02 +0.60
Females
0 3.59 $0.77 3.17 20.60
20 32.6 #1.13 3.11 20,76
80 3.29 $0.63 2.771 20.175
320 2.711 :0.54 2.18*20.74

‘ *Significantly different from control value (p <0.05).

12
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TABLE 5.  Residue Analyses in Rats Exposed to Mancozeb for 13 Weeks

{iprg;tlm __Residue Levels (ppm); rgn__g_g or_mean +S0
Concentration .- Blood Urine Thyroid ;
(mg/n3) ETU £80C ETU EBOC -~ ETU ~ eBoed
Males
0 <0.07 to 0.14 <0.80° 0.10£0.07  <0.04 to 0.2 <5.9 to 13 -
20 <0.12 to 0.16 <0.80 0.3240.22 0.12¢0.07 "<5.6 to 8.8 o
80 0.18£0.15  <0.80 8.9 5.9 0.6620.5 5.122.0 -
320 0.14:0.04 0.86£0.13  13.0 9.6 0.5320.32 1.1£2.5 i
Eemales
0 <0.07 to 0.22 <0.80 0.1120.07  <0.01 to 0.6 <10 to 14 —
20 <0.10 to 0.14 <0.80 to 1.6 0.17:0.68 0.29$0.13  <5.9 to 13 -
80 0.17:0.10  <0.80 16.0 8.3 1.3 $0.83  11.0:5.1 -
320 0.4520.22 0.91:0.5 69.0 66 3.1 £2.2 28.0:21 -

3Not analyzed due to limited sample size.

byailues that include symbol for less than (<) indicate'the concentration was below the.
Timits of detection. :

13
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005425
H. Absolute and Relative Orqan Weights:

1.4 HWeeks of Exgosuré: The ‘authors reported no effects on
thyroid or lung weights of males or females in any group
after 4 weeks of exposure.

2. 13 Weeks of Exposure: Absolute kidneys and heart weights
were significantly reduced (p <0.05) in males exposed to
320 mg/m=  ‘after 13 . weeks of  exposure. The authors
concluded that these reductions resulted from the reduced
terminal body weights, and were secondary effects of exposure
to mancozeb. No other absolute or relative organ weight
effects were observed in either sex 1in any other group.
Table 6 presents mean absolute and relative lung, thyroid,

kidney, and heart weights for males and females after 13
weeks of exposure.

]

I. Ophthalmology: = After 12 weeks of exposure to mancozeb, no
exposure-related effects were observed in the eyes of any animal
in any group. Bilateral retinal degeneration was observed in all
of the animals whose cages were in the topmost position on the
rack, and was attributed to an excessive amount of room light
reaching these cages. One occurrence of ureitis and scattered
occurrences of Focal retinopathy were noted but were not
considered exposure related by the authors.

J. Histopathology:

1. 4 Weeks of Exposure: Several gross and microscopi: changes
were seen in the tissues examined from the 4-week necropsy.
These were scattered among the dosage and control groups, and

the authors did not -consider any of these changes to be
exposure related.

2. 13 _HWee¥s of Exposure: No exposure-related lesions were
observed in males or females exposed to 20 mg/m3 after 13
weeks of exposure to mancozeb. Males and females exposed to
80 or 320 mglm3 exhibited yellow-brown granular nigment in
the lumen of the cortical tubules of the kidney. The authors
considered this to be the result of the elimination of a
pigmented metabolite which was considered to be produced as a
consequence of exposure, but not toxicologically significant
becayse’ there were no histopathologic changes seen in the
kidney in animals of elther group.

The: occurrence of mild  hyperplasia- of the follicular
epithelium in the thyroid glands of three females exposed to
320 mg/m3 was considered to be related to exposure. No
exposyre-related lesions were seen in the thyroid glands of
male rats.

14




TABLE 6. Selected Organ ¥Weight Data for Rats Exposed to Mancozeb for 13 Weeks

.005425

Group Mean Yalue (X SD) at 13 Weeks

Target
Exposure ___Lung : Kidneys Heart . Thyroid
tration Absolute Rel. to BW - Absolute Rel. 1o BY. . . Absolute . . Rel. fo BY. - Absolute  Rel. to B¥W
(ml-’) (g} {x 1000) (g) (x. 1000) LC)) (x 1000} (mg) (x. 1000}
les
0 2.5520.29 6.0110.61 3.5410.29 - 8,35%0.69 1.6420.15 - 3.8720.31 28.9%4.1°  0.06810.011
20 2.4820.29  5.89%0.56 3.2520.43  ~ 7.713%0.83 1.5320.17  3.6430.29 26.5%2.4 0.063+0.007
80 . 2.67%0.79 6.25%1.86 3.48120.29 = 8.1529.52 1.6120.12 - 3.78%0.27 26.0%5.1 - 0.061%0.012
320 2.4430.31  6.0810.64 3.14%30.32 7.8420.71 1.48%30.13  3.70%0.20 26.9%3.3  0.06730.009
Fomales
0 1.8620.16  8.53%0.89 2.1030.13  9.65%0.84 £.00£0.07  4.5930.50 20.5%3.5  0.095:0.018
20 1.9920.35  8.38%1.85 2,20%20.31 © 9.17%3.93 1.0730.10°  4.46%0.28 20.6%4.5 0.08630.0i8
80 1.84%0.17  8.20%0.64 2.1520.30  9.552:.20 1.00£0.09  4.45%0.33 22.0£2.2  '0.09810.008
320 2.09%0.38 9.0821.07 2.3220.70° 10.84£2.48 1.0620.14  4.6420.62 22.122.4  0.09720.011

Significantly different fros control velue (p <0.05).
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STUDY AUTHORS®

Several histopathologic lesions were noted in the respiratory
tract, but these were considered to be spontaneous and not
related to exposure to mancozeb. Table 7 presents the
incidence of findings in the respiratory tract, thyroid, and
kidney.

CONCLUSTONS/QUALITY ASSURANCE MEASURES:

A. Four groups of 38 male and ki:] fe.aie rats were exposed to target

dust aerosol concentrations of 0, 20, 80, and 320 mg/m3 for 13
weeks. The actual respirable concentrations for the 13  weeks
were 0, 8, 36, and 144 mg/m3, respectively.

After 4 weeks of exposure, significant (p <0.05) “reductions in
body weight and body weight gain were noted for male rats exposed
to the target concentration of 320 mg/n3. No other effects
were considered to be related to exposure by the authors.

After 13 weeks of exposure, significant reductions were found in
body weight and body weight gain in males as well as reductions
in T4 levels in females exposed to.the target concentrations of
320 mglu3. In addition, micrescopic examination of the thyroid
glands in these females revealed hyperplasia of the follicular
epithelium. No other effects were considered to be related to
exposure to mancozcb.

There was a yellow-brown granular pigment in the convoluted
tubules of male and female rats exposed to 80 or 320 mg/m3.
The authors did not consider this pigment a manifestation of
toxicity but likely to be the accumulation of the metabolite,
ethylenebisisothiocyanate sulfate.

Based on'these results, the NOAEL for mancozeb in rats was

considered to be 36 mglm3 and the LOAEL was consider to be
144 mg/m3 based on respirable concentration data.

Signed quality assuranc2 s_tatemenfs were déted Feb{'uary 21, 1986

for toxicity and January 13, 1985 for the residue report (Note:
this is probably an error in year). ‘

EVIEWERS' DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

R Y LW RS L A A e e o i et S b

A. Considerable variation in chamber concentrations was noted.

especially early in this study. The ranges in-daily mean chamber
concentrations were narrower after the first 4 weeks. The
characterization of the dust aerosol was adequate, and it is
appropriate to base the toxicological £indings on the respirable
concentrations of 0, 8. 36, and 144 mg/m® for the target

concentrations of 0. 20, 80, and 320 nglm3. respectively, as
reflected in the following assassment.

=
v
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007,425
TADLL 1. Inc idence. ol Se eiler istopatho " 291¢ Leslons bound  in g%
Exponed %2 Manc ey : . 13 deeks
rarqet fxposure Concentration (wg/m)
Males Femy s .
rqan/f inding 0 20 80 120 0‘ 20 3C 320
Lidney
No. examined 1°03 11y (10) {1 (10) (1 i (1)
yellow-bruown pigment,
cortical tubules 0 G b) f 0 s} 1% 9
thyrolg
No. =xamined 0y 1e)  (10) () (10) (10 1IC)  (10)
~-hyperplas 4,
follicular epithelium 0 G ] 0 0 0 C 3
L yng
No. examined ey ity (10) (1 (1) On 17 (1)
-myltifocal Interstitial :
fnf lammat ion 3 EA 1 4 9 1 - 8
-foct of alveoiar .
macrophaqges : 5 C 9 3 2 0 ) 4
--focal/multifocal
nemorrhage 0 c 0 1 0 0 0
~~dittuse acute conges-
tion 0 i 0 1 0 1 H )
Yasal Turbinatec
No. examined ~ {(70) . 11y (10) () (o On 1) ()
--congestion 0 o 0 0 0 4] 1 1
--multifocal mononuclear
cellular infiltration 2 2 3 4 0 1 c e
--hemorrhage 0 c 0 0 0 0 H 1
irachea
No. examined (10) 1)y (10) (1 (10) M1y 1Y)y (1)
--focal tracheitis 1 0 1 3 0 2 z 3
11




005425

Tte body weight data revealed an exposure~-related, significant
reduction in body weight and weight gain for male rats exposed to
144 mg/m3. A significant increase in body weight gain in
females exposed to 8 mg/m was also noted; however, these
temales were slightly smaller at study iniciation, and the effect
was not seen at higher exposure levels; this weight gain is
trterefore not considered related to exposure.

The hematology data reflect the gene-~' good health of these rats
with low white cell counts and no unus-..) data among the red cell
indices. The significant increase in ... .- corpuscular volume and
decrease in mean corpuscular hemoglobin concentration are within
the normal range of values for rats and were not considered to be
retated to exposure to mancozeb.

Triglyceride levels in males exposed to 144 mg/m3 and inorganic
phosphorus  Tevels in  females exposed to 36 mg/m3 were
significantly reduced when compared to controls. These changes
were within the normal range of values for rats and were nct
ccnsidered to be related to exposure to mancozeb.

The significant reduction in serum T4 levels in females exposed

to 144 mg/m3 noted at week 13 was considered to be related to
exposure to mancozeb.

Residue analyses in blood, urine, and thyroids revealed increas-
ing concentrations of ethylenethiourea and ethylenebisdithio-
carbamate with increasing exposure concentration. These data
support the hypothesis that mancozeb is metabolized to ethylene-
thiourea and that the thyroid is a target organ for mancozeb
toxicity. ‘

The “absolute weights of kidneys and heart were significantly
reduced in males exposed to 144 mg/m*. The authors concluded
that these differences were due to reduced body weight in these
males. However, we calculated organ-to-brain weight ratios and
found that the relative kidneys and heart weights were reduced,
although not significantly for males exposed to 144 mg/m3.

No remarkable findings were noted during the ophthaimological
examinations. :

Microscopic examination of tissues taken at termination (13 weeks)
necropsy revealed the presence of yellow-brown, granular pigment
in males and females exposed to 36 mg/m3. The pigment was not
present at the 4-week interim sacrifice and, thus, may represent
possible progressive lesions in the kidney. 1In addition, mild
hyperplasia of the follicular epithelium of the thyroid occurred
in three females exposed to 144 mg/m3. These changes may  be
due at least in part to a compensatory reaction to hypothyroidism.
" Since hyperplasia was not present after the initial 4 weeks of
exposure, it is possible that these changes indicate progressive

18
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lasions in female rats. As expected for dust aerosol exposures,
there were minor histologic changes in. the nasal turbinates and
trachea as well as congestion in the lungs of rats exposed to
mancozeb. These changes may 1indicate progressive lung disease
leading to the formation of granulomas ia-the lung and bronchial
lymph nodes. Based on these histologic findings, the thyroid,
kidneys, and respiratory tract are target oryans in rats exposed
to dust aerosols of mancozeb.

B. The study was conducted in an acceptable” manner and appropr.ate
quality assurance inspections were reported.

C. The effects on body weight in maies and on the thyroid in females
are similar to effects seen in other studie: of mancozeb. The
findings of the yellow-brown granular pigment in the kidneys,
_accompanied by a decrease in kidney weight, has not been reported
previously. This may mean that the metabolic fate from inhaled
mancozeb is at least slightly different from the fate of ingested
mancozeb. The fact that the pigment is granular may indicate a
serious kidney problem in rats exposed beyond 13 weeks. These
inclusions were not present at the 4-week interim sacrifice while
the incidence was high in animals exposed to 36 or 144 mg/m3.
These inclusions may represent a form of kidney urolithiasis as
seen with gout, cystinurea, or hyperoxalurea. Stones can form
from oxalatea cysteine, uric acid, calcium carbonate, or calcium
phosphate. Uric acid is particularly sensitive to pH with stones
forming below pH 5.5. The exact nature of mancozeb and/or its
metabolites in kidney functioa is not known; however, these renal
inclusions cannot be ignored. Au angoing recovery study will
reveal whether or not the pigment is cleared from the kidneys
over time. The changes in .the respiratory tract are not
unexpected for Just aerosol exposures. These types of lesions
can progress to the formetion of granulomas in the lung and
microgranulomas in the bronchial Tlymph nodes. The ongoing
recovery study will give some indications of whether or not these
are progressive lesions of the respiratory tract.

Based on these results, there are definite effects of exposure to
a respirable .concentration of 144 usglm3 mancozeb; for males in
this study it was body weight and for females effects were on
thyroid function and were verified by histology on the thyroid.
The seriousness of the renal inclusions (granular pigment) cannot
be assessed. The inclusions were not present at & weeks, while
the incidence was high in the 36 and 144 mg/m3 groups at study
termination. Thus, we cannot ignore inclusfons and based on
these data, the LOAEL for rats exposed to mancozeb is 36 mglm3
and the NOAEL is 8 mg/mS.

Item 15-~see footnote 1.
16. CBI APPENDIX: Appendix A, Study Protocol.
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" ~,The material not included contains the following type .of

R information* L _ ._t

Identity of product inert ingredients.‘v'
) Identity of product 1mpurities.

- Description of the product manufacturing process.

Identity of the source of product 1ngred1ents.
' Sales or. other commercxal/flnanclal information.

. .Description of quality control procedures.
A draft product 1abe1._
'Ew_The product confidential statement of formula. -

| Information about a pending reglstratlon action.
v FIFRA registration data.

?'~ The document is a duplicate of page(s)

The document is not responsive to the request. B

-

The information not included is generally considered confidential
by product registrants.:. If you have any questions, please contact
“the. individual who- prepared the response to your requestu ‘
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1. CHEMICAL: Mancozeb; ethyl‘enemis-dithioéarbamate, In*2,  Mnt?
coordination product; Dithane M-45 fungicide.

TEST MATERIAL: [ 1%-ethylene]Mancozeb from lot Nos. 476.0108 and

476.0201 with specific activities of 11.60 and 11.54 aCi/g,

respectively, was used. The following is the chemical structure of

m2acozeb: . g
s s

[-S-C-NHZECH2 QCHp-NH-C-S-Jx Mn*2/Zn*2  (Mn:In, 9:1)

”® A;.;.M:hivl ¢ C"ﬁ

~7"7 AlsoN technical mancozeb from lot No. 43339 containing B4 percent
/ active ingredient was used. :
o

.
Lo~

3. STUDY/ACTION TYPE: Metabolic study in rats.

4. STUDY IDENTIFICATION: DiDonato, L. J. and Longacre, S. L. " Kancozeb
pharmacokinetic study 1n rats (unpublished study No. B5R-123);
Longacre, S. L. Summary of ETU and EBOC analyses in plasma, liver,
and thyroid after mancozeb administration (unpublished study No:
85R-123); Nelson, S.S. Metabolism of C-14 mancozeb . in rat
(unpublished study No. 31H-86-02).

Prepared by Rowm and Haas Company, Philadelphia, PA; dated May 21/22,
1986. Accession Nos. 262834 and 262835.

5. REVIEWED BY:

Charles Rothwell, Ph.D. Signature:
Principal Reviewer

Oynamac Corporation Date:

Nicolas P. Hajjar, Ph.D. Signature: ;
Independent Reviewer :

Dynama: Corporation Date:

6. APPROVED BY:

William L. McLellan, Ph.D. Signatur;e: '
Metabolism
Technical Quality Control Date:

Dynamac Corporation

Irving Mauver, Ph.D. Signature:
EPA Reviewer
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CHEMICAL: Mancozeb;  ethylene-bis-dithiocarbamate, zn+2, mupt2
coordinetion product; Dithane K-45 fungicide.

005425

If . TEST MATERIAL: [‘4Cfethylenelnaucozeb' from lot MNos. 476.0108 and

476.0201 with specific activities of 11.60 and 11.54 mCizg,

A respectively, was used. The following §s the chemical structure and
; positicr ¢f the labeled carbons {*) of ['4CImancozeb:

5 S
1t ; I
[~S-C-NH-*CHp-*CHp-NH-C-S-]y Mn*2/2n*2  (Mn:Zn, 9:1)

-

*Also, unlabeled technical mancozeb from lot No. 43339 containing 84
percent active ingredient was used. L

*

'STUDY/ACTION TYPE: Metabolic study in rats.

STUDY TIDENTIFICATION: DiDonato, L. J. and Longacre, S. L. Mancozeb
pharmacokinetic study 1n rats (unpublished study WNo. 85R-123);
Longacre, S. L. Summary of ETU and EBOC analyses in plasma, liver,
and thyroid after mancozeb administration (unpublished - study No.
85R-123); Nelson, S. S.  Metabolism of C-14 mancozeb 1n rat
(unpublished study No. 31H-86-02).

Prepared by Rohm and Haas Company, Philadelphia, PA; dated May 21722,
1986. Accession Nos. 262834 and 262835.

5. REVIEWED PY:

Charles Rothwell, Ph.D. Signature: M__MI{L
Principal Reviewer

Oynamac Corporatfion : Date: . 1-12-3¢

“Nicolas P. Hajjar, Ph.D. Signature: Cool. Iy A 44\
Independent Reviewer

“Dynamac Corporation Date: 9-12-%¢L

6. APPROVED BY:

William L. McLeTlan, Ph.D. 51gnature:M%.
Metabolism ~ \

Technical Quality Control Date:
Dynamac Corporation

Irving Maver, Ph.D. ‘ Signature:
EPA Reviewer »

Date:
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1. nc:. smns

A. Ha'le and female rats given single ora'l doses of [14(:]mancozeb
at 1.5 or 100 mg/kqg absorbed approximately half of the dose.
Absorption was rapid; peak plasma concentrations of [14c] were
reached within 3 and & hours after dos , ‘

, ctively. Elimination of [ 4c] e na wWas
sic with half-lives for the rapid and slw ph ‘ranging
1 3.9 to 6.1 and 23 1 to 38 5 hours. respect Jnost of

‘96 hours postdosing. about half the dose uas ﬂ inated in the
urine and half in the feces; less than 2 and 4 percent were found
in expired air and tissues, respectively. Most of the ['4c]
eliminated in the feces represented unabsorbed material since
only 2.0 to 8.8 percent of an oral dose was excreted 1n ‘the 0- to
24-hour bile. Thyroid contained the highest [14C] residue
levels, Peak thyroid concentrations were not proportional to
dose ang were disproportionately less than the respective peak
blood ['4C] concentrations after a 100-mg/kq dose than after a
1.5~-mg/kg dose. The disposition or excretion of {“C]mancozeb
in rats fed diets containing technical mancozeb at 15 ppm active
ingredient for 14 days prior to being dosed with [14C}mncozeb

at 1.5 mg/kg was not significantly different from that observed
in the above-mentioned groups.

Metabolite analysis revealed - that  mancozeb - 1s extensively
metabolized and/or degraded by the rat. Ethylenethiourea (ETU)
was a major degradate/metabolite found 1in urine, bile, and
feces. ETU was also measured: in plasma, liver, and thyroid and
was found to have an elimination half-life of 3.9 to 4.7 hours in
those tissues. Ethylene-bis-dithiocarbamate (EBDC), the major
component of mancozeb, was detected in liver, feces, and bile,
but not in thyroid. Other degradates/metabolites 1identified in
feces, urine, and/or bile 1include ethylenebis-(isothiocyanate)
sulfide (EBIS), ethyleneurea (EU), N-acetyl-ethylenediamine
{N-AcEDA), and -ethylenediamine (EDA).  Degqradates/metabolites
tentatively ddentified were glycine (Gly), N-acetylglycine
(N-AcGly), and N-formylethylenediamine (N-FortDA). Five unknowns
were also found, one of which was proposed to be ethylenethiuram
disulfide (ETD).  Structures and the proposed degradation/
metabolic pathway for mancozeb are presented in Fiqure 1. The
quantities of these metabolites arising from In vivo metabolisw/
degradation of mancozeb cannot be detemined precisely because of

the presence of 8-12 percent ('4c] impurities in the test
material.

B. ‘This metabolism study is acceptable.

Item 8-10--see footnote 1.

20nly {tems appropriate to this DER have been included.
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11. MATERIALS AND METHODS (PROTOCOLS): 005425
A. Materials and Methods:

1. The test materials were unlabeled technical mancozeb (84
percent active ingredient) and ['4C-ethylene]mancozeb with
a specific activity of approximately 11.55 mCi/g. Analysis
of .the [NC}mancozeb by high pressure liquid chromatography
(HPLC) 1indicated a radiochemical purity of 88 to 92 percent.

The number and identities of the radiolabeled impurities were
not reported. '

2.. The test animals were. 3- to 9-week-old male and female
Sprague=Dawley €D rats  supplied by - Charles River
Laboratories. At the time of dosing, the animals weighed
between 75 and 300 g.

3. The radiolabeled test material was suspended in 0.5 percent
methylcellulose and wzs administered by gavage. The ['4c]-
mancozeb was not dilyted with nonradiolabeled mancozeb except
to dose two rats at 100 mg/kg in a range-finding study; the

specific activity of the mancozeb given those animals was
4.99 mCi/qg.

4. A preliminary range-finding study was performed with groups
of two ' male rats administered single oral doses of
(‘4cimancozeb at 1.5, 100, or 300 mg/kg. After dosing, one
rat each dosed with 1.5 and 100 mg/kg dnd both rats dosed
with 300 mg/kg were placed in individual metabolism cages for
the collection of urine and feces. Expired air was also
collected. for rats receiving 1.5 and 1G0 mg/kg. Collection
times were 6, 24, 48, 72, and 96 hours. The animals were
sacrificed at 96 hours, and plasma, whole blood, thyroid,
1iver, adipose tissue, kidney, lung, heart, bone marrow,
testes, muscle, and spleen were taken for radioassay. B8lood
samples were collected from the other two rats dosed with 1.5
and 100 mg/kg at 1, 3, 6, 24, 48, and 72 hours after dosing.

5. For the main study, 17 male and 17 fem‘u'i:;- FaLs per group were
administered single oral doses of ['4C)mancozeb at 1.5 or
100 mg/kg.  Three rats/sex/group were sacrificed at 1, 6, 24,
and 48 hours postdosing, and their plasma, whole blood,
liver, and thyroids were taken for radfoassay and metabolite
analysis. Additionally, blood samples were taken at 0.5 and
3 hours from the rats sacrificed at 1 znd 6 hours, respec-

g tively. Five rats/sex/group were placed 4n individual
metabolism cages d{mmediately after dosing, and their urine
and feces were collected at 6, 24, 48, 72, and 96 hours
postdosing. The remaining animals were sacrificed at 96
hours, and their plasma, whole blood, thyroids, 1liver,
adipose tissue, kidneys, lung, heart, bone marrow, gonads,
muscle, spleen, and brain were collected for radiocassay and
metabolite analysis. ) '
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An additional 10 male anc 10 female rats were placed on diets
of ‘Purina Rodent Chow containing unlabeled techaical mancozeb
at 15 ppm (active ingredient). - After 14 days on the mancozeb
¢let, five rats/sex/group were given single oral doses of
('4CJmancozeb at 1.5. After dosing, the animals were
housed in individual metabolism cages and urine and feces
collected as described above. The animals were sacrificed 9%

hours  postdosing and tissues were collected as described
above.,

Finally, two groups of three male and three female rats with
cannulated bile ducts were administered single oral doses of
('4CImancozeb at 1.5 or 100 mg/kg. Bile was collected
during 0-6 and 6-24 hours postadministration for radicassay

and  metabolite analysis. No other samples were taken from
these animals.

»

e 6. Samples of urine and feces were collected over dry fce as

o much as possible and stored frozen until analyzed. Expired
air collected 1in the ‘range-finding study was trapped 4n §
percent sodium hydroxide. Aliquots of blood were centrifuged
to collect piasma for radicassey. Liver, thyroid, and plasma
samples to be analyzed for ETU and EBOC content were kept
frozen untii analysis. Aliquots of urine, blood, bile, and
other ligquid samples were radioassayed by liquid scintiilation
counting (LSC). Solid samples were combusted and the combus~
tion procducts radioassayed by LSC. The percent of dose ‘in
bone marrow, adipose tissue, and wmuscle was calculated
assuming these tissues represented 0.4, 7.0, and 45.5 percent
of body weight, respectively. The percent of dose in whole
blood was calculated assuming whole blood represented 6.5
percent of body weight.

7. Plasma, liver, and thyroid samples remaining after aliguots
were taken for | 4£] quantitation were pooled for sex and
dose group. The pooled samples were analyzed for ETU and EBDC
‘content using a modification® of a previously published
-HPLC technique.® Further details on the modified method-
ology used were not reported. -

T ; 8. Following radioassay, the remaining samples of urine and feces

o collected 6, 24, 48, 72, and 96 hours after dosing were pooled

o according to sex and dose group so that the pooled samples

o contained over 90 percent of the excreted radioactivity.
These pooled samples were used for metzbolite identification.
Similarly, the 0- to 6-hour and 6- to 24-hour bile samples
were pooled for identification of metabolites.

2
Roam and Haas. Technical Report Xo. TR36F-B82-15, March 4. 1982, Ag.
Prad. Environ. Sciences. -

s .
Haines, L.0. and Adler, I.L. 6as chromatographic determination of
etaylenethiourea residues. J.A.0.A.C. 56:333-337 (1973).

6
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9. Radiolabeled metabolites in. wurine, feces, any bile were
separated by thin-layer chromatography (TLC) and/or HPLC.
Radioactive spots on developed TLC plates were located by
autoradiography. . and . . quantitated by  LSC. Metabolite
identification was done by cochromatography with. known
standards. ~ Details on the methodology used for isolation

identification,  and  quantitation of  ['4C]mancozed
metabolites/degradates are included in Appendix A of this
review.

Prg' tocol: A protocol for the study design was included with the
report (see Appendix B of this review).

12. REPORTED RESULTS:

A.

Actual Doses: The actual doses of ["(:]mancozeb orally
administered to each animal were presented. An examination of
the data indicated that each rat received 95 to 105 percent of
the nominal concentration. Analysis of the unlabeled mancozeb-
treated feed showed that the average mancozeb concentration to be

99 percent of nominal (15 ppm) and the ETU content was approxi-
mately 0.4 ppm.

Range-Finding ?tudy: The total recovery of ['4C] from animals
n the range-finding study 96 hours after dosing ranged from 90.4
to 121.7 percent of the dose. For the rats dosed at 1.5 or
100 mg/kg, approximately 25 percent of the dose was excreted in
urine collected at 0-96 hours and 77-89 percent in Ffeces
collected at 0-96 hours Expired air contained only 0.3-1.3
percent of the dosed [ C] The ["(:] excretion pattern for
the rats dosed at 300 mg/kg was quite different: 41.6 and 44.0
percent of the dose being excreted into the feces and urine after
96 hours, respectively.

Plasma and whole blood levels of [“(:] peaked within 6 hours of
dosing, accounting for 0.475 and 15.45 ppm in male rats dosed at
1.5 and 100 mg/kg, respectively, in the range—finding study. The
elimination of radicactivity was biphasic, and [ C] concentra-
tions in plasma and whole blood were essentia]ly similar at each
time point for each dose. Of the tissues analyzed 96 hours post-
administration, thyroid contained the hiihest {14c] levels at
all three dose levels, followed by 1iver, kidney, bone marrow, and
lung, accounting for 107, 40, 37, 22, and 18 ppa, respectively.

Main_Study: = The average total recoveries of radioactivity per
group at 0-96 hours after dosing with [ C]mncozeb ranged from
92.0 to 124.4 percent of dose. The mean excretion. of radio-
activity in urine and feces following oral administration of
{4c)mancozeb 1is presented in Table 1. Most (73.95 to 94.14
percent) of the administered dose was recovered in the excreta

within 24 hours of dosing; 87.57 to 119.7 percent of the dose (95 -

to 98 percent of the recovered [1 C]) was eliminated in the
excreta by 96 hours. The excreted radiocactivity was essentially

1
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TABLE 1. - Mean Excretion of Radiocactivity in Urine and Feces
Following Oral Administration of [14C]Mancozeb
at 1.5 or 100 mg/kg to Male (M) and Female (F) Rats

Mean recovéry of [14c] as percent of administered dose?

1.5-mg/kq dose 100-ma/kg dose  Multiple dosesd
Time (hours) M F M F .= M F
Urine ©0-6  20.50  23.79 13.59  15.08 10.84  10.32
6-24 23.40 20.12 21.89  30.07 37.71  36.02
24-48 4.00 3.80 1.07 6.69 5.42 4.03
48-12 0.67 1.10 1.57 1.78 1.07 0.89
12-96 0.2¢ 0.72 0.87 0.85 -0.62 0.42
Total 48.86  49.53 50.99  54.47 55.66  51.68
Feces 0-6 1.02  10.81 13.05 1.54 0.12 1.68
6-24 49.22  31.65 37.58 44.11 30.43  25.93
24-48 4.59 3.29 7.00  15.62 9.57 7.43
48-12 0.37 0.65  0.66 3.82 0.75 0.64
72-96 0.12 0.2 0.18 0.12 0.21 0.2
Total 55.32  46.61 58.47  65.21 41.08  35.89 L,
= 5.

These animals were given single oral doses of ['4CImancozeb at 1.5
mg/kg after 14 days on diets containing unlabeled technical mancozeb at
15 ppm active’ 1ngred1ent

-
Z
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evenly distributed between the urine and feces for all three dose
groups.

Individual -animal gata on- the biliary excretion of (14C] after
dosing - with CJmancozeb  are = presented ~ in . Table 2.
Approximately 6. 3 to 8.8 and 2.0 to 3.8 percent of the dose were

~excreted by rats within 24 hours postdosing at 1.5 and 100 mg/kg,
respectively

Concentrations of [”C] in the plasma of male and female rats
administered single oral doses of [1 Clmancozeb ‘at 1.5 or
1?2 mg/kg are presented in Figures 2 and 3, respectively. The

C] plasme concentrations for males and females were  very
similar for each dose group. Radioactivity was rapidly absorbed
into the plasma with half-l1ives (t 1/2 absorption) of 0.7 to 1.0
hour for - the low-dose group and 1.7 hours for the high-dose
group.  Peak concentrations of 0.32 to 0.33 ppm were achieved
within 3 hours for the low-dose group. Peak concentrations for
the high-dose group of 18.1 to '18.7 ppm were reached within 6
hours after dosing. The elimination of radioactivity from plasma
was biphasic; the half-lives for the rapid elimination were 3.9
and 5.7 hours for malés receiving the Tow and high doses,
respectively, and 4.6 and 6.1 hours for females receiving the low
and high doses, respectively. The rapid phase of elimination in
the high-dose group was much less pronounced than in the low-dose
group. The slow elimination half-lives for both sexes were about

36.5 and 25 hours in animals receiving the low and high doses,
respectively.

[“(:] levels in whnle blood were similar to the corresponding
plasma concentrations for each dose group; however, the slow
phase of elimination for the low-dose group was longer in blood
{t 172 = 69.3 to 138.6 hours) compared to plasma (t 172 = 34.7 to
38.5 hours).

Concentrations of [14C] in liver were very similar h%tween males

and females at each time point after dosing with CImancozeb
: (Figures -4 and 5). Peak levels were reached within 6 hours (1
! hour for the low-dose females) of dosing and were 1.6- to 1.8-fold
(0.711-0.81 ppm) and 5.6~ to 6.3-fold (100.3-113.9 ppm) higher
than the corresponding peak [4(:] whole blood concentrations
after 1.5- and 100-mg/kKg doses, respectively. Elimination
kinetics were biphasic; the half-lives for the rapid and slow

elimination phases were 6.97 to 8.70 and 31.99 to 37.70 hours,
respectively.

Figures 6 and 7 show the concentrations of ["C] in thyroid at
various times after administration of ["C]mancozeir at 1.5 or
100 mg/kg to male and female rats, respectively. The individual
animal values varied by as much as 30-fold within a group. Peak .
levels were reached within 6 and 24 hours in animals receiving N
the Tow and high doses, respectively; [4(:] levels decreased
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TABLE 2. 811iary Excretion of Radiocactivity Following Administration
“of [ C]Hancozeb at 1.5-or 100 mg/kg to Rats

0-6 Hours 6-24 Hours Total

Dose Volume  Percent Volume Percent  Volume Percent

Sex (mg/kg) (mL) of dose (mL) of dose {mL) of dose
M 1.5 5.0 1.21 9.0 1.54 14.0 8.75
M3 1.5 3.9 2.93 3.0 1.62 6.0 4.51
mean 14.0 8.75
F 1.5 3.4 3.20 8.8 2.91 12.2  6.17
F 1.5 2.0 3.04 8.6 3.42 . 10.6 6.4
Fa 1.5 1.8 3.43 0.5 0.55 2.3 3.98
mean 11.4 6.32
M 100 3.5 1.31 11.4 .72 14.9 4.03
M 100 3.7 .21 1n.0 2.82 14.7 4.03
M 100 3.9 1.38 11.6 1.82 15.5 3.20
mean 15.0 3.75
F 100 4.8 0.05 13.9 0.29 18.7 0.34
F 100 3.9 0.04 1.7 0.10 11.6 0.14
~ F 100 3.4 1.28 10.4 2.35 13.8 .63
mean 16.3 1.98

Data from these animals were not used by the study authors to calculate the
means due to "encountered technical difficulties.®

10
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between 24 and 48 hours, and then increased or remained constant
between 48 and 96 hours, The peak [‘ €] levels in thyroid were
42.1- to  45-fold  (18.8-20.8 ppm) and §5.6- to 15.7-fold
(100.7-282.9 ppm) higher than the corresponding peak [4c]
levels in whole blood after 1.5 and 100 mg/kg doses, respectively.

The {'%c1 tissue distribution 96 hours after dosing with
['4cImancozeb’ are presented in Table 3. For each group and
tissue, residue levels were comparable beiween males and females,
except for adipose tissue and gonads, 1in which the ['4c]
concentrations 1in tissues from females were 2- to 11-fold higher
than the respective concentrations found in the tissues of male
rats. The thyroid contained the highest residue levels for each
group; it was 9.8~ to 18.7-fold higher than the next highest
tissue concentrations of (14c] (liver, kidney, and spleen).
‘However, the thyroid contained only *.03 (1.5-mg/kg dosed males)
to 0.10 percent of the dose (100-mg/.¢ dosed females) 96 hours
after dosing. Tissue concentratioas of ["C]’ residues in rats
fed diets containing unlabeled technical mancozeb at 15 ppm active
ingredient for 2 weeks prior to dosing with ['4CImancozeb at
1.5 mg/kg were comparable to those in . animals .receiving only
single doses of ['4CImancozeb at 1.5 mg/kg.

The average [14C] residue. levels per group remaining in  the
tissues of rats 96 hours after dosing were only 1.58 to 3.69
percent of the dose.

and EBOC Levels in Plasma, Liver, and Thyroid: Concentrations
of ETU and total ['®C] residues 1in plasma, liver, and thyroid
of rats dosed with [14CImancozeb are presented in Table 4. ETU
concentrations 1in plasma and iiver of rats 6 hours after dosing
with ['4CImancozeb at 1.5 mg/kg were 5.4-to 7.0-fold and
11.1- to . 12.6-fold 1less than the corresponding plasma and liver
('4c] levels, respectively. ETU was not detected in the pooled
thyroids of thése low dose animals.

For animals administered single oral doses of '["C]mancozeb at
100 mg/kqg. the peak plasma levels of ETU were reached 6 hours
postadministration and were about 6- and 13-fold less than -the
corresponding plasma ['4C] levels for males and females,
respectively. ETU was rapidly eliminated from the plasma of both
male and female rats (tyy; for elimination = 3.9 to 4.7 hours);
ETU had decreased below detectable levels (0.017 ppm) within 4°
hours after dosing. The area under the plasma ETU concentratic:
vs. time curve (AUC) was 6.4 and 3.1 percent of the AUC for the
plasma ['4c] concentrations vs. time curve for males -and
females, respectively.

ETU concentrations ‘in the liver of high-dose rats were 95- to-
107-fold less than the corresponding liver [{'4C] concentrations
6 hours after dosing. ETU was rapidiy eliminated from the liver,
decreasing below detectable 1levels (0.014 ppm) within 48 hours
after dosing. '
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TABLE 3.

Mean Concentrations of Rada..ectivity in Various Tissues

96 Hours After Administratior of a Single Oral Dose of

[ C]Hancezeb in Male (M) an. Female (F) Rats
Mean tissue concentrztion of (14¢ Jmancozets
residues (ppm)d ;
1.5-mc/kq dose  100-mc/kg dose Multiple dosesP

Tissue M F M Foo M F
8lood 0.104 0.083 1.34 1.93 0.084 0.095
Liver 0.035 0.034 4.19 5.7 0110 0.112
Thyroid 4.42 6.52 19.0 131.17 9.16 9.20
Spleen 0.017 0.0239 1.49 2 0.060 0.078
Kidney 0.364 0.433 4.87 1 0.939 0.675
Heart 0.01% 0.0271 1.30 2 0.049 0.056
Lung 0.019 0.02¢ 1.58 2.3 0.051 0.060
Brain 0.022 0.013 0.352 0.5 0.012 0.013
Bone marrow 0.375 0.421 1.84 2.15 0.241 0.347
Adipose tissue 0.030 0.119 1.01 2.94  0.045 0.09
Gonads 0.009 0.095 0.842 2.54 . 0.022 0.142
Muscle 0.011 0.017 1.45 1.73 0.038 0.040

N = 5.

banimzis received a single oral dose =f [14Cimancozeb at 1.5 wg/kg
after 2 weeks on a diet containing technical mancozeb at 15 ppm
active ingredient.

18
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TABLE 4. Concentrations of ETU and I *1. - = vo~., Liver, and Thyroig
of Rats Dosed with [ H4CIMancczen

Time Co-zi-*ra*ion i in pooled samples®
Postdosing Plasma . var Thyroid

Dose Group  Sex  (hours)  [l4c) £ ;14 Ty 143 £y

1.5 me/kg M 6 0.218 0.6 0.70% 0.05% 18.84 wb

F 6 0.256 0.047 0.5% 0.046 20.75 w

100 mg/kg ) 1 5.30 1.00 30.9¢ 0.78 19.97 w0

F | 7.45 0.98 48.75 0.79 47.29 1.6

M 26 18.14 2.86 113.9 1,20 64.27 0.62

F 6 18.69 1.42 100,3 0.94 41,94 0.4

M 24 T6.16 0.12 19.04 0.15 100.7 1.3

£ 2 1.73 0.10 23.94 7 0.1 282.9 1.5

. M 48 3.91 ND 14,15 ND 28.33 w0
. ‘F 48 3.92 ND 13.99 XD - 21.96 ]
M 96 0.747 ND 4.19 ND 79.00 w0

F 9%6° .18 ND 5.71 - ND 131.7 [*

Multiple M 96 0.024 NC 0. 110 £ 9.158 - MO

dosesd 3 96¢ 0.02¢ ND 0.112 0 9.203 "0

aETU was measured in pooled samples (n = 3).

bllD = not detected, the detection limits for ETU in plasma, liver, and thyroid wers 0.017 pom,
0.014 ppm, and 0.012 ug/sample, respectively.

cl,: 5 for thess pooied samples.

d .
Animals received a single oral dose of t'4Cmancozed st 1.5 mg/kg atter . =
containing techrical mancozeb st 15 ppm sctive ingredient.
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Ir male rats dosed at 100 mg/kg, ETU concentrations in the
thyroids were 78- and 104-folg  less than the corresponding
thyroid ['4C) concentrations at 6 and 24 hours, respectively.
Ir femzles, ETU concentrations - in _the thyroids were 30- to
226-fola “less than the corresponding thyroid [“C] concentra-
tizne atl 1, £, and 24 hours postadministration. '

ti. was not detectable in the plasma, liver, or thyroid of rats
at 96 hours after administration of a single oral dose of

C]mancozeb - at 1.5 mg/kg,  which ‘had followed 2 weeks of
dietary intake of 15 ppm of unlabeled technical mancozeb.

Corcentrations of EBOC 1in the liver of rats 1, 6, and 24 hours
after dosing with ['4CImancozedb at 100 mg/kg were 0.25, 0.61,
anc  0.29 ppm for males, respectively, and 0.32, 0.35, and
0.25 ppm for females, respectively. EBOC residues were .not
detected (<0.22 ppm) in the livers of male and female high-dose
rats sacrificed 48 or 96 hours after dosing. Furthermore, EBOC
was not detected in the Yivers of rats receiving the low dose
(1.5 mgs/kg) or the multiple doses 96 hours postadministration.

€. Mezabolite Tsolation and Identification: ~ Extraction of the
pooied fecal samples with EDTA/ethanol removed 33 to 57 percent
of the radioactivity. A second extraction with ethanol/water
remcved another 20 to 43 percent of the radfoactivity. The range
of radicactivity remaining in the feces was 9-41 percent. The
extracts were analyzed by TLC and the resulting metabolic profile
is presented 1in Table 5 (see Figure 1 far structures). Both
extracts of the 100-mg/kg group were analyzed whereas only the
EDTA/ethanol extracts of the Tlow-dose and muitiple-dose groups
were analyzed because of the small amount of ['%C] in the
ethanol/water extracts. The amount of EBOC as determined by HPLC
remzined fairly constant, accounting for 6.9 to 9.9 percent of
the total fecal (['4C] in the low-dose group, 6.8 to 12.3
percent in the high-dose group, and 7.6 to 11.0 percent in the

multiple~dose group. However, when EBDC wes quantitated by **»
TS o merthat e e n b d HEEERS I B SRETE E A | P

st et ecgt . W owes dertved .
.. Aitnough the fecal metabolite profiles were similar -for
poir sexes, the percentage of ETU was greater in the "high-dose
group (8.3-14.2 percent) than 1in the low-dose group (2.1-4.1
‘percent) and multiple~-dose group (2.4-5.2 percent).

The metabolite/degradate zrofile of urine from rats dosed with
('4CImancozeb 1is presented in Table 6. The major metabolite/
degradate was ETU, comprising 30.8 to 42.7 percent of the
radioactivity in the urine. Whereas ETU appeared to be higher in
the 100-mg/kg group, it probably is not significantly higher.
Most of the labeled compounds found 4in the feces were also found

in the urine.
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TABLE 5. Metabolite Profile in Fecal Samples from Male (M)
and Female (F) Rats Dosed with [14C]Mamcozeb

Percent of [*4C] in Feces?

Metabolite/ 1.5-mg/kg dose ~ 10D-mafkg dose  Multiple dosesb
Degradate M F M F ] F
Mzncozeb® 1.5 8.5 9.0 B.8 8.3 1.3
Unknowns .1-3 0.6 0.3 1.9 3.8 0.6 0.6
EBIS 1.0 1.2 1.7 1. 1.3 1.2
ETU 3.2 2.4 1.2 12.6 3.2 4.0
Unknown 4 - —— 2.5 2.5 — -
W 1.9 2.0 5.3 4.9 2.1 4.0
Unknown 5§ - -— 2.0 2.V - -
-N-AcEDA 4.2 4.4 2.2 3.1 6.3 8.2
(N-Forepa)d - — 2.0 2.0 — s
(H-Acsly) 4.4 5.6 5.7 6.7 5.4 8.0
(6ly) 3.7 4.7 2.6 2.6 2.2 3.2
EDA 2.1 2.4 4.0 4.4 2.1 3.2
origin 7.1 6.4 10.4 9.9 4.8 6.6
Second Extract 38.2 31.4 - -— 30.2 30.7
Not Extracted 22.0 30.9 31 27.2 29.0 16.9
Total 96.0 95.3 91.6 S0.4 24.0 91.2

aValues are the means of three determinations.

b : '

Animals administered a single oral dose of [4CImancozeb at 1.5 mg/kg
after 2 weeks on a diet containing techniczl mancozeb at 15 ppm active
ingredient. . '

‘Determined as EBOC by HPLC.

dTentatively identified by TLC only. .
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TABLE 6. Metabolite Profile in Urine from Male (M) and Female (F)
Rats Dosed with [14C]Mancozeb

percent of [14c] in Urined

Metabolite/ 1.5-mq/kq dose  100-mg/kq dose  Multiple doses®
Degradate M F M F M F
EBIS 1.5 1.8 1.4 1.4 1.5 0.8
ETU 36.9 35.5  40.0  42.7 30.8 35.9
Unknown 4 8.5 4.3 3.9 4.4 1.2 5.1
€y 8.1 1.5 13.4 12.7 8.6 8.6
N-AcEDA 1.1 6.2 9.6 9.9 13.0  15.0
(N-For£DA)d g.8¢ 10.6¢ 3. 2.5 - 1.5 2.4
(N-Acg1y)d 4.4 3.8 2.8 5.2
(6ly) 4.6 6.3 6.4 5.2 4.3 5.3
EDA 1.1 1.7 4.9 6.2 6.4 5.2
Origin 1.6 8.0 6.4 5.9 8.8 9.8
Total 92.4 87.9 93.5 84.7 90.9 93.3

aVa\ues are the means of three determinations.

b

Animals “administered a single oral dose of [‘4C]mancozeb at 1 mg/kg
after 2 weeks on a diet containing technical mancozeb at 15 ppm active
ingredient.

cThesg were not separated.
d

Tentatively identified by TLC only.
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The metabolite/degradate profile of bile from. rats dosed with
(‘4CImancozeb is presented in Table 7. Major metabolites
included the nonpolar: unknowns 1-3 (although it is not certain
how many compounds are in this fraction), ETU, EDA, and the
metabolite tentatively identified as N-AcGly.

13.  STUDY AUTHORS' CONCLUSTONS/QUALITY ASSURANCE MEASURES:

A. Approximately half of an oral dose of mancozeb was absorbed in
rats. Results suggested that the absorption, - distribution, and .
elimination .of [14C] was nonlinear for high (100 mg/kg) and low
(1.5 mg/kg) [%]mancozeb-dosed rats.  Absorption of [l4c]-
mancozeb-derived radioactivity was moderately rapid; peak ["cg
levels were achieved within 3 and 6 hours after administration o
1.5 and 100 mg/kg ['4CImancozeb, respectively. Elimination of’
radioactivity from the plasma was biphasic; the elimination
half-1ives for the rapid and slow elimination phases were 3.9 to
6.1 and 23.1 to 38.5 hours, respectively {rapid phase was much
less pronounced 1in high-dose (100 mg/kg) rats]. Most of the,
{('4cImancozeb dose was eliminated in the excreta within 24
hours; the eliminated dose was essentially evenly divided between
the urine and feces. HMost of the radioactivity eliminated in the
feces represented unabsorbed material since only 2.0 to.8.8
percent of the dose was excreted in the bile. Thyroid tissues
contained the greatest [“’C] concentrations after oral
{14C]mancozeb treatment. Peak thyroid ['4C] concentrations
were not proportional to dose and were disproportionately less
than the respective peak blood ["C] concentr%tions after
100 mg/kg ['4Clmancozeb than after 1.5 mg/kg [!4C]mancozeb,
indicating saturation ‘at ‘the "high dose. Pretreatment with
dietary nonradiolabeled mancozeb did not significantly alter the
disposition or excretion of [14CImancozeb. :

The estimated bioavailability of ETU 4n rats following oral
administration of  mancozeb represents only 3.1 to 6.4 percent of
the absorbed ['%CImancozeb-derived radfoactivity. ETU in
thyroid, 1iver, and plasma comprised only a small portion of the
total mancozeb-derived material present in these tissues; and ETU
was rapidly eliminated from these tissues (t 172 = 3.9 to 4.7
hours). EBDC was detected in liver, but not in thyroid of rats
following oral mancozeb administration.

The metabolism of mancozeb was extensive and complex. Metabolites
other than ETU were generally present in low amounts and were of .
a highly polar nature. The degradates ETD, EBIS, ETU, and EDA
can arise via chemical conversion of mancozedb (EU can be derived
from chemical conversion of ETU). Whether these compounds are
truly metabolites rising from enzymatic conversion 1s. doubtful.
However, N-ActEDA, Gly, and N-AcGly are metabolites, most likely
from metabolise of EDA. A proposed degradation metabolite
pathway sScheme 1s depicted 1in Figure 8 (see Figure 1 for
structures). The metabolites arising from EDA are complex and
lead to incorporation of [14C] into the carbon pool.
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TABLE 7. Metaboiite Profile in Bile from Male (M) and Female (F)
Rats Dosed with [14C]Mancozeb

Percent of [14c] in Biled

1.5-mq/kq dose 100-mg/kq dese
Metabolite/Degradate M F M : F
Unknowns 1-3 1.8 1.3 8.5 15.3 .
£81S 2.6 2.1 3.2 2.5
ETU 3.7 4.1 11.5 14.5
EY 6.3 8.0 5. 6.5
N=-AcEDA 5.9 6.0 6.0 6.4
(N-Acg]y)b 8.9 9.9 1.2~ 1.0
(Gly) 8.2¢ 32.2¢ 6.7 6.8
EDA 28.2 1241 11.4
Origin |, 30.9 24.2 20.1 11.0 -
Total 88.3 87.8 84.4 91.4

"’Values are the means of three determinations excep{ for male rats dosed
at 1.5 mg/kg where n = 2.

Brentatively identified by TLC only.

“Metabolites were not separated.
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Unmetabolized EB0C was detected in the feces by HPLC, though not
to a great extent (6.4-12.3 percent). However, (S, analysis of
the feces 1indicated that 28.2-46.7 percent (low- and high-dose
groups only) of the [“C] activity was EBDC. The discrepancy
may result from binding of mancozeb to the feces and/or continued
degradation of mancozeb 1in the feces. ' More 1m]oortant1y. these
results indicate that an extensive amount of [!4C] activity in
the feces was associated with EBDC, regardiess of whether EBOC
was 1intact or degraded at the time of analysis. The metabolism
of EBOC may be ¢ifferent at the different dose -levels. Although
with regards to chronic toxicity, the low-dose level represented
the no-effect 7Tevel and the ‘high-dose ‘level represented a
minimum-effect level, it 1s 1interesting to note that the amount

of ETU was significantly higher in the high-dose group in both
the feces and bile.

B. A quality assurance statement was included with the report.

14. REVIEWERS' DISCUSSION ANO INTERPRETATION OF STUDY RESULTS:

The metabolism of mancozeb s very complex. This complexity appears
to be due to mancozeb readily degrading to a number of compounds.
Furthermore, the study authors state that standard extraction
procedures can cause mancozeb to degrade, thereby confounding the
metabolite profile obtained from tissue or sample extracts. A second
factor contributing to the difficulty of the problem is that mancozeb
is degraded/metabolized to numerous compounds, most of which are
highly polar and, therefore, difficult %2 isolate and {dentify.
There 1is also evidence that the [!4C)Jethylene carbons of

{“C]mancozeb enter the general carbon pool, making them difficult
to isolate.

The study authors have taken notice of these problems and have
attempted to develop methods for overcoming them. The methodclogy
used and the data generated by these studies produced results that
were consistent within study groups as well as in agreement with
previously published Treports on the metabolism of mancozeb and
related compounds. We assess that, in general, the study authors'
conclusions are well supported by the results and do take into
consideration the limitations discussed above.

An important limitation to accurately portraying the metabolism of
mancozeb that the authors have not fully discussed is the impurities
found 1in the test material. HPLC analysis of the ['4CImancozeb
indicated the presence of 8-12 percent radiclabeled 1impurities, yet
the study authors did not report the identities of these impurities.
Therefore, the contribution of these [14C] contaminants to the
reported kinetics and metabolite profiles is entirely unknown. Other
minor deficiencies that may have had some effect on the study results
are: 1) animals dosed at 1.5 and 100 mg/kg were born on the same ‘day
but were dosed 2 weeks apart, resulting in as much as a 2-fold weight
difference between groups (the low-dose animals were older and
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heavier); 2) total recoveries of [‘4C] were quite high, especially
fcr high-dose females where . the recovery for one animal was 142
percent of the dose, indicating errors 1in dosing and/or recovery
procedures, and 3) the percent of dose excreted 4n the bile of the
1.5-mg/kg dose groups was based on data from only one male and two
femele rats due to unexplained "technical difficulties.*

The only conclusions that the study authors made that we feel are not
strongly supported by the data are: 1) proportionally higher amounts
of ETU were excreted 1in the feces of high-dose .animals than low-dose
ones and 2) the data show that ETU levels have plateaued at 100 mg/kg.
Both - conclusions: may be correct, but the first 1s questionable
because metabolite analyses of fecal samples from high-dose animals
were performed - on both EDTA/ethanol 'and ethanol/water -extracts
whereas metabolite analyses of fecal samples from low-dose animals
were performed .on EDTA/ethanol extracts only. The second conclusion,
which is {indirectly supported by much of the data, cannot be made,
because more th?n two dose levels are required to investigate the
point at which ['4CJETU levels would plateau.

Item 15--See footnote 1.

16. CBI __APPENDIX:  Appendix A, Methodology for the Isolation,
Identification, and Quantitation of ['*CJmancozeb Metabolites/

Degradates in Rat Excreta; Appendix B, Study Protocol.
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S TOXICOLOGY BRANCH: DATA REVIEW

Chemical: Mancozeb - ; 005425
Caswell:  913A
EPA Chem.#: 014504

Study Type: Teratology —'rabbit.

a

Citation: Scmers Test on Dithane M-45, by J.R. Brown, Head,
Hygiene Dept., U. Toronto (1968)

Accession No./MRID No.: N/A fﬂRlb* IMMZ0F

Sponsor/Testing i.ab,: R&H/Brown

study No./Date: N/A (August 8, 1968) £5-RC-10/3

Test Material: - Dithane M-45 technical (80% ai) dissolved in corn

0il for oral intubation.

Procedures:

Three groups of ten NZ White female rabbits each were
repeatedly mated (at least four times), then administered test
material by oral intubaticn on D-7 through D-16 of presumed
pregnancy. at levels of 0. (corn o0il), 25 and 250 mg/kg/day.
One-half of each group was sacrificed on D-29 (prior to birth)
and fetuses examined for soft tissues and skeletal abnormalities.
The remainder of each group was allowed to go to term; litters
weighed at weaning (21 days post-term), and pups examined for
gross and histological anomalies. ‘Susceptibility to teratogenic
agents was ascertained in a fourth group injected IM daily with
5 mg/kg 6-mercaptopurine (6~MP) and sacrificed on D-29 of gestation.

Results:

Except for a slight decrease in maternal body weight at 250
mg/kg, ho maternal or fetotoxicity was observed, and no gross or
histological developmental abnormalities found in treated offspring,
either from cesarean section or postnatally. In contrast, 6~MP
treated fetuses exhibited limb atresia. . :
Conclusions:

The study concluded that 25 and 250 mg/kg/day mancozeb did
not produce fetal abnormalities.

1B Evaluation/Core:

SUPPLEMENTARY s - The teratology phase was not tested in .a.
sufficient number of rabbits per dose group. The registrant is
currently performing a new teratology study in rabbits.



Maternal NOEL = 25 mg/kg/day
LEL = 250 mg/kg/day (cecreaseZ body weight)

52/

ifision (TS-769C)

Fetal NOEL > 230 mg/kg/day (HDT}
Teratogenic NOEL > 250 mg/kg/day (HDT)

A/D Ratio = Maternal NOEL = 25 = 0.1
Ferotoxic NOEL 250

Irving Mazer, Ph.D.
Toxicologw Branch
Hazard Evzluation

/Qﬂx/ /275




TOXICOLOGY BRANCH JATA REVIEW 005425

CHEMICAL: Mancozeb Caswell Né.: 913Aa
EPA Chem No.: 014504

STUDY TYPE: Acute Studies (Oral L3sg, Dermal LDgg, Skin/Eye
Irritation)

CITATION: Toxicity Report on Dithsne M—-45 DG Fungicide:
Final Report, 83R-086A

ACCESSION No.: N/A

MRID: 142522

SPONSOR: Rohm & Haas Company, Philadelphia, PA
TESTING Lab.: Toxicology Departmext, Rohm & Haas
STUDY NO.: 83R-086A

DATE: June 20, 1983

Test Material:

Dithane M-45 technical, TD $83-58 (Lot WHC-0651), 72.6%
ai, a brounish-gray solid, disperssd in various vehicles for
testing.

Procedures:

(A] Acute Oral LDgq - Rat: Ten ma-: :=Z =2n female Sprague-
Dawley (Charles River CKRCD) rztz -=I= ~avaged once with
5000 mg/kg test material dispsrsec - .33 methccel
(dosage volume= 20 ml/kg) and observs S

noH

¥

(B] Acute Dermal LDsg - Rabbit: The dorsum ot ::s .. .
six female New Zealand (NZ) Waite (Dutchiand Farms) rasdl:s
were clipped of hair (and the skin of 1/2 of each sex
abraded), and a 1:1 saline paste of test material (5000
mg/kg) held in place under an impervious cuff for 24
hours. The dorsum was then gently wiped of test material
and the animals observed for 14 days.

{C] Primary Skin Irritation — Rabdit: A 1l:1 saline paste

rretat
'}

containing 500 mg test material was applied to the skin
of six male NZ White rabbits, and held in place under
an impervious cuff for 4 hours, following which the
treated area was gently wiped free of material, and the
animals observed for 7 days.




005425

(D] Primarv Eve Irritarion - Rzbbit: 100 milligrams of test
Subst=nce were instilled into the eyes of nine NZ White
ratbitzs, chree of vhich were washed 20 to 30 seconds
after dosing, follcwing which all animals were observed
for 7 days. Score was according to Draize (1944).

a

Results and Ccnclusions:

{A] oOral LDsp: No animals died. Except for mild constipation
("scan= croppings®™), tan-stained muzzle and brown-stained
ancgenital area beginning on the day of dosing and
persisting into thes second week, no gross changes were
recoréed at necropsy. The authors conclude the oral
LD3g of the test material is greater than 5030 mg/kg
in both mzles and females.

{B] Dermal LPsp: No animals died. Except for constipation
("scamt croppings™) in all animals, no gross changes were
recor@ad. The auttors conclude the dermal 1l3dgq of the
test material is greater than 5000 mg/kg.

{c] skin TLyritation: The mean PIS at 72 hours (= the sum of
mean erytiema and mean edema scores) was calculated as
0.2, f.2., slightly irritating, and 0 (zero) thereafter.

(D] Eye Irritation: Tke following mean Draize wvalues were
calculatez for the six unwashed eyes:

Tige 3fter Dosing Cornea Iris Cenjunctivae
1l k- 3.3 0.8 12.3
3 br 1.7 0.0 3.3
T2 nE 0.0 0.0 2.3
7 Z= ' 0.0 0.0 0.0
Tne sithoos ccnci:ie zhe t=st substance is z moderate

oczlar ir-itant up to 72 hcurs, but all ocular effects
were reversible within 7 days.

TB Evaluation/Core:

Test Reportec Results Core Tox. Cat

I

1

i

1{A] Acute CZral " ZDgg > 5000 mg/kg Minimum v
i {males/females)

| (B] Acuze Dermazl iDgg > 5000 mg/kg Mininum I11
; males/females)

{{C] skiaz Irritation 2IS = 0.2 (72 hr) Minimum v
(D] Eye Irritastion _ | Jraize = 2.3 (72 hr) Minigum | I11

Irving Mauer.‘Ph.D.
Toxicology Branch

Hazard Evaluation ision
Date: ﬁf‘gm '
2 - _

¢
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TOXICOLOGY BRANCH DATA REVIEW 005425

CHEMICAL: Mancozeb Caswell No.: 913A
. EPA Chem No.: 014504

STUDY TYﬁE: Acute Studies (Oral LDsg, Dermal, Inhalation)
CITATION: Acute Toxicity Tests with Zimaneb

ACCESSION NO.: N/A

MRID: 047146

SPONSOR: (Not stated) _ -

TESTING LAB: University of Miami, School of Medicine (M.L.
Keplinger)

STUDY NO.: (Not stated)
DATE: (Not stated, but received at EPA January 11, 1965)

Test Material:

Technical, stated as 80 percent (the nature and/or other
descriptors not provided).

Procedures:

{A] Acute Oral - Rat: A 25 percent suspension of test
material in CMC was acdministered once by gavage to groups
of male and female Osborne-Mendel rats (generally five
to six of.each sex) at seven doses ranging from 940 to
10,700 mg/kg; animals were observed for 14 days, weighed
7 and 14 days postdose, and food consumptions recorded
dally. All animals were autop51ed either at death, or
survivors at termination.

1B] Acute and Subacute Dermal -~ Rabbit: Undiluted test
material was applied once at 10 g/kg ai to the clipped
abdomen of two male and two female rabbits (strain
unstated) and left in contacc with the skin for 8 hours.
A further four males and four females were treated at
5 g/Kg daily for 5 days. The skin of half of each
group was abraded befor=z application. All animals

were observed for a total of 14 days from the initial
treatment.

{C] Primary Skin Irritation: Two rabbits (one male, one

female) were patch-tested using 2 grams of the substance
applied by a soaked 1 x 1-in gauze pad taped under a
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larger sponge toc intact skin clipped free of hair, and
left in place for 3 days. Treated skin was examined
daily.

Acute Inhalation - Rat: Osborne-Mendel rats {six

males, six females) were exposed for 4 hours to the
cest material as a dust (whose initial large particle
size was reduced by grinding), stated to be "a virtual
teloud' . . « which literally covered the animals,”
at a nominal concentration of 6.85 mg/L (= 6.85 g/m3),
and observed for 14 days.

Study Results and Conglusiohss -

{al

(Bl

(cl

(D]

Deaths occurred in a dose-related manner in rats treated
at levels of 3200 mg/kg and above, generating a combined
LDsg of 4500 mg/kg (3600-5700 mg/kg), according to

the method of Deichman and LeBlance (1943). Toxicity
appeared several hours after administration (dyspnea,
hemorrhagic rhinitis, excessive salivation, and clay-
colored stool), and deaths approximately 18 hours after
a lethal dose. Weight loss averaging 8 grams in
females and 14 grams in males occurred within the first
week, but treated animals recovered their initial body
weight during the second week; this loss appeared to be
correlated with food consumption (less during the first
7 days postdose, and recovery during the ensuing week).
Serous fiuid within the pleural cavity, gas in the
stomach, and clay-colored masses in the large intestine
were constant findings in animals that died; no gross
changes, however, were found in term animals.

No clinical effects or gross findings were recorded
after either acute or repeat dermal administration of
test compound.

No effect on rabbit skin (i.e., no primary irritation)
treated with undiluted test material was observed at
24, 48, or 72 hours.

Except for “very slight irritation to the nose and

mucous membranes® of treated rats, no other clinica:
effects were reported. Autopsy of two rats (sex not
stated, but presumably, one male and one female) 2
hours after exposure and two more at 24 hours revealed
only "mild diffuse congestion in the lungs* but no
other gross findings in (unstated) organs or tissua2s.
The organs and tissues of the remaining rats sacrificed
at term were stated to be normal.
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TB Evaluation/Core:

~ Reported T~ ToX
Study Type Results Core -| CAT.
{A] Acute Oral - Rat LDgg (combined Minimum 111

sexes) = 4500
ng/kg (3600-
5700 mg/kg)

[B] Acute Dermal - LDsg > 10,000 - IIL

‘Rabbit mg/kg (ODT)
‘ Minimum
Subacute Dermal - 5000 mg/kg/day —
Rabbit topT) for S days
had no clinical
effect
{C] Primary Skin Irri- | No irritation Supple~- v
tation - Rabbit from treatment mentary
‘ with 2 g (ai)
[D] Acute Inhalation - LCgq > 6.85 mg/L | Supple- v
Rat mentary?

1 Too few animals tested.
2 aActual concentration and respirable particle size
not determined.

Irving Mauer, Ph.D.
Toxicology Branch
Hazard Bval ation
Date:

;Hw fostee




REVIEWER

LT, 542
"v 1: UNITED STATES ZIVIROMMENTAL PECTZCTIOM A GENGCY
% e YASHINGTON. 0.C 20460
agote”
QFFICE OF
L PESTICINES AND TOXIC SUMSTANCES
AUG £ 1988
MEMORANDUM -

SUBJECT: Mancozeb - Data Submitted in Response to
Data Call-~In Notice of January 17, 1983
ID No. 707-78 - Accession No. 259044

f} Caswedl No.: /§ﬁ3A
FROM: Irving Mauer, Ph.D. ”///gch-“'

Toxicology Branch g z ‘/1‘/6 /
Hazard Evaluation Division (TS‘769C)

TO: Arvella Farmer, PM 65
Special Review Branch
Registration Division (TS-767C)

THRU: Jane E. Harris, 24.D., Head Qz # shel )}L
Section VI A/ 52 ‘/
Toxicology Branch /z/

Hazard Evaluation Division (TS-769C)

Registrant: Rohm & Haas
Philadelphia, PpA

Action Redquested (870):

Review and evaluate studies submitted in response to the
Data Call-In Notice of January 17, 1983.

TB Conclusions:

In addition to twelve (12) mutagenicity assays which
have already been evaluated (see attached cover memorandum:
Mauer to Farmer, dated May 8, 1986), three acute oral studies
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were included with this subm1531on (Accession No. 259044).
but were not reviewed at that time, namelz (as listed in the
registrant's Table of Contenté}

Section 2. Acute Oral LDgg in B6C3Fl Mice With Dithane
M-45 Fungicide (R & H Report No. 83R-213a,
dated September 24, 1984).

Section 3. Acute Oral LDgg in Fischer-344 Rats With
Dithane M-45 Fungicide (R & H Report Nos.
83R-213B and 83R~0218, dated, respect1vely,
September 21 and 24, 1984).

These additional studies have now been evaluated for
* inclusion in the Mancozeb Registration Standard, as follows:

Reported TB Tox

Study No. __Results Core Cat
.83R-213A: Mice LDsg > 5 g/kg Supplementary v
83R-~213B: Rats LDsg > 5 g/kg Sapplementary v
83R~0218: Rats LDgsg > 5 g/kg Supplementary - v

Individual Data Reviews are attached to this memorandum

cc: Jacoby/Cool, PM- 21
Registration Division (TS-767C)
Judy Hauswirth, Coordinator
Toxicology Branch
Hazard Evaluation Division (TS-769C)
Susan Lewis,
Special Review Branch
Reglst*atlon Division (TS~767C)
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TOXICOLOGY BRANCH: DATA REVIEW

Chemical:  Mancozeb

Caswell: 913A
EPA Chem: 014504

-

Study Type: Acute oral LDso - Mice

Citation: Acute Oral LDsg in B63CF1l Mlce with Dithane M-45
Fungicide

Accession No.: 259044

MRID: N/A (IM-0001)
Sponsor:  Rohm & Haas Co., Philadelphia,; PA.
Testing Lab.: Toxicology Department, Rohm & Haas.
Study No.: 83R-213A
Date: September 24, 1984.
Test Material:

Dithane® M-45, TD No. 83-224 (Lot 0842), technical, 80

percent ai, a buff-yellow powder, dispersed in corn oil for
oral administration.

Procedures:

Groups of 10 male mice (Charles River B6C3Fl) were
gavaged once orally at 0 (10 mL/kg corn oil) and 5000 =mg/kg
test material, and observed for 14 days.

Results:

No mice died. Three test and five control animals had
transient yellow/brown-stained anogenital areas shortly
£ter dosing, but no other gross changes in appeardnce,

behavior or body weight were recorded during the observation
period.

Study Conclusions: The acute oral LDgg > 5000 mg/kg.

TB Evaluation/CORE:

CORE~SUPPLEMENTARY. Females were not tested. Acute

Oral LD5g (males) > 5000 mg/kg. TOX CAT IV. . /(. : (

~Irving Mauer Ph.D. - ..f'!/ i /QJ/ (
Toxicology Branch -

Hazard Evaluation Division (TS-769C)

. 999
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TOXICOLOGY BRANCH: ~ DATA REVIEW
Chemical:  Mancozeb
Caswell: - 913A -
EPA Chem: 014504
Study Type's Acute Oral LDgp - Rats

Citation: < Acute Oral LDsgg in Fischer 344 Rats with Dithane
M~45 Fungicide.

Accession No.: 259044 -
MRID: N/A (IM-0002)

Sponsor: ~ Rohm & Haas Co., Philadelphia, PA.

Testing Lab.: Toxicoleogy Department, Rohm & Haas.

Study No.: 83R-213B

Date: September 24, 1984,

Test Material:

Dithane® M-45, TD 83-224 (Lot No. 0842), technical, 80
rercent ai, a buff-yellow powder dispersed in corn oil for
cral administration.

Procedures:

Groups of 10 male F-344 rats (Charles River) were gavaged

once at 0 (10 mL/kg corn oil) or 5000 mg/kg test material and
cbserved for 14 days.

Results:

No animals died. One test animal developed persistent
alopecia beginning 3 days postdose (still present at autopsy),
and five contirols showed transient yvellow/brown stained
anogenital areas shortly after dosing, but recovered on the
second day. No other gross changes in appearance or behavior
were recorded, and both groups gained weight during the 14-
day observation period.

Study Conclusions: The acute oral LDsg > 5000 mg/kg.
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B Evaluation‘/COR‘E:

CORE~SUPPLEMENTARY. . Females were not tested. Acute
oral LDsgy Imales) > 5000 mg/kg. Tox. Cat. IV. f“

2 /ﬂw ‘B'J
Irving Mauer, Ph.D. // .f » Q

Toxicology Branch
Hazard Evaluation Dlwfsion (TS-769C)

231
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TOXICOLOGY BRANCH: DATA REVIEW
Chemical: Mancozeb
Caswell:  913A
EPA Chem: - 014504
Study Type: - Acute Oral LDgg - Rats

Citation: Acute Oral LDgg in.Fischer 344 Rats with Dithane
M-45 Fungicide.

Accessiog No.: - 259044 ' -
MRID: N/i (IM-00023

Sponsor: Rohm and Haas, Philadelphiz PA

Testing Lab.: Toxicology Department, Rchm and Hzas.

Study No.: 83R-218

Date: September 21, 1984.

Test Material:

Dithane® M-45 technical (TD 83-244, Lot No. 0842),
80 percent ai, a buff-yellow powder suspended in distilled
water for oral administration.

Procedures:

Ten male F-344 rats (Charles River) were gavaged with
5000 mg/kg test material and observed for 14 days.

Results:

No animals died. All except two animals showed one or
more of the following signs immediately after dosing, persist-
ing into the second week of the observation period: passive=-
ness (2/10), respiratory noise (1/10), abdominal breathing
(1/10), lacrimation (1/10), red-stained eyes (2/10), red-
stained muzzle (2/10), tan-stained muzzle (6/10), yellow-
stained anogenital area (4/10). All, however, had recovered
by necropsy, and no body weight loss was recorded.

Study Conclusions: Acute oral LDsg > 5000 mg/kg.
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TB Evaluation/CORE:

CORE-SUPPLEMENTARY.

No females were tested, and no controls run, Acuf:e oral
LDsg (males) > 5000 mg/kg. Tox. Cat. IV.
' //
z:&‘

Irving Mauer, Ph.D. Of‘)
Toxicology Branch
Hazard Evaluatlon Division (TS~769C)
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TOXICOLOGY ERANCH DATX REVIEW

Chemical: Mancozeb , ' Caswell Ke.: 833
' EPA Chem Ko.: 014504

Study Type: (86-1) Subchronic Oral Toxicity
(Feeding) - Chicken

Citation: Subacute (8-Week) Toxicity Study with the
Fungicide Dithane X-45 in Chickens

Accession No.: N/A
MRID No.: -~ 129288
Sponsor: MINCL S.A.R.L. (Paris, Francsz)

Testing Lab.: Centraal Instituut Voor Voedingsonderzoek
(The Netherlards), A. Eagel and H: van der Mzsulen

Study No.: NR. R-3290
Date: October 1970

Test Material:

Dithane M-45 (although unstated, zresumably the technical, said
to.be. ". .. . based on ethylers bisdithiocarbamate, ard contzining
16% manganese znd -2% zinc").

Procedures:

Four groups of 15 male a2d 15 femszle l-day-old "hroiler
chickens" (frcm Hybro, but strain unstzted) were fed test msterial
in their diet =zt levels of 0; 7.02%;, {.1%, and 0.2% .= O, 230,
1000, and 2000 ppm) fcr 8 wes<z. The sirds were weizned ari food
consumption determinecd weekly., and hematolegical (hb, pcv, zbc)
values measured at week 7. 2t termination, all birds were examined
for gross pathological changes, liver and thyroids weighed, and
tissue samples of theses organs as well as additional organs
(kidneys, brain, gi tract, femoral nerve) prepared fcr histeclogical
study.

-

Results: A
Three male and twcf high-dose bircs as well as one mid-dose )
male died or were sacrificed in extremis following severe paralysis
of the.legs (time into study not stateZ). Compared to controls,
high-dose males and females, as well as mid-dose males, gained
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1oq

less Haiv s:itan Ziving the é-w=22K treatment period, and
hign=gos+ anikais averajed less ‘ooa consumpt;on. The selieczed
hezstﬁlo;i:=f valuag were comparablsa in all groups. Dose-related
highly signizicant increases in relztive weight of thyroids were
reoarded it owte fu- highar levels (3.1%, 0.2%); in addition,
slight but significant increases in liver-to-body weight ratios
wers rzcovrdel for mid= ani high~dose males, but not

females. Histopatnolojical changes were observed only in thyroids,
consisting of follicular enla*genwn* and distention by "=abundant
amount of conlloid) fused/cystic ir egular follicles.. These
goitrous chanjes d re most p'oncuncad in high-dose birds of zoth
sexes, bat wzrs also present in a few birds treated at 0.1%
mancozeb. (However, no detailed anzlyses of individual birds nor
any tabulated summary of these changes were presented.)  XNon-
compound-related changes in liver (periportal inflammatory
infiltration) ani kidneys (focal tuaular nephrosis) weze als:
found (i.e., stated to be of the saixe degree and frequency ia
both contrnls and treated birds), bit again no individual animal
or sutmavry Jdata Jere presented.

fad

Study Conclusions:

st J.1% and 0.2% (but nat 0.02%) Dithane M—-45 fel to
delwterious effects, principally thyroid enlarge-—

2 oy colloid goitrous lesions, but also leg psralwsis,
'th in males at the mii-dose and females plus mzles

at the high-doss, and increased livsr weight in males.

~tary Data. Ko indiviZual snimal data; no reperting
o]

ulen = J.U2% (200 ppm).

LEL = Jo.1% \lUOU ppm), leg paralysis, :::-
i wzight gain in meles, increas-
thyroid welght in both sexes, relat... Li.=:
weights in males, and gaiter with colloid
anlargemeat in both. sexss.

+

Irving Mauer, Ph.D. }Z
Toxicology Branch

Hazard Evaluation Division (TS=762C)

e 911

Date:
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H M % UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 0 O 5 4 ~ 5
; . WASHINGTON, D.C. 20460
m 3 m GPPICE OF
PESTICIDES AND TOXIC SUNSTANEKS
YEHORANDGH

SUBJECT: Mancozeb - Review of Mutagenicity Data Submitted on
Mancozeb and ETU in Response to pata _Call-In Notice
of January 17, 1983 - ID $707-78, Accession No.

259044
Caswell No. 913a
FROM: Irving Mauer, Ph.D.
Toxicology Branch /7
Hazard Evaluaticn Division (TS-769C) 07('30 ,J”[
TO: Arvella Farmer, PM 65

Special Review Branch
Registration pivision (TS-767C)

and

Henry M. Jacoby., PM 21
Fungicide-Herbicide Branch
Registration pivision (TS-767C)

THRU: Jane E. Harris, Ph.D. /
 Head, Section VE 25 < */ ‘/.Zo/g(o
. Toxicology Branch
Hazard Evaluation Division (TS=769C)

Q,o.w.a,m 5/1156
Registrants: Rohm & Haas

Action Requested:

(870) Review and évaluate the following mutagenicity
studies in response to the Data Call-In Notice dated
January 17, 1983. Individual Data Reviews are attached to
this memorandum.

231"
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2
Reported | Reviewer

Study Title (No, and Date) Regult |Evaluation
Mapmalian Cell Transformation Assay in C3H 10T 1/2 Cells vith
Ethylenethiourea (No. 84R-056, November 19, 1984). Negative |Acceptable
Mamnalian Cell mnlf'omtion Assay for Promotion in C3H 10T 1/2
Cells with Ethylenethiourea (No. 84R-298, May 29, 1985) Negative |Unacceptable
Microbial Mutagen (Ames) Test with Dithane M-45 Punglicide (S-9
prepared from Aroclor 1254-induced Fischer 344 rats) (No. 84R-0059,
June 21, 1964). Negative| (Incomplete}*
Microbial Mutagen (Ames) Test with Dithane M-~45 Pungicide (S-9
prepared from Aroclor 1254-induced B6C3F1 mice) (¥o. 84R-0060,
June 21, 1984). Negative!(Incomplete)®*
Host Mediated Assay in Mice with Dithane M-45 Fungicide
{No. B4RC~25B, September 26, 1984). ' Negative |Unacceptable
Host Mediated Assay in Mice with Dithane M-45 Fungicide (Repeat
study) (Ho. 84RC-48, July 1, 1985) . Negative |Acceptable
Gene Mutation Assay in CHO Cells with Dithane M-45 Fungicide
{No. 84R~207, Pebruary 11, 1985). Negative | (Incomplete)®*
Unachgduled DNA Assay in Rat Hepatocytes with Dithane M-45 Pungicide )
(No. 84R-280, May 29, 1985). Negative | Inconclusive*®
thogexietic Stndf in Fischer-344 Rats with Dithane M-45 Fungicide A
(No. B84R-246, December 21, 1984). Negative |Acceptable
Sister Chromatid Exchange Assay in CHO Cells with Dithane ¥-45
Fungicide (No. 84RC~60, March 1985). " Ipositive | Acceptable
Masmmalian Cell 'rransfox:nation Assay in C3H 10T 1/2 Cells with
pithane M~-45 Pungicide (No. 84R-055, November 19, 1984). Negative |Acceptable
Masmalian Cell Transformation Assay for Promotion in C3H 10T 1/2 )
Cells with Dithane M-45 Fungicide (Mo. 84R-297, May 29, 1985). Hegative|Unacceptable

* Acceptable with §-9 activation.

Although initially declared 'ﬁmcceptable under

nonactivated conditions® because no positive controls were included for that part of
the assay, the sensitivity of the test system to respond was desonstrated adequately.

in the activated assays. Hence these studies are ACCEPTABLE.

*¢ presumptively positive; procedural problems indicate assay should be repeated.

23




Two additional.studies were included with this: submission (Accession

No. 259044), but were not reviewed at this time, pamely (as listed in
the registrant's Table of Contents) ¢ '

#Section 2. Acute Oral LD50 in B6C3F1 Mice With Dithane M-45 Fungicide™
(R & H Report No. 83R-213A, dated September 24, 1984).

nsection 3. Acute Oral LDSO0 in Fischer-344 Rats With Dithane M-45

Fungicide®™ (R & H feport No. 83R-213B, dated September
2“’ 198") . .

These two acute studies will be evaluated for inclusim™in the MANCOZEB
REGISTRAT IDN STANDAES .
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TEST_CHENICALS: ‘Mancozeb; Dithane M-45; coordination product of zinc and
manganese ethylene bis-dithiocarbamate, and ethylenethiourea (ETU), 2
principal metabolic derivative. ‘

STUDY/ACTION TYPE: Overview--Registration Action.

-

MUTAGENICITY OVERVIEW ON THE PESTICIDE MANCOZES

[n;rg%%c;jgn: Under FIFRA Guideline Subdivision F: Pesticide Assessment
Guidelines: Hazard Evaluation - Human and pomestic Animals, dated 11-30-82,

an overview (Section 80-1) 1s required for the various-subdivisions of
toxicology. *This subdivision details the toxicity data recommended to
support the registration of pesticide products,* and should meet the
requirements of good laboratory practice (40 CFR Part 160), if applicable.

For each test substance, bioassays must be performed to assess the
*potential to affect the qualitative or quantitative integrity of human
genetic material.® A pattery of tests to assess mutagenicity is theefore
required with the objectives of:

t. Detecting, with great sensitivity, the capacity of a test material to
alter cellular genetic material. . .

2. Determining the rﬂevanée of genetic alterations to mammals.

3. Incorporating positive genetic findings into the risk assessments for
heritable effects, carcinogenicity, and other possible health hazards.

There -are three categories of genetic effects that must be addressed by
the test battery: ’

1.  Gene mutations.
2. Structural chromosomal aberrations.

3. Other uufagenic mechanisms (e.g-.. direct ONA dmge.‘ microtubule/
spindie fiber inhibition) as deemed appropriate for the test material.

Mutagenicity data as required by 40 CFR Section 158.135 are submitted to
support the registration of each manufacturing-use product and of certain
end-use products. The assays are performed with the technical grade of
each active ingredient in the product. The product should be tested in
nonactivated and metabolically activated jn vitro assays, and should also

be assayed using in vivo manmalian systems with all sppropriate positive
and negative controls.

-
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UMMARY OF STUDY EVA UATIONS:

Cateqory 1: Gene Mutation. There were five unpublished studies submitted
by the registrant and one published report submitted by the reviever which

were in this category. They are summarized in Table 1 and discussed in
this s_ectiou according to assay type.

-

1monell phimyriym/micro Ames): Report Nos. 84R0059 and
B84R0060 stated that Dithane did not induce mutations in any tester

strains with or without S9 activation 1in a dose range of 2.5 to
250 ug/plate. The assays using S9 were conducted properly and therefore
considered acceptable; however, the nonactivated assays performed in these
studies ¢1d4 not include direct-acting positive controls and were not -
considered acceptable.

~ ; monella typhimurium TAIS30): Report
No. BARC-258, wusing S. r A1S30 as the detector in a
host-mediated assay in mice, showed that Dithane M-45 was not mutagenic
3 when the host was dosed at 0.5 to 5 mg/kg. However, the doses were

inadequate; therefore, the assay was considered unacceptable. Report No.
84RC-48 described the use of a dose range of 0.5 to 5 g/kg in an otherwise
identical host-mediated assay. Ofithane M-45 was also negative for a
mutagenic response and the assay was considered acceptable.

Mammalian _cell mytagenicity--CHO/HGPRT: Report No. 84R-207 stated
that Dithane M-45 was not mutagenic in the CHO/HGPRT in vitro assay either
at 0.5 to 15 yg/mL in the nonactivated assay or at 0.25 to 45 wg/ml in
the S9-activated assay. The S9-activated assay was properly conducted and
therefore acceptable; however, the nonactivated assay was unacceptable
because the positive control, ethylimethane sulfonate, had to be used at a

level that was approximately 7-fold higher than the highest nonactivated
dose, 15 wg/mt of test materisl.

; Published data on Bacillus subtilis and Salmonella typhimurium (iguid
: greincubation) assays: Using a dose range of 1 to 25 ug/plate in  the
: 1iquid ureigcubation assay with 8. subtilis and S. typhimyrium, Shiau et
al. (1980)" reported that Dithane Technical (zinc ethylenebisdithio-
carbamate) was mutagenic in both B. subtilis TKJ6321 and S. typhisurium
TA1535. Although mutagenesis in the Salmonella mutant was not as strong
as in B. subtills, 1t could be demonstrated at nonactivated concentrations
of 1, 5, and 10 pg/plate. In B. sybtilis TKJI6321, a dose-responsive
increase was observed in the nonactivated system at this same dose range,
with a decline due to cytotoxicity at 25 yg/plate. At the highest
concentration, approximately 45,000 His* revertants/1C°* cells was
reported, and the calculated potency was 38.4 revertants/nanomole. In the
presence of S9, Dithane was reported to show a “"marked reduction® in the
sutagenic response.
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Overall, the unpublished reports showed that Dithane M-45 was not mutagenic
either in vitro using bacteria and manmalfan cells with or without S9
activation, or in the host mediated assay. However, none of the assays
were acceptable for the in vitro nonactivated system. Since published data
using the liquid preincubation nonactivated system for both 8. subtilis
and S. typhimurium were positive, and in fact showed that Dithane was a
very potent mutagen, {nducing 38.4 revertants/nanomole, the test material
should be considered mutagenic. It is classified as 8 base-pair mutagen
on the basis of its positive activity for S. typhimyrium strain TA1535 ond
g. subtilis strain 1K36321. If a1l the unpublished and pudblished data are
considered, there are no data gaps for Category 1.

Category 2: Structural Chromosomal Aberrations.

sister chromatid exchange: Study No. B4RC-60 reported that Dithane
M-45 “caused an increase 1in sister chromatid exchange in CHO-WB1 cells

which was dose responsive in two assays in the range of 7.5 to 11.5 vg/ml
{n the nonactivated system (positive response beginning at 7.5 ug/mi),
and 1nconclusive but presumed positive in the range of 10 to 17.5 wg/mi
{n the S9-activated assay (positive response: peginning at 10 ug/mi).
The assays were conducted properly and, therefore, .acceptable.

In_vivo cytogenic study in_rats: The report No. 840-246 stated that
Dithane MH-45 did not cause 2 significant {ncrease in chromosomal
aberrations in bane marrow cells of male rats exposed to 4.4 g/kg (maximum-
tolerated dose) sampled over the entire mitotic cycle. This data was

acceptable; however, the study did not include female animals and was,
therefore, deficient. .

Except for the data gap. on chromosomal aberrations in female animals,
there is sufficient data to fulfi11 the requirements in Category 2.. Since
a positive response was obtained in the SCE assay in the nonactivated
system and a presumptive positive in the S$9-activated system, we presume
that the test material causes structural chromosomal aberrations and that
the frequency of inducing these aberrations could be reduced in either the
presence of an exogenous or endogenous mammalian metabolic: system.

Category 3: Other Mutagenic Mechanises.

' Wﬂﬂz The report Mo. 84R-280
stated that Dithane W-45 did not induce unscheduled DRA synthesis in
{solated Fischer rat hepatocytes. However, Wwe conclude that the net
nuclear grain counts at 1.0, 2.5, and 5.0 wg/ul, although complicated by
a higher than usual cytoplasmic grain count for the solvent and a decrease

at 10 ug/nl, were sufficient to presume a positive but inconclusive UDS
respaonse.

gNA-damage _1n r” ci1lys subtidis: Shiau et al. (1980)* published
data showing that Dithane technica

caused DMA damage in several repair-
deficient strains of B. sybtills at SO wg/plate 1in the nonactivated

system, but that $9 metabolism reduced the effect so that 300 yg/plate
was required for a positive response. This data is supported by the

012 M
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thesis work of tee® (1980) who demonstrated ONA damage in B. subtilis
strains hcr-9, £h2006-7, and mc-1 in the nonactivated system at a%’i doses
between 50 and 300 ug/plate. In addition, a positive DNA-damaging
effect in a liquid fncubation assay wes demonstrated at 211 doses from 10
to 50 yg/mL. In an attempt to define the mechanism of Ditnane action,
Lee also showed that the ONA derived from 8. subtilis cultures treated
with 10 ug/mL of Dithane was damaged, and therefore had reduced ONA
transformation activity in the histidine gene; furthermore a 1:) ratlo of
pithane mixed with purified ONA, damaged the 0¥A and specifically reduced
ONA transformation for the histidine Jocus.

Hume® (1980) reported that nonactivated Dithane was negative fin the
phage . induction assay (8-galactosidase induction) in Escherichia coli BI13
(a+) when doses ranging from 50 to 300 ug/plate were assayed in a
semiquantitative spot test, but it was weakly positive at 50 yg/mL in
the 1iquid (tube) assay.

In_ vitro transformation _assays _in CIN/10T1/2 mouse fibroblasts:
Report B5R-055 state that Dithane W-45 at doses ranging from 0.05 to
0.5 ug/ml did not f{nduce transformed foci in C3H/10T1/2 mouse fibro-

blasts; Vikewise, ethylenethiourea (ETU) was reported to be negative in
this system at doses ranging from 100 to 1,000 wg/mt (Report 84-R-056).
These studies were properly conducted -and therefore acceptable. However,
study Mos. B84R-297 and 84R-298, designed to assess promoter activity In
C3H/10T1/2 wmouse fibroblasts, were unacceptable because only ore dose of -
pithane M-45 (0.1 wg/mL) or ETU (333 ug/nL) was used.

SUMMARY TABLE:

A one-liner table has been included in this overview. It identifies the
individual studies, specifies the dose range, presents the reviewers'
evaluations, places each study in fits proper category and classifies the
studies according to their acceptability. .

CONCLUSTON:

1f all studies submitted by the registrant and published articles are
considered, testing in all three genetic effect categories are fulfilled.
Although there were many studles submitted in which negative responses
were obtained, there is sufficient evidence which shows that Bithane is
mutagenic. Since this test material ua:‘ shown to {induce base-pair
msutations in B. subtilis and 3. Im?‘!i ym,” induce sister chromatid
exchange (stud;' No. BERC-60), presumably induce unscheduled ong synthesis
(study No. B84R-280), induce ONA damage in 8. subtilts,™>”  fnduce
8-galactosidase synthesis. in the E. H B, (A+) system,” and
directly 1interact with ONA of 8. ,‘nmff?’ it must be conmsidered to
have a significant genotoxic potential. The negative responses in some of
the in vitre assays could have been contributed, at least in part, by the
problems of solubility; the test material 1s very finsoluble 1{«"wgter,
therefore, using . DMSO as the solubilizer was required. In

243
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addition, 1t appears that the S. typhinurium/microsome assays (study Nos.
84R0059 and B84R0060) 1lacked sensitivity and perhaps even specificity for
detecting a ‘'gene mutation response; however, liquid preincubation and the
. use ‘ofx OMSO as a solubilizer appeared to {mprove the sensitivity of the
assay.’ The inconclusive result fn UDS assays could also be attributed
to a failure 1n solubilizing the test material. When the transformation
assays were performed, there was no indication that either Dithane or ETU
induced or promoted transformed foci; these results are not surprising
considering that the test materials may not have reached the target site
under the  conditions of the assays. iIn addition, transformation -is

considered to be a multistage phenomenon and the requirements to cause

.cell transformation would likely be less probable than induction of a
point mutation, ONA interaction, or a clastogenic effect.

. 244
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TOXICOLOGY BRANCH DATA REVIEW

CHEMICAL: Mancozeb Cagwell No.: 913A
EPA Chem No.: 014504

STUDY TYPE: Chronic (2-yr) Toxicity (Feeding) - Rat

CITATION: Toxicological Study on the Effects of Adding Dithane-45
to the Diet of Rats for a Period of 90 Weeks.

ACCESSION No.: N/A

MRID: 4i7a- ©F07/3

SPONSOR: Rohm & Haas Company, Philadelphia, PA

TESTING LAB.: Depariment of Pharmacology, Medical College of
Virginia (J.F. Borzelleca, A.M. Ambrose and
P.S. Larvson)

5TUDY NC.: N/Aa

DATE: November 9, 1965

Test Material:

Dithane—45, 86% ai (presumably the technical; no other
identifiers).

Frocedures:

Young €28-day) weanling Wistar albino rats of both sexes
125/sex/qroup) “ere fed test matarial at levels of 0, 25, 50,
:J0, an2 1030 gpm in Purina Lab Chow, and weighed once weekly.
Tr5m ths 12t=h to the 26th week, treated males and females were
aated twice to provide Fl's for a three-generation reproduction
study (reported separately), then continued for the projected
2-year chronic study. Food consumption, hematologic (hct, hb,
CBC) and urinary (presence of reducing substances and protein)
values, and metabolic rate (calculated from oxygen consumption)
were monitored periodically. At sacrifice, absolute and relative
organ weights (heart, spleen, kidneys, liver, testes, adrenal,
thyroid) were recorded, and additional tissues (lungs, bladder,
gi tract, bone marrow, skin, braia, pituitary, pancreas) subjected
to histepathological examination. ’

200 .
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study Result and Conclusions:

The study had to be terminated at 90 weeks (21 months)
because of high mortality in all groups. Survival during the

in~life portion was summarized as follows (extracted from TABLE
1 of rhe FINAL REPORT):

Sex Dietary . Survivors at Month Indicated:
Conc. (ppm) 0 6 12 18 21 (term)
Female 0 25 22 20 15 7
; 25 25 22 20 15 8
50 25 20 18 12 7
100 25 18 17 13 8
1000 25 24 23 19 14
Male 0 a 25 24 22 16 11
25 25 22 19 15 12
50 25 21 18 11 6
100 25 22 18 15 8
1300 25 22 18 12 7

No consistent differences from controls were reported
in any test group for body weight, food consumption, hematologic
or urinary values, metabolic rate or organ weights. The only
significant histological finding noted was thyroid hyperplasia
(graded according to the scheme attached to this review) in 1000

ppm males and females, as well as in a few males each at lower -
levels:

Number of Thyroids Examined (Indicated Grade of Hyperplasia)

Sex Cose (ppm): 0 25 50 100 | 1090

7 (0); 6 (0)

) {0)
) 4 (1)

(1)
(2)
(3)

12 (0) 3 (0
Male 3 (1

N W

8 (0) {11 (0){12 (0)}] 8 (0) (0)
(1)

(2)

Female

U OV OV

Monthly summary progress reports were submitted, but no
individual animal data were provided in the FINAL REPORT.
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TB‘Evaluation/Core:

Because of the absence of clinical chemistries and
insufficient number of animals examined bistopathologically,
this 90 week dietary study in rats is classified Cc: -~Supplementary.

Irving Mauer,

Toxicology Branch dC//
Hazard Evaluation Div

F~ Qf«f/c

J/ \52()‘*/" G

| M
: i
Ph.D. f% e

ision
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Grading of Thyroid Hyperplasia (copied from page 4 of FINAL REPORT):

Grade 03

Grade 1l:

Grade 2:

Grade 3

Normal range of variation in size of follicles,
amount of colloid, staining properties of colloid,
height of epithelium, and nuclear characteristics.
This embraces Seifter & Ehrich's grades 0 and #,
both of which they consider to be within the normal
range.

Decotes the presence of numerous microfollicles with
thin watery colloid and cuboidal epithelium of in-
creased height. This grade may very occasionally be
found as a spontaneous lesion in rats and corresponds
to Seifter & Ehrich's grade + +.

Numerous hyperplastic and hypertrophied follicles
with scanty, poorly-staining colloid; nuclei are
large with increased chromatin content. Such
glands are not seen in spontaneous disease or in
normal animals and reflect a goitrogenic process.
This corresponds to Seifter & Ehrich's grade + + +.

Gland enlarged due to follicular hyperplasia and
hypertrophy; colloid scant and absent; cuboidal cells
tall, often with vacuoles, and containing large active
nuclei; infoldings or papillary processes prominent.
This corresponds to Seifter & Ehrich's grades + + + +
and + + + + +,
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CONFIDENTIAL BUSINESS . INFORMATION
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NATIONAL SECURITY INFORMATION (0 12065)

. N EPA: 68-02-4 A9
_ DYNAMAC No. 2053@;0"4“5

October 1, 1986

DATA EVALUATION RECORD
MANCOZEB
Special Study

STUDY IDENTIFICATION: Larson, P. S., Wodes, W. R., and Ambrose, A. M.
Correlative study of functional and morphologic changes in the thyroid
glands of rats receiving Dithane M-45 or propylthiouracil in the diet.
(Unpublished study prepared by the Medical College of Virginia, Department
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dated December 30, 1965.) MRID No. 080713.
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CHEMICAL: Mancozeb; Dithane M-45.

005425
TEST MATERIAL: Dithane M-45.

STUDY/ACTION TYPE: Special Study.

-

STUDY IDENTIFICATION: Larson, P. S., Wodes, W. R., and Ambrose,
A. M. Correlative study of functional and morphologic changes in the
thyroid glands of rzts receiving Dithane M-45 or propylthiouracil in
the diet. = (Unpublished study prepared by the Medical Coilege of
virginia, Oepartment of Pharmacology, submitted by Rchm and Haas

Company, Philadelphia, PA; dated December 30, 1965.) MRID No. 080713.

REVIEWED BY:

William L. McLellan, Ph.D. smnaturezw

Principal Reviewer

Dynamac Corporation pate: Ot 1, 19%6
Margaret Brower, Ph.D. Signature: W»
Independent Reviewer .
Oynamac Corporation Date: Oct- 1, 1984
APPROV Y
1. Cecil Felkner, Ph.D. Signature: J ,(:‘“‘d v'a.aﬂw.‘
Technical Quality Control
Oynamac Corporation Date: l 0-1-¢ 4
Irving Mauer, Ph.0. ' Signature: /f% /’ffg
EPA Reviewer "
Date: : o</ )//(
Jane Harris, Ph.D. Signature: __z:,q {) /64,‘,\,‘
EPA Section Head
, Date: - /ol o3 /gL
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7. CONCLUSIONS:
A. When Dithane M-45 was fed to rats for 3 weeks at 1000 ppm. in the
diet, body weights of females but not males were slightly, but
decreased and thyroid-to-body weight ratios were fincreased in
males (significantly) as well as in- females (non-significant).
The uptake of ['3'1] was not affected, but protein-bound iodine
(PR1) was significantly increased (p <0.05) in both sexes
receiving 100 or 300 ppm; however, PBI was. significantly

decreased (p < 0.05) in females receiving 1000 ppm when compared
to centrals.

The metabolic rate was decreased (p <0.05) 1in males receiving
1000 ppm. Significant hyperplasia (grade 2) was seen in the
thyroids of one male and one female that received 1000 ppm

pithane M~45. A NOEL was not achieved; the LOEL was 100 ppm, the
lowest dose tested. .

Items 8 through 10--see footnote 1.

11. MATERIALS AND METHOOS (PROTOCOLS):
A. Materials and Methods: (See Appendix A for details.)

1. Fp, generation Wistar rats from a reproduction study on
pithane M-45 were used in this study. Groups of 15 males and
15 females were continued on diets containing 0, 100, or
1000 ppm Dithane M-45 for 3 months. A group of weanlings
from the Fyp generation that had been fed 25 ppm in the
diet were continued on diets containing 300 ppm. For studies
on propylthiouracil (PTU), 10 males and 10 females from the
Fia O-ppm group - received 300 ppm PTU in the diet for 3
months and similar groups were continued on O ppm for 8 weeks
and then received 1333 ppm PTU in the diets for 5 weeks.

-

placed in a wide-mouthed quart jar that was immersed in a
water bath at 35°C and connected to a respirometer; this
allowed an- accorate measurement of oxygen consumption.
Carbon dioxide was absorbed in a soda-lime trap. Oxyger

consumption was converted to cal/square wmeter Dbody
surface/hour. : ‘

2. Metabolic rate measurements were made in morii 2. Rats were

3. Twenty-four hours prior to sacrifice, the rats received an
intraperitoneal  injection  of  carrier-free  Na[!3I]
(63,000 cpm). After 24 hours, animals- were -anesthetized and
blood drawn (vena cava) for determination of PBI. The
thyroid glands were dissected, weighed, and fixed in
formalin. ['371] uptake into thyroid was determined.

J'Only items appropriate to this DER have been included.
i 3
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4. Sections of thyroid were examined histolegically and graded
for hyperplasia.

8. Protocol: A protocol was not provided.

12.  REPORTED RESULTS:

Mean body weights of females receiving 1000 ppm Dithane M-45 for 13
weeks were slightly but significantly lower than controls; there was
no effect on males. There were large decreases in mean body weights
of males and females receiving PTU for 3 months at 300 ppm or from
weeks 8-13 at 1333 ppm (Table 1).

Thyroid-to-body weight ratios were significantly (p <0.05) fincreased
in males receiving 1000 ppm Dithane M-45, but only slightly increased
(nonsignificant, p > 0.05) 1in 1000-ppm - females.  Thyroid-to-body .
weight ratios in both groups of males and females receiving PTU were.

3- to 6-fold increased (p <0.05) when compared to controls (Table 1). - S

The uptake of [131I] was not significantly increased (p >0.05) in
males or females dosed with Dithane M-45, but significant decreases
were found in both sexes dosed with 300 or 1333 ppm PTU. PBI was
significantly (p <0.05) increased in both sexes receiving 100 or
300 ppm and was significantly (p <0.05) decreased in females
receiving 1000 ppm Dithane M-45 when compared to controls. There was
no effect on PBI in groups fed PTU (Table 2).

Decreased metabolic rates (p <0.05) were seen in males but not
females. receiving 1000 ppm Oithane M-45, Metabolic rates were
decreased in males and females receiving PTU; the decreases were
significant (p <0.05) in males receiving 300 and 1333 ppm and females
receiving 300 ppm (Table 3).

Significant hyperplasia (grade 2) was seen in the thyroids of one
male and one female that received 1000 ppm Ditnane M-45. In con-

trast, all animals receiving PTU had grade 3 thyroid hyperplasia.
Data on grading of thyroids are summarized in Table 4.

13. . STUDY AUTHORS' CONCLUSTIONS/QUALITY ASSURANCE MEASURES:

A. There were indications that Dithane M-45 caused thyroid dysfunc-
tion in animals receiving 1000 ppm for 13 weeks. Changes in PBI
levels, an 1increase in both sexes receiving 100 and 300 ppm
Dithane M-45, and a decrease_ in females receiving 1000 ppm
occurred without changes in [3‘ 17 uptake. Tt was suggested
that Oithane M-45 = 1inhibited  peripheral defodination of
thyroxine. The Tlower PBI in females receiving 1000 ppm
Dithane M-45 was not interpretable; a decreased synthesis of

thyroxine was not. supported by a decreased metabolic rate in
high-dose females.




TABLE 1. Mean Body Weights and: Thyroid-to-Body Weight Ratio (+50)
in Rats Fed Dithane M-45.or Propylthiouracil (PTU)

005425

Dithane M-45 (ppm) ' PTU_(pom)
0 100 300 1000 300 1333
Males (o {0 (10) 10) 9 %)
Body Weight (g) ~ 402 +33 384 +40 386 +41 407 *23 237 £31% 372 +26+
Thyroid/Body Wt.  54.1%5.7 46.818.3 58.819.2 67.2%12.5%  332.1%61.5% 191.6454.8%
(mg/kg) _.
Females an ) 1)) an ) (%))
Body Weight (g) 240 *19 231 +i4 272 +29 221 *i6* 197 +34% 229 14
Thyroid/Body #t.  68.0%7.6 62.849.7 70.8£10.5  76.3%15.4 416 £1365% 285.0%72.7+

(mg/kg)

3The nusber of animals examined is in parsnthesis.

sSignificantly different from controf value (p £ 3.05).
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TABLE 2. ['311] Uptake and Serum Protein-Bound lodine (PBI)
. in Rats Fed Dithane M-45 or Propylthiouracil (PTV)

. Dithane M-45 (

PTU (ppm)

0 100 300 1000 300 1333
las
C'311] Uptake (B 13.01£1.29°  15.00%4.13  10.54£2.88  15.7£2.74 4.14+1.83% - |,05%0.36%

P8l (ug B 2.08%1.17 3.69%1.34% - 3.6210.99*

fomales
t13113 Uptake (%)  12.58%3.28  13.55$5.45  10.47+4.47

P8I (ug % 2.4610.61 3.88%1.31%  3,2310.86%

2.82¢1.16  2.1851.04  2.040.45

13.88%7.78 4.81%3.97%  1,90%0.85%

1.6241.00*  2.2680.78  2.02+0.6

3The values are means $SD for 7-11 rats/group.
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TABLE 3. Metabolic Rate (cal/mi/hr) in Rats Fed Dithane M-45 or Propyithiouracil (PTU)

Dithane M-45 (ppm)

PTU_(ppm)

[} 100 300 1000 300 1333
Males 39.283.1%  36.246.8 41.482.8  20.1%4.6¢ 24.242.8%  25,4%5.3%
Females 29.846.1 28.8%1.3 2.2t5.4  33.06.8 21.940.9%  25.1%1.0

Byalues are mean ¥ SD for five rats.

A VC U




TABLE 4. Number of Rats with Thyroid Hyperplasia and Severity of
Finding after Feeding ODithane M-45 or Propylithiouracil (PTU)

00

-
=

J

Dithane M-45 (ppm)

; PTU_(ppm)
Grade of
Hyperplasiad ] 100 300 1000 0 1333
Males
aob o Q0 (10) (9) 1)
0 10 10 10 6 - S-,
1 - - s 3 - e
2 - - - 1 — )
3 : T - - - 9 7
Ave, grade 0 0 0.5 0.5 3 3
Females
(my. (10) {(10) (1) (10) (9)
0 n 9 8 9 e -
1 - 1 2 1 - e
2 - - - 1 o N
3 - -- - -- 10 9
Ave. grade 0 0.1 0.2 0.3 3 3

4

3Grade 0--Within the normal range.

Grade l-wuumefous microfollicles with watery colloid and cuboidal

epithelium of increased height.

Grade 2--Numerous hyperplastic and hypertrophied follicles with scanty
poorly stained colloid; nuclei are large and have increased chromatin.

Grade

3-~Gland

follicles,

infoldings and papillary processes prominent.

b

enlarged due
cuboidal cells tall,

to

hyperplasia.
vacuolated,

Colloid absent

The number of rats examined is given in parenthesis.

in

and with 1large nuclei;

2

9

"

5
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B. A quality assurance statement was not provided.

The study is adequate by 1965 standards. However, the purity of the

test material was not stated in this report. It may be the same
batch used for the reproduction study (Accession NO. 80713), which
had a stated purity of 86%. The amount of thiourea in the preparation
was not determined. Individual animal data were present for thyroid
parameters and  the sampling of mean values we rechecked were
accurate. . Body weights were only avatlable at study termination.
The response of PTU was as expected. More recent work with refined
assays lindicates that PTU inhibits coupling of {1odotyrosine and
fodination as well as peripheral conversion of Ty to T3. The
results indicate ' that ODithane M-45 produces a mild.  goitrogenic
response when fed to ‘rats at 1000 ppm. The NOEL was not achieved in
this study based on increases in PBI at 100 ppm. ;

Items 15 and 16--see footnote 1.
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1. CHEMICAL: Mancozeb; Dithane M-45.

2. TEST MATERIAL: Oithane M-45 was described as a fungicide consisting
- of a coordination product of zinc ion and manganese ethylene bisdi-
thiocarbamate, Samples averaged 86X active ingredient.

3. “STUDY/ACTION TYPE: Three-generation reproduction study in rats.

4. STuDY IU‘HTIFICATIDN' Larson, P. S., Borzelleca, J. F., and Ambrose,
A. M. Tnree generation reproduction study on rats recefving Dithane E
M-45 in their diet. (Unpublished study, including letters dated
May 25, 1964; June 9, 1964; July 2, 1964; August 18, 1964; January 20,
1965; February 5, 1965; February 8, 1965; March 1, 1965; May 14, 1965;
and CctoSer 7, 1965, from P. $. Larson to Allen R. Oeschere, by the
Medical College of Virginia, Dept. of Pharmacology, for Rohm and

Haas, Co., Philadelphia, PA; dated November 12, 1965.) MRID No.
08C715s.

.5. REVIEWED 3Y: .
%/
Michael Narotsky, B.A. Signature: %_M_‘_
Principal Reviewer .
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7. CONCLUSTONS:

A. Based on the available data, the LOEL for parental tdxicity of
the compound 1in rats could not be established; no compound
effects on parental animals were demonstrated at any dose level.

The NOEL and LOEL for reproductive toxicity were 100 and 1000 ppm,
respectively, based on reduced Fy and F, pregnancy rates and
Fyp litter sizes at the 1000-ppm_level. :

8. This report did not include the individual data necessary for a
comprehensive evaluation of the results presented; the study
predated the 1982 USEPA Pesticide Assessment Guidelines,

Subdivision F. Therefore, this study {s classified Core
Supplementary. .

Items 8, 9, and 10--see footnote 1.

11. MATERIALS AND METHODS (PROTOCOLS):

A. Materials and Methods: (See Appendix A for details.)

1. Test Material: ODithane M-45, with an average purity of 86%,
was mixed with Purina taboratory Chow to produce test diets
containing 0 (control), 25, 100, and 1000 ppm of active
ingredient. The test material was suspended in 50 mL Mazola
0il and added to the diet. Three vessel rinses of 20, 20,
and 10 mL oi) were also added. An equal volume of oil was
mixed with the control diet. Diets were prepared in b6-kg
batches every 6 months and refrigerated. The study authors
did not report whether chemical analyses of the diet
preparations were performed.

2. Animals and Experimental Design: At 28 days of age, 25 male
and 25 female Wistar albino rats were individually housed and
assigned to each of four groups; these rats were selected to
be Fg parental animals. After receiving their respective
diets for 11 weeks, 20 females of each group were paired with
a male from the same group to produce Fy, litters. Unmated
females were paired with a different male every 7 days for up
to three successive 7-day periods. After weaning the Fy,
litters, Fg rats were rebred to produce Fyp litters.

Thirty male and female rats from each group of Fqp weanlings
were selected to be Fy parents and continued on their re-
spective diets. At about 105 days of age, 20 animals/sex/
group were bred (using the same procedures described for
their parents) to produce Fp, and Fap Titters.

1
Only items appropriate to this DER have been included.
' 3

o
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Fop weanlings were selected, maintained, and bred (using
the same procedures) to produce F3; and F3p litters.

3. Observations and Measurements: Parental body weights were
recorded at the initiation and end of each litter interval.

In addition, premating body welghts were recorded weekly for
the Fy and F, generations.

The number of females that were mated, pregnant, and delivered
was recorded for each breeding interval. The number of live
and dead pups was recorded on day 1 of lactation.  On day §,
litter sizes were recorded and reduced to a maximum of 10
pups. Litter sizes and weights were recorded on day 21.

After the Fpp litter interval, Fy females that had not

delivered their Fy; and/or Fyp litters were bred a third
time.

Relative thyroid weights were determined for 10 rats per sex
per group for Fyp, Fap, and Fq, weanlings and Fy and
F, parental animalbs. eart, lung, Tliver, kidney, urinary
bladder, spleen, stomach, small intestine, large intestine,
bone marrow, skeletal muscle, brain, pituitary, thyroid,
adrenal, pancreas, and gonad tissues of 10 Fgp, weanlings
per sex per group were examined histologically.

No other information on study procedures was reported.

4: No statistical methods were reported; however, the study
authors reported statistical differences between groups for
_data of relative thyroid weights.

8. Protocol: A study protocol was not included in the report.

' 12. REPORTED RESULTS:

A. Test Material Analysis: No methods or results of chemical
- . analyses of the test material in the diet preparations were
reported.

B. Parental Data: Survival data prior to the breeding of Fp animals
were not presented; however, mortality data were reported for the
remainder of the study (Table 1). The total numbers of reported
deaths were 7, 16, 11, and 7 in the control and lcw-, mid-, and

high-dose groups, respectively. No necropsy fiudings were
reported.

Compared to their controls, the average relative thyroid weights
of 10 high-dose F, males and 10 mid-dose Fy females were
significantly “increased and decreased, respectively.

No clinical findings or food consumption were reported. Body
weight data of Fg parental animals prior to breeding also were

4

26
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TABLE 1. Number of Surviving Rats Fed Dithane M-45

Dose Level - Breeding ‘a' Litter ‘b Litter
(ppm) Week 0 Week 11 Initiation Weaning Weaning
Fg. Males

0 25 NAd 20 20 20
25 25 NA 20 - 20 20
100 25 NA 20 19 18b
1000 25 NA 20 20 20

Fo_Females ’

N 25 NA ' 20 19 19
25 25 NA: 20 20 _ 19
100 25 NA 20 17 17

1000 25 NA 20 20 19

Fy_Males
0 25 25 20 20 20
25 25 25 20 20 19
100 25 25 20 20 19
1000 25 25 20 20 20
Fy_Females
0 25 - 24 20 20 19
25 25 25 20 19 18
100 25 25 20 20 20
1000 25 24 20 20 20
Ey_Males
0 . - 25 ' 25 20 20 20
25 25 22 20. 19 18

100 25 2 20 20 19

- 1000 25 23 20 20 - 19
f» Females ;
= 0 25 24 20 20 - 18

25 25 22 20 19 18
100 : 25 23 20 19 19
1000 25 24 20 19 19

aNA-—-not available; data were not reported.

bEigﬁteen males were reported at the beginning of the ‘b' breeding interval.
The reported data did not account for the reduction from the 19 males when
ta' litters were weaned.
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not presented. Compared to their respective controls the mean
body weights of Fy females and F, males receiving -the test
material were, in general, slightly reduced (Tables 2 and 3). No
individual datd or statistical evaluations were presented.

C. Reproductive and Developmental 0Data: Pregnancy rates for all
groups at both breeding intervals of the Fg generation were
comparable; however, reduced pregnancy rates were evident in the
high-dose group of the Fy and F, generations at both
intervals (Table 4). Pregnancy rates of Fj females were lower
than normal for the control &nd all dose groups; nonetheless,
high-dose . values were reduced when compared to controls. The
percentage of pregnant females delivering was comparable in all
groups throughout the study.

The study authors reported that 3, 5, 6, and 10 Fy females in
the control and low-, mid-, and high-dose groups, respectively,
did not deliver at either or both of the Fp; and Fpp litter
intervals; these animals were rebred a  thi time. At this
rebreeding, one, one, four, and five 233. 20, 67, and S50%) of
these respective females were successfully impregnated.

The study authors reported no compound effects on Titter size,
pup weight at weaning (Table 5), and pup survival (Table 6).

Relative thyroid weights of selected progeny of the mid-dose male
and female Fq, weanlings were reported to be significantly
decreased when compared to their controls. Significant increases

were present 1in the thb high-dose males and females, Fjp
mid-dose females, and Fjp high-dose males.

Histological examinations of selected Fg, weanlings revealed no
compound-related findings.

13. STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A. The study authors concluded that lower fertility in the Fy and
Fp generations occurred at 1000 ppm. They stated that there
were no effects of the compound on gestation, Tlactation,
viability, pup body weights at weaning, relative thyroid weights,
or histological findings of progeny.

' B. A quality assurance statement was not included with the study
b report.

14. REVIEWERS' DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

A. Parental Data: We assess that the reported mortality data did
not 1ndicate a compound 2ffect; deaths occurred sporadically in a
nondose-related pattern.
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TABLE 2. Mean Body Weights (g) Prior to Breeding of Rats Fed dithane M-45

Dose : Week
Level
{ ppm) 2 1 3 5 8 1
Fy_Males
0 18 122 . 202 219 356 389
25 13 m 193 212 345 315
100 78 116 204 218 345 3719
1000 12 112 193 269 kL) 385
Fq_Females :
0 13 107 157 193 225 244
25 n 100 151 187 218 233
100 0 99 150 184 212 228
1000 68 96 142 113 210 222
Fo_Males ‘ ‘
0 Nag 106 182 260 333 387
25 NA 98 164 239 306 362
100 NA 107 172 242 315 360
1000 NA 99 166 238 314 363
Eo_Females .
0 _ NA 9N 138 175 204 228
25 NA N 134 172 202 221
100 ’ N& 88 128 160 185 207
1000 N& 88 132 168 198 221

ANA--Not available.
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TABLE 3. Mean Body Weights (g) Before, Between, and After Litter Intervals
of Rats Fed Dithane M-45

Dose _ ' Between After Al}
Level ' At Breeding Litter ‘h' Litters
i - {ppm) Initiation Intervals Weaned
¥ - .
Fg_Males
0 356 441 . 472
25 Kl 426 462
100 327 399 436
1000 333 » 425 463
Fo_Females -
0 224 261 282 :
25 . 224 261 286
100 : 230 262 283
i 1000 219 252 284
Fy_Males
] Q0 389 463 488
25 3715 444 468
100 379 440 466
1000 385 463 483
- Fy_Females
0 244 281 304
25 233 263 283
100 - , 228 260 283
] " 1000 222 268 283
Fo_Males ‘
0 . 381 _ 484 525
25 362 443 473
100 360 450 486
1000 363 449 491
‘F»_Females
=2 0 228 219 290
25 221 269 293
100 ’ 207 245 269

1000 221 259 289
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TABLE 4. Summary of Reproductive Data of Female Rats Fed Dithane M-45
Dose No. of Females Pregnant Females Delivered
Level Females
(ppm) Paired No. % No. %
F[J Females .
_l_‘_1 a Interval
0 20 19 100 19 100
25 20 18 80 18 100
100 20 17 94 16 94
1000 20. 19 95 19 100
E,p-1nterval
0 19 19 100 19 100
25 20 117 85 o n 100
100 117 15 88 : 15 100
1000 20 18 90 117 94
F1_Females
F2a.Interval
-2 0 20 18 90 18 100
25 20 16 80 16 100
100 20 16 80 16 100
. 1000 20 13 65 13 100
. EppInterval , :
0 20 18 90 17 94
25 19 14 14 14 100
100 ' 20 16 80 16 100
1000 20 12 80 - <12 100
£o_Females
F3a_Interval :
0 20 15 75 15 © 100
) 25 20 15 15 15 . 1006
100 20 13 65 13 100
. 1000 20 n 55 n 100
E3p_Interval
0 20 1 55 n 100
25 19 15 79 15 100
100 20 14 70 14 100
1000 20 8 40 8 100
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TABLE 5. Summary of Litter Size and Pup Weight Data of Rats Fed Dithane M-45

Mean No. Meand
Dose = Live and Mean No. Live Pups Pup
Level No. of = -~ Dead Pups Weight (q)
{ppm) Litters: Day 1 Day 1 Day § Day. 21 Day 21
-F-]ﬂ Littgrs
0 19 10.5 10.0 9.2 8.4 33.5
25 18 10.3 9.8 9.6 8.2 31.3
100 16 10.4 10.4 10.2 9.3 1.9
1000 19 10.4 9.9 9.4 8.6 33.3
Fyp.Litters ~
0 19 9.8 8.9 8.5 6.7 39.1
25 17b 12.1 10.6 10.4 1.1 36.3
100 15 12.1 1.4 10.9 8.0 35.2
1000 17 11.5 10.3 9.9 8.1 1.1
Foa_Litters
~23=5 18 9.3 9.1 8.9 7.8 40.5
25 16 1.3 1n.2 1.0 8.7 18.9
100 : 16 10.8 10.7 10.7 8.6 38.4
1000 13 10.6 9.8 9.2 1.8 40.3
Fap,_Litters
=2b-=5 17 7.9 7.9 7.1 5.9 43.6
25 14 10.6 10.6 10.6 8.2¢ 40.0
100 16 8.8 8.6 8.3 6.4 371.3
1000 12 9.4 9.3 8.7 1.3 37.0
Fa, Litters
== 15 10.7 9.9 1.5 6.4 6.3
25 15 9.3 8.3 5.9 5.3 42.9
100 13 9.9 - 8.8 1.6 6.3 4.3
1000 1 g.5d 8.2 6.9 5.2 43.3
Fap Litters .
== n 9.4 9.2 9.1 1.5 43.9¢
25 15b 10.9 9.6 9.1 7.1 41.5
100 14 11.0 10.9 9.9 8.1 £0.7
1000 gb 7.3 6.4 5.6 4.6 43.17

aAverage weight of all pups in group.

bInc\udes one litter with all pups dead at day 1.

“Does not include one litter whose dam died 2 weeks postpartum.
dReviewers’ calculations indicate 8.8

€Reviewers' calculations indicate 44.0.
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TABLE 6. Summary of Pup Survival of Rats Fed Dithane M-45

Dose X Pup Survival per Group
Level "No. of ;
(ppm) Litters Day 1 Days 1-5 Days 5-21
Fya.Litters
0 19 99.5 91.6 98.2
25 18 94.6 98.3 95.5
100 16 99.4 98.2 97.4
1000 19 95.9 94.2 98.2
Ejp_Litters
0 19 90.4 95.3 -85.2
25 174 81.9 97.8 91.0
100 15 92.4 95.3 88.9
1000 11 89.3 96.0 98.6
Epa Litters
0 18 98.2 98.2 94.6
25 16 98.9 98.3 92.1
100 16 99.4 100.0 98.6
1000 13 92.0 94.5 98.1
Fop Litters
0 17 100.0 89.6 98.0
25 14 100.9 99.3 86.2
100 16 97.9 96.4 88.7
1000 12 98.2 93.7 100.0
Ega. Litters - .
0 ) 15 91.9 15.17 96.0
25 15 89.2 7.0 95.2
100 13 88.4 86.8 94.3
1000 1N 92.8 84.4 83.8
Eqp_Litters
0 1 98.1 99.0 96.5
25 158 87.8 95.1 93.0
100 14 98.7 91.4 100.0
1000 8 81.9 88.2 84.1

3Includes one litter with all pups dead

on day 1.
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Necropsy findings were not reported; hence, they could not be
assessed by the reviewers. Relative thyroid ‘weights of Fy and
F, adults revealed no consistent differences .between groups.
We regard these differences to be incidental.

Mean body weights of dosed Fy females and Fp males were, in
general, slightly reduced when compared to controls;  however,
there was inconsistency of the data across generations and
between sexes. We therefore do not regard these reductions to be
compound related. We reserve any further conclusions on this
parameter because there were no individual data or statistical
analyses of the data available. We regard the aksence of F
premating body weight data to be unacceptable because of the

particular importance of these data in assessing parental effects
of the compound.

Reproductive and Developmental Data: _We consider the reduced
pregnancy rates for the 1000-ppm Fy and. F, dams to be
indicative of reproductive toxicity. The dincreased number of
Fy high-dose females not bearing two litters was a consequence
of reduced pregnancy rates in these females. In addition, we
regard the litter sizes of Fap high-dose litters to be reduced
on day 1 (and throughout lactation) and to reflect a reproductive
effect at 1000 ppm. No further evidence of reproductive or
developmental toxicity was noted from the data presented,

8. In general, we concur with the study authors' interpretation of
the reported reproductive data. Although the study authors did
not note a reduction in Fgp litter .izes at 1000 ppm, this did
not alter the assessment of the reproductive NOEL and LOEL. The

study authors made no statements regarding parental effects of
the compound.

C. Since this study was conducted from 1963-1965, it was not designed
to meet the current standards of testing and reporting prescribed
in the 1982 USEPA Pesticide Assessment Guidelines, Subdivision F.
However, it should be noted that a complete assessment of the
compound's parental, reproductive, and developmental effects was
precluded by the absence of the following data:

Body weights and mortality data of Fg parental animals.
Clinical observations and necropsy findings of adults and
progeny.

Food consumption of parental animals.

Histological findings of reproductive tissues from the
control and high-dose parents and progeny.

Precoital time.

Gestation lengths.

Pup weights prior to veaning.

Individual data for all parental and litter parameters.
Statistical analyses (and methods).

T pw -
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10. Progeny data (e.g., pup survival, pup weight) analyzed using
the Yitter, rather than the pup, as the experimental unit.

Item 15-~see footnote 1.

16. CBI APPENDIX: Appendix A, Materials and Methods, CBI pp. 1-3.

-
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"fpage _is not included in this copy.

) Pages 2;22_ through ,Z ZQ are not included.

PR

" -,The material not included contains the following type_,of
informatxon* : . o _ ) e

&

Identity of product inert ingredients.','
dentity of product impurlties.
Description of the product manufacturing process.
Description of quality control procedures.
Identity of the source of product ingredients.
Sales or other commerc1a1/financ1al 1nformation.

A draft product label.

LiLLLLL ih

The product confidential statement of formula.r

Informatlon about a pending registration action.

; EIFRA registration data.

The aocument is a duplicate of page(s)

3){;___ The document is not responsive to the request.

“

_The information not included is generally considered confidential
by product registrants.:. If you have any questions, please contact
“the. individual who- prepared the response to your requesb '

»
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SUBJECT: Mancozab (NRDC) - Evaluation of Data Submitzed
nder 3ccession Nos. 261535, 261536, 261537, 261538,
261339 -

Caswell 10,/913A |

FROM: Irving Mauer, Ph.D. (\
h Toxicology Branch L
dazard Evaluation Division (TS-769C) //7°”

TO: Arvella Farmer, PM 61
" Special Review 3ranch :
Registration Division (TS-767C)

o TE

THRU: Jane £. iarris, ?h.D.. ﬂeadéﬁ@ﬂanéau;« 707%%
Section VI, Texicology 3ranch ,
3azard Tvaluation Division (TS-769C) 7™

A\
Recistrant: Rohm 3 Haas Company

sc=izn Recuested:

R o . . . T . L s
- T Aes s 1. 003 B P ll.‘..,: P P R

saszanse 12 Data lall-in D Ijs

. Yancozes: Hazard Identification, Evaluation, and
Extrapo-atlon t> Humans, P.K. Chan, November 7, 19385
(EPA Accession Yo. 261539).

2. Hanccze Three-Month Dietary Toxicity atuay in
Rats, P. R. Goldman, H.J. Bernacki, and D.L. Quinn,
Report Xumber 85R-167, february 27, 1386 (ZPA Accession
vo. 261336).

-
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3. Three-Mcnta Dietary Toxicity Study with Mancozeb in

Dogs, R.Z. Cox, Report Humber 36RC-7, February 2%,
1986 (EPA Accession No. 261537).

4. Mancozeb: Two-Week Inhalaticn Toxicity Study in
Rats, R.C. Baldwin, J.V. Hagan, and J.R. Fisher,
Report Number 85R-190, February 27, 1986 (EPA
accession No. 261538).

5. Mancozeb: Subchronic Inhalation Toxicity Study in
Rats/1l3~week Interim Report, R.C. 3aldwin, J.V. Hagan,
and J.R. Fisher, Repcrt Number 36R-0003, February 27,
1986 ané Mancozeb/ETU: Rat Ianalation Study - Ixposure
dhase: 3nalysis of Urine, Blcod, and” Thyroids, Repor:
sumber AX1-477-36, February 27, 1986 (EPA Accession
Mo. 261339).

Toxicology Branch (TB) Conclusions

These data have been screened for adequacy to satisfy data
raquirements for zthe Mancozeb Registration Standard (Memorandum:
sauer to Farmer, ¥arch 31, 1986). That preliminary screening
concluded that these studies represent those necessary for
satisfying data raquirsments for subchronic tasting in rat and
Jdog by the Zietary route, and ia the rat by the inhalation
routa.

As detailed in the Data Evaluatica Records {DER's) and
summarized Selow, compoundrelated effects on the thyroid were
rhoroughly investigated, including residue analysis of both
the parent compound (none detected as £S3 in any EBDC~treated
group), and its srincipal active derivative, ethylene thiourea
(dose-ralated increase of 4 ppm ETU in 30-ppn mancozeb animals
ro approximately 5 ppm ETU in 1000-pp: aninalis).

The fcllowing summarizes T3's reviews and evaleation i
rt.ese studies {detailed JER's sre- attached): .

studvy (1) is a ccmpany-prepared review {with no primary data)

of Mancozeb and E£TU, containing backgraund toxicological
informaticn, hazard identification ané evaluation, and -
extrapolations to humans; appendices oa other degradation products
and contaminants (EBIS, EU): pharmacckinetics, exposure 2stimates
snd *hyroid dysf:nctionitumorigenesis interrelationship.

TB Conclusizcns: Accepted as subnitred “or informacion
oaly (No DER prepared).

- REST AVAILABLE COPY
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Study (2): Subchrenic dietary - rat

.

005425
Doses fed: 0, 30, 60, 125, 250, and 1000 ppm Mancozeb:
- . 250 ppm- ETU. .
Reported effects: WNone for mancozeb at or below 125 ppm;
slight change in hormone levels in females fed 250 ppm; depressed
body weight and histological changes in thyroid at 1000 ppm.

TB Conclusions: Core-Minimum Data

NOEL (syst) = 60 ppm (equivalent t2 3.5/4.4 mg/kg/da,
males/females, respectively) .

LZL (syst) = 125 ppm (7.4/9.2 mg/xg/da, nales/females,
respectively), based on renal tubular degeneration in males.

NOEL/LEL for thyroid effects = 125/250 ppm, Sased oan
decreases in serum T4 and TSH in females.

Study (3): Subchronic dietary - dog

Doses fed: O, 10, 100, 1000, and 5000 ppm

Reported effects: None at or below 100 ppm; depressed
feed consumption and body weight at 1000 ppm ané higher; reduced
survival and thyroid effects at 5000 ppa.

T8 Conclusions: Cosre-Minimum Data

NOEL (svst) = 100 pom (3 mg/kg/da)

LEL (syst) = 1000 ppm (29 mg/kg/da)., based on
decreased food consumption and body weignt gains:
cortical lymphoid depletion in thymus: prostatic
nypogenesis.

NOEL/LEL for thyroid eifects = 1000/3000 pon

(= 162 and 109 mg/kg/day in males ang females,

raspectively), the LEL produciag foilicular :celil
nwyperplasia, decreased T3 and T4: Aypercnolestersieniz
and hyperbilirubinemia, decreasec fccd consumption
and body weight.

seudv (4): Subacute inhalation - rat

{To select doses and compare effects of wrhcls body expcsure
5 those nof nose-only for the 13-week ianalation study, 3).

-

doses tested: O, 11, 535, aad 258 mg/m3 {respirabls conz.!
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4

Reported effeczs: For whole-body exposure, the "maximuza"
NOEL was 11 mg7ﬁ3. and LOEL was 53 mg/m3 {lower body weight gain
and T3 levels in males, lower T4 Ievels in both sexes). For
nose-only exposure, NOEL was 55 mg/m3 and LOEL was 253 mg/m3
(lower male body weight gains and T3/T4 levels; histopathological
changes in respiratsory tract of both sexes). .

IB Conclusions: Cote—Supplementaty Data (*ange~f1nd1ng)

NOEL (whole body) = 11 =mg/m3 (raspxrable)

LEL (whols body) =55 mg/m3 (respirable), based
on decreased T4 in males and females; decraased
T3 in nalses. -

NOEL (nos2 only) = 53 ag/ﬂ3 (r2spirable)

LEL {(nose anly) = 253 mg/m3 (respirable), based on
decreased body weight in males; decreased T4 and
T3 in males.

(Nose~-only exposure selected for Study 5.3}

Study (5): Subchroznic inhalation - rat

Joses tastad (nose-only): 0, 20, 80, andé 320 =mg/3
: {zominal) .
J., 8, 36, and 144 mgc/a?
{respirable =zose~only
aeroscl concentraticnl.

Interinm sacrifice: JOne-nalf of =ach grcup at 13 weeks.
Reported effects: Ncne at =2r bYelow 30 ng/m3 (ncminall)s |

body weight changes and thyroid effects ar the =DT, 320 ag/7°
{nominal).

Terminal sacrifice scheduled fol‘owina 2 li-weesz perizi 2¢
aontrzatment in orcder to study reversidbility with no aancozes
axposuare. Results of this recovery phase not yet sutmitted,

TB Conclusions (for 13-week interim data only):
Core~Supplementary 2ata, pending review of the final report
including reccvery ghase data.

NCEL = 8 ag/m3 {respirable) :
LEL = 36 :g/m3 {r2spirasle), based 2n yellow-brown
granular zigment in renzl +“ubul2s of aales and femsles.

252
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5

NOEL/LEL -for thyroid effects = 36/144 mg/m3
(respirable), based on decreased T4 in females,
accompanied by follicular epithelial hyperplasia.

cc: Judy Hauswirth *
Susan Lewis
Joan Warshawsky
Henry Jacoby
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CHEMICAL:  Mancozeb:; Dithane M-45; ethylenethiourea.

TEST MATERIALS: .Mancozeb technical, lot No. 43339, TD No. 85-15, was
described as a yellow powder containing 84 percent of the active
ingredients, a coordination product of zinc fon and manganese
ethylenebisdithiocarbamate. Ethylenethiourea, lot Matheson Coleman
and Bell; product No. [X0010, TD No. 85-55, was described as a white
crystal containing 99.8 percent active ingredient.

-

STUDY/ACTION TYPE: Three-month subchronic’ feeding study in rats.

STUOY IDENTIFICATION: Goldman, P. R., Bernacki, H. J., and Quinn,
0. L. Mancozeb: three-month dietary toxicity study ia rats. (Unpub-
lished report Ne. 85R-167, protocol No. 85P-134 prepared and submitted
by the Toxicology Department, Rohm and Haas Company,” Springhouse, PA;
dated February 27, 1986.) Accession No. 261536.

REVIEWED BY: . .
Kumar 0. Mainigi, Ph.D.

Principal Reviewer
Oynamac Corporation

Margaret E. Brower, Ph.D.
Independent Reviewer
Dynamac Corporation

"APPROVED BY:
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EPA Reviewer
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7. CONCLUSIONS:

A. Under the conditions of this study, mancozeb and its metabolite,
ethylenethiourea (ETU), were toxic when fed to rats at the
highest dose levels of 1000 and 250 ppm, respectively, for 13
weeks. Males and females in both test groups showed decreased
body weights and food consumption, decreased MFO activity,
decreased serum T4 (thyroxine) and increased iSH (thyroid
stimulating hormone) levels, increased absolute and relative
liver and thyroid weights, and follicular epithelial hyperplasia
of the thyroid. High-dose mancozeb females showed increased
absolute and relative spleen weights.

Diffused hypertrophy and follicular epithelial hyperplasia of the
thyroid were observed in males and females dosed with 1000 ppm
mancozeb or 250 ppm ETU. In addition, one ETU-treated male had a
follicular adenoma and multicentric lymphoSarcoma of - the
thyroi¢. Other major histopathological changes were mostly re-
stricted to the males in the high-dose groups of both test com-
pounds and included centrilobular hepatoceilular hypertrophy, and
increased amounts of hypertrophied cells in the anterior lobe of
the pituitary and in the zona glomerulosz of the adrenal cortex. -

The LOEL for systemic subchronic toxicity of mancozeb was
125 ppm, based on histopathologic changes in the kidneys of males
and females. No compound-related effects were observed at doses
up to and including 60 ppm mancozeb; therefore, the systemic NOEL
for mancozeb was 60 ppm (3.5 mg/kg/day in males and 4.4 mg/kg/day
in females).

8. Core Classification: Core Minimum.

Items 8 through 10--see footnote 1.

11. MATERIALS AND METHODS (PROTOCOLS):
A. Materials and Neghodgi

1. The test compound, mancozeb, lot No. 43339, was described as
a yellow powder nominally containing 84 percent of the active
ingredient, a coordination product of zinc cation and
manganese ethylenebisthiocarbamate (Dithane M-45). - The

" second test compound, ethylenethiourea (ETU), (lot Matheson
Coleman and B8ell, IX0010), was described as a white
crystalline solid containing 99.8 percent active ingredient.
Individual test diets were prepared each week by homogenizing
the test compounds with the basal diet, Purina Certified
Rodent Chow #5002-meal (Ralston Purina Co.). The percent of

' Only items appropriate to this OER have been included.

3 287
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active ingredient and homogeneity of mancozab and ETU were
determined in the Ffirst batch of diets, and each time the
concentrations of these compounds were changed in the test
diets. Samples from each test diet were collected at the end
of weeks 1, 3, 5, 8, and 12 to determine the stability of the

test ‘compounds during the feeding week. Mancozeb and ETU
were stored at room- temperature. '

2. Approximately 4-week-old Cr1-CD(S0) rats (Charles River
Breeding Laboratories) were acclimated to the animal facility
for 2 weeks and randomized according to body weight into a
control,  five mancozeb, and one ETU dose groups of 14
rats/sex/dietary group.

Animals were caged individually in auw environmentally
controlled room. In order to maintain approximately the same
level of compound intake (mg/kg/day). throughout the feeding
period, dose levels in the diets were gradually increased.
During the first 2 weeks of study, rats were fed their group
diets containing only SO percent of the final dose levels of
the test compounds (15, 30, 62.5, 125, or S00 ppm of
mancozeb, and 125 ppm of ETU). The respective dose levels
were increased to 10 percent of the final concentrations (21,
42, 81.5, 115, or 100 ppm of mancozeb, and 175 ppm of ETU)
during weeks 3-4 of feeding. Between weeks 5-13, rats were
fed at the final dose levels of 30, 60, 125, 250, or 1000 ppm
for mancozeb and 250 ppm for ETU.

3. Body weights and food consumption were determined 1 week
prior to ihe initiation of treatment, and weekly thereafter.
Compound intakes were calcuylated weekly.

4. Animals were examined daily for signs of toxicity, external
- lesions, ~ behavior, posture, gait, irregularities in .
respiration, body teaperature, and color and consistency of
excreta. Individual ophthalmoscopic’ examinations were
conducted prior to initiation of study and during the Tast
week of treatment. :

5. Hematologic (9 tests) and clinical chemistry (16 tests)
determinations were made after 13 weeks (day 92) on blood
.collected from 10 animals/sex/group that had been fasted
overnight. Serum samples prepared from the same blood lots
were used for assessment of thyroid function by determining
thyroxine (tetraiodothyronine, T4), triiodothiyronine (13),
and thyroid stimulating hormone (TSH) levels.

[« 4}
)

Representative liver sections were randomly selected from six
rats/sex/group (animals bled for laboratory determinations)
and processed into microsomal suspensions to determine mixed
function oxidase (MFO) activity using the aniline hydroxyla-
tion (AH) and aminopyrine (AP)N-demethylation methods.
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1. Prior to necropsy, 24-hour urine samples were conec:ecp?ri%%zs
four rats/sex/group; blood, thyroids, and liver sampies were
collected at necropsy. Only Gblood, urine, and thyroid-~
samples were analyzed for _ethylenebisdithiocarbamate (EBOC)
and €TU residues. Oue to the small sample size, thyroids
from two 1000-ppm male and female rats were used for EBOC
residue analysis. Thyroids from the remaining 1000-ppm males
and females were analyzed for ETU residues. Thyroids from
other mancozeb groups were analyzed only for ETU residues.
A1l thyroids from ETU rats were analyzed for-ETU residue only.

8. A1l survivors were necropsied after 13 weeks of treatment.
All organs, tissues, and body cavities were examined for
gross abnormalities. The adrenals, brain, gonads, neart,
kidneys, liver, spleen, and thyroid/parathyroid were removed
and weighed. Approximately 40 organ/tissues were examined
microscopically.. #

9. Analysis of variance was used to assess the significance of
intergroup differences for clinical chemistry and hematologic
parameters, and organ weights, Analysis of covariance was
used to assess body weight and food consumption data. Thé
parameters for thyroid function were assessed using analysis
of variance, followed by Ounnett's t-test.

8. Protocol: A protocol was provided in the study report and is
presented in Appendix A of this review.

12. REPORTED RESULTS:
A. Test Compound and Oietary Analysis: Technical grade mancozeb
(Dithane) and ETU used in this study actually contained 88.6 and
97.8 percent of the active ingredients, respectively. !

The test compounds in the diets stored. at room temperature
remained stable over a 71-day feeding period, averaging 98 and 91
percent of the nominal values for mancozeb and ETU, respec~
tively. Homogeneity values for the two compounds averaged 100
and 92-98 percent of the nominal values. Percent conversion of -
mancozeb to ETU in the fresh and stored feed samples averaged
1.9+0.8 and 6.3:0.9, respectively.

The mean intake of mancozeb and ETU over 13 weeks of dosing was
calculated as follows (table on p 11 of the C8I report): .
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Mancozes Compound Intake ‘mq/kq/day:
Group Dose (ppm) Males Females
2 30 1.78+0.19 2.20% 0.3
3 60 3.4920.39 4.38¢ 0.%%
4 125 1.4220.79 9.24+ 1.22
5 250 14.98+1.78 ©77.82¢ 2.°2
6 1000 57.34+6.04 "4.64211.2°
1 (ETU) 250 14.2821.37 17.81s 2.21

B. Clinical Observations and Mor:ality: Clinical signs frecyeat'y
cbserved in all treatmeat groups included black Crusty mite~ia:
around the eyes, and alcpecia. Reportedly, these conditiocss were

of  common occurrence in the laboratory riat. Ing*vicual
ophthalmoscopic examinations revealed no compourd-related icalar
sathology. ’

One 125-ppm mancozeb male died during the first week of study.
The cause of death was not apparent; however, it wi¢ not
considered to be compound related.

(g)

Jody MWeights: Mo compcund-related changes in jody weiz-ts of
animals fed up to and ‘ncluding 250 ppm mancozed were obter.ed.
The mean body weight of males receiving 1000 zpm mancoisy Jas
significantly lower (p <0.05) than controls (3-8 percent) :etwween
weeks 3-13 (Table 1). £7U maies showed a significant decrsise in
body weight (3-7 percent, p <0.05) at study weexs 2-13, ‘omales
in the 1000-ppm mancozebd group showed a decrease (3-i4 percent)
in mean body weight between weeks 2-13; however, jiffercnce: were
significant (p <0.05) oniy berween weeks 7-10. The <ecreise in
mean body weight of ETU females ranged between 6-3 percent :uyring
the 13-week period; however, the change was statiszcally
significant only at week 2.

0. Food __Consumption: No  compound-related changes in €904
consumption were found in groups fed up to and including :50 »pa
mancozeb. In general, food consumption {in 1000-ppm meacczed
males was sfgnificantly depressed (8-15 percent, 7 <0.95) :etween
study weeks 3-13 (Table 2). Food consumption in 1Q00-opm
mancozeb females was only sliightly decreased (1-6 percent) :uring
this period. A significant (p <0.05) decrease (3-12 perceat} in
food consumption in ETU males was observed at study weeks 2-313.
£TU females showed a moderate decrease in foad cansumptior [§-13
percent); the change was significant (p <0.05) at weeks 1, I, ang
6. At four 1instances iuring the study, significant increases
(7-9 percent, p <0.05) in fsod consumption were observeq at

dancozedb levels "af  30-250 opp. Reportedly, such smoragdic
increases were not compound related.
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TABLE 1. Summary of Mean Boay Weight (g=S0) in Rats Fed Mancozeb?:P or gTyd

Heek
Test Compound -
(ppm) 0 2 3 4 6 8 10 12 13
ALES
Contral 140.9 245.5 297.5 338.8 394.5 429.1 460.8 481.8 487.1
£10.1 319.2 +24.0 %29.0  #£36.4  $41.5 37.9 ¥51.5 +8B.7

Mancozeb (1000) 141.7 242.5 288.7*% 318.3* 364.8* 396.8% 429.2% 446.2* 426.7™
+9.4 +18.6 +22.3 $32.9  249.3 $47.5 $49.5 #49.6 +55.0

ETU (250) 140.9 237.6* 281.1* 321.6% 372.8% 405.0* 433.7* 455.5% 464.3
£9.7 £20.7 +26.5 $30.5 $40.5 £42.9 +50.5 +54.6 £7.8

FEMALES .
Contral 113. 164.0 185.4 203.2 231.6 247.8 262.2 272.8 2i8.4
. +34.5

Mancozeb {1000) 1 159.9

3.6

5.9 :14.2 $18.0 221.8 £26.0 £29.5 £29.8 £32.5
4.5 ]

5 #12.3 %

B1.1 196.8 213.6 213.4* 239.3* 251.6 2¢
16.1  $20.3  #23.0 £25.2 £25.0 +24.1 =
ETU (250) 1 4 190.6 215.4 228.6 241.3 249.8 257.1}
1

1
8
153.7* 172.
3 £13.0  $18.1 £19.5 - #20.2 *19.9 £20.3

12.1
5.7 $9.9 3.

*Significamtly different from control value (p <0.05).

30n1y values from the highest dose groups shown: mean body weights from all lower Zo=¢
groups were comparable to controls. :

b.\lean values based on 14 rats/sex/group.
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TABLE 2. Summacy of Mean Food Consumption (g=S0) in Rats Fed Mancozeb®:D or eTy®

: Week
Test Compound : :
(ppm) o 2 3 4 6 8 10 12 13
MALES .
Control 17.51 23.40 26.62 27.14 27.04  26.36 25.87 26.86 26.33 -

$1.30  $2.21  $2.59 £2.44 £2.50 +2.28 $2.85 #3.33 3.92

Mancozed (1000) 17.58 23.32 24.61* 24.23* 24.02% 22.50% 24.23 23.69* 323.36%
+1.54 £2.24 £2.16 £3.77 £3.79 25.80 £3.06 £2.98 4.2}

ETU (250) 18.76 23.58 24.62* 25.08% 23.85% 23.27* 23.45% 24.37* 24 34*
£1.96 £2.09 $2.65 $2.46 £2.78 22.39 $3.26 +2.94 +3.50

FEMALES -

- Coi-<rol 15.59 17.54 18.39 18.98 19.50 19.03 19.13 19.26 19.50
“ £1.30 +1.63 $1.89 22.13 2£1.95 =£1.95 $1.80 +1.79 =+2.38

Mancozeb (1000) 16.18 17.21 17.57 18.49 18.39 19.51 18.30 18.48 19.23
£1.36 $1.89 £2.01 *2.27 =1.88 £3.76 %2.26 :1.87 =1.89

ETU (250) 15.30 16.51 16.62* 17.81 17.47* 17.55 17;37 18.23 I8.11
) $1.130  :1.28 £1.53 +1.51 21.54 .51 £1.2] +1.36 =1.36

*5ignificantly different from control value (p <0.05).

a(mly values from the highest dose groups shown; mean food consumption from ail Tower
dose groups were comparable to controls.

b.‘4ean values basad on 14 rats/sex/group.
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Intake of mancozeb and ETU (mg/kg/day) was calculated from the
nominal dose ‘evels, mean body weights, and food consumption. In
general, compound intake in females, especially at the highest
dose level, was higher than in males. Compound intake at all
dose levels in both sexes was increasad at week 5 and leveled off
to a:fairly consistent value by week 13.

£.  Hematoloqy: Hematological parameters _ exhibiting - significant
{p <0.05) differences included increased (3 percent) mean
corpuscular hemoglobin concentration (MCHC) in 125-ppm mancozeb
males, decreased (19 percent) platelets ia ETU males, increased
white blood cells (W8C) in 60- and 125-ppm mancozed males (42-43
percent), and  decreased monocytes 'in 1000-ppm mancozeb (82
percent) and ETU (95 percent) males. Reportedly, all of these
differences were considered random and not compound related. No
significant changes were observed in females.

1here were y

F. Clinical Chemistry: -d8ignificant eompoundsrelated changes ia
clinical chemistry parameters weretrestricted to the high-dose
groups. Males recei~ing 1000 ppm mancozeb showed significant
(p <0.05) increases in blood urea nitrogen (84 percent), creati-
nine (28 percent), and cholesterol (52 percent). Females in the
same dose group showed increased serum alkaline phosphatase (32
percent) and triglyceride (90 percent) Tlevels compared to
controls. However, each of these increases resylted primarily
from exceptionally high values obtained for male No. 3627 and
female No. 3858; therefore, qroup increases were not considered
compound related. Serum cholesterol levels were significantly
increased in ETU males (69 percent) and females (30 percent).
A1l statistically significant changes 1in clinical chemistry
parameters in low- and mid-dose mancozeb females were sporadic,
and not considered compound related.

G. Thyroid Function: Serum T4 Tevels were significantly decreased
(p <0.05) in 1000-ppm mancozeb males (34 percent) and 250- (28
percent) and 1000-ppm (43 percent) mancozeb females (Table 3).
Serum TSH Tlevels were significantly increased in males (2%
percent, p <0.05) and females (163 percent) receiving 1000 ppa
mancozeb. In ETU rats, serum T4 Tevels were significantly de-
creased (p <0.05) in males (50 percent) and females (65 percent),
T3 levels were significantly increased (p <0.05) in males (28
percent) and females (16 percent), and TSH levels were signifi-
cantly increased (408 percent in males, 263 percent in females).

H. Hepatic Mixed Function Oxidase: Mancozeb at the highest dose
level nonsignificantly decreased the MFQ activity in males (31
percent) and females (40 percent) when measured by aniline
hydroxylation. MFO activity was significantly reduced by 32
percent (p <0.05) in ETU males when measured by aminopyrine
N-demethylation. A decrease in MFO activity due to mancozeb or
ETU treatment was evident irrespective of the basis (per mg

microsomal protein, per g liver, or per total 1iver) for activity
determination.

-,
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TABLE 3. Mean Serum Lavels (2SD) of Triiodothyronine (T3); Thyrexine (T4), and Thyr<id
Stimyiating Hormone (TSH) in Rats Fed Mancozed or ETU for |3 Veeks?

Test Males i Fomales
Compound 5 T4 TSH (5} T T4 T

(ppm) (ng/nL) (ug/d) (ng/mb) (ng/nl) (w/d) (g0
Control 1.2240.17  5.2740.98  1.20$0.58  1.40%0.17  5.7851.08  0.4950.23
Mascozed (300 1.19%0.16  5.3210.65  1.1340.48 L.MI0.16  3.1350.49  0.6820.34
Mancozeb (60)  1.1620.21  5.35£1.21  1.75£1.50  1.42%0.16  3.55%0.62  0.6620.37
Mancozeb (125) 1.30%0.15  5.6510.85  1.5820.94  1.3520.13  3.2020.41  0.3940.34
Mancozeb (250) 1.28£0.14  5.28$0.8C  1.88%1.21 1.37$50.15  2.71%40.40 0.95:0.70
Mancozeb (1000) 1.3120.19  3.49£1.05 4.339+2.53  1.3530.19  2.16940.62 1.32¢+1.02
ETU (250) 1.56980.26  2.62920.72 6.10%$3.18  1.63420.30 1.34820.47 1.7891.14

*Significantly different from control value {p <0.05).

anuns based on serum samples prepared from 10 animals/sex/group, except for TSH in female
control group, where only nine determinations were made.

10
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Residue Analysis: Urine, blood, and thyroid samples were
analyzed for presence of EBOC and ETU. No EBOC or ETU residues
were detected in the blood samples drawn from the mancozeb-treated
animals. The amount of ETU in urine samples from mancozeb~treated
animals increased in a dose-related manner from approximately
0.3 ppm at 30-ppm mancozeb to 10 ppm at the 1000-ppm mancozeb
dietary concentration. The urine samples from rats fed 125 to
1000-ppm mancozeb also contained 0.10 to 1.1 ppm of EBOC residues.
The average total amount of ETU excreted in the urine in 24 hours
is summarized in Table 4. '

No EBOC residues above the detection 1limit of 25 ppm were
detected in thyroids obtained Ffrom the 1000-ppm mancozeb rats.
Analysis of thyroid samples of mancozeb-treated animals showed a
dose-related increase 1in ETU residue; values ranged from less
than the detection Timit of 4 ppm in 30-ppm mancozeb animals to
approximately 25 ppm in the 1000-ppm animals.

ETU levels in the blood of ETU-treated animals were found to be
marginally above the detection 1imit of 0.1 ppm; levels ranged

from 2.9 to 63 ppm in the urine and from 30 to 53 ppm in the
thyroids. -

Organ_Weights: Compound-related changes 1in organ weights were
restricted to the highest dose groups. Relative liver weights
were significantly increased (p <0.05) in 1000-ppm mancozeb males
(11 percent) and females (24 percent) and ETU males (12 percent)
and females (15 percent) (Table 5). Mean absolute and relative
weights of thyroids were s®gqnificantly (p <0.05) increased in
mancozeb (32 and 49 percent) and ETU males (80 and 84 percent):
in mancozeb and £TU females relative thyroid weights (33 and 80.
percent, respectively) were significantly (p <0.05) increased.
Relative spleen weights were also significantly (p <0.05)
increased in_ 1000-ppm mancozeb females (22 percent) and ETU
females (16 percent).

Because of increased body weights, absolute liver, heart, and
kidney weights in 60-ppm mancozeb males were significantly
(p £0.05) increased. In addition, a few random but statistically
significant changes in organ weights in 30-, 250- and 1000-ppm
mancozeb animals were cbserved. : .

‘Gross _ Pathology: Three ETU-treated males showed enlarged

livers. - Prominent lobular architecture and pale or discolored
1ivers, observed 1in many of the treatment groups, were not
considered compound related.

Histopathology: The major compound-related histopathological
changes were restricted to the liver, kidneys, thyroid, adrenal,
and pituitary glands (Table 6). Thyroids in 1000-ppm mancozeb
and ETU rats showed a diffused hyperpliasia of the Ffollicular
epithelium. 1In the thyroid of one 1000-ppm mancozeb and three

n 29
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TABLE 4. Mean Levels of ETU (ug2SD) Excreted in 24-Hour Urine of Rats

Fed Mancozeb or ETU for 13 Weeks?d

-

Mancozeb (ppm) ETY (ppm)
0 - 30 60 - 125 250 1000 250

Males <0.030 1.35 3.99 14.91 18.45 97.29 52.58
*+1.28 £2.46 $6.17 £12.88 +31.47 +28.64

Fomales <0.010 0.93 - 2.43 5.3 18.6§ 83.07 98.130
+0.51 +0.81 £1.14 t10.03 +29.80 $92.46

dMeans based on 4 animals/sex/group.
12
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TABLE 5. Mean Absoiute (g) and Reiative Organ \k:ghfs (Orgm Wt. x 10,000/Body ¥Wt.)

AN
VU

of Rats Fed Mancozeb®® or ETU for 13 Weeksd 003425
Mafes ’ Females
Test ) ,

Compound Liver _.Spleen Thyroid Spieen Thyroid
(ppm)d Aos. . Rel. . Abs. Rel. . Abs.  Rel. Abs. Abs. . Rell.
Control 12229 1 0.667 14,9  0.025 0.551 0.39%0 0.019 0.5

.58 0.135 2.4 0.004 0.070 0.049 0.008 0.105
Mancozeb (1000) 12,51 300% 0.694 17.1  0.033% 0.822¢ 0.447 18.9% 0.024 |._OEmse
2.11 b33 0.100 5.1 0.010 0.425 0.071 0.002 0.0
ETU (250) 13.55  303¢ 0.%89 13.0  0.045% 1.013¢ 0.426 18.0% 0.052 |.T5pe
2.0 %2 0.10i 1.9  0.014 0.245 .. 0.079 2.6  0.006 0.159

¥Significantiy different from control value (p <0.05).

‘Only values for the highest dose groups shown.

bﬂuns based on 10 animals/sex/group, except for thyroid and spleen in male ETU group, where organs from 9

' animals were weighed.

chandard deviation.

13
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TABLE 6. Susmary of Histopathological Observations in Rats Fed Mancozeb or ETU for |3 ‘Weeks

Males - Females
Dose Sroup® : Dose Sroup®
Organ/Lesion® 1 2 3 4 S 6 7 1 2 3 4 > 6
Adrenal Glands 1 10 10 10 0 10 18 0 0 0 B 8 10
Cortical vacuolation 3 3 2 5 6 1 £ 0 0 0 [+ § o V]

Hypertrophy, zona

glomerulosa ! o 1 2 2 6 6 | AR f 3 ] 3
Kidneys 10 10 10 0 19 10 10 19 10 10 © 18 19 1
Yellow-brown pigwent,
cortical tubules
~minimal 0 0 0 4 4 o 0 0 0 3 £ i o
~slight [+ ] 0 0 7 4 5 ] o 0 ] i 4 4 s )
~—moderste o 0 0 0 2 ! 0 0 0. o g pd S 0
Multifocal cortical
tubular degeneration 2 2 5 8 4 4 2 0 1. 0 2 £ 2 0
Hyatine material,
cortical tubules 6 5 6 7 6 4 2 0 0 0 i ] 0 0
Liver e 10 0 10 10 10 0 10 0 10 1 1 0 i0
Hypertrophy, ceatri-
lobuifar hepatocytes
—~aminimal 0 0 0 0 0 2 4 0 0 0 0 143 (V] 1
~=glight 0 0 0 0 Q9 0 2 0 0 1] 9 [+ 0 g
~moderate 0 0 o 0 0 0 2 0 0 0 B [+ 0 0
Multifocal mononuclear
celiylar infiltration 8 9 7 7 9 9 5 5 S 4 2 b 2 3
Pituitary 10 10 9 18 1 10 10 10 18 10 & g 10 9
Hypertrophied/ i
vacuolated cells
—minimal amount 5 8 5 5 6 3 0 6 2 3 3. 4 4 1
--gimal{ amount 4 2 4 3 3 i 2 o 1 i 2 [+ ! 4
—moderate amount 1 - O ! 1 4 4 0 0 0 g -0 /] 1
~aarked amount 0 0 [} 0 0 2 3 (1} L] [} i} g 0 ]
Spleen 10 0 0 0 0 10 10 10 0 0 [} o 10 10
Hemosiderosis
—aminimal 1 0 0 ¢ 0 { 1 o 0 )] [ o 0 9
-~slight 3 0 0 0 0 i ! 0 (/] 0 0 0 0 2
—smoderate 5 0 0 0 0 3 2 3 0 0 ] (] 2 3
~narked ! 0 0 0 0 0 [+ } 1 o [+] % 14 8 b1
Lymphosarcoms 0 0 0 0 e 0 1 ] 0 (] e (1] 0 0
3Satected from Appendix 14 of the CBI report as recording compound-related changes/lesion.
byumbers of organs sxamined ars underiined.
-
“Dose aroups: 1, control; 2-6, 30, 60, 125, 250, snd 1000 ppm mencozeb; 7, 250 ppm ETU,; - 293
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Continued TABLE 6. Swmmary of Histopathological Observations in Rats Fed Mancozeb or ETU
: : for |3 Meeks

Males
Dose Group

Organ/Lesion § 2 3 4 5 6

Tyroid 10 16 10 p© 1.0 0
Hyperplasia, follicular

apithelium 0 0 0 0o 0 9

Basophilic focus/foci 0 0 ] 0 0 |

Cystic follicle(s) 0o o0 ! 0 i ]

Ultimobronchial bodies | 3 3 3 ! i

Ultimobronchial bodies,
cystic 2

~
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ETU males, there was a small, well-defined basophilic Ffacus of
hyperplastic follicular epithelial cells. One ETU male had
follicular adenoma and a multicentric lymphosarcoma in the
thyroid. ’ ST

A1l treatment groups including controls contained large hyper-
trophied vacuolated cells of the pituitary; however, the number
of these cells was increased in the 1000-ppm mancozeb males.
There was an apparent increase in severity (moderate to marked)
in males receiving the highest dose levels of mancozeb and ETU.

The kidneys from males and females fed 125 to 1000-ppm mancozeb .
had minimal to moderate amounts of a yellow-brown pigment in the
lumen of the cortical tubules. Pigmentation was repartedly due
to deposits of ethylenebisisothiocyanate (EBIS), a yellow-colored
excretory metabolite of mancozeb; no histopathological changes
were associated with this pigmentation. T

An  increased incidence of hypertrophy of cells of the zona
glomerulosa of the adrenal cortex occurred in the 1000-ppm
mancozeb and ETU males; incidence was low in the other treatment
groups. Cortical vacuolization of the adrenal gland was found in
a171 male dose groups.

Two 1000-ppm mancozeb males, four ETU males, and one ETU female
showed hypertrophy of the centrilobular hepatocytes. Livers from
all males and females in groups, including controls, showed a

_high incidence of multifocal mononuclear infiltration.

13. STUOY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A,

The authors concluded that:

1. No compound-related clinical signs or mortalities due ¢to
mancozeb or ETU feeding were observed.

2. Food consumption and body weights for both sexes at the
highest dose levels of mancozeb and ETU were reduced.

3. None of the mancozeb groups showed any significant compound-
related changes in hematologic or -clinical chemistry
parameters. ETU animals showed increased levels of serum
cholesterol; ETU males showed significant decreases in
platelet counts.

4. Sertm T4 levels were decreased in 1000-ppm mancozeb males and
250 ‘to: 1000-ppm mancozeb females. TSH levels were increased
in the 250-ppm mancozeb Females and 1000-ppm mancozeb males
and females.

ETU male‘s') and females showed decreased serum T4 and increased
.T3 and TSH levels.
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5. Hepatic mixed function oxidase activity was reduced in the
1000-ppm mancozeb animals and ETU males. :

6. Mean absolute and relative liver and thyroid weights were
increased in the high-dose animals for both the test
compounds; absolute and relative weights for spleen were
increased in 1000-ppm mancozeb females.

Deposits of yellow-brown grarular pigments were seen in the
lumen of the cortical tubules of the kidney in rats at 125 to
1000 ppm mancozeb; however, this condition was not consicered
a manifestation of compound-related toxicity:

Follicular epithelial hyperplasia of the thyroid was observed
in high-dose mancozeb and ETU animals; males in both dose
groups showed increased amounts of hypertrophied cells in the
anterior lobe of the pituitary, and hypertrophy of the cells
of zona glomerulosa of the adrenal cortex. Centrilobular
hepatocellular hypertrophy was observed in all ETU rats and
1000-ppm mancozeb males.

9. The NOEL For mancozeb was established at 125 ppm and the LOEL
was 250 ppm based on decreases in serum T4 and TSH levels in
females. ’

10. No EBOC or ETU residues were detected in :he blood samples of
mancozeb animals; a dose-related increase was found in the
amount of ETU in the urine of mancozeb-treated animals. £80C
residues of 0.1 to 1.1 ppm were also detected in rats fed 125
to 1000 ppm mancozeb. No EBOC residues above the detection
limit of 25 ppm were detected in thyroids from high-dose
mancozeb rats. - ETU residuyes in thyroids of mancozeb-treated
animals increased in a dose-related manner. ETU levels in
the blood of ETU-fed animals were found to be slightly above
the detection limit of 0.1 ppm; levels -in urine ranged from
2.9 to 63 ppm and levels in thyraids ranged from 30 to 53 spm.

8. A quality assurance statement was signed and dated Sfebruary 12,
1986. v

14. REVIEWERS®' OISCUSSION AND INTERPRETATION OF STUDY RESULTS:

The experimental design was complete and adequate for assessment of
the systemic subchronic toxicity of mancozeb and its metabolite
(ETU). The summary data tables were supported by individual animal
data. The report is well organized and technically sound. Under the
conditions of the study, compound-related effects were restricted to
the 1000-ppm mancozeb and 250-ppm ETU (highest doses tested) animals,
to a major extent in the males. These effects in males and females
of ‘both groups included decreased body weights and food consumptign,
decreased MFO activity, decreased serum T4 and increased TSH levels,

" 391
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and increased absolute and relative liver and thyroid weights.
Follicular epithelial hyperplasia of the thyroid was observed in both
sexes of the 1000-ppm mancozeb and ETU animals. High-dose mancozeb
females showed increased absolute and relative spleen weights.

Histopathological changes that specifically occurred in the males of
1000-ppm mancozeb and 250-ppm ETU groups were centrilobular
hepatocellular hypertrophy, 1increased amount of hypertrophied cells
in the anterior lode of the pituitary and in the zona glomerylosa of
the adrenal cortex, and basophilic foci of hyperplastic follicular
epithelium. In addition, follicular adencma and multicentric
lymphosarcoma of the thyroid were found in one ETU male.

The compound-related lesions in  the  mancozeb~fed  rats were

histologically similar to those that occurred in the same tissues of
the ETU-fed rats.

Many nonspecific cTinical -conditions, including black crusty material
around the eyes and alopecia, were frequently observed in all the
treatment groups.

There were no toxicologically important effects on mortality or
ocular pathology. One death (125-ppm mancozedb male), though it
remined unexplained, was not considered compound related.

Although discounted by the authors as being compound-related, the
deposits of yellow-brown pigment present in the Tlumen of renal
cortical tubules (at all doses above 60 ppm) were accompanied by an
increased incidence of multifocal cortical tubular degeneration in
125 ppm mancozeh wales. - These inclusions may represent 3 form of
kidney urolithiasis as seen with gout, cystinuria, or hyperoxaluria.
Therefore, these renal inclusions cannot be ignored. '

Based on histopatnhological changes in the kidneys at levels of
125 ppm and above, we assess that a systemic NOEL for mancozeb is
60 ppm (3.5 mg/kg/day in males and 4.4 mg/kg/day in females).

Item 15--see footnote 1.

16. CBI APPENDIX: Appendix A, Protaocol, CBI pp. 48-60.

-,
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"fpage _is not included in this copy.

‘ Pages mf through ,ﬂk are not included.
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o -,The material not included contains the following type _of
e information. : . S , : o

Identity of product inert ingredients.’,'
' Identity of product impurities.

3‘1 Description of the product manufacturing process.

.Description of quality control procedures.

-;_;; Identity of the source of product 1ngred1ents.
_;_; Sales or other commerc1al/financial information.‘ .
__;; A draft product 1abe1._ _ , '
__;;.The product confidential statement of formula.}

‘ Information about a pending registration action.

_;;; FIFRA registration data.

o The document is a duplicate of page(s)

T The document is not responsive to the request. o

N

_The information not included is generally considered confidential
by product registrants.:. 3f you have any questions, please contact
“the. individnal who- prepared the response to your requesb o

-

N 7
2
.



FONADENTIAL BUSINESS INFORMATION

25 MNiwr weslonid : ‘
HATIONAL 5?%%531? INFORMATION O 12045) 008 1‘8

 I&- 68-02-4225
DYNISAC No. 1-0C9-C
»ay 23, 1586

005475

OATA EVALUATICK RECORD
MANCOZEB
Subchronic Oral Toxicity Study iz Dogs

STUDY TISENTIFICATION: Cox, R. H. Xancozeb: Thres-moath dietary toxicity
study in dogs. (Unpublished study No. 86RC~7 preparet bw Hazleton
Laboratories America, Vienna, VA, for Rohm and Haas Co.., Spring House, PA,

and E.I. du Pont de Nemours and Co., Wilmington, 0€; datst Fsbruary 26,
1986.)  Accession Mo. 261537. -

-

APPROVED 3Y:

. A
) 1 X

[. Jecil Felkner, Ph.). : Sign-ture: ,'L_ ‘w‘ ]\ujﬂ"

Decartment Manager -

Oynamac Corporation Date: [0-2 3-8 o

o
it
St |

&



. : G35425

0C3Zis
1. CHEMICAL:  Mancozeb; Oithane M-45; Manzate 200: coordinatioh Jroduct
of Zinc fon and manganese ethylenebisdithiocardamate;

C456N254Hﬂ in.

2. TEST MATERIAL: Mancozeb (iot No. 43339; TD No. 85-15) was described
as a yellow powder containing 83.35 percent active ingrediemt.

-

3. STUDY/ACTION TYPE: Subchronic oral toxicity study in doge
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7. CONCLUSIONS: 005425

Under the conditions of this study, dose levels of 1000 and 5000 ppm
of mancozeb in the diet of dogs induced anorexia, Toss of body weight,
and pale mucous membranes. The dogs in the high-dose group (5000 ppm)
had a reduction in red cell mass with associated changes in hemato-
logical parameters (decreased hematocrit and hemoglobin levels and
decreased erythrocyte counts), as well as increased total bilirubin
and cholesterol values and decreased T3 and T4 (thyroid - functions)
values. Histopathologic examination revealed hypothyroidism, thymic
hypcplasia, and hypoplasia of the gonads and sex organs in the
mid- (1000 ppm) and high~-dose (5000 ppm) animals. Three dogs (two
males and one female) in the high-dose group were sacrificed in
extremis because of a deterioration in physical condition due to
malnutrition. Based on the results of this study, the NOEL for

subchronic toxicity is 100 ppm and the LOEL is 1000 ppm for both male
and female dogs.

Core Classification: The study is Core Minimum.

Items 8-10--see footnote 1.

*1. MATERIALS AND METHOOS (PROTOCOLS): -
N A, Materials and Methods:

. The test material, mancozeb (Dithane M-45) from lot No. 4339,
was received in the laboratory in two shipments. It was
’ described as a yellow powder containing 83.35 percent active
,. ' ingredient. A1l dose calculations in this study were
adjusted to 100 percent active ingredient. Mancozeb - is
insoluble in water and decomposes at 100°C in the presence of
motsture; however, it 1is stable at room temperature under
normal 1light. The details of the chemical profile of the
compound are on file with the registrant. Mancozeb was
stored. refrigerated in a desiccator during the study.

(A
.

The test animals were beagle dogs obtained from Hazleton
Research Products, Inc. (Denver, PA). The - dogs were
quarantined and acclimatized in the laboratory for at least
20 days. Following quarantine, 60 healthy dogs (30 males and
30 females) were selected and randomly assigned to Five dose
groups, each containing 6 animals/sex. Groups 1-5 received
0, 10, 100, 1000, or 5000 ppm of mancozeb fn the diet,
respectively. The dogs were 25 to 30 weeks old and weighed
between 6.5 and 9.6 kg (males) and 5.2 and 8.2 kg (females)
at study initiation. The dogs were housed individually (in
cdges) in an environmentally controlled room with a 12-hour
light/dark cycle. Purina Certified Canine Diet No. 5007,

appropriate to this DER have been included. e
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containing the specific dose levels of the test material.oga?‘izs
provided to each dog for 2 hours a day through the early part

of week 5 and 6 hours each day thereafter except on the days
prior to blood collection for clinical laboratory evaluations.
Approximately 400 g of feed was offered to each dog through
week 3; thereafter, it was reduced to 300 g/day. Water was
available ad libitum. ‘

3. The diets were prepared by premixing a weighed amount of the
test material with approximately 1 kg of dog feed. The.
-premix ‘was then added to the appropriate amount of feed for
each group and mixed in a Patterson-Kelly blender. Fresh
diets were prepared once each week. Samples from each grdup
were collected once prior to study initiation and from the
7- and 14-week- mixings and were  analyzed for homogeneity.
Stability of the test material in the diet was determined for
samples collected: at each mixing during the stidy including
pretest and following 7-day storage at room temperature .

4. The dogs were observed twice daily for mortality and overt

toxic effects. A detailed physical examination was performed

v on all dogs once a week for the flrst 4 weeks and biweekly
i thereafter. Ophthalmoscopic examinations were performed on—
- all dogs, once prior to study initiation and again during-
. week 13, Individual food consumption was recorded daily, and

body weights were recorded weekly throughout the study.

W 8lood samples were collected from all dogs during weeks -3,
, -2, 5, and 13 for hematology (10 parameters) and clinical
chemistry (16 parameters). 8lood collected during weeks 5

and 13 was also used to determine serum concentrations of T3

and T4 (RIA) for evaluation of thyroid function. Levels of

TSH were not determined because of the stated unavailability

of reliable RIA assay kits.

5. After week 13 of the study, all surviving dogs were
sacrificed by exsanguination following sodium thiamylal
anesthesia. - Necropsies were performed on all dogs., and all
gross findings were appropriately recorded.

Terminal body weights and the weights of the following organs
of each animal were recorded: adrenals, brain, testes with
epididymides, ovaries, thyroid/parathyroid, kidneys, liver/
gallbladder, spleen, and heart. The organ/body and organ/
brain weight ratios were calculated from these values.

Representative portions of 36 organs and tissues of all dogs.
in addition to any gross lesions, were fixed in 10% neutral
buffered formalin, processed, and examined microscopically
after staining with hematoxylin and eosin.

6. Prior to necrapsy, 24-hour urine samples were collected from
four males and four females randomly selected from each
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group. B8lood samples were also taken from the same animals.
These samples, along with one lobe of the thyroid of all
surviving animals, were frozen immediately and sent to
Envire-8io-Tech (Bernville, PA) for analysis of ethylenebisdi-
thiocarbamate (EBOC) and ethylenethiourea (ETU) residues.
Two Yiver samples were also taken from the same animals froam
which urine and blood were collected; these samples were
frozen and saved for possible Future anmalysis.

7. Body weights, body weight gains, food consumption, hematology,
clinical chemistry, and organ weight data were analyzed using
appropriate statistical methods. A difference in mean values
between dose droups and controls was considered significant
at the p <0.05 level. -

8. Protocol: The study protocol is presented in Appendix A.

12. REPORTED RESULTS:

A. QOiet Analysis and Compound 1Intake: The results of the diet
analyses confirmed the homogeneity of the diet preparation. The
test material was found to be stable in the diet during the assay

period. The average concentration of mancozeb was 10626.7—
percent of the target values for the various diet preparations. -~

The mean intake of mancozed over the 13 weeks of dosing was
calculated for each group as shown in Table 1.

TABLE 1. Mean Mancozeb Intaked

Compound Intake (mg/kg/day & SD)

Dose
Group (ppm) Males Females
1 0 0 0
2 10 0.29+ 0.025 0.32x 0.024
3 100 2.98¢ 0.021 3.35¢ 0.183
4 1000 28.62¢ 2.315 28.91+ 3.016
5 5000 101.53£13.342 108.67£19.152

3calculated from 13 weekly values of mean body weight and mean
food consumption. :
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B. Mortality: Two males and one female in the 5000-ppm dose group
were sacrificed in extremis due to a deterioration in physical
condition which was caused by anorexia and malnutrition: these
findings were reported to be compound related. ' -

c. c%inicgl Observations: Dose-related clinical signs of dehydra-
tion, thinness, and pale mucous membranes' were noted in animals -
of both sexes 1in the 5000-ppm dose groups. and occasional in-
stances of dehydration were seen in animals in the 1000-ppm dose

group. (Table 2). These signs were considered the result of mal-
nutrition due to anorexia caused by dosing with the test material.

Physical  examination of the ~animals revealed thinness,
dehydration, and pale mucous membrane in figh-dose groups as
noted in the clinical observations. These werc considered to be
compound related. Ophthalmoscopic examination of the dogs did
not reveal any compound-related effects.

TABLE 2. Incidence of Selected Clinical findings in Dogs Fed
Mancozeb for 3 Months -

Male Dose Group (ppm) Female Dose Group (Ppm)
0 10 100 1000 5000 0 10 100 1000 3000

Dehydration

Few or no feces
Languid

Thin- v
Pale mucous membranes
Sacrificed in extremis
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€. Food Consumption and Body - Weight: Anorexia occurred as & com-
pound-related effect in animals of both sexes in 1000~ and
5000-ppm dose groups beginning at week 1 and cintinuing throughout
the study. The decrease i. food intake was approximately 10-20
percent in the 1000-ppm dose group and amounted to a decr:ase of
approximately 4G percent in the 5000-ppm dose group (Table 3).

The decrease in food Iintake by animals in the 5000- and 10fu-ppm
groups affected body weight. Males and females in the £u00-ppm
dose group lost an average body weight of 0.8 and 1.5 kg,
respectively, whereas the control males and females gained an
average of 1.1 and 1.0 kg of respectively, over the 13-week study
pertod (Table 4). Body weight gains of both males and females
f2d 1000 ppm were less than one-half of the control values.
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TABLE 3. Selected Mean Food Consumption in Dogs Fed Mancozeb for 3 Months
Sroup Mean Food Consumption (g/week) #5.0. &t Mook Total Food
Dose Level ’ . Consumption
{ppm) 0 4 8 13 (Weeks 1-13)
ng‘
0 1595.72421.45 1869,32126.92 1914.82175.37  1896.52162.74  23946.2+1586.8
10 2047.72265.03 1898.3£110.31 1930.0£169.06 - 1911,32202.50  25641.3%1947.8
100 1775.0£252.26 1953.7% 84.61 1940.22 97.26 ' 1896.3%£172.83  25036.2+1179.4
1000 1243.52202.14 1650.8+261.73 1850.7£118.33  1651.3% 99.70  21504.0%1634. |*
5000 688.82133.51% 1099.8%141.38%  1020.58364.78¢%  [031.3£192.73¢% [4419.52(541. (%
Fomales?
0 N 1525.32194.20  1628.7%£216.60 1516.82137.83  1450.02314.66 -20268.2+22%9.3
10 1633.52219.784  1772.32£115.05  1S73.72130.43  1478.5+132.49  21372.3%1213. ¢
100 1649.32232.68  1640.8%313.12 1784.5£216.18%  [597.24240.4:  21967.032375.9 .
1000 952.7£158.30*  1358.5%113.74 1343.0t 986.39  1230.3%202.57  16480.3% 954.5¢
35000 601.02309. 38¢ 924.31196.42¢ 1031.62141.28%  977.8%177.86% 11662.2+1035. 7%

s Mean values based on 6 animals/group except for the S5000-prm males at week 13,

animals.

b Mean valu‘cs based on 6 animlé/groﬁp except for the S5000-prm females at weeks

inciuded 5 ~vimals.

' N N
Significantly different from control value (p < 0.05).

which inciuded 4

8 and 13, which
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TABLE 4. Selected.Mean Body Weights in Dogs Fed Mancozeb for 3 Months

Group Mean Body Weight (kg) +$.0. at Week Mean Body
Dose Level Weight Change
{ppm) 0 4 8 13 (from wk 0-13)
Malesd
0 8.3:1.03 8.520.92 9.1£0.91 9-:4+0.93 1.120.42
10 8.8+0.40 9.424.51 9.8:0.74 10.020.81 1.220.56
100 8.2+0.91 8.920.99 9.421.19 9.8£1.17 1.7:0.1M
1000 8.0+0.85 8.020.74 8.320.82 . 8.5+0.87 0.520.55
5000 8.0+1.03 7.1£0.86* 7.0£1.25* 7.420.91*  -0.8+0.30*
" Femalesh
0 6.3:0.44 6.8+0.34 7.120.44 7.320.64 1.020.50-
10 6.820.48 71.2%0.34 71.520.25 1.5:0.28 0.720.25
100 . 6.420.52 6.720.49 7.5+0.86 1.71£1.04 1.320.72
1000 6.3:0.90 6.1:0.78. 6.320.77 6.210.66 -0.1£0.50%
5000 6.821.37 5.6%1.28 6.020.79* 5.620.67* ~-1.5%0.65%
a

Mean values based on & animals/group except for the 5000-ppm males at week 13,
which included 4 animais.

Mean values based on 5 animals/group except for the 5000-ppm females at weeks
8 and 13, which included 5 animals.

Significantly different from control value (p<0.05).

-,

Y
o2



005425
6G:s2
Clinical Pathology (hematology, clinical chemistry, and thyroid
unction tests): Oecreased erythrocyte counts, and hematocrit
and hemoglobin levels (Table 5) as well as decreased T3 and T4
values and 1increased total bilirubin and cholesterol values
(Table 6) were observed in animals of both sexes .in. 5000~ . and
1000-ppm° dose groups. These findings were considered to be due
to compound-related hypothyroidism. Decreased alanine amino-
transferase (ALT) and calcium values noted in these animals were
also considered to have the same etiology. However, the authors
also considered the possibility that anorexia and body weight
loss. .may have caused the abnormal clinicopathological findings in

the 1000- and 5000-ppm dose groups. MNo compound-related
ophthalmologic changes were reported.

0qan Weights: Significantly 1increased mean absolyte and
relative thyroid/parathyroid weights were seen in the S5000-ppm
males and females and were considered to be the direct resuylt of
dosing with mancozeb (Table 7). Other changes in organ weights

noted in this study were considered to be due to body weight
losses resulting from anorexia.

Gross Observations: Enlarged and/or dark thyroid/parathyroids

and decreased thymus size were seen in the 1000- and 5000-ppa

males and females and were considered compound related. A pale—
appearance of the visceral organs was noted in two males and one-
female in the 5000-ppm group which were sacrificed in extremis.

No other findings were considered treatment related.

Histopathalogy: Compound-related histomorphological tissue
alterations include thyroid follicular cell hyperplasia in both

males and females in the 5000-ppm dose group, thymic cortical
lymphoid depletion in the 1000~ and 5000-ppm animals (both sexes).
hypoplastic changes in the reproductive systems of males and
females in the high-dose group as well as prostatic hypogenesis
in males receiving 1000 pgm, pallor of the zona fasciculata of the
adrenal gland in high-dose males and females, and hematopoietic
alterations in the spleen and liver of high-dose (5000 ppm) males
and females. Normal staining variability in the adrenal cortex
was also noted in animals from all . groups, including controls.
No other compound-related histopathologic alterations were
noted. Table 8 summarizes selected microscopic observations.

Residue Analysis: The analyses were performed by the gas chroma-
tographic method. ETU and EBOC (as CSy) were detected in the
urine in a dose-dependent manner. Blood levels of ETU were
slightly above the detection 1limit, which is 0.040 ppm, in
animals in the 5000-ppm dose group: EBOC was not detected in
thyroid; however, ETU was detected in the thyroids of animals of
both sexes. The average ETU concentration in the thyroids was
71.78 and 13.02 ppm for males and 5.35 and 10.66 ppm for females
in 1000 and 5000 ppm dose groups, respectively (Table 9).

P
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TABLE 5. Selected Mean (+ S.0.) Hematology Values of Ddgs Fed Mancozeb for 3 Montns

Dose Level  HEB (q/d} ___HCT (%) MCY(£1) R8C (108/41) _XCH (3q)
(ppm)  Week: § 13- 5 13 5 1346 13 s 13
Males
0 14.5 15.3  40.2 43.1  65.3 65.5 6.15  6.59 3.5 3.2
#1010 #1120 £3.97  £3.02 #2.18  #2.57 +.662 +.554 10.85 +0.83
10 13.9 147 38.8 42.2 66.4° 66.3 5.84  6.35 3.8 2.2
$0.59  +0.84 +1.76 $2.20 +1.54 +1.65 +.248 +.262 +0.73 +0.67
100 4.4  15.2 40.2 43.1 64.8 65.5 6.22  6.59 3.3 211
$0.78  £1.62  $2.67 +4.74 £2.24 #1717 +.517 +.799  +0.38 .0.83
1000 14.0 14.2  39.3 40.1 67.0 67.6 5.86 5.94 284.0 73.9
$0.73  £1.06 2.46 3.28 $2.40 +1.87 +.413 +.541 +0.92 +0.68
5000 12.2¢ 1.5 34.1*  32.9 67.5  72.6* 5.06% 4.66  24.1  25.2%
+1.82  $5.72 $4.89 +15.58 #3.58 #5.63 2.752 4+2.411 +1.5&~ 43.95
Females

0 15.3  15.5 42.9 43.9 65.5 65.9 6.55 6.6 3.3 22.3
£1.89  +1.40 +5.52 +3.89 +0.51 +1.01 +.807 +.539 +0.33 <3.36

10 1.3 14.4  40.2 40.9  65.5 65.7 6.13 6.21  23.%  23.2
+0.85 +0.88 #2.85 +2.40 #0.97 +1.61 +.424 +.358 +0.45 -3.50

100 4.9  14.1  41.9  40.3 66.4 67.1 6.31 5.0 3.6 716
$0.94  $1.26 +2.98 +3.49  +0.98 +1.21 +.504 +.520 +0.62 +3.30

1000 13.0¢  13.9  36.1* 39.4 67.3  68.0 5.36%* 5.8 4.3 1.0
#1.02  +1.53  $3.31 +4.10 #2.22 #1.87 +.540 +.724 +0.36 <3.85
5000 12.0«  11.9% 33.3* 33.8* 67.9%* 70.8* 4.91% 4.8l* 28.4= 5.7*
$1.69  #2.55 +4.83 +6.65 #1.07 +4.03 £.769 +1.128 +0.88 +2.83

*Significantly different from control value (p <0.05).
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TABLE 6. Selected Mean (s $.0.) Clinical Chemistry and Thyroid Function Values
of Dogs Fed Mancozeb for 3 Months ‘

Dose Leve! TBILI (mg/dl) “Calcium (ag/dl) TCHOL (mg/dl)  ALT (u/L) T3(ng/d1) Ty _fug/dD)
(ppw)  Week: 5 i3 s 13 s 13 5 13 5 13 5
Males
0 0.1 0.1 10.6 10.7 187 119 28 B 1.2 1o
£0.00 40.08  40.08  40.31 19.5 225.9 2.6 5.0  40.27 0.14
10 0.1 0.1 106 10.6 . 186 169 32 100 1.0 1.0
$0.04  :0.04  40.31 30.35  425.8 +18.5 7.0 s21.7  40.08  s0.12
100 0.1 0.1 - 10.7  10.4° 174 152 27 75 1.0 0.9
$0.04  :0.00 +0.18 30.48 +24.5 320.5 5.2  +I15.5  40.15 0.14
1000 0.3 0.1 10.7 10.6 208 208 21 20 0.9 1.0
$0.17  40.05 30.12 30.19 #37.1 +43.7 8.9 6.5 0.2t 40,15
S000 0.2 . 10.1  10.0  335% 3838 - 15% |3 0.5 0.9
$0.12  30.10 30.68 40.78 +72.8 353.1 5.1 3.6 40.22  «0.45
Females
0 0.1 0.1 10.8 10.8 159 174 24 21 1.0 1.0
$0.08  340.05 0.29 30.53 123.9 +26.6 3.2  si.4 40,13 40,19
10 0.1 0.1 10.5 10.4 160 139 20 19 1.1 1.0
$0.05  40.05 0.43 40.40 +31.6 +25.8 3.1  s2.1 40,15 +0.10
100 0.2 0.1 10.7. 10,3 178 174 28 19 1.1 1.0
$0.08  40.05 30.37 40.35 +28.7 +27.1 4.6 3.4 £0.26  +0.10
1000 0.2 0.1 10.4 10.5 229¢ 245% 1 U 1.} 1.2
$0.05 30.05 40.50 40.36 452.2 +55.7 &l.3 2.4 10,14 40.10
5000 0.3%  0.2% 10.1% (0.1 254%  289% (4% i3e 0.6% 0.9
$0.05 40.08  40.33 40.33 487.6 +62.8 2.2 3.4 $0.19  40.22

*Significantly different from control velue (pg<0.0%).

1




TABLE 7: Mean Absolute and Relatived Thyroid/Parathyroid
Weights (+ 5.0.) of Dogs Fed Mancozeb for 3 Months

.

~, Oose Level (ppm)
Sex/Parameter = 0 10 100 1000
Males .
~-Absolute aorgan 0.98 0.85 0.98 1.02
weight (g) ; +0.24b 0.06 +0.22 +0.19
~0rgan weight relative 0.010 0.008 0.010 0.012
to final body weight (%)  +0.003 +0.001 +0.002 +0.003
-Organ weight relative 0.013 ' 0.010 0.013 0.014
to brain weight (%) +0.004 +0.001 +0.003 +0.003
Females
~-Absolute organ 0.80 0.80 0.77 0.77
weight (q) +0.19 +0.23 +0.22 #0.12
-0Organ weight relative 0.011 0.011 0.010 0.012
to final body weight (%)  +0.003 +0.003 +0.002 #0.001
-Organ weight relative 0.011 0.01 0.010 0.011 (
to brain weight (%) +0.003 +0.003 +0.003 +0.002 £0.013

a Or?an weight relative to final body weight and organ weight relative to brain
weight. .

b Standard deviation.

* Significantly different from control value (p < 0.05).

>,
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Mancozeb for Three Months

G

N
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Ca
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Incidence of Selected Microscopic Observations in Dogs Fed

Sex/Dose Level {ppm)

__Males Females
Organ/Observation 0 10 100 1000 5000 100 1000 5000
Thyroid (6)2 (6) (6) (6) (6) (6) (6) (6) (6) (6)
-follicular cell v

hyperplasia 0 0 0 0 6 0 0 0 0 6
Thymus A - (6) (6) (6) (6) (5) (6) (6) (6) (6) ()
-lymphoid depletion,

cortex 0 0 0 6 ] 0 ] 0 )
Testes (6) (6) ?) (6) (6) - - - -
-aspermatogenesis 0 0 ; 0 3 - - - -
-hypospermatogenesis 0 0 0 0 2 - - - -
~hypogenesis 0 0 0 0 1 - - - -
Epididymides (6) (6) - (6) (6) (8) - - - -
~hypogenesis 0 0 0 0 2 - - - -
Prostate (5) (6)  (6) (6) (6) - - -
~-hypogenesis 0 0 0 2 6 - - - ~
Ovaries - - - - (&) (&) (6)  (6)
-hypogenesis - - - - o 0 0 0
Uterus - - - - (6)  (8) (6) (B)
-hypogenesis - - - - 2 0 0 0
Liver (6) (8) (6) (6) (6)  (6) (6) (8) (6)
-extrameduliary hemato- O 0 0 0 2 g 0 0 0

poiesis, increased
-sinusoidal cell ] 0 0 0 4 0 1] 0 0
pigmentation
Adrenals (6) (6) (6) (6) (6) (6) (6) (6) (6)
-pallor, zona 0 0 ] 0 4 0 0 0 0
fasciculata
d4umber in parenthesis is the number of tissues examined.
{
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TABLE 9. Selected Mean and Range of Ethylenethiourea (ETU) Values
Observed in the Blood and Thyroid Glands of the Dogs Fed
- Mancozeb for 3 Months

Specimen . Sex Qose Group ETU (Mean) ETU (Range)
, (ppm)- (ppm) A (ppm)

8lood 100 NO*

F e d
M 100 NO <0.040-0.070
F 1000 0.053 <0.040-0.070
M 1000 0.043 <0.040-0.050
fF 5000 .. 0.15 0.14-0.19
M 5000 0.14 0.10-1.9
Thyroid F 100 0.716 0.45-0.90
M 100 1.83 0.51-4.0
F 1000 5.35 4.1-9.2
M 1000 7.78 4.1-9.9 -
F 5000 10.66 1.0-15.0
M 5000 13.02 6.1-18.0 -
*Hot detectable: 1imit of detection = 0.040 ppm.
: i
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Ofetary administration of mancozeb (Dithane M-35) to beagle dogs.
at dose levels of 1000 and 5000 ppm resulted in significant toxic
effects. A compound-related decrease in the triiodothyronine and
tryroxin thyroid hormones (T3 and T4) was seen in 5000-pps dose
groups. Hypercholesterolemia and hyperbilirubinemia accompanied
hypothyroidism, A moderate to marked decrease in food consumption

 in dogs 1in the 5000-ppm dose group resulted in loss of bady
weight and dehydration. Dogs in the 1000-ppw dose group did not
gain weight during the study and occasionally appeared dehydrated.
The authors concluded that the toxicological significance of some
af the changes in clinical laboratory values and tie microscopic
alterations that were seea in the gonads, thymus, adrenals, and
possibly in some of the hematopoietic tissues may have been
confounded by malnutrition. .

3ased on  the results of the study, the NOEL Ffer subchronic
Zoxicity of mancozeb in the dog was considered to be 100 ppm in
the diet.

% quality assurarce statement was dated January 29, 1986 for the
toxicity study; ‘a quality assurance statement was dated November

26, 1985 for the residue analyses report. , =
14. REVIEWERS' DISCUSSION AND [N EPRETATION OF STUDY RESULTS:

Three dogs, two male and one femaie, in the 5000-ppm dose groun were
sacrificed in moribund conditicns caused by sznorexia. Decreases in
body weights and food consumption were noted Soth in tie 1000~ and
5000-opm groups of bath sexes. The animals ‘n *he h'in-dose group
vere thin, dehydrated, and had pale mucous menpranes. Reductions of
red cell mass and related vaiues were also aoted in the hign-dose
group. In addition, the histomorphological evidemce of hypo-
thyraidism, pallor in zona fasciculata of the adrenals, and hyposlasia
of the gonads and sex ardans were present in the high-dose group in
dogs of both sexes, including the animals which were sacrificed in
extramis.

Evidence of the concentration of the metabolic product (E3M) of
mancazeb in the thyrsid relative to blood was noted in tais study.
In tie absence of a control study using ETU, it appears that mancozed
(or its metabolite) directly affected the thyroid and possibly the
other endo:rine glands (adrenal and gonads). Hypothyroidism is known
to affect the hematologic parsmeters adversely and to czuse increased
cholesterol levels, as noted in the high-dose animals i» this study.
Howerer, anorexia (due to unpalatable food) and reduced Focd consump-
tion, noted in 1000.4nd 5000 pem dose groups, most likely caused the
loss of body weight. These effects could have alsa conceivably
caused the. reduction in hematolegic values.
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Thyroid stimulating hormone (TSH) analyses, although impertang
criteria to consider when the thyroid is a primary target organ, were
not performed in this study due to the unavailability of suitable
radioimmunoassay kits. In the final analysis, it appears that botm
anorexia .ang hypothyroidism acted synergistically to precipitats the
toxic effects of mancozeb in the dogs of the high dose groups.

In summary, the MOEL in this study is 100 ppm which -is equivalest to
intakes of 3.0 and 3.4 mg/kg/day in males and females, respectively.
The LOEL 1s 1000 ppm which is equivalent to 29 mg/kg/day in botm
sexes. At this dose there was decreased food consumption and hodw
weight gains, transient reduction in RBC mass (counts, hematocrit.
and hemoglobin value), cortical lymphoid depleticn in the thwmus. and
prostatic hypogenesis. Compound-related thyroid changes anly
occurred at tne HOT, 5000 ppm (102 and 109 ma/kg/day in males andi
females, respectively). :

Item 15~-see Footnote 1.

16. CBI APPENOIX: Appendix A, Study Protocol, CBI pp. 98-114.
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CONCLUSTONS:

The purpose of this 2-week inhalation study was to select exposure
levels and the mode. of exposure for a 90-day inhalation study on
mancozeb in rats. Four groups of 12 male (weighing 121-180 g) and 12
female (weighing 98-135 g) Cr1:CD(SD)BR rats were exposed: to duast
aerosols of mancozeb for 6 hours per day for 10 days. Respirable
concentrations were -0, 11, 55, or 258 mg/m3 with mass median
diameters of 3.5 to 4.9 ym and geometric standard deviations
between 2.2 and 2.5. The four groups were further subdivided into
whole-body exposed rats and nose-only exposed rats. Considerable
difficulty was experienced in generating the dust aerosols because
the daily mean concentrations varjed from 5 to 82 mg/m® in the
low-exposure group, 61 to 300 mg/m3 in the mid-exposure group, and
402 to 681 mg/m® in the high-exposure group. These daily concen-
trations_yfelded total mean aerosol concentrations of 0, 23, 138, and
519 mg/m3; however, the respirable fraction ranged from 38 to 49%,
so that the _mean respirable aerosol concentrations were 0, 11, ss,
and 258 mg/m3. respectively.

Whole-Body Exposure: No deaths occurred during this study. sSignifi-
cant reductions were found in body weight and weight gain for rats ex—
posed to 258 mg/ma. as well as significant reductions in female b:gy
weight and male and female weight gain in rats exposed to 55 mg/m> .
No exposure-related effects were noted in rats exposed to 11 ng/n.
Male and female thyroxine (T4) levels and male 3,5,3'-triiodo-
thyronine (T3) levels were significantly decr:ased after exposure
to 55 or 258 mg/m® mancozeb for 2 weeks. Thyroid-stimuylating
hormone (TSH) levels were nonsignificantly increased in rats exposed
to 258 mg/m® mancozeb. In addition, male and female Tung weights
and lung-to-body weight ratios were significantly increased in rats
exposed to this same concentration. Exposure-related multifocal
interstitial inflammation, microgranulomas, multifocal mixed
inflammatory cell {infiltration, focal or multifocal necrosis in the
respiratory tract, and reactive lymphoid hype?]asia of the peri-
bronchial lymph nodes were also found at 258 mg/!

Nose-{]m!’ Exposure: One— male exposed to 258 mg/rv'3 Jd.ed during this
study due to asphyxiation caused by the animal twisting its head away

from the nasal opening in the exposure tube. Alopecia was noted
around the eyes of one female exposed to 55 mg/m3. No adverse
effects were noted in males or females exposed to 11 or 55 mg/m3.
Significant reductions in mean body weight (week 2) and mean body
weight m%ain were noted during weeks 1 and 2 in males exposed to
258 mg/m?. There were no body weight effects in females exposed to
258 mg/m3. In addition, the Ty and Tg levels were signifi-
cantly reduced and the lung-to-body weight ratio was increased in
males exposed to 258 mg/m3. Microscopic exzaination of nasal
turbinates revealed an increased incidence and degree of multifocal
mixed inflammatory cell infiltration, f.e., mononuclear cells and
neutrophils and multifocal or focal necrosis of the turbinate mucosa
in four males and two females exposed to 258 mg/m3.

-

e



9.

REVIEWERS' COMMENTS AND QUALITY ASSURANCE MEASURES:

A.

8.

The studs} was conducted in a reasonable manner, and a signed
quality assurance statement dated February 17, 1986, was included.

Based on these results, nose-only was selected as the mode of
exposure for the 90-day study, and based on the nose-only

exposures, 258 mg/m> is the LOEL and 55 mg/m3 1s the NOEL for
rats exppsed to mancozeb for 10 exposures.

Whole-body exposed animals were exposed to mancozeb dermally
through fur and skin aerosol impaction and orally through
preening (during and postexposure) and normal_ lung clearance
mechanisms in addition to exposure via chamber air inhalation.
As a result, it was assessed that these animals received a
greater concentration of mancozeb than the nose-only exposed
rats, as evidenced by the lower LOEL and NOEL, 55 mg/m3 and
11 mg/m3, respectively.

This 2-week study was not designed as a Core study, but provides
useful information. There were deficiencies in the generation
system.

-

CBI APPENDIX: Appendix A, Materials and Methods, CBI pp. 1-4.
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7. CONCLUSIONS: 635425

A. Groups of 138 male and 38 female rats were exposed to mancozeb
target concentrations of 0, 20, 80, or 320 mg/m3 for 13 weeks.
Groups of five males and five females were sacrificed after 4
weeks of exposure, and grouyps of 16 males and 16 females were
necropsied at the end of the 13 week exposure. In addition, 17
males and 17 females were held for an additional 13 weeks
following the exposure phase of the study as a recovery study.
[The results of the recovery study, were not included fin this
report.]. The actual mean respirable concentrations to whick the
rats were exposed were 0. 8, 36, and_144 mg/m3, respeciively.
The male rats exposed to 144 mg/m3 exhibited s’gnificant
(p £0.05) reduced mean body weight and body weight gain for most
of the exposure period, whereas no such effects were noted in
female  rats. Mean corpuscular volume., - mean - corpuscular
hemoglobin  concentration, serum triglyceride 1levels, and
inorganic. phosphorus levels were significantly (p <0.05) altered;
however, they were within normal ranges for rats and were not
considered of biological relevance. Thyroid function tests
revealed significantly reduced T4 serum levels in female rats
exposed to 144 mg/m for 13 weeks. In samples collected at the
termination of exposures, blood, urine, and thyroid samples
exhibited an exposure-response increase in ethylenethiourea (ETU)
and ethylenebisdithiocarbamate (EBOC) concentrations. These data
support the hypothesis that mancozeb is metabolized to ethylene-
thiourea. Organ weight changes included reduced kidneys and
heart weights in male rats exposed to 144 mg/m3; this may have
reflected the reduced body weight of - these animals. No
remarkable ophthalmologic findings were reported. Among the
histologic Findings, hyperplasia of the follicular epithelium was
noted in 3 of 10 females exposed to 144 mg/m3, yellow-brown
granular pigment in kidneys of both males and females exposed to
36 or 144 mg/m®, and several lesions 1in the respiratory tract.
The thyroid changes were related to exposure to mancozeb whereas
the respiratory tract lesions are typically observed following
exposure to dusts. The respiratory tract lesions may be
indicative of a progressive disease. The authors considered
renal inclusions to represent the elimination of a wurinary
metabolite. However, the granular form of the pigmented material
may be indicative of progressive disease or lead to chronic
lesions following the inhalation of mancozeb. Based on the renal
inclusions, the LOAEL is 36 mg/m® and the NOAEL is 8 ag/m3
for rats exposed to mancozed dust aerosols via nose-only exposure.

Item 8-~see footnote 1.

’. ' .
Only items appropriate to this DER have been included.
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9. BACKGROUND: The exposure levels selected for this subchronic study
were derived from a 2-week inhalation study designed to determine
exposure levels and the mode of exposure. - Nose-only was selected
over whole body "exposure. From the 2-week study, the NOAEL was
55 mg/n3 and the LOAEL was 258~mg/m3 for rats exposed to mancozeb

for 10 exposures based on the respirable concentrations of marcozeb
in the chambers.

Item 10-~-5ee footnote 1.

11, MATERIALS AND METHOOS (PROTOCOLS):
A. Materials and Methods:

. 1. The test material, mancozeb, contained 83.35 percent active
ingredient, which was a caordination product of zinc ion and
manganese ethylenebisdithiocarbamate. The exposure concentra-
tions used in this study were based on the formylated test
material, as received, Four groups of animals, designated 1,
2, 3, and 4, were exposed to target aerosel concentrations of

mancozeb of 0, 20, 80, or 320 mg/m3. Animals were exposed
(nose-only) 6 hours a day, 5 days a week.

2. Thirty-eight male and 38 female Crl1:CS(SD)BR rats (Charles
River-Lakeview, Newfield, NJ) were randomly assigned to each
of the four exposure groups. The rats were 35 days old at
the initiation of the study and weighed between 157 and 214 g
{males) and 124 and 168 g (females). ODue to an error in
sexing, group 2 contained 37 males and 39 females. The
animals in each of the four groups were further divided into
three subgroups, designated A, B, and C. Animals from
subgroup A were necropsied after 4 weexs, and subgroup B8
animals were necropsied after 13 weeks of exposure.
Subgroup ¢ animals were to be necropsied after a 13-week
post-exposure recovery period; data for the recovery period
will appear in the final report.

3. The animals were housed individually in stainless steel
wire-mesh cages in an environmentally coatrolled room while
they were not in the exposure chambers. The room was

. maintained at a temperature ranging between 70 and 80°F
(21-27°C), a relative humidity of 30-70 percent, and a 12
hour Tight, 12 hour dark cycle. During exposure, the
exposure chambers were maintained -under similar conditions.
Animals were provided food and water ad libitum except during
exposure and during the pre-necropsy fasting period. Ouring
exposure, animals were housed in individual PVC nose-only

restraining tubes which were attached to the front of the.
exposure. chambers. .
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4. The powdered test material was placed in a sample reservoir,
and was Fforced through the funnel-shaped bottom of the
reservoir by a -plunger, into a conducting duct which
contained a blow-jet nozzle. From the conducting duct, the
test material was incorporated into an air stream which
entered the air-mixing turret of a stainless steel and glass
exposure chamber. The configuration and stroke frequency of
the plunger were varied in order to achieve the different
exposure concentrations. The exposure chambers were supplied
with filtered room air, and the chamber air flow rate was
monitored. _.The aerosol concentrations 1in each exposure
chamber were also monitored pertodically each day in order to
. check and adjust the aerosol output of the dust generators.
The actuyal chamber analytical concentrations and the particle
size distributions were determined gravimetrically. Samples
were taken daily from all four chambers to determine chamber
analytical concentrations. Particle size samples were taken
weekly From chambers 2, 3, and 4, which housed groups 2, 3,
and 4, respectively; particle size samples were not taken
from chamber 1 (control chamber). The exposure concentrations
cited in the report were the respirable dust concentrations,
which were calculated from the total analytical dust concen—
tratfons and ' the respirable fraction. The respirable
fraction was calculated from the mass median diameter and the
geometric standard deviation. Temperature and humidity were
monitored continuously in the chambers and in the animal
holding room.

5. A1l animals were examined and weighed the day before the
first exposure (week 0), and then weekly until study
termination. Animals were examined before, during, and after
each exposure for signs of toxicity and mortality. Each
animal was given an ophthaimoiogic examination prior to the
first exposure and again during week 12. At the scheduled
intervals, after 4 weeks and after 13 weeks of exposure,
animals were sacrificed and necropsied. Blood samples were
drawn from all animals scheduled for histopathologic
evaluation. These samples were used to evaluate eight
hematologic and 15 clinical chemistry parameters. Thyroid
functions (T3, T4, and TSH serum levels) were also evaluated.

At necropsy, all animals were examined macroscopically.
After 4 weeks of exposure, the following target organs- from
all animals sacrificed were removed, fixed in formalin, and
histologically examined: 1lungs; lymph node (peribronchial);
nasal turbinates; trachea; and thyroid/parathvroid. Absolute
organ weights were recorded and relative organ weights
(organ-to-body weight ratios) were determined for lungs ard
thyroid/parathyroid. After 13 weeks of exposure, the
absolute and relative weights of 10 organs from all
sacrificed  animals were recorded. Tissues Ffrom the
above-mentioned target organs, as well as liver and kidney
tissues and all gross lesions and masses were histologically

5 : 36d
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examined for rats exposed to 20 or 80 mg/m3. A complete
histopathological examination was performed on rats exposed
to 0 or 320 mg/m3, which included tissues of 40 organs and
all gross lesions and masses. . I

Six male and six female rats from each group had previously
been designated for residue analysis, and were not sacrificed
at study termination. After 13 weeks of exposure, these rats
were placed in metabolism cages for 24 hours, during which
time the total urine output was collected and frozen. After
the 24-hour period, these animals were sacrificed, and the
lungs, trachea, and livers were removed and placed in frozen
storage. The blood and thyroids were also removed and
frozen; the frozen samples and urine were seat to
Enviro-B8io-Tech, Ltd. (Bernville, PA) for determination of
residual levels of ETU and £BOC as carbon disylfide.

The data for body weights, body weight changes, hematologic
parameters, clinical chemistry parameters, thyroid function
parameters, organ weights, and organ-to-body weight ratios
were evaluated using appropriate statistical methods. A
difference between exposure groups and controls was
considered statistically significant at p <0.05.

Protocol: The study protdcoi is included in Appendix A.

RESULTS:

Chamber Conditions: It was reported that the air flow rate
dur?ng- exposure in all chambers was 400 L/min., which resulted in

@ 99 percent aerosul equilibrium time (t93) of 14.4 min. or 4.0

percent of the exposure time. The chamber concentration and
aerosol characterization data are shown in Table 1.

1.

4 Weeks of Exposure: The mean analytical aerosol concentra-
tions of mancozeb in the chambers were found to be O
(group 1), 22 (group 2), 86 (group 3), and 308 (group 4).
mg/n3_: these values corresponded to target concentrations
of 0, 20, 80, and 320 mg/m”’. The corresponding respirable
concentrations were 0, 8, 40, and 127 mg/m® for groups 1,
2, 3, and 4, respectively. The mean mass medfan diameter
(MMD) of the aerosol particles ranged from 3.7 to 4.4
micrometers, the mean geometric standard deviation (GSD)
ranged from 2.1 to 2.3, and the respirable fraction ranged
from 42 to 47 percent. The mean temperature in the chambers
ranged from 20.0 to 21.8°C, and the mean relative humidities
ranged from 71 to 74 percent.

13 _Weeks of Exposure: The mean analytical aerosol concen-

trations of mancozeb were 0, 18, 79, and 326 mg/m3; these

values corresponded to target concentrations of 0, 20, 80,
and 320 mg/ respectively. The corresponding respirable

3
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TABLE |. Chamber Concentration snd Aerosol Characterization
Target Mean Analyt- Range of Daily Respirable Mean Mass ‘
Exposure ical Exposure  Exposure Exposure Median * o Geometric Respirsble
Concentration  Conceatration Concestration Concentration Oiaseter Standard Fraction
(mg/n) (mg/w) (mg/n) (mg/n) (micrometers) Davistion (percent)
After & Vesks
0 0 0 0 0 0 0
20 2 - 70 8 4. 21 3
80 86 36-152 4«0 5.7 2.2 47
320 308 161572 127 4.4 2.3 42
After 13 Weeks -
] (] 9 0 0 0 0
20 18 7- 30 8 3.9 2.1 45
80 79 s7-117 36 5.8 2.1 45
320 326 215-514 144 4.2 2.1 42
7
360
. ¢
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concentrations were 0, -8, 36, and 144 mg/m3, respectively0.30425
The aerosol particles had mean MMD of 3.8 to 4.2 micrometers,
mean GSO of 2.1, and respirable fraction ranged from 42 to 46
percent. .The mean chamber temperatures ranged From 19.6 to
21.1°C, and mean relative humidities ranged from 68 to 77
percent.

8. Clinical Observations: . -

1. 4 Weeks of gxg0§¥re: Six animals, distributed among the four
groups, dled during this study period. The authors attributed
these deaths to asphyxiation caused by excessive restraint in
"the nose-only restraining tubes. Alopecia and missing tail
tips were noted for several animals; these findings were
attributed to injury by the restraining tubes.

2. 13 MWeeks of Exposure:  Ouring week § to week 13, Ffive
additional deaths occurred, two of these were attributed to
excessive restraint. One female, exposed to 80 mg/n3. died
as the result of gastric torsion. One male exposed to
320 mg/m3 died with a prostate abscess. One male exposed
to 20 mg/m3 exhibited gasping, rales, bradypnea, dyspnea, a
red serosanguinous exudate on the muzzle, and bright red
spotting on the dropping sheet during week 5. The animal
appeared emaciated through week 11 with misaligned incisors
at week 7, and died during exposure in week 12 with a nasal
abscess around a tooth. Several animals exhibited alopecia,
dark brown staining of the fur, abrasions, missing tail tips,
wet abdominal fur, and/or red exudate around the eyes, all of
which were attributed to the restraining method.

C. Body Weights and Body Weight Gains: A summary of ‘the mean body
w“eight data is presented in Table 2.

1. 4 _Weeks of Exposure: Mean body weights and mean body weight
gains of males exposed to 320 mg/m3 were significantly
reduced (p <0.05) compared to controls during weeks 2 through
4. No other exposure-related body weight effects were noted
during the first 4 weeks of exposure.

2. 13 Weeks of Exposure: Males .exposed to 320 mg/m3 exhibited
significantly reduced (p <0.05) mean body weights and mean
body weight gains compared to controls during weeks 7 through
13. Females exposed to 20 mg/me exhibited a significantly
increased (p <0.05) body weight gain as compared to controls.

No other exposure-related body weight effects were noted
during this time period.

0. Hematoloqy:

1. 4 Weeks of Exposure: An insufficient amount of blood was
obtained from 11 of 20 females at the 4-week necropsy
interval. The data, therefore, were insufficient to make a
meaningful -statistical evalyation of female hematologic

8
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TABLE 2. Selected Mean Body Weights (+ S0) and Total Body Weight Gain
(+ SD) in Rats Exposed to Mancozeb for 13 Weeks

Target Exposure. Group Mean Body Weight (q) at Week Total Body

Concentration . _ Weight Gain
(mg/nd) 0 4 8 13 (Week 0-13)3
Males
0 182.97 336.4 399.3 360.3 211.1%
£12.67 +30.0 $30.2 +40.6 £34.0
20 180.27 321.2 383.2 440.1 259.6
+9.83 £30.0 *40.7 $50.6 +45.8
80 182.45 329.17 393.3 451.9 N g
£11.719 +22.9 2321 *40.7 - #371.1
320 181.317 318.0* 376.8* 429.0* 248.3*
+10.64  $£23.3 £29.5 +34.8 £30.5
Females
Q 145.05 200.1 223.0 241.1 95.7
+9.19 *£17.5 *16.3 +18.3 ,:ss.a
20 - 142.49 203.3 228.5 251.9 110.1*
+9.56 +18.3 £19.4 +25.8 +20.1
80 143.92 197.1 225.2 241.6 98.5
+6.19 +12.9 +14.0 +17.4 +14.8
320 146.13 205.4 228.4 245.9 99.5
9.86 #14.17 :15.7 +18.3 +14.6

3Tatal weight gain for rats alive at week 13.

*Significantly different from control vaiue (p <0.05).
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parameters.  No hematalogic effects were seen for males in
any exposure group.

2. 13 We: osure: Femaies exposed to 320 mg/m3 exhibited
a sigmficant increase (p £0.05) in mean corpuscular volume

(MCV)- and a significant decrease (p <0.05) in mean corpuscular

hemdoglobin concentration (MCHC) compared to-controls. However,
the parameters from which the MCV and MCHC values were derived
(hematocrit, red blood cell coynt, and hemoglobin) were not
affected. - Therefore, these differences were not considered
toxicologically relevant. No other hemiatologic effects were
seen in males or females. Table 3 summarizes mean values of
selected hematologic parameters for females.

Clinical Chemistry:

1. 4 Meeks of Exposure: No effects were seen in clinical
chemistry parameters for males or females in any group after 4
weeks of exposure.

2. 13 Weeks of gggogurgi A significant reduction (p <0.05) was
seen in triglyceride levels 1in males exposed to 320 mg/m

after 13 weeks of exposure.  The authors considered this effect

to be related to the reduced body weights which were seen these
males, and was, therefore, a secondary effect of mancozeb
exposure.

Inorganic phosphorus was grificantly reduced (p <0.05) in
females -exposed to 80 mg/m* compared to controls.  This
effect was not observed in females exposed to 320 mg/m3, and

- was, therefore, not considered toxicologically relevant by the
authors. No other clinical chemistry effects were seen in
males or females.

. . Thyroid Function Dafa:

1. 4 _Weeks of Exposure: T3, T4, and TSH serum levels were not
affected in males or females of any group during the first 4
weeks of exposure.

2. 13 Wesks Exposure: A significant reduction (p <0.05) in T4
serum level was noted in females exposed to 320 mg/m3: this
was considered to be exposure related. No other effects on
thyroid function were noted. Female T4 serum levels are
presented in Table 4.

Residue- Analysis (conducted by subcontractor and included in
Appendix of repart): Urine, blood, and thyroid samples collected
after 13 weeks of -exposure were analyzed for ETU and EBOC; the data
are presented in Table 5. The subcontractor reported that EDBC
residues increased in urine at 20, 80, and 320 mg/m3 and- ia
blood at 320 mg/m3. The ETU residues increased in drine and
blood at 20, 80; and 320 mg/m3 and 1in thyroid at 80 and
320 mg/m3. '

10 3535




TABLE 3. Selected Mean Hematology Values (+ SD) in Rats
Exposed to Mancozeb for 13 Weeks

. Parameter/Group Mean Value After 13 Weeks
Target Exposure *

Concentration RBC HCT HGB MCY MCHC
(mg/m3) (10E6/mm3) (%) (9/100 mL) {um3) (%)
Males
0 8.63 50.4 14.4 58 28.6 °
+0.45 £2.0 £0.6 £2.0 +0.4
20 8.38 49.3 14.1 59 28.5
+0.41 +0.9 £0.7 £2.0 +0.8
80 8.47 49.9 14.1 59 28.4
+0.34 +1.4 +0.4 £2.0 +0.4
320 8.49 50.0 14.4 59 28.7
+0.40 2.9 £0.7 £2.0 +0.7
Females
0 7.95 41.9 13.8 60 28.9
+0.21 £1.17 +3.4 +1.0 0.5
20 ] 8.12 . 49.6 141 61 28.5
+0.39 +2.6 +0.7 £1.0 +0.4
80 8.09 ° 49.9 14.1 62 28.3
+0.40 +1.5 +0.6 2.0 +0.3
320 7.81 48.5 13.6 62* 28.0*
+0.52 3.6 0.9 1.0 0.6

*Significantly different .from control value (p 59.05{.
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“TABLE 4. Selected Thyroid Function Qata Ffor Rats Exposed
Mancozeb for 13 Weeks

E S

Target Exposure.. Group Mean (+ S0) T4 Serum Level (ug/dl)-

Concentration
(mg/m3) After 4 Weeks After 13 Weeks
Males
0 4.61 21,22 4.39 20.76
20 5.4C #0.15 4.17 £0.31
80 4.71 20.59 4.50 *0.87
320 4.13 #1.11 4.02 +0.60
Females -
0 3.59 20.71 3.17 20.60
20 32.6 £1.13 3.11 20.76
80 3.29 20.63 2.77 %0.75
320 ’ 2.71 #0.54 2.18?:0.74

*Significantly different from control value (p <0.05).

12

-,
w
-1

Prun




005425

£z218

TABLE 5. Residue Analyses in Rats Exposed to Mancozeb for 13 wWeeks

p——

Expasure
Concentration
(mg/m3)
Males
0 ;<0-07 to 0.14 <0.80P 0.10£0.07  <0.04 to 0.2 <5.9 to 13 -
20 <0.12 to 0.16 <0.80 0.3240.22 0.12#0.07  <5.6 to 8.8 -
80 0.18:0.15  <0.80 8.9 £5.9 0.6620.5 5.1£2.0 -~
3éo 0.1420.04 0.8620.13  13.0 9.6 0.53£0.32 1.122.5 --
Females ' ' .
0 <0.07 to 0.22 <0.80 0.11£0.07  <0.01 to 0.6 <10 to 14 -
20 <0.10 to 0.14 <0.80 to 1.6 0.17:0.68 0.2980.13  <5.9 to 13 - g
80 0.1720.10  <0.80 16.0 8.3 1.340.83  11.025.1 s |
320 0.45:0.22 0.9120.5 . 69.0 66 3.1 2.2 28.0221 -

dNot analyzed due to limited sample. size.

Dyalues. that include symbol for less than (<) indicate the concentration was belou
limits of detection. :

13




tnyroid‘ or lung 'Jeughts of males or females in any qroup
after 4 weeks of exposure.-

-

eks o sure:  Adsolute kidneys and heart weights
, ugn cant y reduced (p <0.05) in males zxposed to
320 mg/t after 13 weeks of exposure, The -~ authors
concluded that these redections resulted from the reduced
terminal body weights, and were secondary effects of exposurs
to mancozeb. No other absolute or relative organ weigst
effects were observed in either sex in any other grow.
Table 6 presents mean absolute and relative lung, thyroiz,

kidney, and heart weights for males ‘and Ffemales after 3
weeks of exposure.

Ophthalmology: = After 12 wesks of. exposure to mancozeb, 70
exposure-related effects were gbserved in the eyes of any aninel
in any group. Bilateral retinal degeneration was cbserved in 2.l
of the animals whose cages were in the topmost positisn on tie
rack, - and was: attributed to iz excessive amount of room ligat
reaching these cages. One octurrence of ureitis and scattersd
occurrences of  focal retincgathy were noted but were nct
considered exposure related by the authors.

Histopathology:

1.4 Weeks of Exposure: Several gross and microscopic cnanczs
were ‘seen in the tissues 2xamined from the 4-week necropsy.
These were scattered among the dosage and control groups, azd

the authors did not consider any of these changes %o te
exposure related.

2.0 13 Weeks -of Expcsure: ‘- %o exposure-related ‘ans wers

observed in males or fesales exposed to 20 mg/nrs’ after "3
weeks of exposure to mancszeb. Males and females exposed o
80 or 320 mg/m3 exhibited yellow-brown granular pigment °a
the lumen of the cortical tubules of the kidney. The authors

considered this to be the resuylt of the elimination of 13-

pigmented metaboiite which was considered to be produced as 2
consequence of exposure, bat not toxicologically significaszc
because there were no histopathologic changes seea in tte
kidney in animals of either group.

The occurrence of mild - hyperplasia of the falliculzr
epithelium in the thyroid 3lands of three Females exposed o

320 mq/m3 was considered to be related to exposure. %o

exposure-related lesions were ‘seen in the thyroid g3lands :f
male rats.

14
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TABLE 6. Selected Organ Weight Data for Zar: Ixposed to Mascored for 15 seeks

C,_’":"sa

Group Mesn Value = 50) at 13 Neeks

Target ‘ . e
Exposure ; Lung : Kidneys Hoart Thyroiig
Concan- : . :
tration  Absolute  Ral. to BW  Absolute  Rel. *o ¥ Absolute  Tel. to BV Absoivte T
(tlg/-’) (q) (x: 1000} {q) (x 100C: Tt {x 1000) £mg) (
Males
0 2.5540.29  6.01%0.61 3.5420.29  8.3520.0% $420.15  3.8720.51 89841 2,
20 2.4820.29  5.89%0.56 3.18%0.43  7.7320.83 ViSER0.57 - 3.6430.29 26.522.8 - ..
80 2.67%0.79  6.25%1.86 30 320.29 8.1520.52 16120.:2  3.78+0.27 6.085.: @
320 2.4410.31  6.08%0.64 3442032 7.8480.71  1.48%:0.13 3.720%0.20 26.983.3 N
Females
] 1.8620.16  8.53%0.89 2.:020.13  9.65+0.84 1.0020.07  2.59%0.51 20.5%3.2 - QA
20 1.99+0.35 = 8.38%(.85 2.2020.31  9.17%0.93 1.0720. 0 2.46%0.28 20.5%4.5 - D, -
80 1.84%0.17  8.20%0.64 2.15%0.30  9.55%1.20 1.0080.29 4.45%0.33 z.o82.2 2.
320 2.09%0.38  9.08%1.07 2.5220.70 10.8432.48 1.0620.i4  £.54%0.62 2.1%¥2.¢ Q.
'Significanfly differsnt from control value (p <0.0%5).
o »
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Severai nistopathologic lesions were noted in the respiratory
tract, but these were considered to be spontaneous and nor
related to exposure to mancozeb. Table 7 presents the
fncidence of flndings in the respiratory tract, thyroid, and
kidney.

Foyr groups of 38 male and 38 female' rats were exposed to target
dust aerosol concentrations of 0, 20, 80, and 320 mg/m3 for 13
weeks. The actual respirable concentrations for the 13 weeks
were 0, 8, 36, and 144 mg/m3, respectively.

After 4 weeks of exposure, significant (p <0.395) reductions in
body weight and body weight gain were noted For male rats exposed
to the target concentration of 320 xuglm3. No - other effects
wera considered to be related to exposure by the authors.

Afzer 13 weeks of exposure, significant reductions were found in
bedy weight and body weight gain in males as well as reductions
in T4 levels in females exposed to the target concentrations of
320 mg/m3. In addition, microscopic examination of the thyroid
glands 1in these females revealed hyperplasia of the follicular
epithelium. Ni other effects were considered to be related to
exgyosure to mancozeb.

Thare was a yellow-brown granular pigment in the convoluted
t.uuies of male and female rats exposed to 80 or 320 mg/mS.
The authors did not consider this pigment a manifestation of
toxicity but likely to be the accumulation of the metabolite,
etdylenebisisothiocyanate sulfate.

Based on these results, _the NOAEL for mancozzd in rats was
considered to be 36 mg/m¥ and the ULOAEL was consider to be
124 ng/m¥ %ased on respirable concentration data.

S:;.ued quaiity assurance- statements were dated “ebruary 27, 1985
for toxicity and January 13, 1985 Ffor the. residue report (Note:
thts is prodbably an error in year).

14. REVIEWERS' DISCUSSION ANO INTERPRETATION OF STUDY RESULTS:

Cossiderable variation in chamber concentrations was noted,
especially early in this study. The ranges in daily mean chamber
coacentrations were narrower after the First 4 weeks. The
characterization of the dust aerosol was adequate, and it is
appropriate to base the toxicological findings on the respirable
coscentrations of 0, 8, 36, and 144 mg/m3 for the target
coacentrations of 0, 20, 80, and 320 mg/m3, respectively, as
reflected in the following assessment. .
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TABLE 7. - Incidence of Selected Histopathologic Lesions Found in Rats
Exposed to Mancozeb for 13 Weeks

Target Exposure Concentration (mq/md)

_Males Females =
Organ/Finding 0 20 80 320 1] 20 80 320
Kidney . :
No. examined (1) Yy a0y (19 (1) My @
-~-yellow~brown pigment, -
cortical tubudles 0 0 5 8 0 0 10 9
" Thyroid ‘
: No. examined (10 (10) (10y (1) (10 (10 (9 (o
-=hyperplasia,
follicular epithelium 0 0 0 0 0 0 3 3
Lung . -
No. examined (10 (v g (g @)y ((mwmy O
--multifocal interstitial
inflammation 3 3 1 4 9 -1 1 8
~--foci of alveolar
macrephages 5 0 0 3 2 0 1 4
-~-facal/myltifocal
hemorrhage 0 0 4 1 0 0 g J
-~diffuse acute conges-~
tion 0 1 0 1 h 1 1
Nasal Turhbinates ,
No. examined , (10) (n 1M RN 0y vy o
--congestion 0 J 3 4 ] j
~-multifoczl mononuclear
cellular infiltration 2 2 3 4 J 1 M z
~~hemorrhage 0 0 0 0 0 0
Trachea
No. examined (10 (1 oy QOn Qa0 Yy (OO0 1.
--focal tracheitis | | 1 3 0 2 2 3
11 -
'3:'}
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The body weight data revealed an exposure-related, sigﬁ'ifi‘c‘a‘nt’
reduction in body weight and weight gain for male rats exposed to
146 mg/m3. A significant _increzie in body weight gain in
females exposed to 8 mg/m®> was also .noted; however, these
females were slightly smaller zr study initiation, and the effect
was not -seen at higher exp-sure levels; this weight gain is
therefore not considersd rel- 2d to exposure.

The hematology data ~-«fl:ct the general good health of these rats
with low white cel” ats and no unuysual data among the red cell
indices. The s' .ant increase in mean corpuscular volume and
decrease in me. ospuscular hemoglobin concentration are within
the normal range of values for rats and were not considered to be
related to ex~osure to mancozeb.

Triglyceride levels in males exposed to 144 mg/m3 and inorganic
phosphorus = levels ‘in  females _expased to 36 mg/m3 were
significantly reduced when compared to coatrols. These changes
were wWwithin the normal range of values for rats and were not
considered to be related to exposure to mancozeb.

The significant reduction in serum T4 Tevels in females exposed

to 144 mg/m3 noted. at week 13 was considered to be related to
_exposure to mancozeb.

Residue analyses in blood, urine, and thyroids revealed increas-
ing concentrations of ethylenethiourea and ethylenebisdithio~
carbamate with increasing exposure concentration. These data
support the hypothesis that mancozeb is metabolized to ethylene-
thiourea and that the thyroid is a target organ for mancozeb
toxicity.

The absolute weights of kidneys and heart were significantly
reduced in males exposed to 144 mg/m. The authors concluded
that these 1ifferences were jue o -educed Jody weight in these
males. However, w2 calculated organ-to-brain weight ratios and
found that the relative kidneys and heart -weights were reduced,
although not significantly for males exposed to 144 mq/m3.

No remarkable findings were noted during the ophthalmological
examinatiors. ‘

Microscopic examination of tissues taken at termination (13 weeks)
necropsy revealed the presence of yellow-brown, granular pigment
in males and females exposed to 36 mg/m3. The pigment was not
present at the 4-week interim sacrifice and, thus, may represent
possibie progressive lesions in the kidney. [n addition, mild
hyperplasia of the Ffollicular epithelium of the thyroid occurred
in three females -exposed to 144 mglu3. These changes may be
due at least in part to a compensatory reaction to hypothyroidism.
Since hyperplasia was not present after the initial 4 weeks of
exposure, it is possible that these changes indicaie progressive

S Ve
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lesions in female rats. As expected for dust aeroscl exposures,
there were ainor histologic changes in the nasal turbinates and
trachea as well as congestion in the lungs of rats exposed to
mancozeb. These changes may indicate progressive lung disease
leading to the formation of granulomas in the lung and bronchial
lymph nodes. Based on these histolegic findings, the thyroid,
kidneys, and respiratory tract are target organs in rats exposed
to dust aerosels of mancozeb. _

8. The study was conducted in an acceptable manner and appropriate
quality assurance inspections were reported.

C. The effects on body weight in males and on the thyroid in females
are similar to effects seen in other studies of mancozeb. The
findings of the yellow-brown granular pigment in the kidneys,
accompanied by a decrease in kidney weight, has not been reported
previoysly. This may mean that the metabolic fate from inhaled
mancozeb is at least slightly different from the fate of ingested
mancozeb. The fact that the pigment is granular may indicate a
serfous kidney problem in rats exposed beyond 13 weeks. These
inclusions were not present at the 4-week interim sacrifice while
the incidence was high in animals exposed to 36 or 144 mg/n3
These 1inclusions may represent a form of kidney urolfithiasis as
seen with gout, cystinurea, or hyperoxalurea. Stones can form
from oxalatea cysteine, uric acid, calctum carbonate, or calcium
phosphate. Uric acid is particularly sensitive to pH with stones
forming below pH 5.5. The exact nature of mancozeb and/or its
metabolites im kidney function is not known; however, these renal
inclusions cannot be ignored. An ongoing recovery study will
reveal whether or not the pigment is cleared from the kidneys
over time, The changes in the respirdatory tract are not

_ unexpected for dust aerosol exposures. These types of lesions
can progress to the formation of granulomas in the lung and
microgranylomas 1in the bronchial 1lymph nodes. The ongoing
recovery study will give some indications of whether or not these
are progressive lesions of the respiratory tract.

Based on these results, there are definite effects of exposure %o
a respirable concentration of 144 mg/m® mancozeb:; for males in
this study it was body weight and for females effects were on
thyroid function and were verififed by histology on the thyroid.
The seriousness of the renal inclusions (granular pigment) cannot
he assessed. The inclusions were not present at 4 weeks, while
tiie incidence was high in the 36 and 144 mg/m3 groups at study
termination. Thus, we cannot f{gnore inclusfons and based on
these data, the LOAEL for rats exposed to mancozeb is 36 mg/m3
and the. NOAEL is 8 mg/m3.

[tem 15-~see footnote i.
- 16. CBI APPENDIX: Appendix A, Study Protocol.
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L‘fgagé-V. _is not included in this copy.

:‘?Qaéesffa through 6? are not included.

'..“

o -,The material not included contains the following type.,of
information' - _ o _

___; Identity of product inert ingredients.‘.'

o Identity of product impurities.’

SR Description of the product manufacturing process.'

- ___; Description of quality control procedures.

- Identity of the source of product 1ngredients.

;;__ Sales or other commercial/financ1al information.’ h

__;_ draft product label. _

i The product confidential statement of fornula.iz
Information about a pending registration action.

FIFRA registration data.

The document is a duplicate of page(s)

The document is not responsive to the request.

Y

.The information not included is generally considered confidential
by product-registrants.- If you have any questions, please contact
‘the- indiVidual who prepared the response to your requestu EE '
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After a 24-hour exposure, the medium was removed and cyl-
tures were refed with fresh growth medium. Cells seeded
at the lower density were used to determine the plating
efficiency. Surviving colonies .on these plates were
fixed, stained, and counted after 9-10 days of incubation.
The remaining cultures, seeded at 2,000 cells/plate, were
perfodically refed with growth medium  throughout the
6-week incubation period. At the conclusion of fincuba-
tion, cells in the transformation plates were fixed,
stained, and scored for transformed foci.

b. Scoring Transformed Foci: , Focl were scored by the
criteria of Reznikoff et al.” as follows:

Type I--Oensely stained areas composed of tightly
packed cells, -

Type I1I--More densely stained areas than Type I, with
piling up of cells and overlapping nuclet.

Type I1I--Highly polar, piling up of cells, composed of
areas exhibliting crisscrossing at the interface
of the focus and monolayer.

5. Evaluation Criterfa: The assay was-considered positive 1f a
dose-response relationship was apparent or the incidence of
plates with Type IIl foci at one dose was significantly
higher than the historical untreated and solvent controls.

6. The incidence of plates with Type IIl focl was statistically
compared to the historical untreated and solvent controls by
the Fisher Exact test.

7. Evaluation Criteria for Positive Control: Results for the
positive control were not analyzed by statistics; the protocol
stated that the positive control group must yield an incidence
of at least 15 percent of the plates with Type III foci for
‘the positive control to be considered valid.

8. Protocol: See Appendix B.

12. REPORTED RESULTS:

Cytotoxicity Assay: The preliminary cytotoxicity assay was conducted
with 14 concentrations of the test material ranging from 0.1 to

1000 ug/ml, two doses of the positive control, DMBA, and the solvent

’C. A. Reznikoff, 0. W. Brankow, and C. Hetdelberger. Establishment and
characterization of a cloned cell line C3H mouse embryo cells sensitive
to . postconfluence inhibition of division.  Cancer Res. 33(1913):
3231-38.

4
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7. CONCLUSIONS:

A. Under the conditions of this assay and in the absence of S9 acti-
vation, ethylenethiourea at doses of 100, 330, and 1,000 pg/at
did not cause an increase in the number of transformed foci 1n
CIH/10T 1/2 cells. The performance of the assay without an
exogenous metabolic activation system 1s an acceptadle practice
pecause this cell line can metabolize certain chemicals to active
carcinogens. This was adequately ‘demonstrated by the positive
response in this assay with the known procarcizogen, 7,12-
dimethylbenzanthracene (DMBA).

8. . The study 1s acceptable.

Items 8 through 10--see footnote 1. -

11. MATERIALS AND METHODS (PROTOCOLS):
A. Materials and Methods: (See Appendix A for detalls.)

1. Test Material: - Ethylenethiourea, sample 1D 83-223, lot Ho.
08 %—36. had a pirity of 89.8 percent and was dissolved in
dimethylsylfoxide (OMSO). The stock solution and required
dilutions were prepared on the day of treatment.

2. Cell Line: Clone 8 of CIM0T 1/2 mouse embryo fibroblast
cells were obtained from Or. Charles Heidelberger, University
of Southern California, Los Angeles. Logaritimic - phase
cultures, grown from frozen stock cultures, were ysed as the
target cell.

3. Cytotoxicity Assay: Prepared cells, seeded at a density of
. 200 cells per plite, were exposed in  triplicate to an
unspecified number of test mater‘al concentrations spanning
, at least a 4-log dose range. After 1 Y4-holir exposure the
- . . medium was removed and cells were cubater T
medium for 9-10 days. Survising <olgmtes . ¢ {osd.
stained, counted, and compared to the number 3f colontes in
the scivent control. o

e ' » 4, 11 Transformation A . Based on the resylts of the
cytotoxicity assay, three doses were selected for the cell
transformation test. )

a. u‘%m:g: Prepared cultures, seeded uith either 200 or
2. cells/plate, were treated with the three selected
doses of the test material, solveat, of positive control.

1(:m‘ly {tems appropriate to this DER have been incliuded.

3
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TABLE 1. Representative Results of tihe CIH/IOT 1/2 Transfomtion Assay
with Ethylenethiourea

No. Plates No. Plates
w/Type I1 . % w/Type 111 %
Foct/ Replicates Foci/ Replicate
Dose % Total Mo. - w/Type II  Total No. w/Type I1
Substance (vg/mL) Survival® Replicates Foci Replicates Foci

Neqative Control

Culture Medfa - 95 0720 o 0/20 0
Tven ntrol

- Dimethylsulfoxide i 100 0/30 0 0/30

Positive Control

1.12-d1methyl-
benzanthracene 0.5 - 18 5720 25 9/20 As¢

Test Material
Ethylenethiourea  1000P 94 1780 1.25 0/80 0

'No. of colonies with test dose

- ; X 100
No. of colonies with solvent control

H‘Iqhest dose tested; values for lower concentrations . (100 and 330 yg/ml) we
comparable to the -solvent control and, therefore, not selected as representative.

Cpositive by the authors' criterion; > 15X increase in pilates with Type III foci. -
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control. Cytotoxicity was not evident at any “test- dose; percent
surivival for 1.0 and 2.5 ug/mL OMBA was 59 and 56 percent,
respectively. .

Iransformation Assay: Based on the preliminary cytotoxicity
findings, doses selected for the transformation assay were 100, 330,
and 1,000 ug/mL. Since cytotoxicity was not achieved, the number
of transformation plates for the high ddse was increased to 80. For
the remaining test doses, media, and positive control, 20 replicates
were plated; 30 replicates were used for the solvent control.
Plating efficiency was ‘etermined from the counts of triplicate
plates for all test doses and controls.

The test material was not cytotoxic. Mo Type IIl foci were found
following exposure of the cells to the three selected doses of the
test material; statistical analysis of these data were, therefore,
not performed. Representative data from this assay are presented in

Table 1.
13. STUDY AUTHORS' CONCLUSJONS/QUALITY ASSURANCE MEASURES:

A. The authors céncluded. *This  study desonstrates that ethylene-
thiourea produces no adverse effects in  the- Mammalian Cell
Transformation Test under the conditions specified.®

8. A quality assurance statement was signed and dated Noveaber 14,
1984.

14. REV RS ON_AND ‘INTERPRETATION OF STUOY RESULTS:

It 1s our assessment that the study was properly conducted and the
authors' .interpretation of the data was correct. Although the test
material was not cytotoxic, the assay was cot;ducted at the maximum
recommended dose for noncytotoxic compounds. Since no validated
exogenous metabolic activation system currently exists for this test,
using the C3H/0T 1/2 tr;ansfomtion assay in the absence of S9
sctivation is acceptable.” The sensitivity of the test system to
detect the induction of transformaats was adequately demonstrated by
the positive control (OMBA, 0.5 yg/mL). Hence, the assay systea
appeared to have the appropriate enzymes to metabolize OMBA to a form
that is active for inducing cell transformation.

] . .

C. Heidelberger, A. E. Freeman, R. J. Plienta, A. Sivak, J. S. Bertram,
8. C. Casto, V. C. Dunkel, M. W. Francis, T. Kakunaqa, J. B. Little, and
L. Schechtman. Cell transformation by chemical ageats—a review and
analysis of the.literature. A report of the U.S. Environmental Protec-
tion Agency Gene-Tox Program. Hytat. fes. 114(1983): 283-385.

a
Ibid.

gl
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 Item 15--see footnote 1.

16. CB] APPENDIA: Appendix A, Materials and Methods, CBI pp. 1-7;
Appendix 8, Protocol, CBI pp. 15-17.
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7. CONCLUSIONS:

A. Under the conditions of the assay, Dithane M-45 at 0.1 yg/mt did
not cause an increase in the number of transformed foct either in
{nftiated or uninitiated C3H/10T 1/2 tells at a presumed maximum
tolerated noncytotoxic dose. However, the assay was conducted
with only one test dose, which may not be sufficient to conclude
that the test material {s not an in vitro tumor promoter.

8. The study is unacceptable because only a single dose was used; a
single dose 1s insufficient to show that the test material did
not have promoter activity.

8. RECOMMENDATIONS:

or. Craig J. Boreiko," a noted expert on initiation/promotion
assays, recommends the use of more than one dose level because pro-
moters frequently induce erratic and nondose-related effects. In
lieu of established guidelines for {initiation/promotion assays, we
feel his suggestions should be considered. Ve, therefore, recommend
that the test material should be tested at more than one dose or the
authors should justify the use of a single treatment level.

Items 9 and 10--seée footnote 2.

11. MATERIALS ANO METHODS (PROTOCOLS):
A. Materials and Methods: {See Appendix A for details.)

1. Test Material: ODiihane M-45 (ethylene-bis-dithiocarbamate),
Tot No. 0842, sample No. T083-224, had a purity of 88.0 per-

cent and was dissolved in culture medium (Basal Medium
tagles). ’

2. Cell System: Clone 8 of C3H/10T 1/2 mouse embryo fibroblast
.cells were obtained from Or. Charles Heidelberger, University
of Southern California, Los Angeles. Logarithmic phase cui-
tures, grown from frozen stock cultures, were used as the
target cells. . :

3. Cytotoxicity Assays:

a. Range-Finding gﬂotoxicljtx Yest: Prepared cells, seeded
at a density of 200 cells per plate, were exposed in trip-
Yicate to six concentrations of the test material.

1Bore1ko. C. J., Chemical Institute of Toxicology, Research Triangle Park,
NC, personal communications.

. s
Only items appropriate to this DER haave been included.

4=
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Cells were exposed either for 24 hours or continuously
throughout a 9-day fincubation period.. After the 24-hour
exposure, the medium was removed and cells were incubated
with growth medium for 8 days. Surviving colonies from

o both exposures were fixed, stained, and counted.

b. Cytotoxicity Asg%x with the Initiating Agent: Cultures,
seeded at a density of 2000 cells per plate, were exposed
to the initiating agent, 0.5 ug/mi N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG), for 4 hours. Five days after
inftiation, cell viability was determined from three con-
trol cultures. The remaining cultures were continuously
refed with media containing the six selected test doses
or the solvent control; viability was monitored daily for
4 days and on alternate days thereafter until termination
of the cytotoxicity test, day 11 postinitial compound
treatment. A growth curve was plotted (total number of
cells vs. days posttreatment) to determine growth inhit*

tion.
4. Cell Transformation Assay for Promotion: - Based on the com-

bined resuits of the cytotoxicity assays, 2 single test dose
was selected for the cell transformation test with promotion.

a. Exposyre: The appropriate number of prepared cultures,
seeded with either 200 or 2000 cells/plate, was treated
with the following agents: 0.5 ug/mL MNNG, 0.5 percent
acetone (MNNG solvent), 0.5 wg/mi 1,12-dimethylbenzan-
thracene (DOMBA), or 1.0 yg/mi 3-methylcholanthrene
(MCA). Exposure to the initiating agents, MNNG and ace-
tone, was terminated at 4 hours; the exposure period for
34BA and MCA was 24 hours. Five days after initiation,
the cultures were refed with media containing the selected
dose of the test material, acetone, or the known promoting
agent,  0.25 ug/ob 12-o~tetradecanoyliphorbol-13-acetate
(TPA). This exposure was continued throoghout the 6-week
promotion phase. The single test material dose was ex-
posed to 20 replicates of untreated cells, 20 replicates

: of cells preinitiated with MNNG, or 20 replicates of cells
pretreated with acetone. The remaining control or TPA-
R treated groups were similarly added to 20 replicate un-
treated or preinitiated cultures. Cultures treated with
DMBA or KCA were not exposed to promoting agents because
the compounds are complete carcinogens. Plating effi-
ciency was not determined for uninitiated or initiated
cultures exposed to the test material but was determined
for select controls. Surviving colonies on these plates
were fixed, stained, and counted -after 9-10 days of
fncubation. Throughout the approximately 6-week promotion
phase, cells were continuously refed with media containing.
the test dose, solvent, or control promoters. At the con-
cluston of incubatfon, cells in the transformation plates
were fixed, stained, and scored for transformed foci.

o
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b. Scoring Transformed Foci: Foct were scored by the cri-
teria of Reznikoff et al.” as follows::

Type 1-- Densely stained areas, composed of tightly
packed cells.

Type 11-- More densely stained ireas than Type I, com-
posed of piling up of cells and overlapping
nuclel.

Type [11-- Highly polar, piling up of cells, composed of
areas exhibiting crisscrossing at the interface
of the focus and monolayer.

5. Evaluation Criteria: The assay was considered positive if an
increase in Type [II foci was observed. If an appreciable
increase in Type II foci occurred, the test would be repeated
w}th more replicates and/or more or different test concentra-
tions.

6. Evaluation Criteria for Positive Controls: The positive con-
trol, OMBA, must yield an incidence of at least 15 percent of
the plates with Type III1 foci to be considered valid evidence
of test system sensitivity. Similarly, the promoter control,
TPA, must increase the incidence of plates with Type IIT foci
compared to that of the initiating agent alone to be con-
sidered acceptable.

1. The data were not statistically analyzed.
8. Protocol: See Appendix B.

12. REPORTED RESULTS:
Cytotoxicity Assays:

a. Range-Finding Cytotoxicity Test: The preliminary cytotoxicity
assays were conducted with 0.01, 0.033. 0.066, 0.1, 0.25, and
0.5 ug/mL of the test material. Foliowing the 24-hour exposure,
cell survival at 0.5 and 0.25 yg/mL was 67 and 83 percent, re-
spectively; below these doses, survival in test groups was com-
parable to the untreated control. The continuous 9-day exposure
resulted in 42 and 76 percent survival at 5 and 0.25 .3/mL, re-
spectively; the remaining doses were fot cytotoxic.

*Reznikoff, C. A., Brankow, 0. W., and Heidelberger, C. Establishment and
characterization of a cloned cell 1ine C3H mouse embryo cells sensitive

to postconfluence inhibition of division. Cancer Res. 33(1973):
3231-38.

5 459
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b. Cytotoxicity Assay with Initiating A%gnt: Cultures preinitiated
with. 0.5 wg/mL NNN

G were continuously exposed to 0.01, 0.033,
0.066, 0.1, 0.25, and 0.5 wg/mL of the test material. Based on
the reported growth curve results, an approximately 30 percent
inhibition of cells was plotted at day 4 Tor the highest dose.
By day 1, growth at this level was equivalent to the untreated
control. At all other - concentrations, with the exception of
0.066 wg/mL, cell growth was comparable to: the untreatsd con-
trol. The authors did not consider the growth inhibition plotted

for 0.066 ug/mL (50 percent at day 4, 30 percent at day 7)
treatment related.

Since the cytotoxicity assay with {initiated cells showed no de-
finitive cytotoxic effect, the results of the range-finding cyto-
toxicity tests were used to determine the appropriate dose for the
transformation assay.

c. Transformation Assay with _Promotion: The selected dose,
0.1 wg/mL, was continuously applied to untreated and acetone- or
MNNG-pretreated cells. No foci were observed on untreated or
acetone-initiated test plates. Plates of MNNG-initiated, test
material-promoted cells contained 10.5 percent Type II foci and
5.3 percent Type III foci. However, the percent Type III focl on
these plates was equivalent to the MNNG-1nitiated, untreated con-
trol plates. Representative results are -shown in Table 1.

STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A. The authors concluded, °This study demonstrates that Mythane H-45
does not promote morphological transformation in the Mammalian
Cell Transformation Test for Promotion under the conditions spe-
cified."

8. A quality assurance statement was s1§ned and dated May 7, 198S.

REVIEWERS' DISCUSSION AND IMTERPRETATION OF STUOY RESULTS:

It 4s our assessment that the study was properly conducted and the
authors' interpretation of the data was correct. No in vitro assays

to detect tumor promoters have been validated and probably must await

the clearer understanding of tumor promotion mechanisms before their
use in screening programs can be fully realized.

The authors stated, in accordance with frazelle et a'l..' *a non-
toxic concentration of test compound {5 the maximum tolerated dose for
assessing promoting activity in this assay.*

‘Frazene. J. H., Abernethy, 0. J., and Boreiko, C. J. Determination of
cell culture conditions optimal for the study of initiation and promotion
in C3H 10T 1/2 célls, gnv‘lromentgl Mutagenesis 4(1982): 331-332.

6

45] "
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TABLE 1. Representative Results of the C3H/10T 1/2 Transformation Assay for
Promotion with Dithane M-45

No. Plates w/ No. Plates w/
Substance?® Type Il Foci/ % Replicates Type III Foci/ % Replicates
Total No. = with Total No. with
Initiator Promoter Replicates Type Il Foci Replicates Type III Foct

Negative Con;roi
Media - 0/20 0 0/20 0

Solvent Control
Acetone (0.5%) - 0/20 0 0/20 0
KNNG (0.5 ug/mL)

Positive Control
DMBA (0.5 wg/mL) -

KCA (1.0 wg/mL) - 4/20
BNNG (0.5 wg/mL) TPA (0.25 wg/mi)

Test Substance

Hedia .- Dithane M-45

(0.1 wg/mL) 0/20 0o 0/20 0
: Acetone (0.5%) Dithane M-45
(0.1 ug/mi) 0/20 0 0/20 0

MNNG (0.5 wg/mL) Dithane M-45

(0.1 pg/mt) 2/19b 10.5 17194 5.3

YNNG = N-methyl-N*-nitro-N-nitrosoguanidine
TPA = 12-0-Tetradecanoyl-phorbol-13-acetate

DMBA = 7,12-Dimethyibenzanthracene
MCA = 3-Methylcholanthrene

bpositive by the authors' criterion (> 15% increase in plates with Type III foct).

cPositive by the authors' criterion (increased incidence of plates with Type III foci as
compared to inftiating agents alone).

done plate not scored; monolayer was not intact.



695425

We confirmed this statement with Frazelle and Boreiko® who indi-
cated that the majority of promoters are noncytotoxic. Boreiko

recommended, however, that more than a single dose should be assayed
(five doses of an unknown agent are routinely evaluated ia his labe-
ratory) since promoters frequently induce erratic and nondose-related
effects. Although Dithane M-45 was negative at the selected concen-
tration, it is possible that 0.1 wg/mL was not the effective level

and tumor promotion could have been detected if more doses were eval-
uated.

No established guidelines exist for initfation and promotion assays.
Since Or. Boreiko is a recognized expert in this: area, his recommen-
dation should be considered in 1feu of published guidelines. It is
our assessment, therefore, that the results reported by the authors
are insufficient to support the conclusion that Oithane M-45 does not
promote neoplastic transformation 1n this assay.

The ability of the known tumor promoter, TPA (0.25 wg/ml), to fin-
duce neoplastic transformation in initiated cells was demonstrated.
similarly, the direct induction of transformed clones by OMBA
(0.5 wg/mL) and MCA (1.0 ug/mL) was adequately shown. Although
no criteria were presented to evaluate a positive effect with MCA, we
assumed that the criterion reported for OMBA (215% increase in plates
with Type III foci) applied to both polycyclic aromatic hydrocarbons.

Item 15-~see footnote 2.

16. “CBI AP?ENG;X: Appendix A, Materials and Methods, CBI pp. 1-7¢
Appendix 8, Protocol, CBI pp. 16-28. .

’Sanchez. J. H. (nee Frazelle) and goreiko, C. J., Chemical Institute of
Toxicology, Research Triangle Park, NC, personal communications.

.
Ibid.

-».,
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1. CHEMICAL: Mancozeb; pithane M-45, coordinaAtion product‘o; zinc and
manganese ethylene’ bis-dithiocarbamate.

I. Cecil Felkner, Ph.D.
Genetic Toxicology

Technical Quality Control Date: 4-2-86
pynamac Corporation " - -
Irving Maver, Ph.D. Signature:
EPA Reviewer /

Date:
Jane Harris Signature:
EPA Section Head

Date:

2. TEST MATERIAL: Oithane M-45 prepared by Rohm and Haas Co., from T
No. 83-224, lot No. 0842, was described as a gray-tan powder with 88
percent active ingredient. *

3. STUBY/ACTION TYPE: Mutagenicity--Salmonella/mammalian-microsome
assay.

4. STUDY TOENVIFICATION: Chism, €. M. and Kunze, €. Oithane M-45 micro-
bial mutagen assay. (Unpublished study No. B4R 0059 prepared and
submitted by Rohm and Haas Company, spring House, PA; dated June 21,
1984.) Accession No. 259044. :

5. REVIEWED BY:

William L. Kclellan, Ph.D. smnature:vu&a«».g{)h‘gqu.,
Principal Reviewer
Dynamac Corporation - Pate: Y - Y= %C
Brenda Worthy, M.T. Signature: W){'Hﬂq
ladependent Reviewer
pynamac Corporation Date: 4-3-5¢

- 6. APPROVED BY:

Signature: __LA_C&LM"\




7. CONCLUSIONS:

A. Under the conditions of the study Dithane M-45 did not cause in-
creases - in reversion in Salmonella typhimurium strains TA1535,
TA1537, TA98, .or TA100 using an 59 fraction from 1livers of
Aroclor-1254-1nduced Fischer 344 rats or without activation. . The
ne maximum concentration used (250 ug/plate) 1inhibited growth of
each strain with or without $9 activation. The positive controls,
2-anthramine and 2-acetamidofluorene, demonstrated the sensitivity
of the assay to detect a mutagenic response with 59 activation
only. However, no direct-acting mutagen positive controls -were
tested to demonstrate the sensitivity of the nonactivated system
to detect a mutagenic response.

8. The study was acceptable with S9 activation but unacceptable in
the nonactivated assay.

Items 8 through 10--see footnote 1.

1. MATERIALS AND METHOOS (PROTOCOLS):
A. Materials and Methods:

1. The test material, Dithane M-45, lot No. 0842, was 88 percent
active ingredient. Concentration levels were calculated on a
basis of 80 percent active ingredient. The diluent for sus-
pension of the test material was water. Water was also the
solvent control. The positive controls were 10 ug/plate
2-anthramine for strains TA1535, TA1537, and TA100 and
50 ug/plate 2-acetamidofluorene for strain TA98.

2. S. typhimurium strains TA1535, TA1S37, TA98, and TAI00 were
obtained from Or. B8ruce Ames, University of California,
Berkeley, and characterized for growth and histidine require-

ment at time of transfer. Strains TA98 and TA100 contained
~ _ PKM 101 R-factor, confirmed by resistance to ampicillin.

3. The 59 preparation was from the livers of Aroclor-1254-induced
Fischer 344 rats.

4, Mutagenicity testing was by the method of Ames et al.? The
test compound was assayed at levels of 2.5, 7.5, 25, 75,

xOnly items appropriate to this DER have been in.luded.

zAnes. B. M., J. McCann, and £. Yamasaki, Methods for detecting carcino-

gens and mutagens with the Saimonella/mammalian microsome test. Hutation
Research 31(1975): 347-364.

LS

47°




12.

13.

14.
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and 250 ug/plateé in triplicate with and -without $9 activa-
tion. Mean and standard deviations of reversions with the
solvent control were calculated from 39 plates/strain.

5. pata were analyzed by the method of Mohn and €11enberger.’
8. Pretocol: See Appendix A.

REPORTED RESULTS:

A. Cytotoxicity: There was inhibition of growth of all the tester
strains with Oithane MN-45 at concentration levels of 15 or
250 yg/plate as indicated by a decrease in mean number of rever-
tants compared to controls (Table 1).

8. Mutation Assay: There was no {ncrease 1n revertants compared to
controls st 2.5, 1.5, 25, 15, or 250 ug/plate with any of the
tester strains. The positive controls gave the expected response
in the S$9-activated assay. No positive controls were included
with the nonactivated assay (Table 1).

STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A. Dithane M-45 did not finduce reverse mutations in S. typhimurium
stralns TA1535, TA1537, TAS8, or TA100 with or without activation
with Aroclor 1254 induced by S9 from Yiver of Fischer 344 rats.
The maximum active {ingredient concentration tested, 250 wg/
plate, inhibited growth of each of the tester strains.

8. A quality assurance statement was not presented.

VIEWERS' O] A TERPRETAT £ STUDY RESULTS:

It is our assessment that the authors® conclusions are supported by
the data preseated for the s9-activated assay only. ' It was not stated
whether the test compound precipitated in the plates; since the test
material is practically insoluble in aqueous or organic solvents, this
might have been expected. Cytotoxicity was not measuyred directly;
however, cytotoxicity was evident from the decrease in revertants at
75 and 250 ug/plate when compared to controls. Since no direct-
acting mutagans were assayed, the authors failed to demonstrate the
sensitivity of the nonactivated system to detect mutageaicity. There-
fore, a conclusion cannot be made on the potential of the nonactivated

test material to {induce sutagenesis in the S. typhimyrium tester
strains. ‘

.Kohn. G. R. and J. Ellenberger, in: Handbook

dures (eds., Kilbey 8. J., M. Legayt‘or. W. Nochols, and C. Rame S)»

Elsevier, Amgt,erdan. 1977,

X 473v
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TABLE 1. Mutagenicity Assay with Dithane M-45 Using $9 from
) Fischer 344 Rat Liver :

Mean Revertants/Plate of Bacterial Tester Strains

Dose - TAYIS35 TA1537 TA 98 _JAY00
(ug/plate) ~$9 +59 -$9  +59 -S9 +59 -89 +59

pithane #H-45

2.5 26.0 20.0 9.7 12.0  25.7 43.7  112.0  100.3
1.5 29.3 16.0 8.3 8.7  32.0 43.0 3.7 893
25.0 6.7 1.1 1.0 8.7 267 3.7 1003 89.7
15.0 0.0 7.0 0.0 0.1 3.0 19.3 .0 2.0
250.0 00 50 0.0 0.0 0.0 2.3 0.0 0.0

Solvent control 30.5 17.8 9.6 11.4 9.4 52.1 '106.6 115.2

positive ;ontrol

aanth, 2 10 12.7 419.0  10.3 176.7 91.2  1451.1

2,2 50 | | 30.7 1734.8

A2ANTH s 2-anthramine and 2AAF is 2-acetamidofliuorene.

el



Item 15--see footnote 1.

16. CBI APPENDIX: Appendix A, Protocel.
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1. CHEMICAL: Mancozeb; Dithane M-45, coordination product of zinc and
manganese ethylene bis~dithiocarbamate.

a

TEST MATERIAL: Dithane H-45, prepared by Rohm and Haas Co. from 10
fo. 83-224, lot No. 0842, was described as a gray-tan powder with 88
percent active ingredient.

3. SIUDY/ACTION TYPE: nutagenicity-;-m_m_o;gg_uglmmlian»nicrosm assay.

4. STUDY TDENTIFICATION: chism, E. M. and Kunze, E. pithane M-45 mic-
robial mutagen assay. (Unpublished study No. B4R 0060 prepared and
submitted by Rohm and Haas Company, Spring House, PA; dated June 21,
1984.) Accession No. 259044.

5. REVIEWED BY:

L e aas

principal Reviewer
: pynamac Corporation Date: ¢~-3- 26

drenda Worthy, M.T. Signature: M___ﬂﬂ_;?
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oynamac Corporation Date: Y-3-¢6

6. APPROVED 8Y:

I. Cecil Felkner, Ph.D. Signature: X—_\A_f&ﬁ o, J

Genetic Toxicology

Technical Quality Control t Date: 450
pynamac Corporation iy

Irving Mauer, Ph.D. Signature:
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7.  CONCLUSTONS: '

A.

Under the conditions of the study, Oithane M-45 did not cause in-
creases in reversion 1in Salmonella typhimurium strains TA1S3S.
TA1537, TA98, or TAI00 using an S9 fraction from livers of
Aroclor-1254-induced B86C3Fy mice or without activation. The
maximum concentration used (250 ug/plate) 1inhibited growth of
each strain with or without S9 activation. The positive controls.
2-anthramine and 2-acetamidofluorene, demonstrated the seasitivity
of the assay to detect a mutagenic response with 59 activatiom
only. However, no direct-acting mutagen positive controls were
tested to demonstrate the sensitivity of the nonactivated system
to detect a mutagenic response.

The study was acceptable with S9 activation but unacceptable im
the nonactivated assay.

Items 8 through 10--see footnote 1.

11. MATERIALS AND METHOOS (PROTOCOLS):

A.

Materials and Methods:

1. The test material, Dithane M-45, lot No. 0842, was 88 percent
active ingredient. Concentration levels were calculated on 2
basis of 80 percent active ingredient. The diluent for sus-
pension of the test material was water. Water was also the
solvent ‘control. The positive controls were 16 pg/plate
2-anthramine for strains 7TA1535, TA1537, and TAI00 and
50 wg/plate 2-acetamidofluorene for strafin TA9S.

2. S. typhimurium strains TA1535, TA1537, TAS8, and TA100 were
obtained from Or. Bruce Ames, University of California,
Berkeley, and characterized for growth and histidine require-
ment at time of transfer. Strains TA98 and TA100 coatained
PKM 101 R-factor, confirmed by resistance to ampicillin.

3. “The $9 preparation was from the 1livers of Aroclor-1254-
induced B6C3Fy mice.

0nly items appropriate to this DER have been included.

R )
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4. Mutagenicity testing was by the method of Ames et al.?
The test material was assayed at levels of 2.5, 1.5, 25, 15,
and 250 wg/plate in triplicate with and without 59 activa-
tion. Mean and standard deviations of reversions with the
solvent control were calculated from 39 plates/strain.

5. Data were anzlyzed by the method of Mohn and Ellenberger.'
8. Protocol: See Appendix A.

12. REPORTED RESULTS:

A. Cytotoxicity: There was inhibition of growth of all the tester
strains with Dithane MH-45 at concentration 1levels of 715 or
250 ug/plate as indicated by a decrease in mean number - of
revertants compared to- the respective vehicle controls (Table 1).

8. Mutation Asga¥: There was no increase in revertants compared to
controls at 2.5, 1.5, 25, 15, or 250 yg/plate with any of the

tester strains. The positive controls gave the expected response
in the S9-activated assay. No positive controls were included
with the nonactivated assay (Table 1).

13. STUDY AUTHORS®' CONCLUS ONS/QUALITY ASSURAN RES:

A. Dithane K-45 did not induce mutagenicity in S. tmhigri:gg strains
. TA1535, TA1537, TA98, or TA100 with or without activation by
Aroclor-1254-induced Fischer 344 rat liver $9. The saximum active
ingredient concentration tested, 250 wg/plate, 1inhibited growth

of each of the tester strains. ‘

8. A quality assurance statement was not presented.

: Ames, B. M., J. McCann, and E. Yamasaki. MWethods for detecting carcino-
gens and mutagens with the muymﬂan microsome tes. Sytation
Research 31(1975): 347-364.

? Mohn, 6. R. and O. Ellenberger, in: nd § nicity Test Proce-
dures (eds., Kilbey 8. J., M. Lega or, W. Kichols, & . Ramels).
tlsevier, Amsterdam, 1977.

” [
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TABLE 1. Mutagenicity Assay with Dithane ¥-45 Using S9 from
- fischer 344 Rat Liver

Mean Revertants/Plate of Bacterial Tes;?r Strains 4

Dose __TAI535 TAIS31 TA%8 TAI00 .
(ug/plate) ~59 +59 -89 +39 -S9 459 ~S3 459 . N
Dithane M-45 ;

2.5 29.3 18.7 9.7 10.3 25.1 29.3 125.3 99.7

1.5 25.7 17.3 8.1 9.3 22.0 26.3 120.3 105.3

25.0 30.7 13.0 - 6.3 1.0 25.3 17.3 100.7 19

75.0 0.0 8.0 1.3 0.0 0.7 14.0 5.3 10.7
250.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0

Solvent control 28.17 20.9 8.2 10.5 24.2 33.8 117.7 . 104.5
Positive control

2aNTH,2 10 31.8 476.2 11.2 180.8 N7 1099.3

2aaF,2 50 21.3 2008.0

2ANTH s 2-anthramine and 2AAF s 2-acetamidofluorene.

&
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it is our assessment that the authors' conclusfons are supported by

. the data presented for the S9-activated assay only. It was not stated

whether the test compound precipitated in the plates; since the test

. material is practically insoluble in aqueous or organic solvents, this

might have been expected. Cytotoxicity was not measured directly;
however, cytotoxicity was evident from the decrease in revertants at
75 and 250 ug/plate when compared to controls. Since no direct-
acting mutagens were assayed, the authors falled to demonstrate
the sensitivity of the nonactivated system to detect mytagenicity.
Therefore, a conclusion cannot be made on the mutagenic potential of
the nonactivated test material in the S. typhimurium tester strains.

Ttem 15--see footnote 1.

16. CBI APPENDIX: Appendix A, Protocol.
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mediated assay in mice with compound Dfithane MH-45.

CHEMICAL: - Mancozeb; Dithane M-45, coordination p;'oduct of zinc and
manganese ethylene bis-dithiocarbamate.

“

TEST MATERIAL: - Dithane M-45, 2 pale yellow powder, stored at room

temperature, had a purity of 88 percent active ingredient; prepared
by Rohm and Haas Co.

STUDY/ACTION TYPE: Mutagenicity--host-mediated assay in mice.

STUDY TOENTIFICATION: McCarroll, N. E., and Farrow, M. G. Host
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7. CONCLUSIONS:

A. ‘Under the conditlions of the assay, a definitive conclusion cannot
pe made regarding the potential of Dithane M-45 for causing a
mutagenic response 1in the host-mediated assay using mice;, ‘the
dose range selected, 0.5 to 5 mg/kg, was not sufficient.

8. The study is unacceptable.

8. BEQOMMENDAT!DNS‘;

A. It is recommended that the authors repeat the assay with a dose
range that demonstrates some toxic or cytotoxic responses at the

highest dose selected, thus demonstrating the appropriateness of
the selected dose range.

8. It is also recommended that an evalyation criterion be included
in the report.

11. MATERIALS AND METHODS (PROTOCOLS) ¢
A. Materials and Methods: (See Appendix A for details.)

1. Jest Material: Oithane M-45 was -described as a pale yellocw
powder, stored at room temperature, with a purity of 88
percent active ingredient. The test material was dissolved
in corn 031, the solvent control. :

2. Test A‘ni%ls: £ight-week-old male B6C3F) mice were obtained
from Charles River Breeding Laboratories, Inc., Portage, MI.

a. Animal Maintenance: The animals were acclimated to S
Jaboratory conditions for 3 weeks prior to the start of B
i the study. They were individually housed in plastic shoe
e boxes in an environmentally controlled room (temperature,
73-85°F; relative humidity, 22-39 percent) on a 12-hour
11ght/dark cycle. Food and water were available 2ad
libitum. ’

b. Group Assignment: Sixty heaithy animals were assigned to
five treatment groups (20 mice/solvent control group,

10/dose group, and 10/positive control group) using a
random number table. Animals were {dentified by toe
clip/ear notch and with a unique species letter.

Items 9 and 10--see footnote 1.

‘Only {tems appropriate to this DER have been included.
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6.

C.

Cltnical Observation: Animals were observed once on the
day of dosing for changes in appearance, behavior, and

. toxic or pharmacological signs. Body weights were taken
prior to dosing.

Test Material Preparation and Administration:

a. The test material was prepared fresh on the day of dosing
on a weight per volume basis to achieve 100 percent of
the'acﬁve ingredient per dose.

b. The test material at doses of 0.5, 2.0, and S mg/kg and
the solvent control were administered via oral gavage.
The positive control, 30 percent dimethylnitrosamine
(DMN), was adminfistered by intramuscular (im) injection.

Bacterial Inoculation: Tuo milliliters of a suspension of
Salmonella typhimurium strain TA1530, containing 3.8 x 108
cells/mL, was administered to all animals {intraperitoneally
(ip) following test material administration.

Host-Mediated Assay:

a. Animal Sacrifice: A1l animals were sacrificed by
cervical dislocation. The positive control group was
sacrificed 2 hours after bacterfal inoculation; the

solvent and the three test material groups. were
sacrificed 4 hours after inoculation.

b. Bacterial Recove_?g: Animals were cleansed with ethanol
and skinned for laparotomy. One milliliter of saline was

injected ip through the abdominal musculature wall; the

peritoneal cavity was asepticaliy opened, and the
bacterial exudate was withdrawn.

c. Plating of Bactertal Exydate: The standard pour-plate
fechnique was used. For revartant counts, undiluted
peritoneal fluid was added in triplicate to complete top
agar, containing histidine and biotin, mixed, and poured .
over Vogel-Bonner £ minimal agar. Similarly, for total
cell counts, 10-fold dilutions (1071 to 1078) of
peritoneal fluid were prepared in saline and the three
highest dilutions were added to top agar and poured over
Tryptone Soy Agar plates in tripiicate. A1l plates were
incubated at 37°C. After 48 hours, colonies were counted.

fvaluation Criterfa: WMo specific criteria for a positive

“response were reported.

B. Protocol: See Appendix 8.

5
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12.

13.

14.

Item

16.

RESORTED RESULTS:

C‘Hnicai. obsérvations were reported as normal for afl animals, and no

deaths occurred during the study. pretreatment. body weights were
similar for all groups. ’

No increase was observed in the mutation frequency of bacterial
colonies assayed in mice that were dosed orally with 0.5, 2.0, and
S mg/kg of the test material when compared to the solvent control.
However, the positive control, DMN administered im, caused a 50-fold
increase in mutation frequency over the solvent control.

‘Representative results are presented in Table 1.

STUDY AUTHORS' CONCLUSTONS/QUALITY ASSURANCE MEASURES:

A. The authors concluded that *pithans M-45 did not demonstrate a
mutagenic response when tested in the Host Mediated mutation

assay using Salmonella typhimurium strain TA1530 as the indicator
strain and B6C3F| mice as the host.*®

B. A quality assurance statement was signed and dated September 26,
1984. -

REVIEWERS' DISCUSSION AND_INTERPRETATION OF STUDY RESULTS:

It is our assessment that the authors interpreted the data correctly
and that the test material by oral gavage did not cause a mutagenic
response using 3. typhimurium strain TA1530 in mice treated with
Dithane M-45. By contrast, the positive control by fnjection caused
a 50-fol4 increase in mutation frequen.y over the solvent control,
therefore demonstrating that the assay system was capable of detecting
a mutagenic response. However, the authors did not report any pre-
1iminary range finding or cytotoxicity data to support the selection
of the dose range used in this assayj nor whether the compound was
absorbed from the gastrointestinsl} tract and reached the indicator
organism at an effective concentration. Since the highest dose’
tested, § mg/kg, did not elicit a toxic effect in the dosed mice or 2
cytotoxic response in the tester strain we concluded that the dose
range selected was not high enough to determine the mutagenic
potential of Dithane H-45 in the host-mediated assay.

15--see footnote 1.

CBI _APPENDIX: Appendix A, Materials and Methods, CBI pp. 4-8;
Appendix 8, Protocol cBI (Appendix ;I) pp. 7-13.
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TABLE 1. Representative Results of the Host-Mediated Assay With S. typhimurium
Strain TAI530 in Mice Treated with Dithane ¥-45

liuh . Mean Fold Increass
A wre* b WS PRelative to
Substance Dose x10h)  x10H  xt0")  Solvent Controf

lvent ; trol .
Corn ol 5.8 2.95 0.2 -

itive control
105 Dimathylnitrosamine = 0.1 al 100.4 0.72 10 s0d
Tost materiaf
Dithene M43 5 mg/kg® 4.1 2.45 0.2 1

Smeen mutant colony-forming units (MCFU) —calculated by reviewers.

Byesn colony-forming units (CFU)—calculated by reviewers.

Sstation frequency = Hean MCFU
g Mesn CFY

Ypositive response as reported by suthors.

*Highest dose tested; tower doses (0.5 snd 2 mg/kg) were comparable to the solvent controls.

.
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1.

-

CHEMICAL: - ‘Mancozeb; Dithane N-—#".S. coardination product of zinc and
manganese. ethylene bis~dithiocarbamate. .

TEST MATERIAL: ODithane M-45, a pale yellow powder, stored at room
Temperature, had a purity of 88 percent active ingredient; prepared

by Rohm and Haas Co.

STUDY/ACTIOM TYPE: Mutagenicity-~host-mediated assay in mice.

STUDY JDENTIFICATION: McCarroll, K. E. Host mediated assay in mice

with compound Dithane M-45.

{Unpublished study No. B5RC~48 prepared

by Hazelton Laboratories, Vienna, VA, for Rohm and Haas Company,
spring House, PA; dated July 1, 1985.) Accession No. 259044.
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CONCLUSIONS:

. A. Under the conditions of the assay Dithane M-aS at doses of 500,

2000, and 5000 mg/kg did not induce a mutagenic response in the
host-mediated assay in mice. The positive costrol, gimethyini~
trosamine (DMN), however, caused 2 16.6-fold ‘increase in mutation
frequency, demonstrating that the assay had adequate sexsitivity
to detect a mutagenic response. 7

8. The study is acceptable.

Items 8 through 10--see footnote 1.

11, MATERIALS AND WETHOOS {PRGTOCOLS) :
A. Katerials and Methods: (See Appendix A for details.)

1. Test Material: Dithane K45 was described as a paie yellow
powder, stored at room temperature, with a purity of 88
percent active ingredient. The test material was tissolved

in corn 0il, the solvent coatrol.

2. Test Animal: Six-week-old male B6C3F1 mice were obtained
from Tharles River Breeding Laboratories, Inc., Portzge, MI.

a. Animal  Maintenance: The animals were. acclimated to
Jaboratory conditions Ffor 13 days prior to stuzy initia-
tion. They were individually housed in 3lastic sitoe boxes
fn an envircomentally - controlled . ricm (temperature,
72-18°F; relative humidity, 18-45%) on a 12-hwur light/
dark cycle. Food and water were avaflasle ad lizitum.

b. Group Assignments: Sixty healthy animls were assigned
to five treatment groups (20 mice/control, 10/dsse group,
and 10/positive coatrol) using a random card draw.
Animals were identified by toe clip/eas notch md with a
unique species letter.

+

¢. Clinical Observation: Animals were observed omce on the
day of dosing for changes in appaarance, beharior, once
toxic or pharsacological signs. Body weights were taken
prior to dosing.

*only iteas appropriate to this DER bave been included.
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3.

6.

=

Test Material Preparation and Administraticn:

a. The test material was prepared fresh oa the day of dosing
on a weight per volume basis to achieve 100 percent of
the active ingredient per dose.

b. The test material at doses of 500, 2000, and 5000 mg/kg
and the solvent control were administered via oral gavage.
The positive control, 10% dimethylinitrosamine (OMN), was
administered by intramuscular (im) injection.

Bacterial [Inoculation: Two milli11ters of a suspension of
salnonella gxghiﬂuriuy{n strain TAT530, containing 7.7x109
cells/mL, was administered to all animals intraperitoneally
(ip) following test material administration.

Host-Medlated Assay:

a. Animal _Sacrifice:  All animals were sacrificed by
cervical dislocation.  The positive control group was

sacrificed 2 hours after bacterial inoculation; the
solvent and the three test material groups were
sacrificed 4 hours after inoculation.

b. Bacterial Rgcove?: Animals were cleansed with ethanol
and skinned for laparotomy. One milliliter of saline was
injected 1ip through the abdominal musculature wall; the

peritoneal cavity was aseptically opened, and the exudate
was withdrawn.

¢. Plating of Bacterial Exudate: The standard pour-plate
technique was used. For revertant counts, yndiluted
peritoneal fluid was added in triplicate to complete top
agar, containing histidine and blotin, mixed, and poured
over Yogel-Sonner £ minimal 2qar. siaflarly, for tota?
cell counts 10-fold dilut:z-3 (1771 to 10-8y ¢
peritoneal fluid were preparea 2 4 e amd A
highest dilutions were added ‘. "op ::i” tod vt o
Tryptone Soy Agar plates in tripiate. All piates were
incubated at 37°C. After 48 hours, colanies were counted.

Evaluation Criteria: No specific criteria for a positive
response were reported.

B. Protocol: See Appendix 8.

REPORTED RESULTS:

Clinizal observations were reported as normal for all animls, and no

deaths occurred during the study. Pretreatment body weights were
similar for a_n groups.

.2



No increase in mutation frequency was observed in the assay when mice
were given salmonella ip and dosed orally with 500, 2000, and
6000 mg/kg of the test material when compared to oral dosing with the
solvent control. However, the positive control, DMN administered im,

caused a 16.6-fold increase in mutation frequency over the solvent
control.

a

Representative results are presented in Table 1.

13. STUDY AUTHOR'S CONCLUSTONS/QUALITY ASSURANCE MEASURES:

A. The author concluded that *Dithane M-45 did not demonstrate a
mutagenic response when tested in the Host Mediated mutation
assay using Saimonella typhimurium strain TA1530 as the indicator
strain and B6C3F1 mice as the host."

8. A dua“ty assurance statement was signed and dated May 29, 1985.

14. REVIEWERS' DISCUSSION AND_INTERPRETATION OF STUDY RESULTS:

A. It is our assessment that the author interpreted the data cor-
rectly and Oithane ¥-45 did not finduce 2 mutagenic response in
the host-mediated assay at doses ranging from 500 to 5000 mg/kq.
Although the highest dose tested did not elicit a toxic effect in
the mice or a cytotoxic response in the S. typhimurium strain
TA1530, the dose selected, 5000 mg/kg, in mice was assessed as
more than adequate to test for a mutagenic response. In conjunc-
tion with this assessment, in an acute oral LDsg in mice with
pithane M-45 fungicide (Rohm and Haas report Ko. 83R-213A), it
was reported that the oral LDsg was >5000 mg/kg.

The author did not report an evaluation criterion for determining
a positive response; however, the positive control caused 2
16.6-fold increase in mutation frequency over the solvent control,
demonstrating that the test system was capable of detecting 2
mutagenic response.

Item 15-=see footnote 1.

16. CBI APPENOIX:

Appendix A, Katerials and Methed, CBI pp. 4-8; Appendix 8, Protocol,
CBI (Appendix I) pp. 4-10.




TABLE . Representative Results from the Host-Mediated
Assay in Mice with Dithane M-85

Average Average ‘Fold Incresse

oty crub e Aniative to
Substance Dose tx 101 o 10!% x 1079 ‘Salveat Control
Solvent Control
Corn oil 10.3 1.90 0.5 -
Pogitive Control
> 105 Dimethyinitrosamine C.1 sl 63.1 0.76 8.3 16.69
g Tegt Material o
. Dithane K-45 5000 my/kg  10.4 1.8 0.6 1.2

® Aversge mutsnt colony-forming units (KCFU)—calculsted by reviewers.

’, s b Average colony-forming units (CFU)—cslculated by reviewers.

<
Mutation Frequency = Aversge MCFU
- Average CFU

‘mnmmmuwwmm.

.MMWW; lowar doses (500 and 2000 sg/kg) ware camperable to the solvent control.

]
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Materials and Methuds
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1. CHEMICAL: Mancozeb; Oithane M-45; coordination product of zinc and
manganese ethylene-bis-dithiocarbamates.

2. JEST MATERJAL: Dithane M-45, lot No. 0842, TD 83-224, prepared by
Rohm and Haas Co., had a purity of 88% active ingredient (ai).

3. STUDY/ACTION TYPE: Mutagenicity--CHO/ZHGPRT gene mutation assay.

4. STUDY IDENTIFICATION: Foxall, S., Byers, M. J., and Scribner, H. E.
Dithane M-45 CHO/HGPRT gene mutation assay. (Unpublished study No.
B84R-207 prepared and submitted by Rohm and Haas Company, Spring House,
PA; dated February 11, 1985.) Accession No. 259044.

S. REVIEWED BY:

8renda Worthy, M.T. Signature:
Principal Reviewer
Dynamac Corporation Date:
Mancy E. McCarroll, B.S. Signature:
Independent Reviewer
pynamac Corporation Date:

6. APPROVED BY:
1. Cecil Felkner, Ph.D. Signature:
Genetic Toxicology
Technical Quality Control Date:

Dynamac Corporation

Irving Mauer, Ph.D. Signature:
EPA Reviewer

Date:
Jane Harris, Ph.O. Signature:

EPA Section Head
Date:




093425

7. CONCLUSIONS:

A. Under the conditions of the assay Dithane K-45, at doses from 0.5
to 15 yg/mL without activation or at doses from 0.25 to
45 yg/mt with S9 activation prepared from the livers of either
Fischer 344 rats or B6C3F1 mice, did not induce 3 mutagenic
response in the CHO/HGPRT gene mutation assay.

8. The study is acceptable under rat or mouse S9-activated test con-
ditions, but unacceptable under nonactivated conditions because
the sensitivity of the assay to detect mytagenic events within
the range of test material doses was not demonstrated.

Items 8 through 10--see footnote 1.

11. MATERJALS AND METHODS (PROTOCOLS):
A. Materials and Methods: (See Appendix A for detalls.)

1) Teg% Material: Oithane M-45, ot Ho. 0842, TD B83-224, had 23
purity of 86% ai; no further description was reported. The

test material was dissolved in distilled water, the solvent
control, and test concentrations were prepared fresh for each -
experiment. -

2) Cell Line: The Chinese hamster ovary (CHO) cells used in the

study were the BH, subclone of the CHO-K; cell Tine.

Stock ‘cultures were maintained frozen in 1iquid nitrogen.

A1l cultures, both frozen and growing, were maintained in the

absence of antibiotics. Growing cultures were periodically

analyzed for mycoplasma contamination, karyotype stability,

6-thioguanine seasitivity, and aminopterin resistance. One

week prior to {initiation of an assay, cells were grown Iin

Ham's nutrient medium F-12 with hypoxanthine and supplemented

: with 10% fetal calf serum (heat inactivated).

3) .§9 Fraction: The assay was performed with S3 fractions pre-
pared from the livers of both male Fischer 344 rats and B6C3FI
mice induced with Aroclor 1254. The S9 mixes contained per
ml: 0.8 mg NAOH, 1.2 mg NADP, 1.5 mg 6-6-P, 1.05 mg MgCl,,
and 1 mg protein/al of the appropriate 59 fraction.

4) Wﬂﬂﬂm Cultures, seeded at 5 X 10°
celis/plate, were exposed to an unspecified nuamber of test
-~ doses for 5 hours with S9 activation or for 18 to 20 hours
without activation. These doses spinned a ainimum of a 4-l0g

1()tm{ {tems appropriate to this DER have been included.
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concentration range; parallel cultures were also treated with
solvent or pesitive control chemicals. All cultures were
incubated at 37°C, > 90% relative humidity, in 5% C0y/air
atmosphere. Two days after seeding, cells were subcultured
with fresh growth medium (hypoxanthine free), and cytotoxicity
was determined by the plating efficiency cf the test material
relative to the solvent control.

5) CHO Mutatfon Assay: Based on the cytotoxicity data, at least
four doses were selected for the CHO assay performed with or .

¢ without S9 activation. Doses were selected to span a toxicity

: range of 10 to 90% cell survival, Doses. for repeat trials

veu;e]to be selected on the basis of results from the initial

trial.

a. Treatment: Cells were prepared and treated with the
appropriate level of test material, solvent, or positive
control with or without S9 activation, as described in
the cytotoxicity assay. To terminate exposure the cul-
tures were washed with a saline solution. For cyto-
toxicity assessment, 200 cells were plated and the
remaining cells, seeded at a density of 1 X 105, were
subcultured for the mutation expression period.

b. Mutatfon Expression Period: Cells used for mutant
expression were subcultured twice during the 8-day
expression period to maintain cells in logarithmic growth.

c. Mytant §glggt;gn: Selection of 6-thioguanine-resistant
mutants  (61GF) was accomplished by plating 2 X 105
cells (five replicates) from each treatment group into
media containing 10 i 6TG. Cell survival (at s2iec-
tion) for each treatment group was assessed from four
plates seeded with 200 cells/plate in medium free of 67G. .
Selection and survival plates were incubated for 1 days,
fixed, stained, and counted. The mutation frequency (HF&

was calculated as the number of 8TGY mutants/i0
: survivors.’ :

6) Evaluation Criteria: The test material was considered posi-
tive if there was a significant and reproducible dose-related
increase in MF relative to the solvent control. If an in-
crease in MF occurred at one dose level, then the result was
to be reproduced in anm independent assay.

7) Although the statistical methods of Snee and Irr were cited
" in the references, the data wersz not statistically analyzed.

8. Pratocol: See Appendix B.
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V2. REPORTED RESULTS:

A. CHO Mutation Assay--Without S9 Activation:

1

2)

3)

4)

5)

.current solvent control (2.2 mutants/10

Cytotoxicity Study: Dithane M-45 was assayed ot nine doses
ranging from 0.05 to 1000 yg/mL without $9 activation.
Cytotoxicity results, as assessed by plating efficiency,
ranged from 88% survival at 0.1 yg/ml to 19% at 5 wg/nL.
No cells survived at doses > 10 wg/mi. Dose levels of 0.05

and 0.5 ug/mL were not scored due to the lack of cyto-
toxicity.

Mutation Assay (#1): B8ased on the cytotoxicity findings, the
Test material was assayed with duplicate cultures at 0.5, 2,
3, and 6 wg/mL. The results of duplicate cultures were
reported separately and referred to as replica 1 or replica
2. Cell survival at the end of treatment for cultures exposed
to 6 pg/mL was 55%; below this level, survival was compara-
ble to or higher than the solvent control.

Although the test _material did not induce an increase in
mutants/710% survivors, the toxicity range specified by the
protocol (10 to 90% survival) was not achieved in assay #;
therefore, a repeat assay (#2) was performed.

Mutation Assay (t%): At test material doses of 5, 7, and
9 ug/mL, survival ranged from -27% at § wg/ml  (both
replicas) to 45% at 9 ug/m. (average of replicas 1 and 2).
since no colonies were found on the test material or the
negative control plates, the assay was again repeated (#3);
additionally, the protocol requirements for minimum cell
survival were not satisfied by assay #2.

Mutation Assay (#3): In assay #3, doses of 4, 5,.6, 10, and
15 ug/mL  were tested. Average cell survival for both
replicas ranged from 49% - (4 ug/mL) to 25% (15 ug/ml).
Results from repliica 1 tndicated that an increase in NF (24.7
mtantsllos) occurred at 10 ug/ml relgtive to the con-

) but. not in com-
parison to the historical control. However, replica 2 for
all test doses and the solvent control was lost due to a
combination of technical errors, contamination, and cyto-
toxicity. Since replica 2 was not available, the assay was
again repeated (#4).

Mutation Assay {#4): Ofthane ¥-45 was assayed at doses of 8,
10, 12, and 15 pg/mi; these doses resulted in an average

cell survival range of 28.5% (8 wg/mL) to 8% (15 ug/ml).
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In replicas 1 and 2 the MFs for the solvent control were 1.3
and 6.6 6TG" mutants/10°%. The WFs for the test material
at 8 and 10 ug/mL were comparable to ‘the solvent control
for both replicates. In replica 1 the MF at 15 ug/ml was
2.2 matants/10%.  The result obtained in replica 2 at this
dose was considered {nvalid because survival was <5%. There
was an increase in MF at 12 yg/mt in replica 1; however,
the response was not considered significant becausz the
{ncrease was not confirmed in replica 2,

The positive control, ethyl methanesulfonate (EMS), Induced
an average MF of 341 6T6T mutants/10® compared to the
average MF (3.95/105) of the solvent control.

Representative resylts from the fourth nonactivated assay are
presented in Table 1. :

8. CHO Mutation Assay--With S9 Activati Fischer 344 Rat Liver):

1) Cytotoxicity Study: pithane K-45 was assayed at five doses
ranging from 0.1 to 1000 yg/mL 1in the presence of rat 59
activation. CHO cell survival ranged from 109% at 0.1 »g/al
to 41% at 20 ug/mL. Mo cells survived at the highest dose
tested, 1000 ug/mi. ‘

2) Mutation Assay (#1): Based on the cytotoxicity study, the
test material was assayed at doses of 2, 10, 30, 45, and
60 ug/mL. Percent survival at 2 wg/mL was 51% (replica 1)
and 33% (replica 2). No cells survived treatment with
60 yg/mL. However, due tc extreme toxicity or contamina-
tion, the majority of cultures in replica 2 were lost; there-
fore, the assay was repeated.

3) Hu;%tign Assay (#2): In assay #2, three doses of Dithane M-45
at 0.25, 0.5, and 1.0 yg/mL were tested. Percent survival
at all test doses was >60 percent. Although there were no
fncreases in MF induced by the test material in the inde-
pendent CHO cultures, the positive control, 7-12-dimethyl-
.benzanthracene (DMBA) (7 wg/mLl), was nonmutagenic 1in
replica 2. Accordingly, the assay was repeated.

4) gg%mﬂ_gﬁn_(ﬂ),: In assay #3, CHO cells were dosed with
0.5, 1, and 2 yg/mL of the test material. There were no
increases in 6T6T MF at any test material dose; however,

the MFs for the positive control were low and did not meet 4
assay acceptance criteria. The assay vas therefore repeated.

5) tation : A fourth rat S9-activated assay was
Conducted with the test material at doses of 1, 2, 10, 30,
and 45 yg/mlL. Average relative cell survival ranged from
96% (1 wg/mL) to 53.5% (45 ug/mi).
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TABLE 1. Representative Replicate Results from Cui) Assay with
". Dithane M-45 without Activation (Assay )

676"

Toxicity Plating Mutant
. after £fficiency Frequency
Dosing at Selec- per 106
Dose Repiica (% Survival) tilon (%) Syrvivors
Solvent Control
pistilled water -— 1 103 78.8 1.3
2 97 91.3 6.6
positive control
Ethy! methanesulfonate 100 nL/ml 1 62 85.7 303
3 66 7%.2 3802
Test Material
pithane H-45 12 wg/mb - 1 90.6  45.20
2 9 80.9 8.6
15 ug/mLC 1 15 90.1 2.2 -
2 3 3.5 od

3 Significantly positive as assessed by authors.

b The increased MF result in replica 1 was not considered significaht ‘because
it was not confirmed by replica 2.

¢ Highest dose tested; Jower doses (from 0.5 to 10 yg/mL) were comparable to
the solvent control.

d This result was considered {nvalid because survival was <5%.

, 549 V

*
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In replicas 1 and 2 6TGT MFs for the solvent control were
5.24 and 6.67/10° survivors, respectively. The MFs for the
test material at 1, 2, 30, and 45 yg/mL fin both replicas
were comparable to solvent control values. Although an
fncrease in MF of 33.86 6T6'/10° survivors was observed
at 10 ug/mt in replica 2; in replica 1, the WF at this
dose was 5.78; therefore, the increase was not considered
significant because this response was not confirmed.
Representative results from the fourth rat S9-activated assay
are presented in Table 2.. =

( rious S9_Concentrations:
Because there were no mutagenic responses observed with
Dithane M-45 in the presence of S9 at 1 mg protela/m,
1 ug/mL of the test materfal was assayed using 0.3 and 2 mg
protein/mL S9 1n duplicate.

Treatment of CHO cells with Dithane M-45 at 1 yg/ml ia the
presence of S9 at 0.3 mg protein/mL resulted in an K of
5.35/10° survivors (the duplicate was contaminated), and
the MF for the solvent control was 1.16/10% survivors;
however, the positive control was contaminated.

Dithane M-45 at 1 ug/mL in the presence of 2 mg _S9 protein/
mL resulted in WFs of 10.95 and 7.01 mutants/10% survivors;
however, the solvent control was contaminated. The MF for the
positive control, OMBA, was 252.38 matants/109 survivors.
The authors reported, ®No difference in mutant frequency was
observed at the two different rat S9 concentrations.®

C. Mutation Assay--With 59 Activation (B6C3F1 Mice Liver):

1) Cytotoxicity Assay: A cytotoxicity assay, as specified in
the protocol, was not performed. ~

2) Mutation Assay: Ofithane M-45 was assayed at 1, 4, 8, 12, and
16 wg/mL with 1 mg S9 protein/mL. The average relative
cell survival for the two replicas ranged from 90.5 percent

(1 yg/mL) to 5 percent (16 wg/mL).

The MFs of the solvent controls were 4.03 and 4.28 mutants/
7105 survivors in replicas 1 and 2, respectively. Treatment
of CHO cells with 1, 4, 8, 12, and 16 yg/mL of the test
material induced MFs of 1.06, 0, 5.33, 0, and 0/105% in
replica 1 and 1.12, 3.20, 1.26, 4.16, and O mutants/106
survivors in replica 2, respectively; the positive coatrol,
DMBA at 7 yg/mL, induced WFs of 141.89 and 97.1C mutants/
106 survivors. :




TABLE 2. Represent
H-45 and

ative Replicate Results from CHO Assay with Dithane
Fischer 344 Rat Liver 59 Activation (Assay #4)

' 676"
Toxicity Plating Hutant
after Efficiency Frequency
Dosing at Selec- per 108

Dose Replica (% Survival) tilon (X) Survivors
Solvent Contral
Distilled water - 1 100 716.4 5.24
2 58 105.0 6.67
Positive Control
DMBA3 1 wg/mL 1 1271 11.9 252.89b
2 125 66.9 218.24P
Test Material
pithane M 45 10 pg/mb 1 87 26.5 5.18
2 106 B82.1 33.86°
45 yg/md 1 53 98.1 0
2 54 65.4 0

3 oMBA -= 7.12-dimethy1henzanihracene.
b Significantly positive as assessed by authors.

€ The increased MF result in replica 2 sAs not. considered significant because
it was not confirmed by replica 1.

d Highest dose tested; lower doses (from 0.5 to 12 yg/mL) were comparable to

the solvent control.




Representative results are presented in Table 3.

3) Additional Studies with Various yse ~ :

" Using Dithane W-45 at doses of 4 and 12 yg/mL in the pres-
ence of S9 at 0.3 and 2 mg protein/mL, there were no appreci-
able increases in MFs when compared to the solvent control.

13. STUDY AUTHORS' CONCLUSIONS/QUA! TTY_ASSURANCE MEASURES: -

A. - The authors concluded that Jsader the conditions of the study,
pithane K-45 did not induce mutations at the HGPRT locus in CHO
cells when cultures were tested in the absence of metabolic acti-
vation or in the presence of either Fischer 344 rat 1iver 59 or
B86C3F1 mouse liver 59.

B. A quality assurance statement was signed and dated February 11,
1985.

14, REVIEWERS' DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

There were wide variations in cytotoxicity, plating efficliency, and
MFs throughout the many repeated studles reported by the authors. We
assess, however, that these erratic results were not necessarily in-
dicative of poor laborztory performance, but were probably due to
inherent technical problems with the CHO/HGPRY assay. In contrast to
maomalian cell assays in suspensfom (e.g., mouse lymphoma assay),
unique problems arise when mutational assays are conducted using mono-
layer cultures. Several of the major problems outlined below must be
considered in order to carefully interpret CHO/HGPRT assay data:

A. Prior to treatment, cells are seeded at a specific density for 24
hours, the assumption being that all cultures grow logarithmically
and grow to an equal c211 population in all plates by 24 hours.
variability 1in log-phase growth or cell culture density can,
therefore, affect fnitial and selection cytotoxicity as well as
cloning efficiency.

B. Tr‘y.bsinization of cells after treatment Ffurther compromises
reproducibility relative to cell survival and cloning efficiency.

C. Reproducibility can also be affected by a low or erratic back-
ground MF. In this series of experiments, backgraund MFs ranged
from O to 21.4 mutants/105, .waich fell within the range con-
sidered acceptablea by the U.S. Environmental Protection Agency
Gene~Tox Program. Therefore, an incresse 1in a. test dose

Hsie, A. W., Casclano, D. A., Couch, D. 8., Krahn, 0. F., 0'Neill,
J. P., and whitfield, B. L. The use of Chinese hamster ovary cells to
quantify specific locus mutation and to determine sutagenicity of chemi-
cals, Mytat. Res. 86:193-214, 1981.

. Y
10 | {950



TABLE 3. Representative Replicate Results from CHO Assay with

«

pithane M-45 and B6C3F1 Mice tiver S9 Activation

676"

Toxicity plating Kutant
after Efficlency - Frequency
gosing at Selec-  per 108
Dose Replica. (% survival) - tion (%) Survivors
Solvent Control
0istilled water - 1 95 99.3
2 105 93.5
positive Control
DMBA2 1 ug/ml 1 74 88.8
. 2 90 19.3
est Material
pithane M-45 © 16 pg/mLC 1 6?2 81.1
, 2 &) 79.8

3 oMgA = 7,12-dimethylbenzinthracene.

b Signif\canfly positive as assessed by authors.

¢ Highest dose tested; lower doses (from 1 to 12 ug/ml) were comparatie to

the solvent coatrol.

1
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with a low backgrcu~c ¥F -z %ot be reproduced in a followup
study {f a higher buz zzi2p.z.2 sackground MF is obtained.

The cumulative effects of e ma:or techaical problems outlined above
are ultimately reflected ‘= MF varfations. For example, If plating
efficlency 1s low and metant counts are within an expected range, the
MF will be high not because :n induction in mutation has occurred but
because of reduced plating efficiency. Therefore, the number of
mutants at a given test doss relative to solvent and historical con-

trols assumes greater imporiance and is probably the crucial parameter
for evaluating results.

In light of the above con:iderations, it is our assessment that the
authors interpreted the data correctly and that pgithane M-45 without
activation and with rat or mouse S9 activation did not induce a muta-

. genic response.

[tem

16.

The positive controls, EMS and DMEA, demonstrated the sensitivity of
the assay to detect a mutagenic responsz in. the absence or presence
of $S activation. However, the dose of IHS (100 al/mL) used in.all
nonactivated studies was well above the :ighest concentration of the
test material; therefore, the ability of <ne nonactivated test system
to Getect a mutagenic respsase in a concentration range comparable to
the test material was not shown.

The results reported for Dithane M-45 wit: various rat S9 concentra-
tions were not considered valid because in one assay the positive
control was contaminated and in the other assay the solvent control

was contaminated; therefors, the  reported resylts could not be
evaluated. However, this deficiency did nct ‘nvalidate this study.

15--gee footnote 1.

CBI APPENDIX: Appendix A, Materials and Metnods. .d:
Appendix 8, Protocol, CBI pp. 34-47.

12
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APPENDIX A
Materials and Methods -




";Page i is not included in this copy.
'j;Pages 95Zﬂ through fif;l—are not included.

RIS

o -,The material not included contains the following type__of
information' S ‘ 'w , :

Identity of product inert ingredients.'_'
Identity of product impurities.
Description of the product manufacturing process.
Description of quality control procedures.

Identlty of the source of product 1ngred1ents.

\ '-1 _f.\?; \fff-\:.’

. Sales or other commercial/financial information.
__;; A draft product label.‘ |
f_.f#T;;~The product confidential statement of formula.}
- Information about a pending registratlon action.
v//'FIFRA registration data.

. _;f f“ The document is a duplicate of page(s)

~;f" The document is not responsive to the request."’

8

‘The information not included is generally considered confidentlal

by product registrants.:. If you have any questions, please contact
“the individual who prepared the response to your requesb' ‘

P o T
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CHEMICAL: Mancozeb; Dithane H-45, a coordination ‘product of zinc and

manganese ethylene bis-dithiocarbamate.

-

TgST EAT;RIA;: 0ithane M-45, prepared by Rohm and Haas Co. from lot

842, TD No. 83-224, was 88.0 percent active ingredient and
described as a yellow powder practically insoluble in water and most
organic solvents.

STUOY/ACTION TYPE: Mutagenicity—-in vitro unscheduled DNA synthesis
in rat hepatocytes. -

NT : Byers, K. J. and Scribner, H. E. Dithane M-45,
in vitro unscheduled DNA synthesis. (Unpublished study Mo. 84R-280
prepared and submitted by Rohm and Haas Co., Spring House, PA; dated
May 29, 1985.) Accession No. 259044.
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7. CONCLUSIONS:
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. Unscheduled ONA synthesis (UDS) cannot be adequately evaluated in
this study. Dithane M-45 had a presumptive positive response for UDS
based on an increase fn net nuclear grain counts at 1.0, 2.5, and
5.0 ug/mL; however, the increase was complicated -by a rather high
cytoplasmic grain count in the solvent control ard a decrease in
cytoplasmic grain count at the presumptive positive dose levels.  The

study should be repeated with a different rat hepi:

The study is inconclusive.
Items 8 through 10—-see footnote 1.

11. MATERIALS AND METHODS (PROTOCOLS) :
A. Materials and Methods: (See Appendix A.)

scyte preparation.

The test compound was uniformly suspended in Williams' medium E
without fetal calf serum at 4000 yg/mL, and 15 twofold dilutions
were prepared so that when 1 mL of the preparation was added to a
culture well containing 3 mL of medium plus fetal calf serum the

final concentrations ranged between 0.025 and 1000 ug/al.

Hepatocytes were 1sol§ted from adult male Fischer 344 rats by the
method of Williams. Cells (4X10) 1n 4wl

medium were

added to 3.5-cm wells of microtiter plates and allowed to attach

to plastic coversiips by incubation for 1.5 hours at 37°C. After
attachment, medium was removed and the cells were exposed to test

compound - in 4 nL of medium containing
thymidine.

10 yCi/aL  (3H]1-

The negative controls contained 1 aL of distilled water instead
of test compound, and the untreated controls (six wells) received
only [%]—thynidine. The positive control (solvent not stated),
2-acetaminofluorene (2-AAF), was tested at 0.05 and 0.2 ug/al.

' only items appropriate to this DER have been included.

'mmm. g. M. Detection of chemical carcinogens by unscheduled OMA
synthesis in rat liver primary cell culture. (ancer Res. 31(1977):

1845-1851.
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Following overnight incubation, the cells were washed twice with
saline 6. Two coverslips from each treatment level were stained
with trypan blue for toxicit’y assessment and four coverslips pre-
pared for radicautography. Siides  were stored at -20°C 1in
the dark for 7 days before developing and grain counting.

The assay was considered acceptable {if the following criteria were
wet:

1. The values for the untreated and solvent control were consis~
tent with reported literature values; -

2. The positive control values indicated that the hepatocytes‘
were capable of metabolic activation; .

3. Slides frc: at least two treatment concentrations were scor-
able, and relative survival was greater than 50 percent.

The test material was evaluated positive for UDS 1f it exhibited
a reproducible significant increase in net nuclear grains in the
absence of cytotoxicity, as indicated by a decrease in cytoplasmic
grains. Two or more consecutive test conceatrations must exhibit
8 significant 1increase in net nuclear gratns. If a positive
result occurs at only one concentration, the assay should be
repeated with a different hepatocyte preparation at several con-
centrations around the dose range of the unconfirmed positive to
determine if the results were reproducible.

8. Protocol: See Appendix 3.

REPORTED RESULTS:

Cytotoxicity: When Dithane H-45 was tested at 15 dose levels ranging
from 0.025 to 1000 ug/mL, the highest dose that had sufficient cells
for scoring was 5.0 ug/si. Treatment concentrations . greater than
10.0 ug/mL resulted in cells being stripped from the coverslips.
The report stated that viabilities for the trestment groups 24 hours:
after 4nitiation of treatment ranged from €3.2 percent for the
10-yg/mL group to 99 percent for the 0.025-yg/ml. group. Survival
relative to the control group is summarized in Table 1. Survival was
notably decreased at 10.0 ug/mi.

.  Treatment at levels between 1.0 and 10.0 yg/mL produced an
ncrease in net nuclear grains compared to negative controls.
However, there was a decrease in cytoplasmic grain counts and an
{ncrease in nuclear grain counts.

)
ibid.




TABLE 1. Susmary Data for Rat Hevatocyte UDS Assay with Dithane M-45

. Average F
Treatment . Net Estimated Grain CountP
Group Relative Nuclear
(ug/mk) survival®  Grains Cytoplasm  Nucleus
Solvent Control 115 -4.8 19.8 14.6
84.4 -5..4 - -
Untreated Control na -4.2 -— -
pithane M-45
0.25 66.9 -2.6 16.8 14.3
b.SO : 15.8 -2.1 18.2 16.2
1.00 48.9 3.2 12.2 15.4
2.50 72.0 5.8 12.8 18.8
5.00 15.6 5.5 14.0 19.5
- 10.00 38.5 4.2 6.4 IVO.S
Positive Control
(2-AAF)
0.05 62.7 63.3 - -—
0.20 11.1 65.4 - -

31he fraction of attached cells relative to combined solvent contrtﬁs 24

hours after treatment.

bEst‘lated vissally from Figure 1 of report; numerical data were not pro-

vided.

005425
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Statistical analysis of the data was presented in a memorandum. The
data within a siide were not normally distributed,.thus 1t was neces-
sary to log transform the data for statistical analysis. When data
were expressed as log (nuclear count/cytoplasmic count), there was a
. significant fincrease 1in the 1.0-, 2.5-,. and S5-yg/ml groups
(p < 0.01) compared to controls by groupwise comparison. There was
no significant fincrease in total cell nuclear grain count when the
data were log transforméd (p > 0.25); however, log average cytoplasaic
count was significantly decreased compared to controls (p < 0.05) at
the 1.00- and  2.50-ug/mL . levels, 'but  not ~at the 5.00-ug/ml
g level. Data for the 10.00-ug/mL level were not 1included in the
statistical analysis because of toxicity and solubility problems.

It was concluded that fincreases in the net nuclear grain count ob-
served at dose levels of 1.00, 2.50, 5.00, and 10.00 ug/ml resulted
from decreases in the cytoplasmic grain counts that were due to cyto-
toxicity and not to the induction of ONA repair mechanisms.

13. STUDY AUTHORS' CONCLUSTONS/QUALITY ASSURANCE MEASURES:

A. When freshly isolated hepatocytes from Fischer 344 rats were incu-
bated for 18 hours in the ‘presence of 10 yCi/mt [“H]-thymidine
and  various concentrations of Oithane M-45 from 0.025 to
1000 ug/mt, excessive toxicity was found at concentrations above
10 yg/mL and 39 percent survival at 5 yg/ml. No increase in
nuclear grains .was seen at levels of 0.5, 1.0, 2.5, or 5 pg/mi
but there vas a dose-related decrease in cytoplasmic grains. Sub-
sequent calculation of net nuclear grains per treatment group re-
sulted 1n a dose-related increase; however, this did not resuylt
from genotoxicity but from cytotoxicity. ODithane M-45 did not
{nduce UDS in isolated Fischer rat hepatocytes.

8. A quality assurance statement was signed and dated May 17, 1985.

14, REY RS? NIERP F R IS:

It is cur assessment that the results of the assay are inconclusive
but indicate a presumptive positive response; the assay should be re-

peated with a different hepatocyte preparation at Tevels between 1 and
5 ug/ml Dithane M-45. )

The report authors indicated a significant (p < 0.05) increase in net
nuclear grain counts at 1.0, 2.5, and 5.0 ug/mlL Dithane M-45 but
attributed this increase to a dose-related decrease in cytoplasmmic
grain counts, which they interpreted to result from cytotoxicity.
However, cytoplasmic background counts are in general lower with
positive compounds, attributed to active uptake of thymidine into the
nuclei of hepatocytes undergoing UDS.

".. . 58_'
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values for average net nuclear grains for solvent and untreated con—
trols for this study ranged from -4.2 to -4.8. These negative wlues
may be caused by unusually high cytoplasaic grain counts; however, the
normal range for values in this testing laboratory was not discessed.

 Several testing jaboratortes use a net value of .0 to calculate a mean

- net nuclear grain count if the cytoplasaic count is greater tham the
nuclear grain count. Although numerical values for net nuclear graim
counts were presented, no data for total naclear grain comts or
cytoplasmic grain count were presented. For this study, the cyto—
plasmic grain count estimated from Figure 1 of the report was 19.8.
The . expected value 1is generally 1less than 10. then Probst et
al. tested UDS with 10 different preparations of rat hepatocytes, i
only one preparation was the cytoplasmic mean grain count above 10,
and “this l;igh value (22) was attributed to insufficient washing of
the cells.

Because of these uncertainties, the assay should be repeated with a
different preparation of hepatocytes, extra care should be taken im
washing the cells, and a solvent other than water should be testea
because of the insolubility of the test compound.

Item 15-~-see footnote 1.

16. CBI APPENOIX: Appendix A, Materials and- Methods, CBI pp. 1-73
Appendix B, Protocol, ¢8l pp. 17-22.

4

Probst, G. S., McMahon, R. E., #1311, L. €., Thompsen, C. Z., Epp, J. K-,
and Neal, S. 8. Chemically-induced unscheduled ONA syanthesis in prismary
rat hepitocyte cultures: a comparison with bacterial sutagenicity using
218 compounds. Environ. Mutag. 3(1981):  11-32.

s
Ibid.
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CHEMICAL: Mancozeb; Dithane W-45, coordination product of zinc and

mangfanese ethylene bis-dithiocarbamate. :

-

_MATERJAL: Dithane M-45, prepared by Rohm and Haas Co.,
TD 83-224, from lot No. 0842, contained 88.0 percent active
ingredient.

STUDY/ACTION TYPE: Mutagenicity-—-in vivo cytogenetic study in rats.

Y 10 ICATION: Sames, J. L., Mcleod, P. L., and Ooolittle,
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CONCLUSTONS:

Under the conditlons of this assay, the azcute (one dose) ar sub-
a:ute (dafly x 5 days) oral exposure of male rats to the maximum
tolerated dose of Dithane M-45 (4400 sg/kqg) did not cause a
significant increase in chromosomal aberrations in -bone warrey
cells sampled over the entire mitotic cycle.  FVowever, the study
was not performed with female animals; thercfore, the overal?
biological significance of these findings cannot be established.

B. The studv 1s adequate for males; but tie study as a whole is
incomplety because females were not tested.

gg;m&r_[%g To make this study acceptable, the assay should be

concucted using both sexes or the authors shogld Justify the use of 2

single sex. ’

Items 9 and 10--see footnote 1.

BATERIALS AND METHOOS (PROTOCOLS):

A.

Materials and Methods: (See Appendix A for details.)

1. {_g %3 Zggtgrm: Dithane M-45 (2thylese-bis-dithioccarbamate),
083-224, 1ot No. 0842, was Tisted as 88.0 percent pure. The

test material was dispersed in corn a1l; prepiared soiutions
of the test material were based on the active fingredient
content of the test material.

2. Test Animal:. Two hundred and forty-2ight male Fischer-344
rats, weighing 137 to 158 g, were obtained from Charles River
Kingston Breeding Farms, Kinyston, NY.

3. Animal Maintenance: - Prior to 1initiation of the study the
animals were acclimated to laboratory conditioas for 13 days,

which included 2 G-day quarantine period. Tws hundred and

forty animals were fnitially selected and randomly distributed
among cages. Throughout the course of the study, animals
were housed in an environment cortrolled for temperature
(22.0-25.0°C), relative humidity (43-59 perceat), and light
(12 hours). With the exception of dising on day 1, animals
were permitted Purina Rodent Lab Chaw Checkers 3d 1ibitum;
swater was availadle ad 1ibitum at all times.

Assignment to Grogps: One hundred and seventy msles, weighing
160.0 to 200.7 g, were selected from the 240 animals. Animals
were randomly assigned to treatment ¢roups, hossed im groups
of two, ear tagged, and identified with a unique number.

*only items appropriate to this DER In;e been incluled.

R




a. Cospound Preparation:

content of the test mat
prepared as corn oil dispersions.

_Based on the active

m,
c.

()
i

ingrediomt

erial, three concentratioms were
The positive contrst,

1.0 mg/kg triethylenemelamine (TEN), was prepared in

distilled water and administered intra

peritoneally (1p).

Dosing solutions were prepared daily; samples of dosing
solutions used on the first and final dosing days were
analyzed for test material concentration.

Dosing Procedures: The doses of the test material used
in this assay (440, 1760, and 4400 mg/kg) were selecied
based on the highest concentration (5000 and 4400 mq/ig)

rats in an acute oral toxicity

tested in Fischer-3A4

study. Toxicity data to sup
by the sponsar. The appropriate dos

port this value were furnisted
e levels of the tast

material, at a dosing volume of 10 mL/kg, were adminis-

tered orally.

Compound Administration:

a. Acg}% ;Cﬂ@gtic Study:
received a single oral a
concentratioa of the xes

Animals were weighed before dos
toxic signs were monitored daily.

Thirty animals per - graup
dministration of the approprizte
t material or vehicle contral.
fng and on days 2 and 3;
Ten representative

mespers of each group were sac+ificed at 6, 24, and 48
hours after compound administration.

The positive coni<:.. *gM. was administeres as a simgle
dose (1.0 mg/kg, 1p) o 10. animals.  Animals in nis
group were sacrificed 18 hours jostexposure.

cyte enetic §
orally administered a s

§ consecutive days. Ani

observed for toxic effects,

dy: Ten animais ger 47 Tup et
ngle daily dose of 1°¢ sporoproace
coacentration of the test material or vehicie ¢

mals were welghed prior

the final dose administration.

c.  Animal cri

€1 ne
kg, tp) was in ected 3 hours pr

oatrol for
to dosing.,

and sacrificed & hours giter

st: Colchicime (1 mg/
jor to tie appropriate

sacrifice 1interval; animals were sacrificed by €0z

asphyxiation. Bone marrow cells were collected from loth:
fesurs by aspiration into 0.65 percent KC1.
were incubated 8-10 minutes at 37°C and ceatrd
supernatants were discarded. The pellets were fixed
sacetic acid (3:1), pipetted snta:

three times in methanol

siides, flame dried, stalned, mounted, and coded

kspirztes
fuged; the

-

(% >
(b}
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d. Slide Analysis: A maximum of 50 well‘defined metaphases
. per an mal were scored for the presence of cytogenetic

absormalities. Chromosomal aberratioss were characterized
as breaks, gaps, fragments, palverized cells, transloca-
tions, or rearrangements. - The number of chromosomes
present in each metaphase spread was counted. Gaps were
ot included in the final analyses.

7. Evaluation Criterfa: The data were evaluated for statistical

significance (p < 0.05) by the Beta Binomial Model® and
the Fisher Exact Test.

8. Protocol: See Appendix B. -

12. REPORTED RESULTS:

A.

Acute Cx%ggegaticg _Study: Toxic signs observed in the acute
cytogenetics study following exposure to 4400 mg/kg Dithane M-45
jncluded lethargy observed on day 1 and lethargy, ataxia,
dyspnea, stained muzzle, and piloerection observed on day 2. One
animal died immediately prior to the day 2 scheduled sacrifice;
bone marrow was harvested. Mith the exception of one animal ex-
hibiting piloerection, all toxicological signs subsided by day 3.
Lethargy was only observed 1 day postexpasure to 1760 mg/kg
pithane B-45; one animal with a stained muzzle was reported for
days 2 and 3. Two animals in the low-dose group had yellow-
stained amogenital areas on day 1 and piloerection was recorded
for one animal on day 3.

Slight increases in the number of cells with aberrations were
noted at the 4400-mg/kg dose after the 24- and 48-hour harvests;
however, these increases were not statistically significant.
Since no effect was detected following the acute exposure of male
rats to 4400 mg/kg Dithane M-45, slides were not scored for the
lower doses. Representative results are shown in Table 1. A
reductica in analyzable metaphases was observed in the positive

- control group; however, the percent aberrzat cells scored for

this grosp was significantly higher (p < 0.05) © than the
appropriate control exposure group. Based on the results of a
dose response study conducted at a later date with 0.1, 0.5, and
1.0 mg/kg TEM ip, the authors concluded that the reduced recovery
of acceptable metaphase spreads was due to the higher than
expected sensitivity of Fischer-344 rat bone marrow to TEM. Cata
were furalshed to support this conclusion.

3&1111:-5.' D. A.. °The analysis of binary responses from toxicoloegical
experiments isvolving reproduction and teratogenicity,* Bi rics 3

(1975):

949-354.




TMRE 1. ' tative Results of the Acute and Subscute I Yivo
Cytogenetic Study in Rats After Dithane N-45 Adelnistration

. Exposure®  MNo. of Mele  No. of Netaphises Mo, of Calls Percent
Substance Dose Time Animals Scored Exmined with Mberrations®  Aberrant Cellst
Yehicle trol
-Corn ol 10 mk/kg 6h 0 06 2 0.4
& : 2 b 10 *5 1 0.2
A8 h 10 %00 6 .2
sd - 10 %00 3 0.6
Positive Centrol
Triethylensmelamine 1.0 mg/kg 18 h 10 ol s 63.5¢
Yest Mgﬂgl
Dithane W45 4400 wg/kg® 6h 10 an 2 0.4
Wh 10 an 4 0.8
8 h 10 =00 s 1.6
sd ? 350 2 0.6

% rime after compound aduinistration.

> Geps not included.

© parcent sberrant cally = Noc of cells uith sherreiions sberrations » 100
Ho. of mutaphases examined

‘Mmdrmrvof acceptable metephese spreads.
* Toxic signs observed at all cbeervation Intervels; fhwoe aniusais died In the subscyte study.

¢ Significently diffecent from the 24-hour control veles ot p < 0.05 by Flacher Exact Test and Beta Binomial Fodel

Note: mmulmmmlmmmmmmmmm
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13.

14.
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8. %p_a_gate % ytogenetic Study: Five consecutive daily administra-
tions of 4400 mg/kg Oithane M-45 resulted in overt toxicity that
intensified as the sequential dosing regime progressed. B8y day
4, two animals exposed to 4400 mg/kg Qithane M-45 were dead, 90
percent were lethargic, 80 percent exhibited piloerection, and 30
percent were dyspneic. Other toxic signs included stained
suzzles, ataxia, diarrhea, and yellow-stained anogenital areas.
Toxic signs reported for day 5 occurred at a comparable or in
some cases lower frequency than day 4; one animal was found
dead. The cumulative toxic effects of the mid dose (1760 mg/kg)
were not readily apparent until day 3 (70 percent with
piloerection). B8y day S5, all animals were Tethargic, showed
piloerection, and 40 percent had stained muzzles. The continuous
S-day exposure to 440 mg/kg Dithane M-45 resulted in animals with

Jethargy (days 1 and §) and piloerection (100 percent on days 4
and 5).

No statistically significant increase in chromosomal aberrations
resulted from the subacute exposure of the male rats to
4400 mg/kg Dithane M-45. Slides were not scored for the mid and
low doses. Representative results are present in Table 1.

C. Dosing Solution Analysis:

Results of analyzing the dosing solutfon indicate that the dosing
solutions prepared on days 1 and § were within 1 percent of the
expected concentration.

STUOY AUTHORS' CONCLUSIONS/QUALTTY @gamcg KEASURES:

A. The authors concluded, ®No adverse effect occurred in bone marrow
chromosomes of rats following either an acute or subacute dosing
regime of Dithane M-45. Therefore Dithane K-45 does not represent
a cytogenetic hazard under the conditions of this test.®

8. : gzxa‘nty assurance statement was signed an;l dated December 30,
984.

REVIEWERS' DISCUSSION AND INTERPREVATION OF STUQY RESULTS:
It is our assessment that this study was well conducted and the
authors' Iinterpretation of the data was correct. Dose-related
toxicological signs were evident in animals exposed to the three
doses of the test material in both the acute and subacute dosing
regimes, indicating that the selected dose range was appropriate for
this study. However, no explanation for wsing a single sex was
provided. Unless preexisting evidence suggested that adverse
compound effects were sex related, it would have been prudent to
perform this study with an equal sex distribution.

-,

Fd

61
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Although a réeduced recovery of analyzable metaphase spreads for the
positive control group was reported by the authors, the statistically
significant increase in chromosomal aberrations in rats treated with
the positive control (TEM, 1.0 mg/kg, 1p) adequately demonstrated the
sensitivity of the test system to detect cTastogenic agents. The
authors further demonstrated in a later study that the reduction was
related to the sensitivity of Fischer-344 rats to TEM.

Item 15--see footnote 1.

16. CBI APPENOIX:

Appendix A, Materials and Methods, CBI pp. 1-7; Appendix 8, Protocol,
€81 pp. 15-27.
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Materials and Methods
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purity was not reported. . ‘
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Chinese hamster ovary (CHO) cells.
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7. CONCLUSTONS: -

A. Under the conditions of this assay and in the absence of S9 acti-
vation, Bithane M-45 at doses of 7.5, 10.0, 12.5, and 15.0 ug/mi
in the Initial study and 15.0 and 17.5 pg/mL in a repeat assay
induced statistically significant. and dose-related increases in
the 1incidence of sister chromatid exchanges (SCEs) per metaphase
in Chinese hamster ovary (CHO) cells in vitro. Under conditions
using moase S9 activation, doses ranging from 10 to 17.5 ug/mL
induced significant increases, which, however, were not dose re-
Tated or confirmed in a repeat study. We assess that the test
material produced a positive response for induction of SCE {in the
nonactivated assay and a presumptive, but inconclusive, positive
response in the S3-activated system. —

B. Thz stufy 1s acceptable,
Items 8 through 10-——see footnote 1.

11. TERJAL METH PROT 2

A. Materials and Methods: (See Appendix A for detalls).

1. Jest material: Dithane K-45, a fungicide, was obtained from
Jot Bo. 0842 (70 83-224) and was described as a yellow powder
with an unspecified purity. At the request of the sponsor,
the test material was suspended in serum-free culture medium,
the solvent of choice for this study.

2. Cell 1ine: Chinese hamster ovary (CHO) cells, CHO-WBI, were
obtained from Or. S. Wolff, University of California, San
Frascisco. CHO cells used in this assay were grown for 24
hours in McCoy's supplemented medium pricr to use.

3. The S9 fractions used for metabolic activation were prepared
- from the livers of Fischer 344 rats and B6C3F! mice induced
Witk Aroclor 1254.

4. preliminary Cytotoxicity Assavs:

a. !ﬂg&gg_ﬁmg_gm Prepared cells (0.3 X 106 cells/
25 ¢ flask) were exposed to 10 doses of the test
material for 2 hours in the cbsence or presence of rat and
mouse S9 fractions. Cells were washed, incubated in fresh
medium for 24 hours, and counted with a Coulter counter,
and percent growth, relative to the solvent and the two
Towest doses of the test material, was calculated.

‘OnIy 1té-s appropriate to this DER have been included.
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7.

; : feiciency: Cells were seeded at a den—
sity of 200 cells per plate, allowed a 16- to 18-hour
attachment period, and exposed to 10 concentrations of the
test material for 2 hours in the absence or presence of
rat and mouse S9 fractions. Treated cells were washed,
incubated in media for 7 days, and counted, and the number
of]colonies in dosed groups was compared to the control
cultures. .

Sister Chromatid Exchange (SLE) Assay:

a. Exposuyre: txponentially  growing cells, seeded at
1 X 10¢ per flask, were exposed in duplicate to three
to five doses of the test material solvent or positive
controls focr 2 hours in the presence or absence of the
appropriate $9 fraction. Cells were rinsed, refed media
containing 10 ¥ 8rdU, and incubated 26 hours. Colcemid
(0.1 pa/mL) WS added during the last 2-2.5 hours of
incubation. Cytotoxicity was assessed in duplicate flasks
for each test dose concurrent with the SCE assay.

b. Preparation of Chromosomes : Cells were collected by
mitotic shake-off, treated with hypotonic solution, fixed,
dropped onto slides, alr dried, stained by 2 modified
fluorescent-plus-Glemsa technique, mounted, and coded.

c. Slide Analysis: A saximum of 50 well-defined metaphases
(25 cells/flask) were scored from the four highest doses
of test material and the negative control; 25 cells were
scored for the positive control. ,

Evaluation Criterfa: The assay was considered positive if 2)
an approximate doubling im SCE frequency over the negative
control was cbserved at one or more doses or b) in the absence

"of a doubling, if 2 statistically significant {increase

occurred at a minisum of three doses.

A t-test was used to statistically analyze the data.

B. Protocol: See Appendir A.

12. REPORTED RESULTS:

prelimin otoxjcl £

1.

m_y_g__mm_&iu: _poses of the test material ranging
from | to 100 pg/mL were tested with or without rat and
mouse S9 activation. Under all conditions of activation or
nonactivation, relative survival {ncreased as the test

material concentration swas decreased. The test material was
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more cytotoxic at higher concentrations (<10 percent survival

200100 wg/mL) without S3 activation. Siightly higher -

survival (8 to 12%) at comparable dos:s was recorded in the
presence of mouse S9; however, at 1J ug/ml, 39 percent of
the cells survived compared to 65 percent in the nonsctivated
assay. Cytotoxicity was markedly diminished in the presence
of rat 1iver S9; survival ranged from 20 percent at
100 yg/mL to 71 percent at 20 yg/mt.

2. ative  Cloni fficiency: Similar  concentrations
(1-100 ug/ml) were assayed with or without mouse and rat 59
to determine relative clonal survival. Cytotoxicity in sus-
pension cultures as assessed by survival was more severe than
in plated cells. No colonies were recovered from cells
treated with doses up to and including 6.0 wg/mi under ac-
tivated or nonactivated conditions. Percent survival at
£.0 ug/nt was 8.3 percent (-S9), 0 percent (+ mouse $3), and
1.9 percent (+ rat $9). At the two remaining doses (1 and
2 ug/mL) and 1in agreement with the relative growth assay
findings, cytotoxicity was most pronounced without S9 activa-
tion and least apparent in the presence of rat-induced S9
fraction. Represeatative results from the two cytotoxicity
assays are presented in Table 1.

SCE Assay: Based on the combined findings of the cytotoxicity
assays, 2.5, 5. 1.5, 10, 12.5, 15, 11.5, and 20 ug/ml were in-
vestigated in the nonactivated and rat or mouse S9-activated SCE
assay. A suspension cytotoxicity assay with the above concentra-
tions and under the same conditions was conducted in parallel with
the SCE assay: cells were visually examined for mitotic delay.

1. Nonactivation Assay: Following exposure to the selected test
doses (2.5 to 20 wg/mi), relative growth ranged from 4 to
2¢ percent at the five highest doses (20-10 ug/mi). At
deses below 10 ug/mi, >50 percent of the cells were viable.
Netaphases harvested from CHO cells treated with 5, 7.5, 10,
12.5, and 15.0 ug/mL were examined for mitotic delay and
frequency of SCEs. At the three highest test material doses,
‘the average percentage of first division metaphases (92 per-
cent at 15.0 wg/mb, 75 percent at 12.5 wg/mi and 82 per-
cent at 10.0 ug/mt) 1indicated that progression through the
altotic cell cycle was delayed. Cell cycle kinetics were not
severely affected by 7.5 and 5 wg/ml. Oue to extreme cyto-
toxicity at 15.0 wg/ml, only 38 metaphases were scored; how-
ever, a statistically significant {acrease $a SCEs/cell (1.9
times higher than control) was reported. significant and
 dose-relited increases were 21so observed at doses of 12.5,
10.0, and 7.5 yg/mL. An elevated but not significant in-
crease was reperted at the lowest dose, 5.0 wg/ml. Results
from analyzed nonactivated doses are shown in Table 2.

b
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TABLE 1. Representative Results of the Relative Growth (Suspension) and
. Relative Clonal Survival Cytotoxicity Assays with Dithane M-45
{Chinese Hamster Ovary Cells)

-

Activation Condition

gose __-S9 + Mouse S9 + Rat 59
substance Unit/al) X RS? ®Cs® - xmRst  xcsd % RS2 x csP
e ve_Control }
Culture Kedia 100 100 100 100 100 100
Test Material
pithane M-45 1 100 76.0 100 ma 100 100.4
2 100 43.7 100 12.2 100 82.2
4 104 8.3 —c 0 92 1.9
6 94 0 4 0 85 0
8 84 0 18 0 90 0
10 65 0 3 0 67 0
20 10 0o 12 0 n 0
40 4 0 n 0 11 0
60 2 0 9 0 40 0
100 4 0 8 0 20 0

'S RS——Relative survival derived from mean value of negative controi and 1 and
2 ug/mL of the test material.

bx cS--Clonal survival; % CS relative to negative control.

CNo value, culture contaminated.

-,
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TALE 2. Representative Results from the Nonsctivated Sister Chromatid Exchange
Assay. In Chinese Hamster Overy Calls Trested with Dithane K43

% No. Meta- Aversge Averags Fold
Oose Relstive phases 4 R No. SCEs/ Increase in
Substance (unit al) Survival Scored M Colls® My Calis® ool 350 in sces®
Negative Control
Culture Media ~— 100 50 10 90 7 8.740.4 -
€ wd 50 " 3 7.540.4 -

Pogitive Control

MitomycinC 10 ng ) 5 8 92 135.120.9% 1.5
10 ng® NO 3 17 83 10.020.6% 1.3
Tost Noterisl
Dithene K-45 5.0 ug 108 %0 8.3 n.7 10.50.5 1.2
7.5 58 50 55.0 45.0 13.0%0.7¢ 1.5
10.0 2 %0 s.0* 18.0 14.260.8¢ 1.6
12.% 16 %0 75.0° 25.0 14.351.0% 1.6
5.0 38 92.0° 8.0 16.581.08 1.9
10.0° ] 50 - 4.0 8.0 8.420.4 1.0
12.5.. L] 50 4.5 8.5 8.740.5 1.2
15.0 w %0 35.0 €5.0 10.0£0.6% 1.3
7.5 [ 50 4.5 6.5 10.020.6% 1.3

Saveraged by our reviewers; Nisfirst division setephases and '1“"”"‘ division metaphases.

Y ‘ ’
Fold Ircrease In SCEs = oo of SCEs/cell (trestment grow) = ;.| ted by our reviewers.

4

oot /el (negative comirol)
Chapeat study.
d0—tot deternined. »
merked Incresse In Wy calls indicative of aitotic daley (cytotoxicity). % A2 T

sSignificant incresse (p < 0.05) by t-test. ;

L 3
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Based upon the evidence of a significant and dose-related
positive effect and at the request of the sponsor, the non-
activated SCE assay was repeated with 5, 10, 12.5, 15, and
17.5 pg/ml. A relative growth assay was not performed; the
integrity of the monolayers and the degree of cell replication
were determined qualitatively. Although there was no reduc-
tion in monolayer confluency, cell cycle delay was observed
at test material doses of 15 and 17.5 yg/mL. Accordingiy,
cells treated with 12.5, 15, and 17.5 yg/ml. were permitted
a longer expression in the presence of BrdU. Following the
additional incubation, metaphases were scored for all doses
except the low dose (5 wg/mt). Slight mitotic delay was
still apparent at all doses. Significant increases in the
frequency of SCEs were reported for the 15.0 and 17.5 wg/nL
dose levels. From the initial findings and the confirming re-
sults of the second nonactivated SCE assay, the authors con-
cluded that Dithane #-45 was positive 1in the nonactivated
assay. Representative results from all analyzed doses in the
repeat study are presented in Table 2.

2. Activated Assays:

a. Mouse $9 Activation: In the presence of mouse liver
sicrosomes, relative survival ranged from 4 to 92 percent

over concentrations spanning 20.0 to 2.5 wg/si. Due to
the extreme cytotoxicity at 20.0 wg/ml, no metaphases

were obtained. The four intermediate doses that were

scored (10.0, 12.5, 15.0, and 17.5 yg/mL) showed no de-

Finitive evidence of cell cycle delay. At these Tevels,

statistically significant increases in SCEs per cell were

. observed. However, they were not dase related. The assay

& was repeated with 12.5, 15, 11.5, ‘and 20.0 wg/mi. Con-
fluency of the monolayers and cell replication were deter-
mined qualitatively. At 15 and 20 wg/mi, wonolayer

confluency was reduced and mitotic delay was observed.

Expression time for these cultures in the presence of BrdU

was extended and metaphases were scored at 12.5 through

20.0 yg/mL. The significant, but not dose-related; in-

creases in SCEs per cell reported in the 4nitial mouse

, s9-activated test were not reproduced. The authors con-
- _ cluded that the test material under mouse $9-activated
: conditions was not genotoxic. However, the comparative
’ response of CHO cells to the activated positive coantrol,
cyclophosphamide (1.5 wg/mL), indicated that fin the

repeat study the number of SCEs {nduced by cyclophos-

phamide was approximately 50 percent lower than ia the

initial trial. Representative resylts from all anatyzed

doses in the initial and repeat studies are shown in
Table 3.
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TABLE 3. Representative Results from the Mouse S9-activated Sister Chramstid Exchange
Assey. in Chinese Hamster Ovary Calls Treated with Dithene N-43.

-

3 No. Meta- Averaege Averace fold
Dose Relstive phases : 3 : ¥o. SCEs/ Incresse
. Substance (uo/ml)  Survival Scored M Calls® W Cells®  cell $50  in SCEs®
Negetive Control
Culture Media - 100 %0 5.0 97.0 = 9.0%0.5 —
- wd 50 16.5 83.5 8.820.4 o
Positive Control
) Cyclophosphamide 1.5 ) 25 L] w 60.2£2.0¢ 6.7
' 1.5¢ » 2 1.0 85.0 25.241.00 2.9
Test Matecial
Dithene H-45  10.0 7] ) 21.5 7.5 12.820.6¢ 1.4
12.5 2 50 40.5 9.5 14.520.8¢ 1.6
: 15.0 18, 50 32.0 68.0 ° 11.0%0.5¢ 1.2
17.8 16 50 36.0 64.0 13.620.6¢ 1.5
12,5° N 50 7.5 26.5 9.210.4 1.0
15.0 * 50 “s X ] 9.620.5 1.1
1.5 w0 50 43.5 56.5 8.320.4 <1.0
20.0 w %0 4.5 6.5 9.310.5 E:

®averaged by our reviewrs.

Y
o, of $CEs/cell (trestment group)
e e A S 18
fold Increase in SCis = i SCEs/oatl ¢ FTve Ty ; calculated by our reviewers.

“Repost study.
40 - Mot determined.

#Significant incresse (p < 0.05) by t-test.
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b. Rat $9 Ac_t_ivat%on: Results from the rat liver S9-acti-
vated assay with eight doses (2.5-20 ug/mL) * indicated
 that Dithane M-45 was less toxic in the presence of rat
s9. At 20.0 wg/mL, 36 percent of the CHO cells sur-
vived; percent survival for the femaining doses ranged

from 34 percent at 17.5 ug/mL to 91 percent at
2.5 ug/mi. :

-~ ¢ Metaphases from cells exposed to 12.5, 15, 17.5, and 20
yg/ml were analyzed for SCE frequencies. An evaluation
of cell cycle kinetics showed that a slight depression of
second division metaphase cells occurred at all dose
levels; the reduction was not sufficient to extend the
expression period. A statistically significant but less
than doubling of the SCE frequency s noted at
17.5 wg/mL. Although the remaining doses had elevated

_ counts, no significant increases were observed. Represen—
tative results are presented in Table 4.

13. STUDY AUTHORS' CONCLUSTONS/QUALITY ASSURANCE MEASURES:

14.

A. The authors concluded, *Given the repeatable positive response
under -S9 conditions, the test article is considered positive for

{nducing sister chromatid exchange under the conditions of this
assay.”

8. ? g:auty assurance statement was signed and dated September 4,
984, ,

REVIEWERS® DISCUSSION AND INTERPRETATION OF STUQY RESULTS:

It is our assessment that the study was conducted properly and that
the authors' interpretation of the data was correct. Statistically
significant, dose-related, and reproducible increases in SCE frequency.
were demonstrated under nonactivated conditiens. The lack of.repro—
ducible, significant increases in the mouse SS-activated assays may
have been related to reduced sensitivity of the CHO cells in the re-
peat test. As shown in Table 3, the increase in SCEs from the cyclo-
phosphamide treatment in the repeat assay (2.9 times) was approxi-
mately half of the response reported in the initial assay (6.7 times).
Similarly, the percent second division metaphase cells for the nega—
tive control in the second assay vas lower (83.5%) than in the first
assay (87.0%). . These two factors may have contributed to reduced cell
sensitivity and, therefore, could have ocbliterated subtle effects in—
duced by mouse-activated Dithane #-45. However, had the authors been
able to reproduce the significant increases observed in the firset
trial, 1t is doubtful that the effect could be considered a definitive.
positive response. The increases for both the initial and repeat

/
645"

-
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mu: 4. Representstive Results from the Ret $9-activated Sister Chromatid Exchenge
_.say in Chinese Hamster Ovary Cells Treated with Dithame W43

4 No. Mete~ - Aversge. . . Aversge fold
Dose Reiative phases 3 ® 3 Mo. SCEs/  Increass
Substance (ug/wl)  Survival Scored My Colis® My Cells® . ocell 350 in SCEsP
ive trol
Culture Media — 100 50 1 9 9.610.% -
Positive Control
Cyclophosphamide 1.5 N© 25 3 97 2.9%1. .40 3.4
Togt Materis!
Dithane K-45 125 . S 50 s0.08 s1.09 10.220.5 1.1
15.0 a2 50 35.% 66.5 10.820.5 i.1
17.5 34 50 45.0 $5.0 11.620.4% 1.2
20.0 36 %0

42.0 8.0 10.3%0.5 1.4

Spveraged by our reviewecrs.

b

Fold increase in UCEs = fo. :' Sﬁsl:ll . = ) 3 catcslated by owr reviewars.

U)—Hot determined.
Yneported values M + By > 100%.

*Significent Increase (p < 0.05) by t-test.

k]
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mouse-activated assays satisfled peither the reporting labaratory's
nor the USEPA Gene-Tox Program's criteria for a positive response
~in this ‘assay. Criteria established by the USEPA Gene-Tox Program
for evaluating a positive effect require:

a

A. The ability to finduce at least a twofold increase over baseline
. SCE frequencies or .

8. The demonstration of a three-point, dose-response curve showing a
progressive increase over baseline SCE frequencies with at least
one SCE value at p < 0.001 level.

It s our assessment, therefore, that the test material is genotoxic
in the absence of S9 activation; the inability to reproduce signifi-
cant responses induced by mouse $9 activation did not alter the over-
all conclusions presented by the authors.

The significant increases elicited by the positive controls (Mitomycin
C, 10 ng/mL =59; cyclophosphamide, 1.5 ug/mL + mouse or rat S9) ade-
quately demonstrated the sensitivity of the test system to detect
genotoxic activity. Although a reduction in assay sensitivity was
observed in the repeat mouse S9-activated test, the effect induced by
cyclophosphamide was significant.

1tem 15--see footnote 1.

16. Q%I 329;”015: Appendix A, Materials and Methods (Protocoi), CBI pp.
’2 -3 .

2

Latt, S. A., Allen, J., Bloom, S. €., Carrano, A., Falke, E., Kram, 0.,
Schneider, E., Schreck, R., Tice, R., Whitfield, B., and Wolff, S.
Sister-Chromatid Exchanges: A Report of the Gene-Tox Program, Mytation
Research 87(1981): 17-62. ;

12
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7. CONCLUSIONS: -

A. Under the conditions of this assay and in the absence of -S9
activation, Dithane M-45 at doses of 0.05, 0.15, 0.25, 0.4, and
0.5 ug/mL did not cause an increase in the number of trans-
formed foci in C3H/10T 1/2 cells. The performance of the assay
without an exogenous metabolic activation system is an acceptable
practice because this cell Yine .can metabolize certain chemicals
to active carcinogens; the presence of this metabolic system was
adequately demonstrated by the positive response with the known
procarc inogen/promutagen, 1,12-dimethylbenzanthracene (DMBA).

8. The study is acceptable.
Items 8 through 10--see footnote 1.

11. HMATERIALS AND METHOOS (PROTOCOLS) :
A. Materials and Methods: (See Appe_ndix A for details.)

1. Ig_t_mg{_j_a_lz pithane M-45, sample T083-224, lot No. 0842,
Was described as a fungicide with a purity of 88 percent; it

was suspended 1in water. The ‘stock solution and required
dilutions were prepared on the day of treatment.

2. Cell Line: Clone 8 of C3H/10T 1/2 mouse embryo fibroblast
cells were obtained from Or. Charles Heidelberger, University
of Southern California, Los Angeles. Logarithmic phase
cultures, grown from frozen stock cultures, were used as the
target cells.

3. Cytotoxicity Assay: Prepared cells, seeded at a density of
200 cells per plate, were exposed in triplicatz to an
" unspecified number of test wmaterial concentrations spanning
at least a 4-log dose range. After a 24-hour exposure to the
test material, the medium was removed and cells were
_incubated with growth medium for 9-10 days. Surviving
colonfes were fixed, stained, counted, and compared to the
number of colonies in the solvent control.

4. 1 _Transt jon A : Based on the results of the
cytotoxicity assay, five dases of test material estimated to
yield growth in a survival range of > 90 percent to < 50
percent were selected for the cell trassformation assay.

! : Prepared cultures. seeded with 200 or 2,000
cells/plate, were treated with the five selected doses of

"Only items appropriate to this DER have been included.

3 2" -
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the test materfial, solvent, or positive control. After a
24-hour exposure, the medium was removed and cultures
were refed with fresh growth medium. Cells seeded at the
lower density were used to determine the plating effi-
ciency. Surviving colonies in these plates were fixed,
stained, and counted after 9-10 days of incubation. The
remaining cultures, seeded at 2,000 cells/plate,  were
periodically refed with growth medium throughout the
6-week incubation period. At the conclusion of incuba-
tion, cells 1in the transformation plates were fixed,
stained, and scored for transformed foci.

b. Scoring Transformed Focl: 2 focl were scored by the
criteria of Reznikoff et al.” as follows:

Type I--Densely stained areas, composed of tightly
packed cells.

Type 11--More densely stained areas than Type I, with
piling up of cells and overlapping nuclei.

Type 11I--Highly polar'. piling up of cells, composed of
areas exhibiting crisscrossing at the interface
_of the focus and monolayer.

Evaluation Criteria: The assay was considered positive if a
dose-response relationship was apparent or the incidence of

plates with Type III foci at one dose level was significantly
higher than the historical untreated and solvent controls.

The incidence of plates with Type III foci was statistically
compared to the historical unitreated and solvent controls by
the -Fisher Exact test.

valuation Criteria for Postive ntrol: Results for the
positive control were not ana yzed by statistics: the
protocol stated that the positive control group must yleld an
incidence of at least 15 percent of the plates with Type [II
foci for the positive control to be considered acceptable.

8. Protocol: See Appendix B.

2c. A. Reznikoff, 0. W. Brankow, and C. Heidelberger. gstablishment and
characterization of a cloned cell Tine C3H mouse embryo cells sensitive -
to postconfluence inhibition of division. Cincer Res. 33(1973):

3231-38.
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12. REPORTED RESULTS:

Cytotoxicity Assay: The preliminary cytotoxicity assay was conducted
with. 14 concentrations of the test materiz). ranging from 0.1 to

1000 ug/mi, two doses of the positive control, OMBA, and the
solvent control. Precipitation of Dithane M-45 occurred at al) doses
above 5 wg/mL, and no cells survived doses ranging from 2.5 to
1,000 ug/ml. Increasing survival (3-81 perceat) was observed in a
descending dose-related manner for the resaining test concentrations
(1.0-0.1 yg/mL). Percent survival for 1.0 and 2.5 ug/ul  DMBA,
the positive control, was 59 and 56 percent, respectively.

%rgg?omyon Agg%xz Based on the preliminary cytotoxicity
ndings, doses selected for the transformation assay were 0.05,
0.15, 0.25, 0.4, and 0.5 yg/mL. The concentration of OMBA used was
0.5 wg/m.. Twenty replicates were plated for the five selected
doses of the test material and untreated and positive controls; 30
replicates were used for the solvent control. Plating efficiency was
determined from the counts of triplicate plates for all test doses
and controls. Following exposure, survival ranged from 14 to 96
percent for doses spanning a 0.5 to 0.05 yg/ml concentration range.
No Type III foci were found following exposure of the cells to five
doses of the test material; statistics were, therefore, not per-
formed. Representative data from this assay are presented in Table 1.

13. SIUDY A RS' CON ALITY A | RES:

A. The authors concluded, *"This study demonstrates that Dithane M-45
- produces no adverse effects in the Mawsalian Cell Transformation
Test under the conditions specified.”

8. A quality assurance statement was signed and dated November 14,
1984. ' : ,

14. REV RS! AND INTERPRETATION OF YR IS:

It is our assessment that the study was properly conducted and the
authors® interpretation of the data was correct. There was a
dose-related increase 1n cytotoxicity that accompanied exposure to
{ncreased doses of the test material. Since no validated exogenous
metabolic activation system curreatly exists for this test, using the
C3H/10T 172 transformation assay in the absence of S9 activation is
acceptable.” The sensitivity of the test system to detect the

. )
C. Heldelberger, A. E. Freeman, R. J. Pienta, A. Sivak, J. S. Bertram,
8. C. Casto, V. C. Dunkel, M. W. Francis, T. Kakunaga, J. B. Little, and
L. Schechtman. Cell transformation by chemical agents--a review and
analysis of the literature. A report of the U.S. Environmental Protec-
tion Agency Gene-Tox Program. Mytat. Res. 114(1983): 283-38S.

5 , 00
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TABLE 1. Representative Results of the CIH/I0T 1/2 Transformation Assay
. with Dithane M-45

=z

No. Plates . No. Plates
w/Type II- % w/Type 111 % .
fFocl/ Replicates Focl/ Replicates
Dose % Total Mo. w/Type I  Total No. w/Type [
Substance (ug/mL)  Surviva™ geplicates Focl Replicates Foct
Negative Control i
Culture Media - 99 0/20 0 0720 0
Solvent Control
Water -~ 100 0730 0 0730 0
Positive Control
7.12-dimethyl- .
yenzanthracene 0.5 18 5720 25 9s20 45¢
Test Materia) ,
Oithane M-45 o> 14 1/20 5 020 0
a
Mo. of colonies with test dose X 100

No. of colonies with solvent control

b

Mighest dose tested; values for transformation assay at lower doses (0.4, 0.25, 0.15,
.and 0.05 ug/ml) were comparable to the solvent control. Perceat survival at these
doses ranged from 26 percent at 0.4 wg/ml to 96 percent at 0.05 yg/mL. These data
were, therefore, not selected as representative. -

Cpositive by the authors' criterion; > 15% increase in plates with Type III fact.
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2

induction of transformants was adequately - demonstrated by the
positive. control, 0.5 wg/mL DMBA, although this dose was equal to
the highest dose of Ofthane M-45 assayed. Hence, the. assay system
appeared to have the appropriate enzymes to metabolize OMBA to a form
that 1s active for inducing cell transformation.

Item 15--see footnote 1.

16. CBI APPENDIX: Appendix A, -Materials’ and Methods,  CBI -pp. 1-7;
Appendix 8, Protocol, CBI pp..15=22. . L E—
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APPENDIX A
Materials and Methods
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CONCLUSIONS:-

A. Under the conditions of the assay, ethylenethiourea at 333 ug/miL
did not cause an increase in the number of transformed foci either
in {nitiated or uninitiated C3H/10T 1/2 cells at a presumed
maximum tolerated noncytotoxic dose. However, the assay was
conducted with only one test dose, which may not be sufficient to
conclude that the test material s not an in vitro tumor promoter.

8. The study is unacceptable because a single dose level is not suf-
ficient for establishing promoter action. :

RECOMMENDATIONS:

or. Cralg J. Boreiko,® a noted expert on initiation/promotion
assays, -recommends the use of more than one dose level because pro-
moters frequently induce erratic and nondose-related effects. In lleu
of established guidelines for initiation/promotion assays, we feel his
suggestions should be considered. We, therefore, recommend that the
test material should be assayed at more than one dose or the autho

should justify the use of a single treatment level. :

Items 9 and 10--see footnote 2.

11. HMATERIALS AND METHOOS {PROTOCOLS) ¢

A. Materials and Methods: (See Appendix A for details.)

1. Test Material: Ethylenethiourea, sample T0 83-223, lot No.
088-36, had a purity of 99.8 percent and was dissolved in
dimethylsulfoxide (DMS0).

2. Cell System: Clone 8 of C3H/10T 1/2 mouse erbryo fibroblast
cells was obtained from Dr. Charles Heidelberger, University
of Southern California, Los Angeles. togarithmic phase cul-

.tures, grown from frozen stock cultures, were used as the
target cell.

‘;Boreiko. C. J., Chemical Institute of Toxicology, Research Triangle Park,

NC, personal communicatfions.

’nnly {tems appropriate to this DER have been included.
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not determined for uninitiated or initiated cultures ex-
posed to the test material, but was ‘dete-mined for se-
Jected controls. Surviving colonies on these plates were
fixed, stained, and counted after 9-10 days of incuybation.
Throughout the approximately 6-week ‘promotion phase, cells
were continuously refed with media containing the test
dos?, solvent, or control promoters. At the conclusion
of incubation, cells 1in the transformation plates were
fixed, stained, and scored for transformed foci.

b. Scoring Transformed Foci: Foci were scored by the cri-
teria of Reznikoff et al. as follows:-

Type I-- Densely stained areas, composed of tightly
packed cells.

Type II-- More densely stained areas than Type I with
piling up of cells and overiapping nuclei.

Type 111-- Highly polar, piling up of cells, composed cf
areas exhibiting crisscrossing at the interface
of the focus and monolayer.

5. Evaluation Criteria: The assay wis considered positive if an
increase in Type III foci was observed. If an appreciable
{ncrease in Type IT foci occurred, the test would be repeated

with more replicates and/or wore or different test concentra-
tions.

6. Evaluation C riteria for Positive Controls: The positive
*complete® carcinogen control, OMBA, must yleld an incidence
of at léast 15 percent of the plates with Type Il focl to be
considered valid evidence of test system sensitivity. Simi-
larly, the promoter control, TPA, must increase the incidence
of plates with Type III foci relative to the initiating agent
alone for the assay to be considered acceptable. The percent
increase was not -specified.

7. -The data were not statistically analyzed.
8. Protocol: See Appendix B.

'Reznikoff, C. A., Brankow, 0. W., and Heidelberger, C. Establishment and
characterization of a cloned cell line C3H mouse embryo cells sensitive

to postconfluence inhidition of divisfon. Cancer Res. 33(1973):
3231-38.
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Cvtotoxicity Assays:

2. Range-Finding Cytotoxicity Test: Prepared cells, seeded

at a density of 200 cells per plate, were exposed in
tripiicate to three concentrations of the test material.

Cells were exposed either for 24 hours or continuously
throughout a 9-day incubation period. After the 24-hour
exposure, the medium was removed and cells were incubated
with growth medium for 8 days. Survivimg colonies for
both exposures were fixed, stained. and coented.

L 4]

seeded at a dens1ty of 2000 cells per plate, were exposed

to the initiating agent, 0.5 ug/mL ll-nethyl«l'-uitro-u-
nitrosoguanidine (MNNG), for 4 hours. Five and 9 days
after initiation, cell viability was determined from three
control cultures. The remaining cultures were contin-
uously refed with media containing the three selected test
doses or the solvent control; viabllity sas monitored
dafly for 4 days and on alternate days thereafter until
termination of the cytotoxicity test, day 11 after
initial treatment with the test compound. A growth curve
was plotted (total. number of cells ws. ddys post-
treatment) to determine growth imhibition.

Cell Trgngfomagiog Assay for Promotion: Based on the com-
bined results of the cytotoxicity assays, & single test dose
was selected for the cell transformation test with promotion.

a. Exposure: The -appropriate number of prepared cultures,
seeded uith efther 200 or 2000 cells/plate, were treated
with the following agents: 0.5 yg/ml MMNG, 0.5 percent
acetone (MNNG solvent), 0.5 wg/ml. 7,12-dimethylbenzan-
thracene (DMBA), or 1.0 ug/ml 3—uethylcho'lanthrene
(MCA). Exposure to the initiating agents, MKHG or ace-
tone, was terminated at 4 hours; the exposure period for
DMBA or MCA was 24 hours. Five days after dosing, ini-
tiated cultures were rofed with media coataining the se-
lected dose of the material being assayed for promoter
activity, the solvent controls, OMSO or acetone, or the
known promoting ageat, 0.25 ug/al lz—o-tetndecanoyl-
phorbol-13-acetate (TPA); this treatment was continued for
§ weeks (promotion phase). Therefore, a single dose of
the test materfal was exposed to 20 replicates- of un-
treated cells, 20 replicates of MMNG-Initiated cells, or
20 replicates of acetone-treated cells. The remaining
control groups, OMSO or TPA, were similarly added to 20
replicate untrested or preinitiated cultures. Cultures
treated with OMBA or MCA were not exposed to promoting
agents because these compounds do not require promoter
action to transform cell cultures. Plating efficiency was
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12. REPORTED RESULTS:
Cytotoxicity Assays:

a. Range-Finding Cvt otoxicity Test: The preliminary cytotoxicity
_ssays were conducted with 100, 333, and 1000 ug/ml of the test
material. Following a 24-hour and a 9-day continuous exposure,

. cytotoxicity was not evident at any dose tested.

b. toxicity A with [nitiatin nt: Cultures preinitiated
with 0.5 yg/mL WNNG were continuously exposed to 100, 333, ar
1000 ug/mi. of the test material. Based on the reported growth
curve resylts, a 60 percent tnhibition of cells was plotted at day
4 for the highest dose. By day 7, cell growth at this level was
22 percent less than the solvent control. At 333 ug/mi, growih
inhibition (30 percent) was plotted for day 4; however, by day 7
cells exposed to 333 wg/mL recovered and exceeded the growth 'fin
the solvent control group. Throughout the remaining incubation
period, cell growth at this test level consistently exceedd
growth in ‘the solvent contro}. - Based on. these findings, 333 g/ O
ml was selected for the transformation assay for promotion. B

c. Transformation Assay with Promotion: The selected dose, 333 ugy/
s, was continuously applied to untreated and acetone-/ or HNRE-
pretreated cells. No foct were observed on untreated or acetoqe-
treated test-dose-promoted plates. Fifteen percent of the plates
containing cells initiated with MUNG, promoted with 333 ug/mil,
had Type II foci; no Type III foci were scored. Representatiiwe
results are shown in Table 1. ,

13. STUDY AUTHORS' C JQUALITY N RES:

A. The authors concluded, °This study demonstrates that ethylene—
thiourea does not promote morphological transformation in the

Mamsalian Cell Transformation Test for Promotion under the com-
ditions specified.”

B. A quality assurance statement was signed and dated March 23, 1985.

14. y : ; N PRETA F R X5:

It is our assessment that a properly designed study was conducted, and
the authors' interpretation of the data was correct. No jn vitro
assays to detect tumor promoters have been validated and probably must
await the clearer understanding of tumor promotion mechanises befare
their use in screening programs can be fully realized.
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TABLE 1. Representaﬂve Results of the C3H/10T 1/2 Transformation Assay for

Promotion with Ethylenethiourea (ETU)

; Subgtggcg‘ : ';’:éep}it::c:; % Replicates T:;; :}gt::c‘;; % Replicates
‘ Init!ator Promoter ;:;ﬂc'a‘:;s, :iy;tiz 1X Focl ;mlc::;s ‘1";;: 111 Foct
#gg g‘;tivg Control
Media Hedia 0/20 0 0/20 0
Solvent Control
Media DHSO (0.33%) 0/20 0 0/20 0
Acetone (0.5%) OMSO (0.33%) 0/20 0 0/20 0
MNNG (0.5 wg/mL)  OMSO (0.33%) 2/20 10 0/20 0
positive Control
OMBA (0.5 wg/mL) - 6/20 30 8/20 4Qb
HCA (1.0 wg/mL) - 12/20 60 10720 s0b
MNNG (0.5 wg/mL)  TPA (0.25 wg/m) 11/20 55 9/20 4s¢
!e;; §gg§.tance
Media , £TU (333 ug/mL) 0720 0 0/20 0
Acetone (0.5%)  ETY (333 yg/mL)  0/20 0 0/20 0
MNNG (0.5 wg/mL)  ETU (333 yg/ml)  3/20 15 0720 0

‘nnso = Dimethylsulfoxide
HNNG = N-nethy'l-u'-ﬁitm-uonitrosoguanidine

TPA = lzﬁoofetradecanoﬂ-phorbol'-l3-acetate
DMBA = 7,12-Dimethylbenzanthracene
HCA = 3-Methylcholanthrene

bPositive by the authors® criterion (2 15% increase in plates with Type III foci).

Cpositive by the authers® criterion (increased incidence of plates with Type 11 foci &
compared to initiating agents alone). 6 8%
7 . {
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The authors "stated, in accordance with Frazelle et al.®, that *a
non-toxic concentrztion of test compound is the maximum tolerated dose
for assessing promoting activity in this assay.®.

We confirmed this statement with Frazelle and #oreiko® who fndi-
cated that the majority of promoters are noncytotoxic. Boreiko®
recommended, however, that more than a single dose should be assayed
(five doses of an unknown agent are routinely evaluated in his labo-
ratory) since promoters frequently induce erratic and nondose-related
effects. Although ethylenethiourea was negative at the: selected con-
centration, it is ‘possible .that 333 yg/mL was fnot the effective

level and tumor promotion could have been detected if more doses were
evalyated.

Ko established guidelines exist for initiation and promotion assays.
Since Dr. Boreiko 1s a recognized expert in this area, his recom-
mendation should be considered appropriate in 11eu of published guide-
Yines. It is our assessment, therefore, that the results reported by
the authors are fnsufficient to support the conclusion that ethylene-
thiourea does not promote neoplastic transformation in this assay.

The ability of the known tumor promoter, TPA (0.25 wg/mL), to induce
neoplastic transformation 1in initiated cells was demonstrated.
Similarly, the direct induction of trimsformants by DMBA (0.5 ug/mL)
and MCA (1.0 ug/mL) was adequately shcwn. Although no criteria were
presented to evaluate a positive effect with MCA, we assumed that the
criterion reported: for OMBA (> 15% increase 1in plates with Type III

foci) applied to both polycycliic aromatic hydrocarbons.

Item

16.

15—see footnote 2,

CBI APPENDIX: Appendix A, Materials and Methods, C8I pp. 1-8, page §
missing; Appendix B, Protocol, CBI pp. 17-30. g

“trazelle, J. H., Abernethy, 0. J., and Boreiko, C. J. ODetermination of

in

cell culture conditions optimal for the study of fnitiation and promotion

C3H 10T 1/2 cells. Environmental Mytagenesis 4(1982): 331-332.

'Sanchez. J. H. (nee Frazelle) and Boreiko, C. J., Chemical Institute of
Toxicalogy, Research Triangle Park, NC, personal communications.

*Ibid.

-

635425




APPEKDIX A
Materials and Methods
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