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MEMORANDUM
SUBJECT: Mancozeb - Mutagenicity Studies Submitted Under
MRID Nos. 40810201 to 40810205 and 40778901
EPA ID No. 4581-358
TOX Chem No.: 913A
TB Project No.: 8-1161
XD Record No..,/231070 —
FROM: Irving Mauer, Ph.D., Geneticist ‘/2{““° L /a/a .
Toxicology Branch I - Insecticide’ Rodent1c1de Suppert
Health Effects Division {TS-769C)
TO: Lois A. Rossi/Susan Lewis, 7M Team 21
Fungicide—-Herbicide Branch
Registration Division (TS-7¢7C)
THRU: Judith W. Hauswirth, Ph.D., 3a:zing Branch Chief

Toxicclogy Branch I = Insec:i:i:e, Rodenticide Support
Healtn Effects Division (T3-763C) ?M4L“29 as . fﬁ*“‘“‘*“‘

1//.1/3?
Registrant: Pennwalt Corporation
Agcnem Division
Philadelphia, PA
Reguest
Review andé =2valuate the follow.". -.tijenicity studies,
all performed £cr the registrant 5, - - - .a2ingdon Research

Centre, Cambridgeshire (England):

7ol, 2 - Bacterial DNA Re...:.: I35t to Assess the
Potential of Man. - . Tw:nnical to Cause
DNA Damage. Hw.:... .: . =@search Cesntrs
Ltd., Project . ... 7 586376, April 21
1986. (MRID n.. + -..... gy
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~ol. 3 - Analysis of Metaphase Chromosomes Oftainecd
from CZ0 Cells Cultured In Vitro anc
Treated With Mancozeb Technical.
Huntinsdon Research Centre Ltd., Prc’ ect
ID PWT 38/86855, October 7, 1986. {¥RID
No. 40810202)

Vol. 4 - An_Assessment of the Mutagenic Poterntial
of Mancozeb Technical in a Mammaliar Cell
Mutation Assay Using the Chinese Hamster
Ovary/2PRT Locus Assay. Huntingdon
Researca Centre Ltéd., Project ID PWT
41/861.25, Fe=bruary 11, 1987. (MRIZ No.
40810203)

Microbial Metabolic Activation Test to
Assess the Potential Mutagenic Effect of
Mancozz=> Technical. Huntirngdon Resszrch
Centre Ztd.. Project ID PWT 36/3637<%,
Februarv 9, 21988. (MRID No. 408102C4

(v}
1

Vol.

"ol. 6 - Micronucleus Test cn Mancozeb Technizal.
HuntinzZon Research Centre Ltd., Prz =ct
ID PWT 39/860637, July 21, 1987. (MEID No.-
407789-91)

"o1l. 7 - AutorzzZiographic Assessment of Unsczaduled
DNA Rezair Svnthesis in Mammalian Cslls
After Zxposure to Mancozeb Technica_.
HuntinzZon Xssearcn lenter Lti., Prz-ect
ID PWT 40/8363899, Octover 22, 1986, L MRID
No. 4C2210203;

surzmary of studies acceompanying
antc considers all oL the iz vitrz
2., volumes 2, ;, 1, 5, ard 7) to be iLnvall:z

. . . Mancozeb was Z:.ss0lvz2d in dimethyl sulfecxics

{SMSO; 1in which Mancozeb, as well as other Z3LCs ~ave

—een reported to be _.nstaczle. (Hence) . . . the =z=ztual
concentration of Marnzozeb Zsed in the stucdles Is _acertz.n.
adcition, severa. cther critical parameters in tnae

ricus studlies are z.uesticnable.
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TB Conclusions

Following are the reported results and our assessments
of the submitted studies (detailed reviews are appended):

TB
Volume Study Tvype Reported Results Evaluation
2 Bacterial Repair Positive for differential Inconclusive
toxicity at all doses because of data
(50-5000 ug/mL), more inconsistencies.
severe without activation.
3 Chromosome Damage Positive for dose-related Inconclusire
in vitro aberrations in a single because scme
assay conducted with/ procedurail
without activation. details nct
reported.
4 Gene Mutaticn in Negative for induction of Incenclusive
vitro HPRT mutants in CHO cells. |because scae
procedural
details ncz
reported.
5 Ames Test :Negative in repeat tests Inconclusive
§at cytotoxic doses. because of
{ . procedural
s deficienci=ss.
i
6 Mlouse Microrn:ocleus . Negative at doses of Acceptable

110,000 mg/kg, whica caused
itoxicity.

~1

DNA Repair i
Jepatocytes

-

;
:Inconsistent and speradicz
 increased gjrain ccunts in
‘replicate trials.

i
i

Unacceptatle
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Reviewed By: Irving Mauer, Ph.D., Geneticist iy
Toxicology Branch I - IRS (TS-769C) _—
Secondary Reviewer: Judi:h W. Hauswirth, Ph.D., gumkuaounxxd.//:/?9

Acting Chief, Toxicology Branch I - IRS (TS-769C) ngesg7
DATA EVALUATION REPORT
I.  SUMMARY TB Project No.: 8-1161

Caswell No.: 913A
MRID No.: 40810201
Shaughnessy No.: 0143504

/

Fhi

Study Type: Mutagenicity - DNA repair in bacteria (E. col
Pol A differential toxicity)

Chemical: Mancozeb
Sponsor: Pennwalt Corporation, Philadelphia PA

Testing Facility: Huntingdon Research Centre (HRC), UK

Title of Report: Bacterial DNA Repair Test to Assess the
Potential of Mancozeb Technical to Cause
DNA Damage.

Authors: E. Jones, L.A. Farmer, and A.L. Thompscn
Study No.: WT 37/36376

Date of Issue: April 21, 1936

TR Conclusions:

Presumptively positive for the induction of
ifferential toxicity at doses ranging from 50 tc 50890
ug,mL, with greater toxicity shown in the absence of
metabolic activation.

Clzazssification (Core-Grade):

Inconclusive, secause c<f£:

1. Wide variacility in respcnse to tne test article
between regsat assays conducted at idenctizal
dosages; and

Inconsistency 1n r2spons=2s 2f the contrzis.
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DETAILED REVIEW

A. Test Material - Mancozeb technical

Description: Greenish-yellow powder

Ratch (Lot): BLI.850930)

Purity (%): (Not stated)

Solvent/carrier/diluent: Dimethylsulfoxide (DMSO)

B. Test Organism - Bacteria

Species: Escherichia coli

Strain: K12, W311l0 (Pol A+, wild-type repair
proficient); K12, p3478 (Pol A~, repair-
deficient)

C. Study Design (Protocol) - A generic protocol was
provided and authscritative references listed. Both a
Quality Assurance Statement and an assertion of
compliance with GLPs were included in the Final Report.

D. Procedures/Methods of Analysis - As described in the
protocol (Appendix 1 of the Final Report), parallel
suspension cultures of the two strains were exposed to
f£ive concentrations of the test article, incubated for
1 hour in the absence or presence of a mammalian metabolic
activation system consisting of Aroclor 1254-stimulatec
rat liver homogenate (S9) plus cofactors (S9 mix), then
mixed in soft agar, and mean numbers of survivors {colo-
nies) per treatment group (4 individual plate counts
eacn) assessed after a further 24-hour incubation. Each
series of cultures included negative controls (the solvent,
DMSO alone, or with S9 mix) and positive ~trols {methvl-
methanesulfonate, MMS, in the absence of -:, and 2-amino-
fluorene, 2-AF, under activated conditions); an additional
~on+trol for nonactivated culcures was provided by the
antibiotic, chloramphenicol (CAF).

The entire assay was repeated once.

Th~> mean number of test survivors was comparz2d to
control values, and expressed as a surviwval index (SI',
calzulated by the ratio:

% Survival of Pol A™
3 Surviva. of pPol A’

authors, a positive response in

czcording to the in £his
asszv is indicataed by an SI < $.35, i.e., preferentzial
<illing ("differential toxicity") involving ine repalr-
def-ziant strain, plus a dose-respgonse ralationship.
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Results:

In both the initial and reneat assays, cell survival of
the mancozeb-treated pol A™ (repair deficient) strain was
less than that of pol A* in a dose-dependent fashion, as
indicated by the decreasing SIs with increasing dosage, as
shown on the page following.

Relative survival was more s2versly affected at identical
dose levels in the absence of activation than with the S9-
mix addition; even the LDT (50 ug/mL) elicited a positive
response without S9 (SIs of 0.53 and 0.07 in the two assays),
compared to activation (SIs near "normal,”™ 0.85 and 0.97).

The authors concluded that the ta2st article demonstrates
evidence of DNA-damaging potential ia this bacterial system.

TB Evaluation:

Inconclusive (presumptively posizive).

Studies of this type in bacterizl test systems are
difficult to interpret, mainly b2caus: the relationship
between differential toxicity anZ DNa-Jamage and its repair

is not well understood. Addlthna.L . the test system
employed here 1is inherently unstab 1=, 1s shown clearly in
this study by: 1) the wide varta:ii::; in response between
assays conducted at identical d»si;-s >f the test article;
and 2) the inconsistency in resz>nsi-e 7 the controls.

In a company review of this =-.: - submitted at the same
time, the conclusions of the testi~; 15 .=2re further
disputed because mancozeb was d-s;<i~-i in DMSO, in which
all EBDCs are said to be inher=nt’. 119taale. {and] Thus,
the results of this study are hiz~7y .mzertain." This
reported "instability,” however, ~:3 - t iccumented by
elither physicochemical data or - -7 = o,

Whatever the role of the 5 | - = iifferential
survival of cells possessing 2~ . : - © =n2 polymerase A;-
based repair system, and despi~ - - -5 zhan satisfactory
reproducibility in results, d-¢--- - 1t i=2creases in z21ll
survival SIs were found in rep-:o - : s these investi-
gators. Thus, we Jjudge that =+ .- .. ~ciormed adeguataly
and the results are wvalid. H «~ . ": the interpratationn.
of what these data mean in t=r—- ©:xicity (DNA Zamage)
or mutagenicity (DNA repair) :: - . -~ . ra2sults are zonsilderad
only presumptively positive, -: - © .y Inconclusiva.

REST AVAILABLe GOPY
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Reviewed By: Irving Mauer, Ph.D., Geneticist ;2%'[t,di~-“'\ Pl
Tcxicology Branch I - IRS (TS-769C)

. / . .
Secondary Reviewer: Judith W. Hauswirth, Ph.D:,%hZﬂkuaaawoudL /3187
Acting Chief, Toxicology Branch I - IRS (TS-769C :
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DATA EVALUATION REPORT
L. SUMMARY TB Project No.: 8-1161
Caswell No.: 913A
MRID No.: 40810202
Shaughnessy No.: 014504
Study Type: Mutagenicity - Cytogenetics in vitro (CHO/CA)
Chemical: Mancozeb

Sponsor: Pennwalt Corporation, Philadelphia, PA

Testing Facility: Huntingdon Research Centre, UK

Title of Report: Analysis of HMetaphase Chromosomes Obtained
from CHO Cells Cultured In Vitro and
Treated with Mancozeb Technical.

Authors: J. Allen, P.C. Brooker, A.M. Birt, and A. Howell
Study No.: PWT 38/868535

Date of Issue: October 7, 1986

TB Conclusions:

Presumptively positive Zor dose-related chromosome
aberrations in a single assay conducted both in the presence
and absence of metaboliic activation at doses up to the toxic
range.

Classification (Core-ZGrade): Inconclusive

Certain modifving factcrs nct accounted for in the
conduct of this studysas suggested by the sponsor, might hav
led to false positive results. The sponscr is requested tc
supply documentation to> support his contentions.
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II. DETAILED REVIEW

A. Test Material - Mancozeb technical

Description: Greenish~-yellow powder

Batch (Lot): BL.1.850930

Purity (%): 88.2

Solvent/carrier/diluent: Dimethylsulfexide (DMSO)

B. Test Organism - Mammalian cell cultures

Species: Chinese hamster ovary (CHO)
Strain: CHO-K; (BH4 subclone)
Sourca: BIBRA (British Industrial Biologiczl

Research Association)

C. Study Design (Protocol) -~ A formal protocol was act
included, but the study was stated to have 2een
conducted according to OECD Guideline No. 473 (1983),
as well as published procedurses.

GLP and QA statements were both incliuded.

D. Procedures/Methods of Analysis - Following oreliaminary
range-Zinding toxicity testing, cell cultur=s wsrs
axposed in duplicate for 20 hours to> test compouind at
final concantrations of 0.15, 0.75, 1.25, and 1.50
aL/mL, or to the solvent DMSQO, or t5 mitomvzin I [MMC,
0.4 ug/mi, as positive control). T> other sets =E
cultures were added a metabolic activation systzam
consisting of an Aroclor 1254-stimuliated rat hegatic
enzyme hcmogenate (S9) plus appropriate generating
cofactors (S9 mix), together with test compound 3t
concentrations of 2.5, 12.0, 20, or 25 ug/=L, cr

or cycloghosphamide (CP, 20 ug/mL, positive con:tr
After 2 Rours incuvbation, the media of such activ
cultures were replaced, then incubation continuszd

further 13 hours without test substance.
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At termination, all cultures <ere tr
{G.25 ug/nL), harvested 3 hours late
on microscope slides by conventional fi
techniqu=ss. One hundred metanhases per cu
2ach slifz2) wer2 examined for the oresence
or isochromatid gaps and breaks, exchanges, dicanzri
acentrics ("fragments"), rings, ancé other =ore :zcmplex
carrangements. Mzan percent of cells wit: chrimcsomal
erratisns in =ach Jdose qrous was Iompara2< o

- . ki

S

1t ®
hv}
-t
(1"
o
3,
by
(%}
(8]
e
o
Lot

e DY

Ot rn 230 ke

[RE]
(IR I & B

]

yrety e
A

oo

PRSI
{
'
"
Ot
= N
2

Vi)
i

~

1
D

o
isher's Exact Test, with leve

3N
.05, o < 0.91, and » < 2.001.

[T/ RN

5f srocabllizs

(-
[
~

o) s o
¢ o U
(g ]

r
Wty
(LY

'
N
<D




-~
£
-

(@]
(@0
Y
(¢ ¥)
“~J

Results:

In the preliminary range~finding test without S9,
mitctic index (MI, a measure of cell cycle delay, and zhus
indirectly of cytotoxicity) in test cultures fell from
control levels ( > 7.783%) to zero at concentrations between
1.56 ug/mL (MI = 10.05%) and 3.13 ug/mL, and above (Report
Table 1). The initial selection of 2.5 ug/mL as the top
dose for analysis in che main nonactivated assay was
abandoned, however, since the investigators reported
"extreme toxic effects” at this as well as the next lcwer
concentration, 2.0 ug/mi (but no data were presented). Thus,
the nonactivated portion of the main study was repeated at
the lower dose schedules of 0.15, 0.75, 1.25, and 1.50
ug/mL.

Activated mancozeb-treated cultures apparently fared
better, since the highest dose tested, 25 ug/mL decreased
MI to 40 percent of control levels (from 14.6% to 35.7%);
hence the dose schedule selected for the activated study
was 2.5, 12.5, 20, and 25 ug/mL.

Compared to control values ranging bntween 2 to Z percent
{(excluding simple "gaps,” nonstaining regions considerad by
authorities not to represent true aberrations), metaptase
analysis of mancozeb-tresated cultures revealed dose-related
increases in both the extent (mean proportion of aberrant
cells) and severity {(appearance of more complex chromcsomal
damage) under both concitions, but more conclusive in the
absence of activation (Report Table 2 attached to this DER).
Hence, the author concluded that the test substance wzs
positive for chromosomal. aberrations in this in vitro
cytogenetic test system.

TB Evaluation:

The investigators appeared to have conducted an zdeguate
evaluation of the test zagent's capacity to induce chrcmosomal
damage in CHO cells in vitro, resulting in dose-relats=d
aberrations with and wichout metabolic activation. The study,
however, can be considered only Inconclusive, and manzozed
only presumptively posizive pending:

1

.. Repetition cf :tne entire assay to confirm ths
results of this trial, insofar as the incduction of
cnromosome aberrations appears to have occurcad at
minimally toxi:z concentrations {using MI as zne

measure - toxicity). This repeat should also
include .gtarminations of cytotexicity 2f pesitive
controls.
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Specification of such cell culture conditions in
mancozeb treatment flasks as pH and osmolarity,
since extreme variation in both may affect the
integrity cf chromosomes and other cellular
components to produce false positive results.

[NB: 1In cover documerts to this submicsion, the sponsor suggests
just such an explanation for the positive result in this test,
and offers several moderating factors, e.g., that: a) cell

survival is
(presumably
Mancozeb as
the solvent
chemical(s)
¢) Reported

Howaver, no
acssertioas.]

Attachment

reduced at cytogenetically effective concentrations
inducing cytotoxicity other than changes in MI). b)
we.l as other EBDCs are chemically unstable in DMSO,
used in this study (thus, it is unclear to what

and concentrations the cells were actually exposed).
negative results in similar studies by others.

documentation was presented to support any ¢f these




(a) Without metabolic activation
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TABLE 2

Effect of Mancozeb techniczl on the chrososomes of cultured CHO cells

Culture Test agent Con entrationf MNo. No. aberrations Aberraticns No. 3 Ro. %
no wg/ml cells per 100 cells aberrant | mean | akerrant | Nean
examined cells cells
Excluding|Including{Iar|{sur|ar|1|su|ripia|cTlP{1S0|CcR {excluding {includcng
geps gaps geps) qapsis
83 100 '] 1 1 ] 1
a4 dimethyl-~ 10 pisml 100 2 4 2 2 2 1.5 4+ 30
8 sulphoxide 100 3 ] 3 1 1 3 4
86 {solvent control} 100 1 3 1 2 1 3
17 0.15 100 3 4 3 1 2 1.5 2.0
L1 ) 100 4 4 4 1
89 0.7 100 s 10 S 1 4 5 bl ! *
90 Mancozeb 100 14 27 10 2 2 13 6 3.5 11 9.5
technical
91 1.2% 100 26 37 114 31 4 21 141§ 1 |10 14 i 16 ] aikd
92 100 33 42 21 1j61 ¢ 11 8 15 14.5 21 j18.5
93 1.8 41 56 76 i o8 2 3 4 12 bl 12 il
94 36 87 8 14 1§ 31 1] 212 4 9 2.3 10 28.57
103 sterile 10 ui/mi 100 2 3 2 1 2 ; 2.0 3 { 23
104 vater distilled 100 2 3 1 1 1 2 M 2
10% mitoaycin C 0.4 100 13 16 $ 1 2 411 3 10 = 10 { *
106 100 10 1 10 1 6 5.0 ] 3 iy 83
¥ith setabolic activation
ature Test agent Conclntrlucni Ko. Q. aberrations _Aberrations #o. L3 Mo 3
s wq/ml cells per 100 cealls aperrant | Nesam | aberrant Hean
.axasined cells cells
§ Excluding|Including{IBr{swrisri{l [c|ssi{riojalcrie{1soicur {excluding {1ncludiag
i g8ps gaps gaps) qaps;
¢ ! 100 12 20 s s{ | : a 6 1
disethyl-~ 10 Li/ml 100 3 6 2 1 3 3 13 $ Y
£ sulphoxide 100 [} 3 3 0 2 :
=4 {solvent control) 100 4 7 2 1 3 3 [ ;
L3 i 2.s 100 H 7 4 1 2 <3 [ Y
3 f 100 6 [} 3 1 4 2 H
2z 12.5 100 14 19 1 7 3 3 1 4 9 Sz 11 ‘ 7
is Rancozeb i00 2 3 1 1 1 2 3] »
technical
it 20 . 100 15 19 1 |10 3 1 4 i1 e 12 A
ts : 100 6 12 2 4 5 5 33 7 .
- 25 HE ) 10 19 H 1 2 s s e s .
3 ;100 13 16 5 6 1 3 9 73 11 ;33
K , sterile 10 wl/el 100 4 7 2 e 3 4 i3 H] + 208
s !; vater distiiled 100 2 2 H .1 2 § 2
i i
N ijcyclophospnsside 20 34 28 34 7 1171] <il I B ° i8 baaded 20 ek
o :00 <o 62 12z | efis]i] = i ] ] 1 25 3 3 s s
ftatistical anelysis used vas Fisher s -est IBF lsochrosstid bresk with fragament SN Single minute
22 g 001 B¥F Chrosatid breax vith fracmen: 4  Acentric iragment
e peg 51 BF Chromatid bresx vithout Iragnent ST Greater “nan 10 aber-ast.:rs
t B3 oe i Interchange P Pulver:iszed cell
lthefe.se ERRTT < Compiex rearranqgesent 150 Isoci.rcmstid gap
& #ing IHR Chroest.s gap
o Jdicentr:ic
: h‘ R SN = I S — Al -/
L ) - - ;-
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Reviewed By: Irving Mauer, Ph.D., Geneticist /f1727?8"

Toxicology Branch I - IRS (TS-769C)

A

Seconcary Reviewer: Judith W. Hauswirth, Ph.D.,
ing Chief, Toxicology Branch I - IRS (TS-769C) 9“‘“’*'

WEVES

DATA EVALUATION REPORT

SUMMARY TB Project No.: 8-1161
Caswell No.: 913a
MRID No.: 40778901
Shaughnessy No.: 014504
Studv Type: Mutagenicity - Cytogenetics in vivo (Mouse MT)
Chemical: Mancozeb

Sponsor: Pennwalt Corporation, Philadelphia, Pa

Testing Facility: Huntingdon Research Centre, UK

Title of Report: Micronucleus Test on Mancozeb Technical.

Authors: J.A. Allen, R.J. Proudlock, and L.Z. Pugh
Studv Mo.: PWNT 39/86637

Date of Issue: July 21, 1987

TB Conclusions:

e test substance did aot induce micronucla2i in bzone

marrow zells (evidence of chromosomal damage) 2f animals
treated orally at 10,000 mg/k3, which causei scme clinizal
2ffa2cts 2s well as cytotouicity.

Classification {Core-Grade): ACCEPTABLE
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II. DETAILED REVIEW

A. Test Material - Mancozeb technical

Description: Greenish-yellow powder

Batch (Lot): BL.I.850930

Purity (%): 88.2%

Solvent/carrier/diluent: Aqueous 1% methyicellulose (AMC)

B. Test Organ.sm - Rodent

Species: Mouse

Strain: CD-1 (SPF) outbred (Swiss origin)
Age: 35 days

Weights: Males/Females combined -~ 22 to 24 g
Source: Charles River (UK), Margate

C. Study Design (Protocol) - A formal protocol was not
presented, but the procedures wers based upon OECD and
EEC Guidelines for this type of assay, supported by a
reference list of published authorities in the field.

Statements of compliance with FIFRA GLPs and gualitvy
assurance were both included in the Final Report.

D. Procedures/Methods of Analysis - following preliminary
toxicity testing at doses up to 8600 =mg/kg, mice (13
males, 15 females) were gavaged once orally with thes
maximum administrable amount of the test compound in
methylcellulose, 10,000 mg/kg. A comparable group of
animals was given snlv the AMC vehicle, while 5/sex were
administered mitomyvc: T (MMC, 8 =g9/kg) and served as
positive control. 3roups of S5 maies and 5 females =ach
were sacrificed at three times after d.sing: 24 hours
(including all of the positive group), 48, and 72 hours.
Femoral bone marrow smears (2 per animai) were preparad
by conventional technigques and 1000 polychromatic
zrythrocytes (PCE) »er animal scorsd for the presencs »f
micronuclei (repres=2nting fragments of broken sthromcsomes,
or lagging whole chromosomes). Thx2 ratio of PCE tc
normochromatic erytarocytes (NCE) In 1000 2rythrocytes
Wwas also Jdetermined, as well as tn2 incidence of
micronucleated NCE.

Wilcoxon's sum-of-ranks t=2st wWwas .sed to assess
significant diffarances {p < 0.03! in mean inzidencas
2f micronucleated FTR Cenwes2n 3rT.0S.
Resuits:
No animals “Fied in any group in 2ithar the zreliminary
rast or main test. Tlinizal koxicity was minimal, Ionsis:t
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mainly of slight and transitory piloerection, hunched posture,
and ptosis in high-dose mancozeb animals (4000, 8000, 100,000
mg/kg), which began within an hour of dosing, and disappeared
5 hours later (Report Appendices 1 and 2).

Compared to highly significant increases (p < 0.001)
in the frequency of micronucleated PCE from animals treated
with MMC (16.6/1000 vs. 0.8/1000 in the vehicle control),
no significant increases were found at any time period for
mancozeb treatment (Report Table 1, attached to this DER,
which is a summary of individual animal data presented as
Report Tables 2, 3, and 4).

The values recorded in the present experiment were
comparable to this laboratory's historical control of results
for 2830 animals gathered over the previous 6-year period of
an individual animal mean incidence of 0.87/1000 m—-PCE, with
group means ranging from 0.1 to 2.5 for experiments with 10
animals in the control group (Report Apgendix 3).

As anticipated, no increases in the incidence of m-NCE
were found in either the mancozeb or MMC group.

Slight but statistically significant decreases from
concurrent control values in PCE/NCE ratios were rscorded at
the 48-hour (p < 0.05) and 72-hour (p = 0.001) kill times,
suggesting bone marrow cell toxicity caused by mancozeb.

However, these mean p/n values for both treated and control
groups were within the range of vehicle control values
recorded by this lab for 11 other experiments, an overall
mean of 0.96, range 0.625 to 2.799. Thus, the authors
discounted these decreases as representing evidence of
cytotoxicity, since no comparable concurrent decrease was
seen at 24 hours, and there was no trenc in the racios
with time. A small but statistically significant ZJecrease
(p = 3.001) in the p/n ratio was also seen Iin posi:zive
controls, 0.664 probably representing tne initial stages of
Zyktotoxicity according tc the investigators.

The authors concluded that mancozeZ technical was not
mutagenic by the oral route in this in vivo test.

TB Evaluation: ACCEPTABLZ

The study rapresents zn adequate assessment -I the lack
~f pcrtential for mancozed technical to inducte micronuclel Ln
sone marrow ce.ls (evidenc2 »f chromoscmal Zamage. 2f animails
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treated orally at a high enough dose (10,000 mg/kg) to cause
as well as suggestive evidence of

some clinical toxicity,
cytotoxicity.

attachment

~,
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TABLE 1

Summary of results - group totals/means for the entire
experiment and results of statistical analysis

Kill Compound Ratio p/n Incidence Incidence
& mnp mnn
dosage
Mean P Mean P Total
S/00 9/00
vehicle control 0.911] =~ 0.8 - 0

24 hour |Mancozeb technical [0.830]0.197] 0.6 0.658 Q.2
(10000 mg/kg)

mitomycin C

! (8 mg/kg) 0.664{0.001(16.6 |<0.001 0.6 i
i vehicle contrel 0.8%8} - 0.6 - o]

548 hour |Mancozeb technical [0.735{0.045]| 0.9 0.264 0.2

f (10000 mg/kq)

, vehicle control 1.089) - 0.8 - [

272 hour Mancozeb technical [0.838{0.001| 0.6 3.824 0
; {10000 mg/kg)

i
1

P Resault of statistical analysis using Wilcoxon's sum of
ranks test (l-sided probab-.lities)
p/n  Ratio of polychromatic to nczrmochromatic erythrocytes
mnp Number of micronucleated polychromatic erythrocytes obserwed
mnn  Number of micronucleated normochromatic erythrocytes observed
9/0c0 Number per thousand cells



e

\l} /r’, ‘,L" &

.- L€t XY
Reviewed By: Irving Mauer, Ph.D., Geneticist / n/// /-2 -1 7
Toxicology Branch I -~ IRS (TS-769C) ‘ -

Secondary Reviewer: Judith W. Hauswirth, Ph.D., ; k;,ﬂha44au4n;42L
Acting Chief, Toxicology Branch I - IRS (TS-769C) a //d/§‘7

DATA EVALUATION REPORT 0(3519237
A\

SUMMARY TB Project No.: 8-1161
Caswell No.: 913A
MRID No.: 40810204
Shaughnessy No.: 014504

Study Type: Mutagenicity - Gene mutation in bacteria (Ames
Test)

Chemical: Mancozeb
Sponsor: Pennwalt Corporation, Philadelphia, PA

Testing Facility: Huntingdon Research Centre, UK

Title of Report: Microbial Metabolic Activation Test To
Assess The Potential Mutagenic Effect of
Mancozeb Technical.

Authors: E. Jones, L.A. Fenner, and A.L. Thompson

Study No.: PWT 36/86374

Date of Issue: February 9, 1988

TB Conclusicns:

Reportedly negative in repeat tests at doses into
cytotoxic levels. However, considered not stable in
solvent.

Classificaticon (Core-Grade): Inconclusive
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DETAILED REVIEW

A.

Test Material - Mancozeb technical

Description: Yellow/green powder

Batch (Lot): (Not given)

Purity (%): 88.2%

Solvent/carrier/diluent: Dimethylsulfoxide (LMSO0)

Test Organism - Bacterial cultures

Species: Salmonella typhimurium and Escherichia
coli
Strain: S. typhimurium: TAl535, TA1537, TA1538,
TA98, TAl00; E. coli: WP2uvrA
Source: UCal, Berkeley (Dr. B.N. Ames); and NCIB,
Aberdeen, UK

Study Design (Protocol) - A study protocol was presented
as Appendix I of the Final Report, based on the OECD
Guideline #471.

Statements asserting both compliance with FDA GLPs, as
well as auditing for quality assurance were incluced.

Procedures/Methods of Analysis = Following dose range-
finding tests, plate cultures of bacteria were exposed
in triplicate to the test article at five concentrations
ranging up to 150 ug/plate, in the absence or pres=nce
2f a mammalian metabolic activation system consistiIng of
Aroc.or 1254-stimulated rac liver mi:rosomal homogsnate
(S9) plus generating cofactors (S9 mix). After 72 hours
incupation, mean numbers of revertent colonies for
treatment groups were compared to control values.

e
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Positive control substances appropriate for ech
bacterial strain and activation condition were employed
concurrently.* The entire assay was repeated once.

A compound is considered positive by this lab if
statistically significant dose-related ilncreases in mean
revertant counts are obtained in two separate experiments.
[However, no further details were provided on the statistical
analyses employed, nor any bibliographic references.]

Results:

The preliminary range-finding study was conducted at
concentrations of 5, 50, 500, and 5000 ug/plate, and
cytotoxicity determined by reduction in revertent colony
counts and/or absence of a complete background bacterial
lawn. No lawn was evident at both of the higher doses in
all strains treated in the presence or absence of SS9 mix
(Report Table 1). Therefore, a concentration of 150 ug/plate
was selected as the top dose for the initial mutation assay,
together with _ower doses of 50, 15, 5, and 1.5 ug/plate.

In this trial, the HDT proved to be toc toxic
(incomplete bacterial lawn) in nonactivated cultures (only).
but at no test concentration {(including 150 ug/plate under
activation) were any significant increases cwver solvent
control values in revertent colonies recorded under either
condition in any of the six bacterial strains (Summary
Report Table 2, mean revertent counts, attached to this DER,
summarized from individual plate counts in ZReport Table 3).

*Positive Controls

With S~9 mix:

2-Amincanthracene at 2 ug/plate for TAl535 and TAl537.
2-Amincanthracene at 0.5 ug/plate for TAl538, TA38, and TA1l0O.
2-Amincanthracene at 80 ug/plate for WP2 uvrA.

Without S=-9 mix:

2-Nitrcfluorene at 2 ug/plate for TA1538.

2-NitrzZluorene at 1 ug/plate for TA98.

3-Amincacridine at 80 ug/plate for TA1l537.
N-~ethyl-N'-nitro-N-nitcrosoguanidine at 5 ug/platz for TAl535.
N~ethyl-N'-nitro-N-nitrosoguanidine at 3 ug/plate for TAlO0O.
N-ethyl=-N'-nitro-N-nitrosoguanidine at 2 ug/platzs for WP2 uvrA.

<o
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For the repeat assay, 15 ug/plate was chosen as the
highest test level, together with lower concentrations of
15, 5, 1.5, and 0.5 ug mancozeb/plate. No toxicity was
encountered in this second assay and, as in the first test,
revertent coleony counts in mancozeb-tresated plates were
founnd to be comparable to solvent values (Report Table 5,
mean colony counts, attiched to this DER; developed from
individual plate values comprising Report Table 6).

In both =2xperiments, the representative positive
controls responded as expected, with revertent counts
ranging from 2.5 to 23 times solvent controls (Report
Tables 4, 7).

The authors concluded that mancozeb technical was not
mutagenic ia this bacterial test system.

TB Evaluation:

This study appeacs to have been conducted under
adecuately cecntrolled conditions, and the negative mutagenic
resgonse can De considered valid. Solwvent control counts
were witnin the range of published spontaneous values, and
all positive controls responded appropriately.

Hence, =hils study could be

iuized ACCEPTABLE were it
not Zfor the Zisclaimer made by %£~e sponsor about this series
of in vitro assays. Pennwalt qu=2s=i>ns the validity of
thesz assays bDecause the test che~mi:zal was dissolved in
DMSC, "iIn wnich mancozeb as well as ~ther EBDCs have Deen
repcrted to e unstable;" thus, ==2.%1er the actual tast
]

concantratizsns of mancozeb nor tne 2ntities of substances
under test zan be wverified. How=w.:r, %his assertion about
the stability and possible chemizal nr-eakdown of mancozebd
in Z¥4S0O, was not documented.

Attachments

—
BEST AVAILABLE £8Py
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4
TABLE 2 Page 1

Test 1 006987

Mancozeb Technical - mutazion test
Mean revertant colonies obtained

Material Test With or |Reverse mutation (nuaber of colonies/plate)#
concentration| without
(ug/plate) 5-9 Base pair exchange type| Frame shift type
TA 100{T2 1535|WP2 uvri|{TA 98|TA 1537 |TA 1538
Solvent control - 103 17 55 22 17 15
Mancozeb Technical 150 - - - - - - -
S0 - 67 14 33 16 13 8
15 - 104 13 s3 20 17 10
5 - 94 17 62 17 12 12
1.5 - 99 15 60 24 16 11
Solvent control + 121 14 89 28 19 15
Mancozeo Technical 150 + 100 3 44 19 16 12
50 * 97 15 48 18 21 12
15 + 115 9 66 23 20 13
5 + 120 15 71 24 20 18
1.5 + 124 14 ~ &7 24 20 13
Name ENNG ENNG ENNG NF 9AC NF
Not
Concentration|requiring 3 H 2 1 80 2
(ug/plate) | S-9 mix
Number of
colonies/
plate 470 327 1273 72 X 64
Posxztive contrsls
Name AA AA AA AA AA AA }
Concentration|Requiring
(ug/plate) S-9 max ag.5% 2 30 2.5 2 0.5
Rumber of
colonies/
plate 238 98 245 119 78 95 |
ENNG N-ethyl-N'-nitro-N-nitresoguanidine
AA 2-aminoanthracene
9AC 9-aminocacridine
NF 2-nitrofluarene
4 Values are the mean of 3 plates, for individual plate data see Tables 2 and 4.
X Too many colonies for accurate counting

Iy




TABLE 5

Test 2

Mancozeb Technical - autation tes=
Mean reverzant colcnies obtained

PWT 36,8637
Page 18

036987

Mater:al H Test With or |Reverse mutation {number of colonies/plate)s ;
;concentration| vithout
i (ug/plate) 5~9 Base pair exchange type Frame shift zype
i
g TA 100)TX 1535)WP2 uvrA|Ta 98]Ta 1537 T2 1538
Solvent control | - 128 16 59 22 12 10
Mancozeb Technical 50 - 102 10 57 14 14 9
15 - 108 14 52 22 11 12
5 - 93 14 £9 29 14 9
1.5 - 101 14 44 1S 16 9
0.5 - 120 12 44 22 11 9
Solvent control + 133 14 54 27 15 21
Mancozeb Technical 50 + 112 11 £5 13 12 12
15 +* 116 7 57 22 14 12
S * 136 10 3 22 15 :
1.5 +* 104 7 4 19 16 7
0.5 +* 128 12 82 22 16 15
Name ENNG EINNG ZMNG NF 2 AC NF
Not
Concentration|requirzn 3 S 2 < 30 2
(ug/plate) 5=9 mix
Number of
colonies/
plate 495 282 1322 87 b4 £6
Positive controls -
Name .V AA ia aa o AA
Csncentration Requiring !
{ug/plate) | s-9 mix 1.5 2 22 5.5l 2 3.8
Number of ;
zolenies/ ;
plate 433 100 1T4 162 1 78 t34

ENNG

9 AC
NF

N-ethyl-u‘-nz:ro-N-nz:rosoguanld;ne
2-aminoanthracene

9-aminoacridine
Z2-nitrofluorene

Values are the mean of 3 plates,

700 many colen:es for accurate csunting

for individual plate Zaza sae Tadles 6 and ~.

R
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DATA EVALUATION REPORT

I. SUMMARY TB Project No.: 8-~1161
Caswell No.: 913A
MRID No.: 40810203
Shaughnessy No.: 014504

Study Type: Mutagenicity - Gene mutation in mammalian cells
{CHO/HGPRT)

Chemical: Mancozeb
Sponsor: Pennwalt Corporation, Philadelphia, PA

Testing Facility: Huntingdon Research Centre, UK

Title of Report: An Assessment of the Mutagenic Potential
of Mancozeb Teschnical in a Mammalian Cell
Mutation Assay Using the Chinese Hamster
Ovary/HPRT Locus Assay.

Authors: ..M. Henderson, S.J. 3anks, S.J. Ransome,
2.J. Bosworth, and C.Z. Brabbs

Study No.: PWT 41/861125

Date of Issue: February 11, 1987

TB Conclusions:

Negative for the inductiorn of mutants in cell cultures
at cytotoxic doses under nonactivation conditions, as well
as in activated cultures exposed up to the limit of
solubility. '

Classification {(Core-Grade):

Cannct be classified as to acceptability until
assertions made by sponsor are clarifi=sd or documented.
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DETAILED REVIEW

A. Test Material - Mancozeb technical

Description: Greenish-yellow powder

Batch (Lot): BL.1.850930

Purity (%): 88.2

Solvent/carrier/diluent: Dimethylsulfoxide (DMSO)

B. Test Organism -~ Mammalian cell line

Species: Chinese Hamster Ovary (CHO)
Strain: CHO-K1-BH, (HGPRTY)
Source: BIBRA

C. Study Design (Protocol) - No formal protocol was
presented, however, the study was stated to have been
based upon recommended guidelines of both the EPA and
OECD, as well as published procedures of experts in the
field.

Both QA and GLP statements were included.

D. Procedures/Methods of Analysis - During the weeX prior
to treatment, CHO cells were exposed to a culture madium
containing hypoxanthine, A-methopterin, and thymidin=
(HAT), to reduce the number of spontaneous mutants
(4PRT+ ~---> HPRT™).

Following range-finding and preliminary cvtotoxicitw

tests up to the limit of compound solubility, duplicate
cell cultures were exposed for 4 hours to concentrations
of mancozeb technical ranging up to 15 ug/mL, or to the
DMSO solvent, in both the absence and presence of a
metabolic activation system consisting of an Aroclor 1254-
stimulated microsomal enzyme homogenate ($9) plus
jJenerating cofactors (S9 mix). The mutagens, ethylmethane-
sulfonate (EMS, 250 ug/mL) and 2-methylchclanthrene (MC,

5 ug/mL) served as positive controls for nonactivat=d

and activated assays, respectively.

Following treatment, all cultures wers subcultured

in fresh nontreatment media at least twice over the next
weex (to allow expression of the mutant phenotype), =hen
harvested and exposed for 7 days to culture medium
containing the selective agent, 6-thioguanine (TG, 10
4g/mL) in which only mutant colonies (HPRT™) can surwvive.

Two independent assays with and without =2xogencus
activation were conducted.
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The Zollowing assessments of data were made:

Cytotoxicity (% relative cell surcvival) =

No. viable control colonies x 100
No. viable test colonies

Mutant Frequency (MF x 10-6) =
No. mutant (IG-resistant colonies per 106 viable
cells

= Total no. mutant colonies x 600
(5 dishes) Total no. viable
colonies (3 dishes?

Statistizal significance of concentration vs. MF was
assessed using linear regression analysis.

A response (compound) was deemed positive when all the
follcwing criteria were satisfied:

1. Statistically significant, Jose-related increases in
MT at test compcund conce*“*at*oﬂs results in
gzreater than 10 percent c=.1 survival.

2. =R=2producibility.

3. Mean 4F in treated cultur=s 2
estable mean soontanpﬁ 3 o
5, Wwhich is 15/10

L22ast twice the
zround MF <% this

[

W (

Results:

In zreliminary screening tes-=:, survival in

nonactivazed cultures was compara~ . n) 3nlvent control a=
all concentrations up to 2.5 ug,/~7, <n2n steadily “ecreass?
in a Zose-related manner up to t-= L:~ig of solubility, 1z
ug/mL, as follows: 72 percent »¢ - -~tr>l at 5 ug/mg, 29
percent at 7.5 ug/mL, and 6 per- - i 17, ,g/mL {Report
Table 1). The highest dose zu'* .- 4:: iiscarded b=cause
of compound precipitation. I~ = iense 2f S9 mix, no
cytotoxicity was apparent at a- - - -mwration, cell
survival, 2ven at the HDT, 13 :: -, -- .-; 928 percent of

control.,

[BEST AVAILABLE COPY
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More ccmpressed dose schedules were employed in the
ensuing definitive cytotoxicity assessments from which were
selectad the final test concentrations for both sets of
repeat assavs, as follows:

Test S9 Mancozeb Concentrations (ug/mL)

1 - 2' 4' 6' 7, 8’ 9' 10’ 11
+ 10, 11, 12, 13, 14, 15

2 - 4, 5, 6, 7, 8, 9, 10
+ 10, 11, 12, 13, 14, 15

In both initial (Test 1) and repeat (Test 2) mutation
assays, moderate to severe cytotoxicity was observed in
nonactivated cultures exposed to mancozeb concentrations of
6 ug/mL and above, whereas no cytotoxicity was apparent under
activated ccnditions up to the limit of solubility (= 15 ug/
mL) of the tast chemical in DMSO (Report Tables 3, 5, 7, and
9, sumnmarized on the page following). However, no evidence
of any significant increase in MF was found in e2ither assay,
according tc the criteria adopted by this laboratory (Gata
axtracted from Report Tables 4, 6, 8, and 10, summarized
in this DER}). B8y contrast, both positive control substances
induced highly significant and reprocucible increases in MF,
23 tn 30 times background (ibid.).
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Effect of Mancozeb Technical in Chinese Hamster Ovary Cells*

i Test 1 Test 2 ,

Dose : ~-59 +S9 -S9 { +S9

{ug/mL) @ % Surv | MF $ Surv | MF $ Surv | MF ' % Surv | MF
0

(DMSO) ! (100 9 (100) 4 (100) 5 (100) 3
2 126 9 NT NT NT NT NT NT
4 ; 71 3 NT NT 84 NT NT NT
5 . NT NT NT NT 78 NT NT NT
6 30 5 NT NT 76 1 NT NT
7 ; 16 7 NT NT 57 13 NT NT
8 i 13 12 NT NT 29 16 NT NT
9 g 9 NT NT NT 25 2 NT NT
10 ; 1 NT 119 NT 26 12 125 NT
11 i 2 NT 100 7 NT NT 126 1
12 . NT NT 112 2 NT NT 117 6
13 : NT NT 115 7 NT NT 111 4
14 . NT NT 96 9 NT NT 111 6
15 . NT NT 108 3 NT NT 137 8
EMS f

(250) , 81 324 NT NT 74 416 | NT NT
MC !

(5) ‘ NT NT 83 493 NT NT | 101 439

*Extracted form Tables 3 through 10 of the Final Report.
-59, in the absence of metabolic activation.

+S9, in the presence of metabolic activation.

% Surv, =ean percent survival, relative to control {(DMSO).
MF, Mear mutant frequency per 106 iable cells.

The authors concluded tzat mancozeb technical showed
no =2vidence of mutagenic potential in this in vitro test
syszem.,

TB Zwvaluation:

The authors have conduct=2d a comprehensive evaluation
of zhe test compound in this test system (CHO/HPRT),
according to accepted procec:ures for this type of assay,
and the interpretation of their data appears to be correct,
i.e., that mancozeb techaical was not mutagenic under
coniitions of these assays.

Hence, this study woulcd se judged ACCEPTABLE in
demcnstrating that mancozeb =as no potential to induce
TG-resistant mutants in CHO cells, were it not for the
disclaimer made by the sponscr about this series of in vitro
assays. Pennwalt considers this assay (as well as other in
vitrp studies in this series Zrom the same labj} "invalid,"
peczuse the test chemical was dissolved in DMSQO, "in which
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mancozeb as well as other EBDCs have been reported to be
unstable;" thus, neither the actual test concentrations of
mancozeb nor the identities of substances under test can be
verified.

This assertion about the stability and possible
chemical breakdewn of mancozeb in DMSO, however, was not
documented.

S
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Secondary Reviewer: Judith W. Hauswirth, Ph.D., )
Acting Chief, Toxicology Branch I - IRS (TS-769C) -qéy%ﬁ
DATA EVALUATION REPORT

I. SUMMARY TB Project No.: 8-1161
Caswell No.: 913A
MRID No.: 40810205
Shaughnessy No.: 014504

Study Type: Mutagenicity — DNA repair in mammalian celis
in vitro (HeLa/UDS)

Chemical: Mancozeb
Sponsor: Pennwalt Corporation, Philacdelphia, PA

Testing Facility: Huntingdon Research Centre, UK

Title of Report: Autorad .ographic Assessment of Unscheduled
DNA Repair Synthesis in Mammalian Cells
After Exposure to Mancozeb Technical.

Authors: J.A. Allen ané R.J. Proudlock
Study No.: PAT 40/86899

Date of Issue: October 22, 1286

TB Conclusions:

Incensistent and sporadic increases in silver grain
counts (i~dicative of repair due to enscneduled DNA
synthesis) in replicate trials make :nterpretation of zhe
reported negative difficult to accept.

Classification (Core-Grade): UNACCEPTABLE
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DETAILED REVIEW

A

Test Material - Mancozeb technical

Description: Greenish-yellow powder

Batch (Lot): BL.I.850930

Purity (%): 88.2%

Solvent/carrier/diluent: Dimethylsulfoxide (DMSO)

Test Organism - Mammalian cell line

Species: Human, HelLa
Strain: S3
Source: Flow Laboratories, Ltd. (UK)

Study Design (Protocol) - A formal protocol was not
presented; however, the study was asserted to have been
conducted according to OECD Guideline GEN 85.4 (1985).

Statements of compliance with FDA GLPs as well as for
quality assurance were both included in the Final
Report.

Procedures/Methods of Analvsis - Following incubation in

low-serum, arginine-deficient =edium (to inhibit normal
replicative, i.e., scheduled DNA synthesis), coverslip
cell cultures were then exposed to> radiocactive (634)-
thymidine (5 uCi/mL) togeth2r with 11 serial dilutions
of test article (top dose, 22413 :3/mL}, in both the
absence and presence of metan~l:: activation provided v
Aroclor 1254-stimulated rat heg:tic microsomes (S3),
plus appropriate generating :>fictors (S9 =ix).

After 3 hours incubation in tn:.:s :>ncktail, the ccverslips
were attached to microscope 31::i2s, washed, fixed,

stained, and processed £for a.z-:raliography using stripping
fFilm (Kodak AR-10) by conv=n%: =211 (referenced) tachnicues;
axposure was 13 days.

After development and Eix:i~; -~ 5*1iniard pactographic
solutions, 100 cells per :..' .- ~-re scorad under 2il
immersion microscopy f2r 3... - :ai.ns over nuclel as
well as comparabl= areas = - s+ plasm. The number
of nonphase nuclei havin: - - - .17 3 net grains per

[

slide was recorded (% la=-T.-: - -2},

‘N

Zultures treated with DM
contrnl, while others w=
quinoline~l-oxide (NQO)
(AA) in the presence of
controls., The entire as
same dose levels.

13 negative {sclwvent’

- ~ith either 4-nitro-

v o+ e omix, or 2-aminoanthracene
s2rve as positive

~1° -—oo23ted once at zhe

5 !
-2=

| BEST AVAILABLE COPY
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Data from both tests were analyzed statistically >y one-—
way ANOVA.

Results:

According to the investigators, increasing (dose-—
-2lated) turbidity and precipitation in test cultures causecd
excessive silver grain development at higher dose levels
making quantification difficult to impossible; appareat
increases at lower concentrations were considered too
difficult to interpret. Although small but statistically
significant increases over concurrent control values were
recorded in both tests, these were random, non-dose-r=lated
and non-reproducible (see tabulation on page f£ollowing,
extracted from Report Tables 1 and 2).

By contrast, the positive control substance NQO inducec
consistent dose-related and significant increases in gJrain
counts in both tests. The positive control for activated
cultures, AA, produced less striking responses.

The authors concluded that ". . . Mancozeb technical
has failed to show any clear and reproducit.e evidences of
mutagenic potential in this in vitro test for unscheculed
DNA synthesis, although interpretation of results was
hindered by the interference of the test agent with tae
autoradiographic processes invoived."

TB Evaluation: UNACCEPTABLE

This study was apparently carried out according =zo
standard procedures under adequately controllied condizions.
The sporadic and equivocal ressponses, however, indicazte
problems of solubility and/or adsorption of test agen=z,
srobably in the solvent selected.

In a cover document to the submission of these s=zudies,
the registrant suggested that mancozeb was unstable ina DMSO,
making actual exposure to the parent compound uncertain iz
vitro. Although documentation was not provided for tais
assertion, the equivocal results generated in this assay
require a repeat under presumably "staple" ccnditions.

Hence, the author's conclusions that mancozeb was
negative in this assay are not accepted.

N

\\\,
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