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Abstracts {continued)

(15¢ »ng/kg). A low incidence of spontaneous neoplastic
disease was, observed in both control groups. All compounds
used as positive controls when administered orally were
carcinogenic. Only urethane and ethylene imine were car-
cinogenic by s.c. route., Each test compound category had at
least one active member with the exception of the Herbicide
S-Triazine group. The most predominant tumor was the
hepatoma. The detailed presentation of the pathologic
findings invites further analysis by the reader.
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PREFACE

This study, Evaluation of the Carcinegenic, Teratogenic and Mutagenic
Activities of Selected Pesticides and Industrial Chemicals,” was initiated under
Contract PH 43-64-57, and continued under Contract PH 43~67-735 with the
National Cancer Institute, National Institutes of Health. Planning was started
in 1963 and the work completed by August 1968, L

The original concept for the necessity of such a study arose in the minds of
Drs. Paul Ketin and Hans Falk, The former was Associate Director, Carcinogenesis
Studies Branch, MNational Cancer Institute, National Institutes of Health, To
these two workers and to Project Officers appointed by Dr. Kotim, notably
Drs. M. Klein, J. DiPaclo, I. Mitchell and R. Bates, a great deal of thanks is due
for their continued helpful criticism, guidance and advice during the entire
aexperimental study., Final details in individual parts of the study remained in the
hands of the scientific staff of BRL. The joint inirial planning of the study was
between the above mentioned workers and Drs. A, J. Pallotta and E. Ross Hart of BRL,
‘In preﬁious feports individual'naﬁes have hbt'been mentioned; the following persons
should rightfully be acknoﬁledged for their participation in thié study.

The chemistry.aspects of the s:ﬁdy were under the direction of Dr. L. Fishbein

assisted by Mr. Walt Zielinski, Jr., and Mr. R. Thomas with the technical assis-
tance of Mr. J. Fawkes, Miss M. Cavanaugh, Miss M. Liu, Mr, T, Welsko, Mrs, P,
Jones and Mr. L. Martin.

The teratogeunesis studies were conducted under the supervision of Dr. ¥, D,
Courtney with the technical assistance of Miss., $S. Sieber, Mrs, M. E. Bryan and
Mrs. K. H, Fields,

The experimental microbial genetics studies were conducted under the dlrection

of Dr. R. D'Giovanni Donnelly with the assistance of Mrs. $. Kolbye,

Carcinogenic screening aspects were under the supervision of Pr. L. Petrucelli,

assisted by Mr.. P, Davenport. Mr. J, Carter and Mr. N, Acuff yith the technical

asgigtance of Mr. J, Farmer.

il



Pathology studies were directed by Dr. J.R.M. Innes, assisted by Dr. B. Ulland,

Dr. M. Valerio and “r, D. Cameron. Hematologic examinations were performed
by Dr. J. Switzer and Mrs. B. Rininger. Statiscical analvses were done hy
Mrs. G. Spitz.

Finally, the monumental task of prépariug‘ all the interim reports and this
final report could not have been accomplished without the critical eyes and
technieal writing skills of lfr. R. Guttmacher and Miss C, Kalk.



INTRODUCTION

By: Dr. Paul Kotin, Director
National Institute of Environmental Health Sciences
Research Trilangle Parik, North Carolina

The design of any broad-base bioassay involving a large number
of chemical compounds requires a number of compromises to assure
the procurement of maximal information regarding the specific end-
point sought. In the present study, the alternatives - large numbers
of animals for study of a few compounds in depth or the bioassay of a
large number of compounds using only few groups each -~ were considered.
In the light of realities, the latter approach was selected because the
large number of classes of chemicals in use as pesticides, let s.one
the much larger number of compounds, directed ug to a system of priorities
for this investigation based on (a) the degree of suspicion on the basis

of chemical structure and carcinegenicity, (b) evidence of toxicity de~

" scribed in the. litarature suggasting potential hazards to man,_or (c) the e

o overwhelming worldwide uge ‘of: the chemicals’

The relationship of mutaganesis, teratogenesis and carcinogene31s
. ko ono another has not been clarified as yet on the fundamental 1evals,
however, suffilcient concordances exist to make the selesction of these
separate endpoints in a single study desirable.

The selection of species and strain was similarl? a matter of
compromise, particularly since most of the chemicals had been tested
in rats over long-term pericds. We felt that the availability of these
data on rats provided a bonus for future evaluations resulting in our
selection of mice. Agreements and disagreements in the results would
- contribute to the general body of knowledge relating to species speci-
ficity and where the data were contradictory the possibility of exploit~
ing these for comparative biochemioal and pharmacological studies seemed
very attractive. The rat and mouse show numercus areas of congruity in
past studies in carcinogenesis, while admittedl& the many differences
which have been reported in the literatnre have distressed us retrospec-
tively in proportion“to our understanding of the underlying basic
mechanisms of metabolism.



In the final design of the protocol, we wefe not unmindful of
potential criticism based on the limited number of dose levels and
animals used per sex and strain; however,; great reliance was placed
on our use of pogitive controls and indeed the data clearly indicate
that this concept provided the distinctions that were anticipated.

We recognize that all workers in the field of carcinogenesis
should strive to establish experimental.approaches and protocols
that would permit quantitative as well as qualitative extrapolation
of laboratory findings to man. The latter has been only partially
achieved, the former not at all., Within the framework of a primary
screen, we believe the data are sufficiently informative to warrant
both our discussion and conclusions included in this manuscript.
They should stimulate confirmatory research and refinements by other
investigators while, at the same time, alerting manufacturers and
users to the until now unsuspected potential hazard te their health
as-well as the health of the general population,
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The initiated are aware and the less initiated quickly
become aware that all experimental chemical carcinogenesis
studies bear two categories, occasionally closer to art than
to science, often hotly disputed, and always highly personal.
They are l. the pathologist's criterla and clagsification of
tumors - - (and let us remember that the pathologists inter-
pretation is an ultimate assay) and 2. the experimencal de~
sign used - - (which includes selection of animal speciles,
mode of exposure to potential carcinogens, duration of expo-

sure, group sizes and 0 forth)

For these reasons and because of the emotional charge.

.carried by these reasons, the viewpeint of the senior

pathologist of thig study, Dr. J.R.M. Innes, is presented

~in this section in order to make clear the bases of this

study.



THE PROBLEM OF EVALUATIORN OF CHEMICAL.CARCINOGENESIS
IN EXPERIMENTAL ANTMALS

By: J. R, M. Innes, S¢.D., D.S¢., Ph.D., M.R.C.V.8,, F.C. Path., F.R.S.E,

The evaluation of chemical carcinogenesis has been dubious with regard to
extrapolating data derived from animals to man,

This applies not only to cancer, but to experimental studies of other human
digeases - pharmocologlc, phvsiclogic, chemotherapeutic, neurclogic, virologic and
pathologic. A special report by the National Academy of Sciences entitled
'Problems in the Evaluaﬁion of Carcinogenic Hazard from the Use of Food Additives 1
is devoted to this subject. Tﬁe publication contains the views of manv well-known
experimentalists who have contributed to evaluating techniques and data obtained
in carcinogenic assays, Additional information is contained in the Cantarow Report2
to the WCT. A few of the highly important. issues brought out in these reports are
of significance to this report and are summarized.

It has been fully established that differences in carcinogenic responses are
associated with the gpecies and strain of experimental animal used, the organs or
tissues azffected by a tumor, the dosage of. the compound used. ‘and thb route of
administration. When all these factors are considered it is found that past
_methodologv has revealed only compounds which produce easily detectable dearecs of
.carc1nogene51s. tne of the great issues is how to detect compounds which are weak
carcinegens, While there are no arguments aboutr the carcinogenic activity of such
compounds as some polvcylic aromatilc hydrocarbons, urethane, ethionine, senecio
alkaloids, dimethylamine nitrosamine and many others, there is debate on the activicy
of chemicals reported to be weak carcinogens.

Inescapably, evaluation of pathologic lesions in any experimental animal is a
erux of the problem. The pathologist must possess a high degree of competence,
not only in diagnosis of neoplastic conditions -in experimental animals, but in all
incidental diseases which occur in any partieular species, strain and sex during a
life span. As a baseline, there must be profound knowlédge derived from necroepsy
examination and histologic study on large numbers of untreated animals of whatever
species and strain are used, This has been accomplished in the two hybrid strains
of mice used in ocur project. Yo prior study of this magnitude has been done on
these two strains and therefore, the data which are being presented have a

formidable value in the field of experimental pathology,



0f available laboratory animals used in such scudies in the past, fmost have
been done on mice. For example, the referenced NAS report states that 283 pub-
lications dealt with the carcinogenic activity of dibenzanthracene; 177 were done
in mice, 57 in rats, 19 in rabbits, 18 in fowls, 4 in guinea pigs and 2 in
monkeys., The reasons are obviocus. The small size of the mouse makes it easy to
keep lérge numbers and there is ready availability of both well-known inbred strains
and mice random-bred by commercial suppliers. High metabolic rate and brief life
span are additional advantages. | ' . o

No matter how many species are used in experimental work, the results cannot
be extrapolcted directly to man, i.e., to define what compounds would present
hazards to man. This is true even if monkeys are used; they are simian, not human,
primates. A chemical compound can be carcinogenic in one species and inactive
in another., The hamster and guinea pig are relatively resistant to carcinogenic
action of gseveral compounds which produce tumors in rats and mice, though it is

rare for compounds to be carcinogenic for hamsters and inactive for rats and

.. .mice. chever,_there are. few known compounds which are active in mice and in- .

'active in ra:s, or vice versa. ’ - '
Under ideal condztiona where avallable funds and facilities are of noe - _

conc¢ern, carcinogenic aggay could - be planned using generous numbers of many differcnt

species of laboratory animals, perhaps also dogs and monkeys. But, in a massive

attack such as in this screening project, where 130 pesticides were simultaneously

tested in over 20,000 mice, this would be beyond economic reasonablemess. Further,

in such preliminary screening fTor carcinogenic action, the use of dogs and

monkeys is prohibitive for several reasons. The cost would be so high that not

enough animals could be used. More important, there is the question of time;

dogs and moﬁkeys would have to be kept under observation for 8-10 years or longer.

to achieve cancer incidence age.

Based on our experience in this study, much informationm can be obtaincd by
“using only mice. From the data obtained, subsequent experiments could be planned
with attention to different dosage levels and to the use of other laboratory
animals. Now that extensive knowledge has been gained of the incidence of

spontaneous diseases (including tumors) in the two hybrid strains we chose, the use



of these in further carcinogenic studies should be continued. The question arises
as to whether other inbred strains of mice should be included in concurrent ex-
periments, preferable mice with a koown low incidence, for example, of mammary and
lung tumors, leukemia, and reticulum cell sarcoma. A cancer resistant strain3
might also be employed.

Another problem concerns what numbers of animals should be used in any ex-
perimental group, and this was analyzed in the first reporclmentioned {quoting
Bovland and alsc Vos). In the present study 18 mzales and 18 females from each
hybrid strain were arbitrarily selected for a test on each chemical compound for
each route of administration. Whether these numbers were adequate should be
apparent from our final pathologic evaluation,

It is clear that in the case of well-known carcinogenic compounds such as urethane,
which was used as one positive control, ne statisticél analysis is necessary; -he
incidence of tumorsin the mice was 100X, Tumors of the lungs, liver and Harderian
gland occurred either singly or in combination with others. OQur problem was to
assess activity of border-line cases and this is a determination of great concern
.to all workers in the experimental cancéf fiéld.- :

In our project, virgin malesg and females from each hybrid étrain were used,

“While this is the common practice in most experimental studies on cancer, it is

well known that in female virgin mice, kept for 18 months or longer, there is a
complete disruprion of the estrous cvele and sexual functions. Consequently,
it was pot surprising to find in our experimental mice a variety of lesions {(not
neoplastic) at 18 months which affected the genital organs of both males and fe-
males. '

1t has been sugpested before that a monogamous paired breeding colony should
always be used in any experimental study of togicity ahd carcinogenesis., If this
is done, the sexual cycle in mice is normal and hormonal influences need not
come into the picture. The effects of any compound on fertility can be observed
and possible teratologic effects can be évaluated, In addition, pups from one
genaration may be mzintained for 18 months te evaluate the effect of compound ad-
ministration over their entire life span, including the period of lactation for

those compounds which are excreted in the milkﬂz Although some experiments of this



type were conductad under this contract, ecomomic considerations prohibited this
approach in screening such a large number of compounds.

Finally, when mice are used for carcinogenic assay tests, just how do we de-
cide that a compound (s carcinegenic? For a compound such as urethane, there
can be no doubt. For compounds with lesg striking vesults, the problem is more
difficult, The incidence 0f all types of spoutanecus tumors occurring in un-
treated mice because of their advanced age must be known as a baseline, Chemical
compounds do not usually incite the production of new tumors but only am increase in
incidence of tumors which occur spontaneously, and usually in one organ. Urethane
is an exception, as shown in our tables. In the opinien of many, for a compound to
be designated as carcinogenic it must produce a significant increase in the in-
cidence of one tumor whiéh affects predominantly one organ or tissue., One of the
issues to be decided is what increase in incidence of such a tumor affecting one
organ is significant? Another issue concerns the question of malignancy. If
carcinogenicity is defined omly in terms of production of malignant tumors,-the

- Eact that benign. tumors. may increase mortality is ovsrlooked, Hore importapt,. cheret

ére‘many ’mélignahtf tumors in mice which do not netastasize v1a hematugenous or
lymphatic paths, but they are transplantable. _Further, hepacoma may kill without
pulmonary metastasis, by local {nvasivness, ' ' o

Since all of the factors mentioned above are controversial, we héﬁe attempted
to present the data from this study in such detail, as suggested by_Mantel& chat
it may be interpreted from several viewpoints, 1l.e., according to varying criteria
of carcinogenicity.,

We leave it to the reader to use it as he sees fit.



DESIGKE OF EX?ERIMENTAL'PROCEDURE'

Chemical Compounds Studied, Analvtical Techniques Used and Purity

Table I presents the list of chemical compounds studied by code number. It
includes common and chemical name, source and dafe received, label information
and constants, how the chemicals were used and what gznalytical techniques were
employed. Duplicate compounds studied were:

Compounds 060 and 126 (2-Mercaptobenzothiazole)

Compound 069 was studied at 215 mg/kg in 0.5% gelatin whereas compound 126
was studied at 1,000 mg/kg in DMSO subcutaneously.
Compounds 093 and 128 (2,6-dichloro-4-nitroaniline)

In the case of compound 093, the solvent DMSO was used, whereas in compound
128, 0.5% gelatin was used. )

Compounds 027 and 092 (Piperonyl butoxide)

Compound 027 was studied at 100 mg/kg in corn oil subcutanesously and at
_JO0 mg/kg orally, whereas compound 092:was studied at 1,000 mg/kg in corn oil
subcutaneously and 464 mg/kg orally, ' '



TABLE T -

LIST OF CHEMICAL COMPOU'NDS‘ STUDIED WITH CODE NUMBER, COMM_ON AND CHEMICAL NAME, SOURCE AND DATE RECEIVED,
) LABEL INFORMATION AND CONSTANTS, HOW USED AND ANALYTICAL TECIINIQUES EMPLOYED -

BRI e Sou:_-i:e . Label Information
ot Chemical Name And Daté’ & Constants How Used | Analytical Technique
# Name .
Received {T = *°0C)
024 | Simagine 2-Chloro-4, 6-bis-{ethylamino)-1, 3,5~ | Geigy m.p, 224-225° U, AR I.R,
triazine /8T /64 ¢ Lot #F L-654A RS- 1403 A- 64
- . 99,1 %
025 { Propasine 2-Chlore-4, ~bis{isopropylamino)~ Geigy ... | 98% Lot #F L-202ARS- AR LR.
1,3, f-triazine : 7/21/64 - |14034-84 m.p. 212-214°
026 | Capéan N-Trichloromethylihio-4-cyclohexene | Chevron - {Tech) m.g. 168-170° U. AR LR
-1, 2-dicathoximide 7/21/64 -
027 | Piperonyl butoxide (2~ (2~n-Butoxyethoxy)-ethoxy]-4,5- | Penick © | 80%of this compound U. AR, LR.;G-C
methylenadioxy-2-propyl toluene /27764 20% related compounds
028 | Piperonyl sulfoxide 1, 2- Mothylenedioxy-2[ 2-ociyl sulfinyl | Penick - . _.3 Lot #115~MBO-2 U AR LR G-C
propyl-benzene 7/21/68 238%this compound
: . 12% related ecompounds
029 | N-Propyl isome Di-1~ Propyi-3-methyl-6, 7-methylene- | Penick oo b, p. 170-275° /1 mm U.A R LR.; G-C
dioxy-1, 2,3, 4- tetrahydronaph- T/eteE
thalene 1, 2-dtcarboxylute ’ B _
030 | 2,4-D Isopropyl ester | 2,4~ Dichlorophenoxy acetic acid, Doy hE Lot #072442 99% . A, R. L IL; G-
isopropyl ester ?/_2_?/64~ B :
031 [ 2,4-D Butyl ester ﬁ,bDichlomzhenm'y acctic wcid, Pow oo 29% LA R LR ;G-C
n~buiyl ester T/2%/61
932 | 2,4-D Isooctyl ester 2, 4-Diechlorophenoxy scetic acid, Dow 97% U. AR, LR ;GC
isoociyl ester 7727 /64
034 | Urothane Ethyl carbamate Aldrich - - - nt. p, 48. 5-50¢ Reorystatlized LR.;GC
T/27/84 - : to . p, BO°C.
) ' R before use
047 | Sevin 1-Naphthyl=N-methyl carbamate Ynion Caﬁ)lde . p. 138, 6-143° Recrystallized LR ;:G-C
. R to m.p, 141~
: o 142° C, before
. L. use
043 § e Esopropyl-N-phenyl cadumate ‘Piitska 1‘3"“1“ O . p. 900 U. AR LK ; GC
Pl:z\;i;_(:lusa
/26
018 | sppC Sodiur diethyldithioea rhamate M-C-B .- |anp. vt-0w U.AL I Lk; TIC
/2065
950 | Doweide~7 2,4,4,5, 6~ Pentachlorophenot Dow : Lot #9802 AR L R.; TLC; G-C
0%, m.p. 186-183")
U.AR = Usedas receivéd; L& = Infra-ved; G-C = Thin-layer chromatopraphy

gas chromutography; TLC X




TARBLE 1 {Continncd)

LIST OF CHEMICAL COMPOUNDS STUDIED WITH CODE NUMBER, COMMON AND CHEMICAL NAME, SOURCE AND PATE RECEIVED,

LABEL INFORMATION AND CONSTANTS, I[bw USED AND ANALYTICAL TECIHNIQUES EMPLOYED

BRL Common - Source Label information
5 Hame Chemieal Name Awd Date f: Constants IMenr Usedd Analylieal Technjepe
' e Recetved (T = °C)
051 | Zinch Zinc ethylens bis thisearhamate -DuPont. 07 Lot § T-n0482-83 AT L T1e: G-C
7/20/61
052 jo,p'-DDD 2-fo-Chtorophenyl)-2-{p-clhlorn- Aldrich m.p. 77-78° AR Ln;6-C
phenyl)-1, I-dichlorocthane 7/29/64
052 { Diaton 3-(3, 4-Dichlorophenyl)-1, 1-dimethyl- | DuPont . p. 155-167 LA R LB o-¢
urea T/20/64
054 } Dodine n-Dodeeylguanidine acetate ‘Aweriean L, 134-336° U AR LR
Cyanamirl
7./20/64
056 [ Manch Manganese othylene bis thincar- iPord. 6% Lot #TMSSR 272 H AT LR.;TFIC
bamate 1/20/64
157 | Maleic hydrazide 1, 2-Dibydropyridnzine-3, 6-dione 1,8 Rubber | Lot #3118 m. p. 207-200° LA, LIR; TiC
7/20/64
058 | Thiram Tetmmethylthiuram disulfide or bis EK. m.p. 154-156" WA R, LR ;TLC
{dimethylthioearbamyl) -disulfide 7/25/04
059 | Monuron 3-{p-Chlorophenyl)-1, 1-dimethyl urea | " DuPont 957 Lot #80403-F U AR LR ;G-C
/20004 _
060 | PCHNB Pentachleronitrobengene " Baker m.p. 144-146° LA R LR ;TLC
’ -1/20/64
061 | 2,4,5-T 2,4, 5-Trichlorophenoxy acetic acid Diamond 9§% Tech m.p. 149-151° AR L R;G-C
Alkali
2/%0/54 _
062 | Ferbam Ferric dimethyl dithiccarbamate DuPont 97% Lot #5179-111 U.AR Lit; TLC
-7/20/64
063 | 2,4-p 2, 4~-Dichlorophenoxy acetic acid Aldrieh 30% m.p. 136-140” 1A R LR ;GG
1/29/64 Lot #5179-111
065 | p, p'-DDF 2, 2-Bis(p-chlorophenyl-1,1,1- Aldrich m.p. 107, 5-108.5° U AR, LR;G-C
trichloroethane 7/29/64
066 | Atrayine 2-Chloro-4-ethylamino-6-isopropyl- Gelgy Lot # FI-217T8ARS-1403A- AR L R
amino-s-tyiazine 7/29/64 64 98, 2% m.p. 172-174°
087 | p,p'-DDD 2-2-Bis(p-chlorophenyl)-1,1~ Aldrich n. o, 108.5-109° WA R LR.;G-C
dichloroethane 7/20/64
068 | Ethyl tellurae Tellurium diethyldithicenrhamnte ”T, m,p. i08=118" U AR LR.; TLC
Vanderbiit
T/29/64
1
U, AL = Usedas received; LR = Infra-red; G-C = pgas chromatography; TLC = Thin-layer chromatography
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TABLE I (Continued)

1IST OF CHEMICAL COMPOUNDS STUDIED WITH CODE NUMBER, COMMON AND CHEMICAL NAME, SOURCE AND DATE RECEIVED,
LABEL INFORMATION AND COWSTANTS, IOW USED AND ANALYTICAL TECHNIQUES EMPLOYED

BRL

Common
Numne

Chemical Hame

Source .
- And Date-
Received

Labei nformation
£ Constants
(T =°C)

How Used

Analytical Technigue

069

070

071

72

073

074

015

076

077

078

TS

08D

081

Captax

Ethyl zimate

Perthane
Chloranil

Allax

Unads

Dichlone

bicryl

Nabam

Agerite DPPD

Vancide 1B

2-Mereaptobuenzothiazole
Zinc-diethyldithiocarbamate

Phenyl isothiocyanate
1, 1-Bis{p—ethylphenyh-2, 2-
dichloroethane

TFetrachloro-p-benzoquinone

Benzothiazyl disuifide
Tetramethyl thiueam monosulfide

2,3-Dichloro-1, ¢-naphthoguinone
3,4"-bichloro-2-methyl acrylanilide
LEthylene Imine

Disadium elh-ylcnébisdiﬂlioc:t.rbamate

Diphenyl-p-phenylenediamine

-1, 2,3-Tricldoro-1, 6-dini{ robegzeny

RT,
Vanderbilt -~
/20764

BT

Vanderbilt'
T/20/64

EK ..
7/29/64
Rohm & Haas
8/14/64
EK. .-
8/14/64 . -
K
Vanderbilt
8/14/654 - -
RT.
Vanderbikt .
8/14/61 ¢
Naugatack
8/14/64 -
Niagara
8/13/64
Bow -
s/1t/ed.
Rolum & Ihiae
8/20/64

L. T.
Vanderhilt.

A

RTF, = -
Vanderbilt”
9/21_/5-1 C

w, p, 1G64-1756°
m,p, 191-182.5°

b, p. 99-100, 5/15mm
Lot #6855
95%; 1, p. 35-40°

m, p. 292-204°

o, 109-170°

Jm.p. HB-114°

{Voek) 55%
. p. JBE-151"

Lot #5 m.p. 121-126*

b.p. 55, 8-57° /760 mm

Lot #3280 93%

Zein

. p. 145-158

W S0-58°

U AR,

U.A R,

AR

AR

LAt

LR ; TLC

LR ; TiC

LR.

LR.;GC

L R

LR

LR.; TLC

LR

LR.

LK

LR TLC; G-C

L&

LI

LA

= Used us yeceived; L1 = Ifra-red; G-C = pus chrnm:xtogmphy'; TLC "= Thin-layer chroumiography
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TABLE I {Continzed

LIST OF CHEMICAL COMPOUNES STUDIED WITH CODE NUE\fIBER, COMMON AND CHEMICAL NAME, BOURCE AND DATE RECEIVED,
{IOW USED AND ANALYTICAL TECHNIQUES EMDPLOYED

LABEL INFORMATION AND CONSTANTS,

BRI Connon . Source Label Information
p ! May Chemtigal Name And Dote & Constants Flow Dred Annalytien] Technigue
ame . Received r=-0
032 | Bismate Bigmnth dimethyldithioearhamale I' rot. m.p. ~228° (dec) LAR, LR;TLC
Vanderhilt
- 9/21/64
82 | Nedax N-Nitrosodiphonylamine RT. - ™. p. 63-G6° LA 1R,
Vanderhilt
- 9/21/64
044 2,3,4, 6-Tetrachlorophenol M-C-B m.p. 57-60° AR, LR ;GLC; TLC
_ 9/21 fad
7895 1 Heveules-7531 S3-(Hexihydro-4, T-methano-mdnn-5- Hercules 95% m. p. 165-168° U. AR L G-C
vh-1,1-dimethylures 6/21/64 Lot #AEY, 165
086 | Folpet N-Trichlovomelbylthiophthalimide Chevron m.p. 173-176° B8%G AR LER.;TLC
9/21/64
087 | Tillan-G6-E Propyl ethyl-n-buiyl thicearbamate Stauf[e_'r. T78% active componeni U. A R LR ;G-C
9/21/64 22% inert components
088 | Ledate Lead Dimethyldithicenrhamnte R.T. m.p. >310° {dec) U AR LER.;TLC
Vanderhilt :
8/21/64
089 | Amitrol 3-Amino-1,2,4-triazole E.K. m.p. 146-152° AR, LR
9/21/64 : _
om0 | Zetax Zine salt of 2-mercaptobenzothiazole | R. T. . m.p. >300° WA R LR. -
: . Vanderbilt ’
2/21/64
091 | Sullads Dipentamethylene thinram hexasulfide "T, m,p. 115~120° VAR, LR,
Vanderbilt
8/21/64
492 | Butncide Piperonyl butoxide in solvent vehicle Fairchiid AR G-C
- 9/21/64
093 | Botran 2, 6-Dichlore-4-nitreaniline Upjohn m.p, 192-194° WA R LRBR:TLC
- n/21/64 1 Lot #2092M, BAC-093
094 | Karathane Dinitro{l-methylheptyl-phenyt City Cliemical | 78% AR
crotonate 0/21/64 b.p, 135-140° /0. 05 mm
095 2-(2,4, 5-Tricdorephenoxy)y-prepienic | M-C-1 m.p. FT6-178° AR ILR.;: G-C
acid 9/21/¢1
U.A. R, = Used as received; L K. = Infin-red; G-C = gns chromategraphy; TEC = Fhin-lizer chromatography
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TABLE ¥ (Conthmedj

LIST OF CHEMICAL COMPOUNDS STUDIED WITH CODE NUMBER, COMMON AND CHEMICAL NAME, SOURCE AND DATE RECEIVED,
LABEL INFORMATION AND CONSTANTS, HOW USED AND ANALYTICAL TECHNIQUES EMPLOYED

o Saurce Label nformation
B:“‘ C;';‘l‘r:‘:“ Chemical Name And Date & Constants How Used Analytical Technique
Reoeived (T = °C)
096 | Mirex Dodecachloroootahydro-1,3, 4- City Chemical { 98% m,p, approx. 485° U.A.R,
_ metheno-2H~oyclobuta[cd] pentalene | 9/21/64
097 { Omal; dowicide 28 . 2,4,6-Trichlorophenol E. K ) m.p. 67-68¢ U AR, LR ; G-C; TLC
: 9/21/64 - |
098 | Avadex 2,3-Dichloroallyl diisopropy! Monsanto - | b.p. 146-150° /9 mm U.A. LR.;G-C
. - thiolearbamate 9/21/64 =
029 | Cumate Copper dimethyt dithiocarbamate RT. m.p. >825° U. AR LR.; TLC
. Vanderbﬂt
9/21/64-
100 | Mucochiorie acid o, 8 -Dichloro-B-formyl aerylic acid Allied Chem m, p. 125-127° U. AR, LR,
. 8/21/64 . -
101 2-8ec, -butyl-4, 6-dinitro phenol M-C-B - 95-93% m, p, 30-4¢° U AR LR ; G-C TLC
8/a1/6s -
102§ Agerite Powder Phenyl- 8-naphthylamine R.T. ' U.A R, LR
Vanderhili -
9/21/64.
103 | Hotenope Tubitoxin Aldrich . N H0% ., p, 178-183° UA R
8/28/84 " '
104 Biphenyl Baker . % | m.p. es-100 U.A.R LR.
| 10/1/64.
105 | Anthraguinona 9,10-Anthraguinone EK . - m.p, 286-288° V.A. R LR.
10/1/64
106 | ANTU 1-{1-Naphthyl)-2-thiourea BE m. p, FT6-180° U AR LR
’ 10/1/647
107 - Diphenylacetonitrile J.T. Paker |m.p. 73-74 U. AR LR,
10/1/64-0
108 | Planofix; Naa 1-Naphthalene acetic acid J.T. Baker | m.p. 130-132° AR LR
' o w6t
109 Bis{2-Chloroethyl)- ether 3T, Baker |b.p, 60-62° /11 mm U.A.R. LR
_ 10/1/64 b :
110 | Azobenzene Diphenytdimide J.T. Baker ‘m.p. 6T-68° U, A. R, LR
10/1/64 -

U.A.R. = Used as received; L R. = Ifra-red; G-C = gag chromato'graphy;_TL(f_:.'; Thin-layer chramatography
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TABLE I {Continuod)

LIST OF CHEMICAT COMPOUNDS STUDIED WITH CODE NUMBER, COKIMON AND CHEMICAL NAME, SOURCE AND DATE RECEIVED,
IABEL INFORMATION ANMD CONSTANTE, H(_)W USED AND ANALYTICAL TECHNIQUES EMI'LOYED

PRL Common Source Label Information )
o Name Chemical Name © And Date & Constonts How Used Analytieal Technique
' Received (T =" 0
111 | Dchydroacetic neid 3-Acetyl- 6-méth_vl—2, A-pyrawdione 1. T. Baker o, g, 109-3111 U. AR LI

10/1/64
112 T-Naphihalene acetnmide 4. T. Baker m,p, 183-184° WAR, LR
10/1/64
113 Diphonylen rhonate " J.T. Baker m.p. 79-81" AR, Ln
10/1/64
114 | Monochloroacetic aciil Fisher m.p. G2-G64° U.A.R. LR
' C10/1/64
115 | Cacodylic acid Dmethy]l arsinic acid Fisher m.p. 192-198° AR, LR
10/1/64
116 | Paraxenol p-Pheny! phenol E K. m.p. 166-167° U.A.R LR.; TLC
10/1/84
117 | Dowicide 1; orthoxenel | o-Phenyl phenol E. K. m.p, 57-58° LA.R, LR ;TIC
_ 10/1/64
118 Copper-8-hydroxy quinoline K&K U.A.R. Colorimetric
10/1/64 -
119 | -Chloralose Anhydroglecochloml K&K m.p, 184-18%° U AR
. 10/1/64
120 | Pmna; Pmal; Prmas; Phenyl mercuric acetafe _ E. K.'-I - m.p, 148-150° U AR
Frag HL-33; Scutl; : 10/1/64
nylinerate o
iFa) p-Methoxyphenylacetic acid MCE m,p. 176-178° .A.R.
10/1/64
122 | Aramite 2-{p-Tert. buty! phenoxy)-isopropyl U.S. Rubber | 90% b.p. 163-168°/0.1 mm U.A.R. LR
2'-chloroethylsulfite Naugatuek
10/1/61
123 | Vanguard GF Ferrie nitrosodimethyl dithio- R.T. 58. 5% main compaonent wAR
carbamate and ietramethyl ) Vanderhilt §, 5% secondaxy component
thiuram disulfide '10/1/64
124 { Cyanamide Calcium cyanamide Fisher {Techt AR
10/19/64
125 | Botyl zimate Zing dibutyl dithioes rhatala RT. * AL S 1 1L AR LR TLC
Vanderhile
10/18/64
U A, L = WHsed as received; 1. R, = Infra-red; G-C = gas chromatography; TLC = Thin-tayer chromatography
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TAELE I (Continued)
| LIST OF CHEMICAL COMPOUNDS STUDIED WITH CODE NUMBER, COMMON AND CHEMICAL NAME, SOURCE AND DATE RECEIVED,
LABEL INFORMATION AND CONSTANTS, HOW USED AND ANALYTICAL TECHNIQUES EMPLOYED

BRL

Common
Name

Chemical Name

- Source
And Date -
Received

Label Wnformation
& Constanis
(I'li = ﬂC)

How Used

Anzlytical Technigue

126

127

128

129

130

131

132

133

13¢

135

136

137

Rotax

Vancide BL

Ethyl Selemac

Ageriie white

Durax

Methyl zimate

Methyl aelenac

Ethyl tuads

Amax

Ethyt cadmate

Agerite 150

2-Mercaptobenzothiazole
2, 2-Thio bis(4, 6-dichlorcphenol)

2,6-Dichloro~4~nitro aniline

Selenium diethyl dithioearbamate

Sym. dibets~naphthyl-p-phenylene
diamine

N-Cyclohexyl-2-benzothiazole
sulfepamide

Zinc dimethyl dithiocarbamate

Selenfum dimethyl didijocarbamate

Tetraethyl thivran disuliide

N-oxydicthylenebenzothiazole-2-
sulfenamide

Cadmium diethy] dithiocarbumate

p-Isopropoxydiphenylamine

RT. =
Vanderbilt -
10/19/84

RT.'
Vanderbilt -
10/19/64 .

E.K.
10/19/64
R T.
Vanderbilt -
10/19/64.
KT
Vanderhitt -
16/18/64 -

R.T. . . -
Vanderbilt -
10/19/64
RT.
Vanderbilt ;
10/18/64 - -
R.T. :
Vanderbilt
10/18/64,

RT. . -
Vanderbilt .
10/18/64.
BT,

Vanderbilt |
10/18/6d -

T~ T.

Vanderbilt -
10/19/64 -
RT.
Vanderbilt
10/19/64 .

m.p. 164-175°

97% actlive component
3% inext componenis

m.p. 195-196°

m, p. 59-85°

m. p. 224-230°
m, p, 94-102°
. p. 242-257°
. p. 140-172%

o g, 63-75°

m.p. 706-50°

m.p. G8-76°

U AR

AR,

U. A R,

U AR

U AR

LLALR.

ILAR,

LER.; TLC

LR ;TL2

LR.; TLC

LR ;TLC

U. AR = Used as reccived; LR = Infra-red; G-C -~ gas chyomatography; T-l;(_'_}--‘ z

Thio-tayer chromatography

ST



. TABLE I {Continucd}

LIST OF CHEMICAL COMPOUNDS STUDIED WITH CODE NUMBER, COMMON AND CHEMICAL KAME, SOURCE AND DATE RECEIVED,
LABEL INFORKATION AND CONSTANTS, HOW USED AND ANALYTICAL TECHNIQUES EMTLOYED

Source Label Information
RIL
B# C:}!::;l;n Chemiesl Name And Date & Consiants low Usod Analytical Techuwinue
o ~ Teceived tr=-0
123 | Agorite albn Hydroquinone monobenzyl ether R.T. rm.p. 108-115" UK LR
“Vamderbilt
10/18/64
132 | Phenothiazinn {Thicdiphenylamine} dibenzo-1, 4~ Fisher m.n. 180-135 LA . LI
thinzine 10/19/84
148 | Vonguard W Wickel diboty! dithiocarbnmate R T, 7% AR, LR ;TLC
Vabderbilt
10/19/64
141 | Vancide BN Sodrum bithonnlate disodiupe 2,2'-thic | R T, 92% VAR LI
bis{4, 6-dichlorophenoxide) Vanderhilt
10/19/64
142 | Gibherellic acid 2, 4a,7- Trihydroxy-1-methyl-8- E, K. S0+% m, p. 220-231° U A R LR
methylenegibb-3-ene-1, 10-carboxy- | 10/198/64
‘lic acid 1 - 4 Iactone
143 Dimethyl dithiccarbamic aeid dic: <thyl | E. K. m. p. 131-133° AR LR
amm, salt 10/27 /64 ' _
144 | Collunosol; Dowicide 2 | 2,4, 5-Trichlero phenol MCB 'm. p. 57-63° VAR LR.; TLC
. 10/27/64
145 & -{2, 4-Dichlorophenoxy) propionic Aldricl . ) m.p. 113-114" VAR L.R.;G-C
actd ' 10/27/64
116 &-(2, 5-dichlorophenoxy) propionic Aldrich | m.p. 143-144,5° . A. R LR G-C
acld ' © 10/27/64
147 | Ovex p—Chlorephenyl-p-chlorobenzene City Chemical | 94% m.p. 80-82° TU.A.R. LR ;TLC
sulfonate 1 10/27/84"
148 Tripheny! tin acetaie MCE’ ) m.p. 120-125" (Techy T AR
10/27/64
149 | Zectran 4-Dimethylamino-3, 5 xylyl-methy! City Chemical | 99% Tech m.p. 82-84° Reorystallized LBR;GC
carbamate : 10/27 /64 84- 85" before
’ . use
150 | CIPC Isopropyl-N{3-chloTopheuyl)-caxha- Pillshureh m.p. 38 5-40° 98, 5% WA LR;G-C
mate Plate
10,/27 /64
151 | 2-{2,4~DP 2-(2, 4- Dichlorophenoxy)-propionic Hercules o0 SR-RC AR, LR ;GC
aeid 10/27/64

—

U.A.R. = Usedas received; LR. = In{ra-ved; G-C = gas chromatography; TLC =

Thin-lager chromatography
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TABLE 1 (Continued)
LIST OF CHEMICAL COMPOUNDS STUDIED WITH CODE NUMBER, COMMON AND CHEMICAL NAME, SOURCE AND DATE RECEIVED,

IABEL INFORMATION AND CONSTANTS, HOW USED '_AN_I_) ANALYTICAL TECHNIQUES EMPLOYED

BRL Common Source . Label Iformation
! Chemical Name And Date. & Constanis How Used Analytical Technique
# Nume
Received (T =°C)
152 | isolan 1-Isopropyl-8-methyl- 5 pyrazolyl- Geigy - [b.p. 305-107°/,30mm U, AR LR.; G-C
dimethyl carbamate 10/27/64
153 | ETU Ethylene thiourea 1.3.T. Baker: |m.p. 105-196° U.AR LR.; TLC
10/20/84
154 N~ (2-Hydroxyethyl) hydrugine Aldrich | b.p, 218-220° /754mm U. AR, LR.; G-C
- 10/29/84 .
156 | CCC 2-Chloroethyl trimethyl-ammonium EK . m.p. 239° (dec) .A.R. LR.; TLC
: chloride - 12/14/84
157 | Ethylene urea ' 2-Imidazolidinone J.T. Baker |m.p. > 126° U.AR LR;TLC
12/14/8¢4
158 | Tetrafidon 2,4,5, 4Tetrachlorodighenyl sulfone | City Chemical | 99% m.p. 146-148° T A.R. TLC
12/14/64.0 © : :
" 159 | Telodrin 1,3,4,5,6,7,8,8-Octachloro-3¢,4,7, | City Chemical { 84% m.p. 120-125° U.A.R.
Ta-Hexahydro—1,7-methang phthalen 12/1}/@4 o
1848 | Dihydrosalrole 4-Prq)y.l-1,_ 2-methylenedioxybenzene Baker i ILA.R LR ;G- TLC
B 2/25/65 .
161- | Isosafrole 4-Propenyl-1, 2- methylenedioxy— Baher " b.p. 247-251° U A R LR;G-C; TIC
N bengens . 2/25/65
162" | Sufrole 4-a1yl-1, Z-methylenedioxyhenzene J.T. Baker, |b.p. 232-23¢ U, A.R. LR G-C; TLC
- 2/25/65 . - :
165 | Gunite-Ro9 2,4-~Dichlorophenyl benzene sulfonale | Cify Chemical | 99% Setting Pt, 43-45° . U, A.R. IR
) 4/13/65 .
166 | Helerouuxin Indole-3-acetic acid Aldrich .~ v |m.p. 166-168° U. AR LR
: /13765 | :
167. 4-Dimethylamino-3, 5-xylencl Dow . m. p. 94-95° U.A.R G-C; LR ; TLC
: 4/13/65
168 | Chlorobenzilate Ethyl-4, 4!~ Dichlorcbenzilute City Chemical | 99. 3% m.p. 35-57° U.A.R. LR
) . 4/18/85. - - : -
169 | Thiodan (Endosulfzn) | 6,7,8,9,10, 10-Hexachloro-1,5,5a,6, | City chgm-iéal 9¢”, mixt. of m.p. U.A.R LR;G-C
. 9,%a-hexhydroe-§,9-methano-2,3, 4/13/685. - 7 | i68-110° & 208-210° ’
_ 4-benzo dioxathiepin-3-oxide ) :
70 Bis{2-Hydvoxyethyl) dithiocarbamic EK AR LR;TLC
acld potassium salt 1/13/65 - : )
17t ] Strobane Terpene Polychloxinates City Chemigal | 100% active polychlorinates U AR
' - 4/18/65 5%
U A% = Used as received; L. R. = Infra-red; G-C = gas chromatography; 'I‘L‘C. = Thin-layer chromatography

L1
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Table II presents a somewhat arbitrary classification of the chémical compounds
studied, generally by use, and in the same order as they are reported on in the
Results Section of this Volume {(corresponding table numbers are given) and in
Volume I1 (Detailed Pathology Summary Sheets). .

There are some dinconsistencies din this classification. For
example, in the Insecticide; Carbamate group, compound 167 (4-dimechylamino-
3,5-xylenol) is included because it is a breakdown product of compound 149 (Zectran).
Compound 168 (Chlorobenzilate), under Insecticides: DDT type, is also used as an
acaricide, Compound 110 (azobenzene), under Herbicides: Growth Regulators, is also a
metazbolite., Similarly, compound 105 (anthraquinone) is iisted under Fungicides:
Quinones but it is also used as a bird repellant. Many other examples can be
found. A supplement to this report is in progress which will give more detailed
information on each of the compounds studied including structure, use, and tolerance
where they have been establighed.

Analytical methodology had to be developed for the detection and identifica-
tion of many of the pesticidal compounds. These methods are deseribed by reference
B 1 pertinent published papers emanating from this contrackt:

Carbamares and related derivatives (5-19}). '

‘Maleic Hydraéide and derivatives (20-22) |

Aziridines (23-24)

Methylenedioxyﬁhenyl derivatives (25-26)

Isomeric chlorophenols and derivatives (27-29)

Miscellaneous pesticides and derivatives (30-36)

In addition, ancillary methodologies are described by reference as follows:

Stability with respect to envirommental factors such as heat and ultraviolet
light, and metabolic fate of a selected number of pesticides, e.g.,
methylenedioxyphenyl synergists. (37-43)

Davelopment and/or refinements of apparatus and techniques to aid in the

elaboration and analysis of pesticidal apents. {(44~45)
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TABLE 11

CHEMICAL COMPQUNDS STUDLIED, CLASSIFIED GENERALLY BY USE

TAELE
CLASSIFICATION COMPOUND NUMBERS NUMBER#*
Chemical Compounds Used as 034, 089, 078, 122, 160, 161, Xy
Positive Controls 162
Insecticides: Carbamates 1532, 149, 167, 150, 048, Q47 XVI11
Insecticides: DDT Type 065, 067, 052, 072, 168 XVIII
Insecticides: Other 171, 169, 096, 159 ' XIX
Chlorinated Hydrocarbons
Insecticides: Synergists 027, 092, 028, 029 £X
Insecticides: Various 109, 103, 139 X1
Structures :
Herbicides: S-Triazines 066, 025, 024 KIT
Herbicides: Ures Derivatives . - _..g_935, 053,-059, 157 RTINS ¢ ¢4 & SR
‘Herbicides: Growth Regulators ~  °~ 057, 154, 110, 077, 112, 108, - XXIv
: .. 166 . o . .
Herbicldes: Growth'Regulators 063, 030, 031, 032, 146, 151, v
2,4-D Type 145, 061, 095
Herbicides And Other 142, 114, 156, 124, 120, 115 LXVT
Agricultural Chemicals
Fungicides/Acaricides: 050, 084, 097, 144, 141, 127, XXVIL
Chlorinated Phenols 158, 147, 165
Fungicides: Nitrobenzene 0%4, 101, 093, 128, 081, 060 AXVIII
Derivatives
Fungicides: Quinones 073, 076, 105 XNIX
Fungicides: Thiophthalimides 086, 026 o 0.4
Fangicides: Dithiocarbamate 079, 049, 170, 123, 062, 140, AXAI
Compounds 068, 099, 136, 088, 133, 129,

082, 125, 070, 132, 051, 056,
143, 091, 134, 058, 075, 098,
087, 153

*TABLE NUMBER Refers to Pacholegy Summary Tables in RESULTS SECTION.



TABLE 11 {(Continuegd)

CHEMICAL COMPOUNDS STUDIED, CLASSIFIED GENERALLf BY USE

CLASSTFICATION

Fungicides: Various
Structures

Rodenticides: Various
Structures

Industrial Chemicals Used in
Rubber Industry: Accelerators

industrial Chemicals Used in
Rubber Industry: Antioxidants

Other Industrial Chemicals And
Intermediates of Interest

COMPOUND NUMBERS

054, 111, 118, 100
148, 106, 119
135, 131, 090, 074, 126, 069,

071

130, 080, 137, 102, 104, 138,

116, 117

167, 113, 083, 121

*TABLE WUMBER Refers to Pathology Summary Tables in RESULTS SECTIOX.
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TABLE

NUMBER*

XXXIT

XXXITI

XXIV

XXXV

XXXVI
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Strains of Mice Used

Two strains of hybrid mice were used in the definitive studies of carcino-
genesis. Both were Fl1 hybrids from crosses of inbred strains maintained in
specific pathogen free colonies at Cumberland View Farms, Clinton, Tennessee.
Hybrids designated 3603£46 are the preoduct of mating C57BL/6 females with
C3H/Anf males while those designated B6AK derive from C57BL/6 females mated with
AKR males., The C3H strain has one of the highest known incidences of mammary
tumors in females and liver tumors in males. The incidence of mammary tumors is
particularly high in breeding females and only siightly lower in virgin females.
The AKR strain is known to have a high i{ncidence of leukemia by 6-8 months of
age and has been widely used in cancer research, but rarely elsewhere, The C57BL/6
strain 1s widely used and known for its low incidence of leukemia and long life span.

These particular hybrids were chosen In sxpectation of a high susceptibility
to carcinogenic stlmuli coupled with the hardiness and longevity characteristlc
of Fi- hvbrxds. The:e were no previous data on the incidence’ of neoplastic or
other diseases in these two hybrids Thus, our data have value above ‘and be-
yond the reported carc1nogenic findings. -

Husbandry and Facilities

All mice used in this study were obtained from a specific pathogen free (SPF)
colony originally established from caesarian hysterectomy delivered animals. The
mice were shipped in filter protected boxes and barrier-sustained after they were
recaived into our laboratory.Experimental mice given subcutanecus injection of
compounds, were received as weanlings. To initiate the study, some pregnant
breeders were bought to provide the seven day old mice used for oral administra-
tion of compounds. An in-hcuse breeding colony of the three parent strains was
established and thareafter the expe:imental mice for oral studles were bred
from this colony.

Facilities were designed specifically for this program; the floor plan is
illustrated in the following diagram (Figure 1). The animal facilities are
sealed off from the laboratory facilities.

The plan Iincorporates a segragated clean-dirty corridor system for the
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animal housing area. Although this feature means, of necessity, reductiom in
usable space, it is justified because it minimizes cross-contamination between
discrete animal colony units. The dual corridor system additionally permits
efficient unidirectional flow of work and accommodates a high degree of central-
ization in service features of the facility. It results in controlled access

to animal areas and minimization of posggible unintentional contamination. It is
also desireable to enhance efficiency through concentration of like activities
and functiong. A dual duct high velocity system was used for heating, ventilation
and air conditioning., Unidirectional air-floew minimized rocom to room con-
tamination with absolute filtration of all incoming air to remove particulate
matter of 0.3 micron diameter or greater. All animal attendants wore a

standard *sterile' dress over outer clothing and also cap, face mask, gloves and
shoe covering. A shoe bath of disinfectant was located at the entrance to the
clean areas.

Rooms 28, 31~33 and 40-43 were used for the carcinogenic study. Rooms 27,
44 and 45 were used far the breeding colody and miscellaneous studies such A the ?”
. metabolic: studies.. Room 30 was a general purpose supply and protocol keepina '

room. ' _ _

The layout of various animal areas is a space module of approximately

24" x 24', Thege are divided further along one axis to glve a submodular unit

of approximately 12' x 24". As a generalization, this submodule is of optimal
size for mouse holding functions in that it permits a reasonable number of animals
to be housed per unit. Each rodent room contained 3% racks, with 72 cages to a
rack, With a maximum of € mice to a cage, 2160 mice could be housed in each
room. They were given food and water ad libitum. Cages were cleaned and re-
positioned on the same rack once weekly. Rack positions within the room were
changed once each month, Animals were observed daily for any abnormalities and
. palpated weekly at time of.weighing for .enlargement of liver and spleen, or

any subcutaneous tumor. Animals which appeared moribund were killed for
necropsy, The six animals in each cage were weighed once a week and bodv weighe

curves kept.



Staff

The staff necessarv to support the animal studies were as follows:
o Eight animal aides {omne per room), duties included the usual husbandry
functions and recording of death. .

v One animal aide, assigned to each of the clean and dirty corridors,
duties included delivery of supplies to each of the rooms and removal of waste.

° Une technician, assigned to the feed mixing room.

° One 'floating' laboratory aide to assist heavy work load areas.

° One secretary and one technician assigned to record keeping and
calculatrion.

° One senior technical supervisor to oversee the entire operation.

24



Dieg
The bakaed diet for all control and experimental mice was the same (with

the exception of experimental compounds) and was produced by D & G Co.,

Frederick, Maryland. Routine tests to determine absence of Coliform, Salmonella

and Pseudomonas spp. were made at regular intervals. Table III lists the

nutrients and ingredients of the diet.

25



Crude Protein, Min.

Crude Fat, Min.
Crude Fiber, Max.
Ash, Max.
Carbohydrate
Calcium
Phosphorus
Arginine
Lysine
Methionine
Cystine
Tryptophane
Glycine

Powderad Milk
Brewer's Yeast
Soybean 0Ll Meal
Ground Yellow Corn
Alfalfa Meal
Whear Bran

Clear Wheat Tlour

TABLE I1l
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NUTRTENTS AND INGREDIENTS OF THE DiET

24.0%
5.0%
4.5%

10.0%

50.9%
0. 8%
0.8%
1.3%
1.4%
0.6%
0.3%
0.3%
1.7%

NUTRIENTS

Vitamin A
Vitamin D
Vitamin E
Riboflavin
Niacin
Pantothenic Acid
Thiamine

Choline
Productive Energy
N Free Extract
Iron

Manganese

Copper

Cobalt

INGREDLENTS

Fish Meal
Salt

0.004%
3.7
2.6

6.017

befluorinated Phosphate

Animal Fat

Dry &4 & D Supplement
Ammonium Bicarbonate

Water

USP Units/1lb
USP Unite/lb
1U/1ib

mg/lb

mg/1lb

mg/1b

mg/1b

mg/1b
Cal./1lb

mg/lb
mg/1lb

mg/1lb
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Method of Scudy

Two types of long term studies (approximately 18 monthg) were carried cut

on the compounds:

(1)} A single subcutanecus injection was given in the nape of the neck to
weanling mice on approximately the 28th day of age.

(2) Continuous daily oral administration by stomach tube was begun on the
7th day of age until the mice were at weanling age (28 days) following
which the compound was mixed with the ground feed.

The number of animals usedlper sex per strain was according to the

following scheme:

B6C3FL . .BOAKF1
Stfain A Strain B
Male Female Male Female
Oral 18 18 18 18
Subcutaneous 18 18 } 18 18

_ The 18 month durat;on of the study was chosen for several reasons. we were
not aware of the lifespan of the hybrid strain when the study was Lnitiated and :
- hence were hesitant to extend:the study & 24 or more moutha. - We now fegl con=
fident that theséﬂmiéé ﬁoﬁld.surﬁiﬁé“féfisudh_§3period. The 18 months did provide
optimum conditions for carcinogenic stud{es, i.e., maximum exposure and/ﬁr observa-
tion time with a minimum morbidity and/or mortality due to old age.

The reasen for the choice of mixing the chemicals in the dist should be
obvious, The potential hazard for man assoclated with the vast majority of the
chgmicals gtudied is by the oral route and, in many cases, admixed with food. A&n
additional advantage is the simplicity of the tecnique, The single subcutaneous
administration was chosen to assist in disclosing "styong" carcinogens. It has
long been known that single exposures to these compounds early in life will
result in significant tumor incidence over controls. Indeed,as will be seen later
in the report, several of the positive control compounds were easily identified
by thils technique.
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ompound Preparation

In genexral, the compounds for the oral study were suspended in 0.5% gelatin,

In the subcutaneous gtudies, if they were insoluble in distilied water, an attempt

was made to dissolve them in DMSO or corn oil. If this pfocedure falled, the

compounds were suspended in 0.5% gelatin.
The concentration of the final solution or suspension was such that the in-

tended dose for a single animal was contained in 0.05 ml of the preparation.
Dosing of individual mice was based on the average weight within a single group
and, in the case of repetitive administration, was based on starting weights and
not adjusted as the gtudy cantinued. An exception to this was the recalculation
in the definitive study, at the time of weaning when administration was con-
verted from daily stomach tubing to incorporation in the diet.

In the absence of advance information indicating potential decompositicn
of the compound in solution, a quantity of sclution adequate for the particular
preliminary study (i.e., one, six or nineteen'doses) was prepared as a single
batch. This was.stored_under refriggration'and'ﬁrotétted from exposure to light.
In the definitive studies,.batches of pésticide—containing 6iet were prepared in
'quéntities-estimated-to be adequate for four weeks with allowance fof removal
of samples for analytical monitoring. These were stored under refrigeration and
protected from light when not in actual use. These generallstatements were

applicable to most experimental compounds.

Dasage Level Determination

The basic concept of the dosage'chnicé was the use of a maximum tolerated
dose in both the single subcutanecus and the continucus ¢ral administration
studies. The meximum tolerated dose was given since these experiments were
designed as screening procedures to detect ahy possible carcinogenicity. No
attempt was made to determine the response to chronic administration of lower
doses. In the case of the oral administration study, the calculated dose was
not adjusted to the changing body weight during the three weeks of stomach

tubing but a single adjustment was made at the time of conversion from stomach
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tube to mixture in the feed.

The following preliminary toxicity studies were conducted en all compounds
prior to initiation of the carcinogenic bioassay studies, These toxicity
studies were carried out on random-bred mice beginning at seven to eight days of
age for oral studies or at weaning for subcutaneous studies. All dosages used
ware selected from a list made up of the values 1.0, 2.15, and 4.64 multiplied by
appropriate powers of 10. However, no doses above 1,000 mg/kg were studied with
the exception of compound no.- 029 which was studied at 2,000 mg/kg and compound
no. 034 which was studied at a total dose of 3.0 mg/mouse (158 mg/kg).

Phagse I - Single Dose

Toxicity of single doses was determined by both oral and subcutaneous
administration using groqps_of four animals per dose for each route.
Initial range finding was accomplished by using doses differiﬁg by factors
of 10. after 24 hours cof observation, intermediate doses were given
to additional groups of animals, From these data the maximum tolerated
dese (defzned as the largest dose which produced zero mortality). and the

. next higher and the next lower dosea in. the serles, were identlfied. : a
The maximumn tolerated dose. for subcutaneous administration, wag {denti-
fied in this phase of the-study,-was-the dose to be used for single :
subcutaneous administration to weanling hybrids.

Phase LI - 8ix Dose

This phase was carried out by means of oral administration only and
consisted of giving the MTD identified in Phase I, as well as the next
higher and next lower doses, to groups of six animals every other day,
for a total Sf six doses, As this study proceeded, indications of a need
for higher or lower doses were available and new groups of animals using
these additional doses were started as soon as indicated. From the
accumul#tad data, a maximum tolerated dose {(defined as above) for the
six doge study was identified.

Phase ITI - Nineteen Dose

This phase of the study was carried out by oral administration and only
utilizing groups of six animals each. The maximum tolerated dose
identified in Phase IT plus the next higher and lower doses were
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administered daily for a'total'ofinineteen.dosés. As 1in Phase TI, new
groups of animals, using higher or lower deses, were introduced into

the study as indicated. At the end of Phase III, a maximum tolerated
dose (still defined as above)} was identified and this dose was then used
to start hybrid animals for the definicive studies.

During the preliminary toxicity studies all cages were checked daily and
animals weighed weekly; Weights were taken by groups rather than by individuals,
Individual mice were not identified until such time as there was a specific
reason for this, such as death. Moribund animals were killed and subjected to a
gross autopsy. All surviving animals were held for at least 7 davs following
compound administration, then killed and subjected to a complete gross and/or
microscopic examination.

Feed Mixing

Feed-pesticide mixing was done in two Patterson-Kelly Twin Shell Liqui.
Solids Blenders. A supply of feed, enough for all animals on a particular pes-
ticide for a month, was prepared at one time and divided into four equal
ﬁor;ions. The first;portion was dispensed into.self—feeders and given to the
;animals. The remaining three portions were packaged separafely in waxed paper
_Bags, which were in turn sealed in polyethylene bags and refrigerated. Each
portion consisted of a week's supply for a given dose level of compound, plus a
small excess in case of emergency. This reduced the handling of mixed faed-
pesticide to a minimum. Studies with fluorescein as an indicator, both in the
dry state and as a sclution, shoﬁed that a fifteen minute mixing periocd in the
twin shell blender was highly satisfactory for the uniform incorporation of
pesticide'with feed. Gas chromatographic analyses and cther appropriate analytic
techniques were used to show that the compound had been homogeneously dispersed

throughout the feed.
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Initial Dosage Levels Used

Table IV presents all the dosage levels used in this study. In addition,
the table presents the vehicle used. It should be kept in mind that the
vehicle used in the oral study was the solvent or suspending agent for stomaeh
tubing only, i.e., day 7 to 28, Thereafter,from weanling age to 18 months,
the agent was simply mixed in the diet as previously described.
The average starting body weight of each group at the time of dietary
feeding of the compounds varied from to 10 to 19 grams. No adjustment was made
for body weight gain during the szudy. Thé average body weight at the start
of the experiment was used to calculate the amount of compound administered. For
-example if che average bodv weight of the mice was 15 gms., and éssuming average
daily foed consumption was 5 gm. and the dosage level to be administered was

100 mg/kg, then 1.95 gms of material was mixed with 6.5'kg of feed. This mixture
was then refrigerated and dispensed as scheduled., Therefore, although the dose

level indicated in Table IV was correct early in the study, adjustment would be

.hg@eéséty cdiégtfect“fof?bndy;weight gain*to-calculate'mgfkg~:eeeivgd~;a;e;;in*thefwi%;vw

study. Table V presents thase body weight changes. The average hody wqight.at'
" the start, & months, 12 months and terminatipn‘aré presented (fig&res_iﬁﬁ;
parenthesis.indicate age in weeks at sacrifiﬁa). I_ :

Clearly, each animal will consume slighely different amounts of thé diet
in any small, given interval of time and the distribution of food (and test
compound) .so consumed will follow some form of normal distribution curve. It
should also be clear that, as with any stochastic process, the statistical vari-
ation in food consumed will be coupled with the statistical variation in respoase

to administered compounds to yield one grand, essentially Gaussian response.



LIST OF CHEMICAL COMPOUNDS STUDIED WITH CODE NUMBER,
COMMON OR CHEMICAL NAME, DOSAGE AND VEHICLE OR SOLVENT

TABLE IV
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*Used during stomach tubing perlod only.

Subcutaneous Oral
Code Common or Dosage Dogage
No. Chemical Natie me kg Solvent mg/kg Vehicle ppm
024 Simazine 1000 0,5% gelatin 215 0.5% gelatin 603
025 Propazine 1000 0.5% gelatin 46.4 0.5% gelatin 102
026 Captan 1000 0.5% gelatin 215 0.5% gelatin 560
027 Piperonyl Butoxide 100 Corn oil 100 0,5% gelatin 300
028 Piperonyl Sulfoxide 46. 4 Corn oil 46,4 0.5% gelatin 111
029 N-Propyl lsome 1000 DMSO 2000 0.5% gelatin 6000
030 2,4-D leopropyl Ester 100 Corn oil 46.4 Q.5% gelatin 111
031 2,4-D Butyl Ester 21.5 Corn oil 46.4 0.53% gelatin 149
032 2,4=D lsooctyl Ester 21.5 Corn oil 46.4 0.5% gelatin 130
034 Ethyl Carbamate 25 D80 158 0.5% gelatin 600
047 Sevin L10¢ DMSO 4,64 Q.5% gelatin 14
048 Irc 215 D50 215 0.5% gelatin 560
049 sponc 464 Dig. Hp0 215 Dis. Hp0 692
050 Dowcide~7 46.4 Coern oil 46.4 0.5% gelar.n 130
031 Zineb 1000 (0.5% gelatin 464 0.5% gelatin 1298 .
052 o,p'-DDD + 464 DMSO 215 0.5% gelatin 560
053 Diuren 1000 0.5% gelatin 464 0.5% gelatin 1400
054 Dodine’ 1360 0,5% gelatin 21.5 0.5% gelatin 82
056 Maneb : 100 0.5% gelatin . 46.54 0.5% gelatin 158
057 Maleic Hydrazide 1000 0,5% gelatin 1000 0.5% gelatin 3000
©-0%8.-. Thiram - - 46,4 0.5% gelatin 10 = 0.5% gelatin . 26
059 Monuron 100 0.5% gelatin 215 0.5% gelatin 517
060 PCNB 1000 0.5% gelatin 4ok 0.5% gelatin 1206
061 2,4,5-T 215 DMSC 21.5 0.5% gelatin 60
062 Ferbam 100 0.5% gelatin 10 0.5% gelatin 32
063 2,4=D 464 DMS0O 100 0.5% gelatin 323
2.4-D 215 DMSO 4b. b 0.5% gelatin 149
065 p,p'~DDT 464 0.5% gelatin 46.4 0.5% gelatin 140
066 Atrazine 100 0.5% gelatin 21.5 0.5% gelatin 82
067  p,p—DDD 464 - Cornm oil 100 0.5% gelatin 300
063 Ethyl Tellurac 1000 G.5% gelatin  46.4 0.5% gelatin 149
068 Captax 215 0.5% gelatin 100 .0.5% gelatin 323
070 Ethyl Zimare 464 0.5% gelatin 100 0.5% gelatin 260
071 Phenyl Isothiocyanate 100 Corn oil T 46,4 0.5% gelatin 158
072 Perthane 215 DMSC 215 0.5% gelatin  B15
073 Chleoranil 464 0.5% gelatin 215 0.3% gelatin 646
074 Altax 1000 0.5% gelatin 464 0.5% gelatin 1577
075 lUnads 100 DMSO 100 0.5% gelatin - 377
076 Bichione 21.5 0.5% gelatin 10 0.5% gelatin 30
077 Dicryl 14000 MSO 21.5 0.5% gelatin 73
078 Ethylene imine 4. 64 Dis., Hp0 4,64 0.5% gelatin 13
079 Nabam 10 Dis. H20 21.5 Dis. H20 73
080 Agerite DPPD 1000 DMSO 1060 DMSOC 3385
081 Vancide PB 10 DMSO 46.4 DMSC 121
082 Bismate 1000 0.5% gelatin 10 0.5% gelatin 34



TABLE IV (Countinued)

LIST OF CHEMICAL COMPOUNDS STUDIED WITH CODE NUMBER,
COMMON OR CHEMICAL NAME, DOSAGE AND VEHICLE OR SOQLVENT
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- *Used during stomach tubifg period only.

Subcutaneous Oral
Code Common or Dosage Dosage
No. Chemical Name mg}kg Solvent mg/kg Vehicle* nom
Q83 Redax 1000 DMSO 1000 DMSO 3769
084 Tetrachlorophenol 100 DMSO ——— e ———
85 Hercules-7531 1000 0.5% gelatin 464 0.5% gelarin 1492
086 Folpet 1000 0.5% gelarin 215 0.5% gelatin 603
087 Tillam-6-E 10 Corn oil 100 Corn oil 323
088 Ledate 1000 0.5% gelatin 46,4 0.5% gelatin 130
089 Amitrol 1000 Dis. H20 1000 Pis. Hp0 2192
090 Zetax 1000 0.5% gelatin 1000 0.5% gelatin 3385
091 Sulfads 1000 0.5% gelatin 100 0.5% gelacin 300
092 Butacide 1060 Corn oil 464 0.5% gelatin 1112
093 Botran 1000 DHSO 215 0.3% gelatin 603
094 Karathane 10 Corn oil 1.0 0.5% gelatin 3
095 Trichloronhenoxy P.A. 215 DMSO 46.4 0.5% gelatin 121
496 Mirex 1000 0.5% gelatin 10 0.5% gelatin 26
097 2,4,6~Trichlorophenol 464 Corn oil 100 0.5% gelarin 260
098 Avadex 1000 Corn oil 215 8.5% gelatin 360
099 Cumate ... . ... . 100 .. 0,5% gelatin 46,4  0.5% gelatin' 163
100 . Mucochlorie Aeid -~ - - 721,85, DMSO-. . . 215 - 0.5% gelatin' - 36
101 Butyl-Dinitro Phenol 21.5 Corn oil 2,15 0.5% geletin 7
102" Agerite Powder 464 DMSO 4b4 0.5% gelacin - 1206
103  Rotenone 100 0.5% gelatin 1.0 0.3% gelatin 3
104 Biphenyl 46.4 DMS0 215 0.5% gelatin 317
105 Anthraquinone 1000 0.5% gelatin 464 0.5% gelatin 1206
106 Antu 4,64 DMSO 2.15  0.5% gelatin b
- 1G7 Diphenylacetonitrile 464 DMSQ 215 0.5%Z gelactin 360
108 l-Naphthalene 100 DME0 215 0.5% gelatin 517
109 Bis(2-Chloroethyl)-Ether 215 Dis. H20 ——— ——— ————
Bis(2-Chloroethyl)-Ether 215 Dis. H30 1006 Dis. H30 300
110 Azobenzene 1800 DMSO 21.5 0.5% gelatin 36
111 Dehydro Acetic Acid 46,4 DMS0 100 0.5% gelatin 240
112 Haphthalene Acetamide 46.4 DMSO 464 0.3% gelacin 1298
113 Diphenylcarbonate 1000 LM30 100 0.5% gelatin 260
114 Monochloroacetic scid 106 Dis. Hy0 46.4 Dis. H20 149
113 Cacodylic Acid 464 Dis. Ha0 46.4 Dig. H20 121
116 p-Phenylphena] 1000 DMSQ 464 0.5% gelacin 1L
117 o=Phenylphenol 1060 Corn oil 100 - 0.5% gelacin 280
118 - Cu Hydroxy Quinoline 1000 0.5% gelatin 1600 0.5% gelatin 2800
118 a-Chloraloge 215 DMSO io 0.5% gelatin 28
120 Phenyl Mercuric Acetate 46.4 DMSO 10 0.5% gelacin 24
121 p-MethoxXyphenylacetic Acid 1000 DMSO 215 0.5% geiatin 56D
122 Aramite 1000 Corn oil 464 0.5% gelatin 1112
- 123 Vanguard GF 46.4 0.5% gelatin 100 0.5% gelatin 240
124 © Caleium Cyanamide 100 0.5% gelatin 100 0.5% gelatin 240 .



TABLE IV (Continued)

LIST OF CHEMICAL COMPOUNDS STUDIED WITH CODE NUMBER,

COMMON OR CHEMICAL NAME, DOSAGE AND VEHICLE OR SOLVENT
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*Used during stomach tubing periocd only.

Subeutaneous Oral

Code Common or Dosage Dosage

No. Chemical Name ng/kg Solvent mg/kg Vehicle* ppm
125 Butyl Zimate 1000 0.5% gelatin 1000 0.5% gelatin 2600
126 Rotax 1000 DMSO —— ———— ———
127 Vancide BL 1600 DMS0 46.4 0.5% gelatin 11l
128 Dichloro Nitroaniline 1000 0.5% gelatin - 215 0.5% gelatin 731
129 Ethyl Selenac 464 0.5% gelatin 10 0.5% gelatin 26
130 Aperite White 1000 0.5% gelatin 100 0.5% gelatin 280
131 Durax 1000 0.5% gelatin 215 0.5% gelatin 692
132 Methyl Zimate 46,4 0.5% gelatin 4,6 0,5% gelatin 15
133 Methyl Selenac 464 0.5% gelatin 10 0.5% gelatin 34
134 Ethyl Tuads 1000 0.5% gelatin 100 0.5% gelatin 323
135 Amax 464 0.5% gelatin 464 0.5% gelatin 1492
136 Erhyl Cadmate 1000 0.5% gelatin 21.5 0,5% geletin 65
137 Agerite 150 1000 0.5% gelatin 1000 0.5% gelat.n 3000
138 Agerite Alba 1000 0.5% gelatin 464 0.5% gelatin 1492
139 Phenothiazine 1000 0.5% gelatin 215 0.5% gelatin 560
140 Vanguard N ——— ——— 46.4 0.5% gelatin 158

Vanguard N 1000 0.5% gelatin 0.1 0.5% gelatin .20

14] Vancide BN 10 - . Corn oil 2.15 0.5% gelatin 7
142 Gilbberellic Acid . 1000 DMSO T 464 0.5% gelarin 1298
143 Dimethyldithiocarbamic A, 464 . Dis. H20 100 0.5% gelatin 260
144 2,4, 5-Trichloroghenel 1000 Corn 64l ——— e ' ———
145 Dichlorophenoxy P.A. 100  DMSO 100 0.5% gelatin 260
146 Dichlorophenoxy P.A. 100 DMSO 46.4 0.5% gelatin 93
147 Ovex 1000 DMSO 464 G.5% gelatin 1019
148 Triphenyl Tin Acetate 464 0.5% gelatin LA b4 0.5% gelatin 1206
149 Zectran 10 DM80 4.64 0.5% gelatin 11
150 Ccirc 1000 DMSO i 464 0.5% gelatin 1112
151 2-(2,4~DP} 464 0.5% gelatin 10 0.5% gelatin 28
152 Isolan Q215 Dis. Hjp0 .0215% Dis. H30 . 0603
152 ETU 1000 DMSO 215 0.5% gelatin 646
154 Hydroxyethyl-Hydrazine 21.5 Dis. H0 2.15 Dis. H20 5

“ 1356 -cCC 46,4 Die. H30 21.5 0.3% gelatin .65
157 Ethylene Urea 1000 0.5% gelatin 215 0.5% gelatin 640
158 Tetrzfiden 1000 - 0.5% gelatin 100 0.5% gelatin 260
139 Telodrin 4,6 DMSO 0.215 0.5% gelatin  .646
160 Dihydrosafrole 1000 DMSO 464 Dis. H30 1400
161 Isosafrole 1000 DMSD 215 Dis. H20 517
162 Safrole 1000 DMSO 464 Dis. H20 1112
165 Genite-R99 1000 DMSO 1060 0.5% gelatin 2400
166 Indole~3~Acetic Acid 1600 DMSO 215 0.3% gelatin 646
167 Dimethyliamino Xylenol 1000 DMSC 100 0.5%Z gelatin 300
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TABLE IV (Continued)

LIST OF CHEMICAL COMPOQUNDS STUDIED WITH CODE NUMBER,
COMMON OR CHEMICAL NAME, DOSAGE AND VEHICLE OR SOLVENT

Subcutaneous Oral
Code Common or Dosage Dosage
No. Chemical Name mg/ kg Solvent ng/kg Vehicle* pom
168 Chlorobenzilate 1000 DMSO 215 0.5% gelatin 603
149 Thiodan ' — —_—— 2.15 0.5% gelatin 6
Thiodan 2.15 DMSO 1.0 0,5% gelatin 3
170 Hydroxyethyl - -
Dithiocarbamic Acid 464 DMS0O 464 . 0.5% gelatin 1112
171 Strobane 1000 DMSO 4,64 0.5% gelatin 11

*Used during stomach tubing'pefiod only.



TABLE V

BODY WEIGHT CHANGES ﬁURING_ORAL ADMINISTRATION
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TIME: START 26 52 TERM (weeks)
Odeeks)| (4)
STRAIN:[ BAC3FL | B6AKFL | B6CAFL iBeaxFl B6C3FL | BAAKFL B6C3FL BGAKF1
| (4) (B) ay | ® () (B) (&) (B)
SEX: M F_‘ M F| M F| M F| M FI{M F| M F M F
COMPD #
024 14 14 {14 14 134 28137 30{38 30|38 33)40(77) 346(77)}40{77) 35(77)
025 11 11 113 13 137 35137 30 (39 40|45 35) 40(86) 41L(86) { 46(93) 39(953)
026 13 13 |13 1336 33 (41 37134 45151 33| 43(82) 46(82) | 52(82) 52(82)
027 15 15 (15 1535 33|40 32138 38137 35| 38(83) 44(83) | 41(83) 42(83)
028 12 12§12 12 134 31 {41 33|34 36|44 39] 40(71) 41(72) | 50(83) 44(84)
029 15 15§15 15|33 30|38 30136 34|30 33| 48(77) 4L(77) | 46(77) 3B8(77)
030 12012 412 12 |39 3239 37145 37|42 37| 42(77) 44(BL) | 42(B3) 42(83)
031 16 16 (16 16136 29|38 35141 3741 42| 42(84) 41(84) | 45(87) 46(86K)
032 14 14 {14 14 |39 33139 32142 44143 38| 43(84) 46(B4) | 42(86) 42(EL)
034 19 18 |19 19 133 42130 37|33 35|42 431 33(71) 35(69) | 37(73) 43(74)
047 15 15 |15 15 |38 31|39 33|43 40|44 42| 42(B0) 43(80) | 44(79) 46(79)
048 13 013 j13 13 (34 32039 32|42 41|45 43| 46(73) . 44(23) | 47(B2) 46(81)
049 16 16 (16 16 {36 320138 34|43 40146 44| 43(78) 46(78) | 46(78) 46(78)
350 14 14 {14 14 {34 '32(38 31138 41§44 41| 40(75) 4&44(63) | 45(78) 43(77)
051 | 14 147114 14 |36 287138 132143 34 |45 38| 43(B6) 39(B6) | 43(90)  43(90)
052 13 13113 13134 30037 3341 41|44 42| 6177y 44(i7) | 45(37) 45077)
053 15 15 [15 15 'ag 29137 30|39 32|38 341 41(78) 34{78) ! 42(78) 35(78)
054 19 19§19 19139 36145 37 |41 46|50 441 42(85) 50(86) | 51(87) 51(87)
056 17 17 |17 17135 300142 32|38 36|47 37] 40(B0) 43(80) | 48(¢84) 43(86)
057 15 15 {15 15 |37 30|40 42 |42 37 146 38| 44(8l) 40(81) | 44(84) 45(84)
058 13 13 {13 13139 34 (45 34 |42 &1 )46 41| 46(79) 43(79) | 49(Bl) 45(82)
059 12 12 {12 12035 34 1[40 33137 37!40 381 40(78) 4&41(77) |48(76) 42(77)
060 13 13 |13 13§33 281935 20137 35{39 33 38(?8) 238(78) |39(78) 38(78)
061 14 16 |14 14 142 33138 33145 39|41 39 48(8L) &42(84) [ 43(84) 47(B4)
062 16 16 |16 16 |41 34 {42 36§45 41| 44 43| 44(83) 45(83) | 47(83) 48(83)
*063 16 16 |16 16 {41 30|38 33146 37]39 38| 49(85) 42(87) | 40(93) 47(94)
®%043 ~— == 116 16 |== — |38 33i-= —=142 39 43(79) 43(79)
065 15 15 {15 15 |40 32|37 30145 41141 361 46(81) 39(81) | 41(81) 48(81)
066 19 19 |19 19 138 30140 36140 3849 43! 40(75) 40(75) | 4B(79) 46(79)
067 15 15 115 15 [37 28138 32139 35|41 38 44(80) 37(79) | 44(79) 43(79)
068 16 16 |16 16 {38 3