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7. SUMMARY AND CONCLUSIONS

The carcinogenic potential of Avadex (Diallate) was
investigated in two studies in mice and two studies in rats,
while that of Avadex BW (Triallate) was investigated in one
rat study.

I’ Inliﬁe Innes study, Diallate treatment resulied in a
statistically significant increase in hepatomas in two
strains (X and'Y)1 of male mice compared with the matched
(vehicié) cohtrol group (p=1.6 x 1076 and p=1.4 x.10‘3,
respectively), the negative (without vehicle) contro] group
(p=1.2 x 10-5 énd p=.018, respecti?ely); and the pooled
negative control groups (p=2.0 x 10-8 and p=2.3 x’10‘6,
resﬁectiveiy).’ Female mice of strain X had a}Statistical]y
signifidant increase of hepatomés compared with the pooled
control group (p=.023). In this study, there was also an
increase in pulmonary adenomas in treated ma1e§ bf strain.X
compared‘with the pooled (p=.041) and matched (p=.651)
control groups; and in iota] tumor incidence in treated
males of §trains X and Y (p%2.5 x 10-7 ahd
p=2.9 x 10-3, respectively) and females of strain X
(p=.021) compared with the appropriate matched control
groups.

In the Boots study of female mice (from Schofiel) given
Dia11afe intraperitoneally, there was no statistically

significant tumor incidence at individual organ sites.

1) StX?%?FX is (C57BL/6 x C3HAnf)F1l and strain Y is C57BL/6
x ¥ *
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; In the Litton Bionetics rat study, there was an
increased incidence of total tumors in the high dese (300
bpm} male group compared with the pooled contral group
(@%;632) and with one of the two matched cantrol grdups
(p=.023). There was no significant tumor incidence at any
specific an@témieat site. Females of the high dose group
had an iaﬁrease of carcinemas compared with pooled controls
(p=.042), but neither of the treated feméte groups had an
inereased incidence of total tumers or of any specific

tumgrs by anatomical site.

.The Industrial Bio-Test rat study of Diallate showed an

ingreased incidence (p=.021) of benign mammary gtau¢ tumors
in females treated with 100 ppm, but there‘was no other
increase of specific tumaors (by anatomical site) or of tofal
tumers in treated rats of both sexes. |
| The ontly @waiiabke data faor Triallate is from one rat

' study performed by Industrial Bio-Test. The results did not
indicate é significant tumor incidence in either sex.
However, Triallate is structurally very simi1ar.t6 Diallate,
and both compounds are mutagenic (the latter being a more
potent mutagen). There is a paucity Qf-infarmation
available regarding the mammalian metabolism af Dialtate and
Triallate. If it were demonstrated that Trialltate
metabolizes to Diallate im vive, or that Triallate and
Diallate share common metabolites that are carcinogenic,
then it could be suggested that carcinogenic risk might also
be associated with exposure to Triallate. Further
metabolism studies should be conducted to clarify this

issue.




In summary, there is significant evidence that Diallate
may be a human carcinogen. ‘The evidehce concerning
Cércinbgenic potential of Triallate is negative. Howevér,
because of similar structure to Diallate and positive |
mutagenicity data, Triallate should be studied furthér.

-The quantitative fisk assessment for Diallate was’based
on the Innes feeding study in mice, where the end—pbint
utilized was hepatoma incidence in male mice of strain X.
Utilizing a one-hit model, the risk éssoéiated with all food
uses considered together was about 1.5 x 10'6, which would
mean an excess of about 5 cancers per year in the u.s. A
risk to applicators as high as 1 «x 10-3 was estimated to
be associated with dermal exposure, but the number -exposed

was small.

-iii-
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IT. METABOLISM AND MUTAGENESIS

A) METABOLISM STUDY
A study of the metabolic fate of radioactively labeled
Avadex injected intraperitoneally in rats revealed that,

with 88% of the administered compound radioactively

accounted for in 48 hours after injection, 61% appeared in

urine, 19% in feces and 8% as éxha]ed CO2.(1) The urinary
metabolites were not 1dent1f1ed. |

There is no further information ava11ab1e regarding
mammalian metabolism of Diallate or Triallate (structures
shown below). This is an important aspect because Triallate

is stkuctﬂral]y similar to'Diallate and, yet, the one

'onéogenicity study on Triallate was negative compared with

positive oncogenicity data for Diallate. If, in fact, it

were demonstrated that Triallate metabolizes to Diallate in

vivo, or if Triallate and Diallate had common metabolites

which are carcinogenic, then it could be suggested that

~carcinogenic risk might also be associated with exposure to

Triallate. Further metabolism studies would be necessary to

clarify this issue.
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By MUTAGENESIS
Dominant lethal tests of Avadex (diallate) and Avadex
BW (triallate) in albino Charles River mice were performed
by Industrial Bio-Test Laboratories. (2) Each compound was
injected intraperitoneally with cbrn 0il into groups of male
miée. Each of the two studies wa% performed with a negative
control group using Metepo (tris-1-(2-methyl)-azidinyl

phosphine oxide). After treatmen%, the males were mated

sequentially with untreated femalzs during a six week period'

énd the females were examined in %n early stage of.prégnancy
for the number of implanted embryas and nﬁmber of embryonic
deaths. Avadex was treated at doses of 100 and 200 mg/kg
body weight, and avadex BW at 200 and 400 mg/kg body weight.
The resu1t$ of these tests were that treated groups did
not show any significant decrease in the number of viable
offspring compared with the negative control groups whereas

the positive control groups did show a significant reduction
in the number of viable offspring, as expected. Therefore,

the compounds dovnot cause dominant lethal mutations in

treated males under the conditions of the test.
Mutagenes{s tests were performed by Andersen, et al.

(10) on a series of 110 herbicides including diallate and

triallate in Salmonella typhimurium and on 35 herbicides

including triallate in a T4 bacteriophage/E. coli test
system. Neither system included metébo]ic activation and

Lhe concentrations were not stated. None of the 110




compounds induced a significant number of mutations in the

Salmonella tests, and only 4 compounds, not 1nc1uding

triallate, were marginally significant in the T4/E. coli
test. Although these experiments were negative, the
~inclusion of a metabolic activation system, which is the
current accepted practice might produce a positive result.
Therefore,-the hegative resu1t must be considered tentative.

V.Mutagenésis tests were performed in Salmonella

typhimurium by De Lorenzo, et al. on a series of 20

cqrbamate herbicides and fungicides incTuding diallate and
tria]]ate (11), and by Sikka and Florczyk on diallate and
triallate (12). Both studies were performéd with and
wfthout metabolic acﬁivation. Diallate and Triallate
induced a significant number of mutations in strains TA 1535
and TA 100 with metabolic activation. DeLorenza, et al.
reporﬁed a linear dose response cure for both compounds. In
both studies, a significant number of mutations wés not
induced in these strains without metabolic activation, nor
~in strains TA 1537, TA 1538, and TA 98 with or without
metabolic activation. The results indicate that these
compounds are metabolized into one or more metabolites which
possess potent base pair substitution inducing capabilities.
Diallate was a considerably more potent mutagen than
triallate in both studies although triallate was clearly
mutadnnic. De Lorenzo et al. postulate that the
?-chloro-allyl qroup, common to the 2 mutagenic compounds,
is rospnnsihin for the observed effect. Its chemical
structure is very similar to known mutagenic and
carcinogenic compounds structurally related to vinyl

chloride such as vinylidene chloride which has the

dichloroethyenyl structure found in‘tria11ate(1),
..3..



ITI. MOUSE CARCINOGENESIS STUDIES
A. Innes Study (Oral)
The maximal tolerated dose of Avadex (Diallate) was
given to two hybrid strains of mice (CSTBL/ﬁ X CGC3HAnf) Fi
de&ignatéd’as‘“strain X" and (C57BL/6 x AKR)F designated as

“strain Y" mice.(3) There were 18 treated mice and 18

untreated controls of each strain and each sex. Two hundred.

fifteen mg/kg body weight was given in gelatin daily by
stomach tube beginning when the mi;e'were 7 days of age.
After the mice were weaned at 28 days of age, 560 ppm Avadex
was mixed directly in the diet and provided ad 1ibitum.
Treatment was continued for 84-86 weeks. Pooled controls ‘
represent four different untreated controlygrcups, each in a
separate room, and an additional control group given 0.5%
gelatin suspension (vehicle).

Post mortem observations included thorough external
examination and examination of the thoracic and abdominal
cavities, with histologic examination of major organs and of
alllgrossly visible dissected. The cranium and ﬁhyroid
glands were not dissected. Blood smears were examined of
all mice with splenomegaly ar Iymphadenépathy.

There were significantfy elevated incidences of
hépatohas in livers of male mice of Strain X and Strain Y

‘when compared with either their respective matched (vehicle)
cantrol group (p = 1.6 x 10~6 and p = 1.4 x 10-3,
respectively)}, negative (without vehiclex control group (p =

1.2 x 1075 and p = .018 (significant at p<.05 level),




respectively), or pooled negative coﬁtrol groups (p = 2.0 x
10-% and p= 2.3 x 10-6, respectively). There was a
statistically significant incidence of hepatomas in female
mice'bf strain X when compared with the pooled control group
only (p = ,OZ;, significant at pﬁ.oé level). The data is
indicated in Table 1. Metastéses were not observed.
Howevef; in this particular study, the mice were killed
after 18 months, tﬁther than a]]owinglthe mice to surVive 2
years or more, a time long enough for metastases to have

probably occurred.



fable 1 LIVER TUMORS (HEPATOMAS) IN MICE INGESTING '
| KVADEX (DIALLATE) -

Tumors of the Liver

§tFain ,“ fose Group - MaTe Female
% Matched eontrol 0/16 ; 0/16
(vehicle) (p = 1.6 x 10-6)* (p = .242)
X Negative control 1717 - 0/18_ =
, (p = 1.2 x 10-5)* (p = .214)
X pooled control 8779 _ 0/87
| (p = 2x10-8)*  (p = .023)**
X 560 pp 13/16 2/16
Y Matéhed Control 1/18 . 0/17
(vehicle) (p = 1.4 x 10-3)* (p = .469)
Y Negative Control  3/18 0/17
| | (p = 018)** (p = .469)
¥ Pooled Control 5/90 | 1/82
(p = 2.3 x 10-6)* (p = .287) N
y 560 ppm 10/18 1/15 N

The numbers in parentheses are the p values for statistical
significance of the tumor incidence in the treated group
compared with the indicated control group (Fisher Exact
test).

* indicates statistically significant at pg.01 level;

** indicates statistically significant at p<.05 level.




The hepatoma incidence in Avadex-treated mice compared

to that in the positive control group treated with ethyl

carbamate is shown below.

Strain X
Treatment Group Male Female
Avadex 13/16 2/16

(81%)  (13%)
Ethyl Carbamate
(Positive Control) 8/20 12/23
(40%) (52%)

Strain ¥
Male Female
10/18 1/15
(56%)  (7%)
14/22  5/19
(64%)  (26%)

The data for pulmonary tumors shown in Table 2

indicates a borderline statistically significant increase of

pulmonary adenomas in the Dia]]ate-treated males of strain X

compared with the matched (vehicle) control group (p = .051)

and with the pooled control groups (p

- .041).
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“Table 2

Adenoma

Carcinoma

Adenoma

Carcinoma

Adenoma

Carcinoma

Adenoma

Carcinoma

LUNG TUMORS IN MICE INGESTING AVADEX (DIALLATE)

Dose Group

Matched Control

Negative Control

woo_ma Control

560 ppm

Strain X
Male Female
0/16* 0/16
0/16 0/16
2/17 1/18
0/17 0/18
5/79*% 3/87
0/79 0/87
4/16 2/16
0/16 0/16

Strain Y
Male Female
2/18 1/17
0/18 0/17
2/18 0/17
0/18 0/17
10/90 3/82
0/90 0/82
4/18 1/15
0/18 0/15

* p = 051 (Fisher Exact Test) for the incidence of pulmonary adenomas i
group compared with the matched control.
** p = ,041 (Fisher Exact Test) for the incidence of pulmonary adenomas in the treated
group compared with the pooled control.-

n

the treated



There was a statistically significant incidence of

total tumors in the treated males of both strains X and Y
(p = 2.5 x 10~7 and p = 2.9 X 10‘3, respectivé]y), and
in the treated females of strain X (p = .021) when_cdmpared

fo‘the’apbrOpriate matched control group (Table 3). -

Table 3 INCIDENCE OF TOTAL TUMORS IN MICE INGESTING
AVADEX (DIALLATE)

Strain’ Dose Groub - Tumors in any Organ
Male Female
X | Matched Control  0/16(0%)  0/16(0%)
X Pooled Control  22/79(27%) 8/87(9%)
D X 560 ppm  14/16(88%)*  5/16(31%)***

Y Matched Control  3/18(17%) 2/17(12%)

Y ’ Pooled Control 16/90(18%) . 7/82(8%)

¥ 560 ppm 12/18(67%)** 2/15(13%)

The following p values (Fisher Exact Test) were calculated

relative to matched control data.

* p o= 2.5 x 10-7, ** p = 2.9 x 1073, *x* p = 021




In summary, Diallate treatment resulted in a

statistically significant increase of hepatomas in male mice

of both sgwafns X and Y relative to their respective matched
c&ﬁtrqlk negqtiva control and pooled control groups; and in
fema?é mfﬁe‘gf strain X when compared with the pooled
| control group. There was a statisticaklx significant
iﬂﬁrease of lung adenomas in tre@ted strain X males compared
wiih peoled controls, and a borderline increase campared'
with matched controls. A statistically significant increése
of total tumors (all organs) occurred in treated mice of
strain X (both sexes) and male mi?e of strain Y compared
wiih the respective matched contr?lss-
B. IntrapefitoneaT Carcinogenicity Study in Mice‘(Boots)
FemaTé albino mice (dbtained from'Schofiel),,weighing

18-29 qrams, were given weekly intraperitoneal injections of

5 mg of the active ingredient of Avadex (Diallate) CP-15336
(2% suspended in 10% gum acacia) for 10 weeks.(5) There
were 50 mice per group. ’Controls received the vehicle
alone. Mice ingesfed Oxoid modified diet 41B for the first
4 months and Oxoid breeding diet for the remainder of the
study. Twenty mice were killed at the end of 37 weeks and
the remainder after 72 weeks.

Necropsies were done on mice that died or were killed.
Superficial glands, liver, spleen, kidney, adrenal, stomach,
urinary bladder, thymus and skin were examined grossly.

Abnormal tissues were examined histologically. Histologic

..10_



sections of lungs were routinely berformed. Although fumors
were more malignant in treated mice, there was no
statistically significant increase of any tumor type by
anatomical site or of total tumors in the treated mice

compared with controls.

C. Dermal Carcinogenesis Study in Mice (Boots)

Female albino mice (obtained from Schofiel) weighing
18-29 grams, were given weekly skin applications of 75 mg of
the active ingredient of Avadex, CP- 15336 (30% in acetone) .
for up to 76 weeks and killed. (6) There were 50 mice per
group. Controls were the mice from a lung tumor study that
received intraperitoneal injectjbns of gum acacia.2 Mice
ingested Oxoid modified diet 41B for the first 4 month; and
Oxoid hréeding diet for the remaindef of the study.

The hair of the back, from the scapula to the tail, was
clipped before treatment and at intervals whenever
necessary. The chemical solutions, calibrated by pipette at
N.25 ml per application, were spread as evenly as possible
over the clipped surface.

Necropsies were ddne on mfce that died or were killed.
Superficial glands, liver, spleen, kidney, adrenaTs,'
stomach, urinary bladder, thymus and skin were examined
yrossly. Abnormal tissues were examined histologically.

Histologic sections of lungs were routinely performed.

1) Avadex consists of 41.99% CP15336, 54.03% Panola heavy
aromatic naphtha, and 4.00% of emcol, AD4-20.

2) Twenty were killed at the end of 37 weeks, and are not
-included in these results.

-11-



There was some indication that tumoers occurring in treated
mice were more malignant (metastatic) than in control mice,

but there was no statistically significant increase of

tumors reported for any organ site.

D.: Skin Tumor-Initiating Study in Mice (Boots)

Female éibﬁm@ mice (@btéinad from Schofiel) weighing
between 18-29 grams, were given weekly skin applicatians of
75 mg. of the active ingredient of Avadexv(Dialtate),
€P15336, (30% in acetone) for 10 weeks.(%) Another group of
mice received weekly gastric intubation 15 mg CP15336 (6% in
10% gum acacia) for 10 weeks. The mice then received weekly
skin applications of 0.25% croton oil for 25 weeks, and were
killed at 37 weeks after the study began. The negative

control was given acetone and the positive control consisted

of urethane followed by croton o0il. There were 30 mice in
each group. |

During the study "characteristic signs of CP15336
toxicity were seen in two mice treated with skin
applications and in six mice dosed orally,..."

There were no sigqificaht differences in the numbers of
mice with papillomas of'the skin or forestomach between the
controls and Avadex (Diallate)-treated mice.

[ was concluded that Avadex was not a tumor-initiating
chemical when applied to the skin or forestomach under the

conditions of this study.

-12-



. Skin Tumor-Promoting Study in Mice (Boots)

Female albino mice (obtained from Schofiel) weighing
18-27 grams were given a single skih app]jcation of 150
micro-gram dimethylbenzanthracene (DMBA) in 0.1 ml
acetonéQ(S) Three weeks later 20 applications of 75 mg
avadek (30% in 0.25 ml acetone) were made at- weekly
intervals. A second group of mice received DMBA followed by
acetone, and a third group received DMBAVfollowed by cfbtoﬁ |
0il. There were 20 miceé in each group. Mice were killed 1
week after treatment was completed. |

Skin tumors were not observed in mice painted with
Avadex (Diallate) or acetone. There was a high incidence of
skin tumors in the positive control mice. |

'It was concluded that Avadex was not a skin
tumor-promoting chemical when applied to the skin under the

conditions of this study.

F. Innes Mouse Study (Subcutaneous)b

Two hybrid strains of mice, (C57BL/6 x C3HAnf)F1
designated as "strain A" and (C57§L/6xAKR)F1 designated as
"strain B" mice were used (5). Male and female mice, 18 per
group, were given a single subcutaneous injection of 1000
mg/kqg body weight Avadex (Diallate) in corn o0il on the 28th
’ddy of life and killed after 80 weeks. Control mice
reccived corn oil only. The diet consisted of laboratory
chow.

Tumors were not increased in mice given a single

subcutaneous injection of Avadex.

~§

-13-



1¥. RAT CAR%KN@GfNESiS STUDIES

A. Litton Bionetics Study

Avadex {(Diallate), was ad@inistered in thé diet to 26
male and 26 female Sprague-Dawley rats for 18 months and
killed after 24 months,(7) The tkeated rats, divided by?
sex, were also divided into dosage groups; totaling 4
treated grmups; The high dose, 300 ppm, was intended to be
the maximal amount that the rats could tolerate for that
period of time. The low dose was one-half the high dose.
Two groups of 32 males ahd iwo groups of 32 females received
no treatmenf.’Necropsies and complete histopathologic
- examinations were performed on all rats.

Average survival times fqr the male rats ingesting the

high dose of Diallate were less than male rats in the other

groups. One female rat given the high dose was killed at 28
weeks because of carcinoma of the mammary gland.

SURVIVAL TIMES (WEEKS) FOR MALES AND FEMALES
- INGESTING AVADEX

Dose ] Females Males
Average (range) Average (range)
0 82.3 (44-93) " 97.7 (63-104)
0 103.0 (94-104) | 99.0 (45-104)
Low Dose 90.3 (47-104) 96.7 (57-104)
lligh Dose 91.3 (28-104) | 83.5 (54-104)

_14_
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There was a statistically significant increase in total

malignant tumors in the male rats of the high dose group

- when compared with the pooled control group (p = .032), and

with one of the matched control groups (10/26 high dose vs.
4/32 control, p = .023) (Table 4). There was no
statistically significant increase of total tumors cohpared
with the other matched cnntrol group. ‘An analysis of the
tumor data by‘anatomical_site revealed no’statisticaily
significant tumor incidence in the treated rats at any organ
site. |

Femaie rats ingesting the high dose of Avadex
(Diallate) had a statisticaily'significant increase (p<.042)
of carcinomaé:‘i.e., there were 5/26 (19%) invfhé treated |
ratS“éompared with 3/64 (5%) in the pqoiéd éontnols (Table
6). There was no statistical significance when compared with
either matched control group (iab]e 5). There was'no
statistically significant increase in total tumors
(carcinomas and sarcomas) in the tréated female rats at
.either dose when compared to pooied or matched controls
(Table 5). When the data was anaiyzed by anatomical site,
there was no statistically significant increase in tumor
incidence at anyisite.

In summary, male rats ingestingkthe high dose of Avadex
(Piallate) developed a significantly increased incidence of
malignant tumors when compared with pooled controls. 1In

female rats given the high dose of Avadex (Diallate), the

-15-



incidence of carcinomas was significantly increased when

compared with pooled controls. When the tumor data was

analyzed by anatomical site, there were no statistically
significant increases in tumors of any site in treated male

or female rats relative to their respéctivé controls.

i

Table.4 INCIDENCE OF MALIGNANT TUMORS IN MALE RATS
INGESTING AVADEX (DIALLATE)

No. of Rats No. of Rats Total No. bf Rats

: with with with Mal}g?ant
" Dose Group Carcinomas Sarcomasa‘ Tumors D
Matched ‘ N
Control 2/32 (6%) 2/32 (6%) 4/32 (13%)
Matched ; ‘
Control 2/32 (6%) 5/32 (16%) 7/32 (22%)
Pooled T | - N
Control 4/64 (6%) 7/64 (11%)  11/64 (17%)** )
Low Dose 3/26 (12%)¥  1/26 (4%) 4726 (15%)
High Dose 4/26 (15%) 4/26 (15%) 10/26 (38%)e)
a) Gliomas and leukemias were counted as sarcomas.
b) Rats with carcinomas did not have sarcomas.
¢) Corrected for survival,
d) Two of these rats with carc1nomas had metastases

(carcinoma of the prostate métastatic to lung and
lymph nodes; islet cell carcinoma of the pancreas with
metastases to the heart).

e) The total incidence of 10/26 includes 2 unclassified
malignant tumors in the. subcutaneous tissue.

* The tumor incidence in the high dose group compared to

this matched control group is statistically significant
(p =.023) (Fisher Exact Test).

*¥*  The tumor incidence in the high dose group compared to
the pooled control group is statistically significant
(p = .032) (Fisher Exact Test).

-16-



Table 5

No. of Rats
with

Dose Group Carcinomas

No. of Rats

with

Sarcomasa)

INCIDENCE OF MALIGNANT TUMORS 1IN FEMALE RATS
INGESTING AVADEX (DIALLATE)

Total No. of Rats
with Ma]xgnant
Tumors

0 3/32 (9%)

0 0/32 (0%)
wa Dose 2/26 (3%)c\
High Dose 5/26 (19%)

2/32 (6%)
2/32 (6%)
2/26 (8%)

- 0/26 (0%)

5/32 (16%)

2/32 (6%)

4/26 (15%)
5/26 (19%)

a) Gliomas and leukemias were counted as sarcomas.
b) Rats with sarcomas did not have carcinomas.
c) The 2 rats with carcinomas of the mammary gland had

metastases to the lungs.

Table 6 INCIDENCE OF MALIGNANT TUMORS IN FEMALE RATS
INGESTING AVADEX (DIALLATE) )
No. of Rats No. of Rats Total No. of Rats
. with with with Malignant
Dose Group Carcinomas Sarcomas Tumors
0 ’ 3/64 (5%) 4/64 (6%) 7/64 (11%)
‘High Dose 5/26 (19%) 0/26 (0%) 5/26 (19%)
(p = .042)* -

* Fisher Exact Test

-17 -



B. Industrial Bio-Test Study Kﬂi@ﬁim&@)

A chronic oral toxicity study was carried out with
Tharles River albino rats. (9)4) Male and female rats, 50
in each group fingested 0, 5D, ﬂbb or 23@ ppm of Avadex
Technical {Diallate) in dry, pulverized Purina rat chow for
24-172 menths. 5)6) Control rats were the same as for the
Avadex BW (Triallate) study. Rats were housed individually
in metal cages. Food and water wére administered ad 1ibitum.

Food @ﬂﬂsumpiﬁﬂm and body weighfs:wer@'WE£@rﬂeﬁ, as
well as ‘hematology, selected bipoﬂ sh@mﬁstriés and
uwrinalyses at periodic intervals.

Cahp]éte gross necropsies were carried out on all rats
found dead except for advanced autolysis, and'on'al1 rats
kﬁﬂ&@d, Terminal weights were taken of brain, gonads,
heart, kidney, liver and spleen. Detailed histopathological
examinations were done on "selected animals found deéd, and
on all remaining animals at the 24 month sacrifice." Ai]
neoplasms and tissues with suspected neoplastic lesions were
studied.

Body weight gains were slightly less fok female and
male rats (p <.05) ingesting 200 .ppm Avadex (Diallate) than
the control rats up to the 10th week. Fcnd‘consumptioh of
treated rats was similar to that of the untreated rats.

Mortality was 1ncreaséd in‘thé female rats treated with

the highest dose (200 ppm) of Avadex'(ﬁiailate).

!

Charles River Breeding Laboratories, Inc., Wilmington,
Mass.,
5. CP 23436, Lot Va. XHE-51, 95.3

. Ralston-Purina Co., St. Louis, Mo.
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There was no statistically significant increase in
total tumors (benign and malignant) nor in tumors of any
anatomical site in treated male rats compared with controls

(Table 7).

Table 7 INCIDENCE OF BENIGN AND MALIGNANT TUMORS IN MALE
7 RATS INGESTING DIALLATE2/

Dose , No. of Rats No. of Rats Total No.
Group with Benign with Ma}ignant of Rats, with

(ppm) Tumors Tumors?d Tumors?P

0 1/50 (2%) " 4/50 (8%) 5/50 (10%)

50 0/50 (0%)  7/50 (14%)  7/50 (14%)

100 - - 2/49 (4%) - 4/49 (8%) 6/49 (12%)

200 1/50 (2%) 6/50 . (12%) 7/50 (14%)

a) Number of rats.with endocrine tumors are not included.
b) Rats with both benign and malignant tumors were counted
once in the column with malignant tumors.

INCIDENCE OF CARCINOMAS AND SARCOMAS IN MALE RATS INGESTING - -
DIALLATE )

Dose No. of Rats No. of Rats Total No. of Rats

Group with with with Maljgnant
(ppm) Carcinomas Sarcomas Tumors D)
0 0/50 (0%) 4/50 (8%) 4/50 (8%)
50 3/50 (6%) 4/50 (8%) 7/50 (14%)
100 1/49 (2%) 3/49 (6%)C) 4749 (8%)
200 2/50 (4%) 4/50 (8%) 6/50 (12%)

a) Number of rats with endocrine tumors are not included

b) Rats with both benign and malignant tumors were counted
once as malignant.

c) One rat had metastatic fibrosarcoma to the Tung and
liver, another to the lung. No primary sarcoma was
found in the two rats.
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There was an increased incidence {p = .021) of benign

mammary gland tumors in females treated with 100 ppm of

Avadex (Diallate) compared with controls {Table 8). With
the EX£€pti00 of the benign mamméry~tum@rs, there was no
statistically significant increase in tumors of any other

anatomical site or in total tumors in the treated females.

Téb?e 8 INCIDENCE OF BENIGN AND MALIGNANT TUMORS OF THE
MAMMARY GLAND IN FEMALE RATS INGESTING DIALLATE a/

Dose No. of Rats No. of Rats Total No.

Group with Benign with Malignant of Rats with
{ppm) _Tumors Tumors , Tumors
o 14/50 (289%) 5/50 (10%) 19/50 (38%)
50 19/49 (39%) 4/49 (8%) 23/49 (47%)
100 24/48 (50%)* 5/48 (10%) 29/48 (60%)*
200 15/46 (33%) 10746 (22%) . 25/46 (54%)

a/ Some rats had both benign and malignant tumors. Those
rats are counted once in the column with malignant
tumors. , :

* p = .021 (Fisher Exact Test)
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C. Industrial Bio-Test Study (Triallate) |
A chronic oral toxicity study (8)was carried out with

Charles River albino rats.l Male and female rats, 50 1in

each group, ingested 0, 56, 100 or 200 ppm of Avédex BW

(Triallate) Technical in dry, pulverized Purina rat chow

for 24-1/2 months.2s3 Control rats were the same as for
the Diallate study. Rats were hOUSedkindiVidually in metal
cages. Food and water were administered ad libitum.

Food consumption and body weights were recorded, as
well as hematology, seTected blood chemistries and
urinalyses at périodic intérvé]s.

Complete groés necropsies were carried out on all rats
found dead, except for those with advanced autolysis, and on
all rats killed. Terminal weights were taken o% brain,
gonads, heart, kidney,,]ivek and spleen. Detailed
histopatho]ogica] examinations were done on "selected
animals sacrificed." ATl neoplasms and tissues with
suspected "neoplastic lesions" were studied.

Male rats ingesting ZbO ppm Avadex BW failed to gain
weight during the first 3 weeks’as did rats in the other
groups (p<0.01). Food consumption measurements disclosed
that the amount of’food eaten by test animals was similar to
that of the controls.

The mortality data (shown on fo]]owing pages) did not
indicate a statistically significant difference in mortality

between the treated and control groups.

1) Charles River Breeding Laboratories, Inc., wflmington,
Mass. '

2) CP 23436, Lot Va XHE-51, 95.3

3) Ralston-Purina Co., St. Louis, Mo.
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‘ The tumor data did net indicate a statistically
significant increase of tetal tumers or of tumors by
anatomical site in either the treated males er females
relative to their respective controls,

| Br. I.N. Dubin reviewed for the CAG all of the
available stiées from all anima?s €bqth_sexe$) in the
(c@ﬂtpak group and 100 ppm dose group (uhich showed the i
highest tumor occurrence). The only statistically
significant tumor incidence (p<.01) involved pituitary
chromephobe adenomas in female rats (9/22 central vs. 13/15
treated). %owe&ep% as stated in his repaort (Appendix 1),
this tumor type has a high spontaneoqus occurrgncé and,
therefore, the increased incidence may not be biutogically’
meaningful. Dr. Dubin concluded that Triallate did not

produce a carcinogenic effect in this study.
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V. Summary

A statistically significant increase in tumor incidence
has heen demonstrated for Avadex (Uia]]ate)-but not for
Avadex BW (Triallate). Diallate was tested in several
‘studies on rats and mice, whereas only one rat study was
performed with Triallate.

In the InneS'study of mice fed Diallate, there were
significantly elevated incidences of hepafomas in male mfcev
of 2 strains (X and Y) when compared With either their
respective matched (vehicle) control group (p = 1.6 X
10-6 and p=1.4x 10;3, respectively), negative
(without vehicle) control group (p = 1.2 x 10-2 and
p = .018, respectively), or pooled negative control groups
(p = 2.0 x 10-8 and p = 2.3 x 10-6, reépective]y).

There was a statistically significant incidence of hepatomas
in female mice of strain X when compared wfth the boo]ed
control group only (p = .023), whereas strain Y females did
not exhibit an increase of hepatomas. A statistically
significant increase of pu]honary adenomas occUrred in |
‘Diallate -treated males of strain'x compared with the pooled

controls (p = .041), while the incidence compared with the

matched control group (p = .051) was only marginally
significant. There was a statfﬁtica]]y significantr
incidencé of total tumors in the treated males of both
strains X and Y (p = 2.5 x 10-7 and p = 2.9 x 10-3,

respectively) and in the treated females of strain X
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{p = .N21) when compared to the épprﬂprjate matched control
Group . |

In the Boots study of female mice given Diallate
intraperitoneally, there was no statistically significant
increase of tumors in individual organ sites.

In the Litton Bionetics rat study, there was a
stati§tﬁcaiiy significant increase in total malignant tumors
in the male rats of the high dose group (300 ppm) when
cnmpareﬂ with the pooled control group (p = .032), aﬁd with
one of the two matched control groups (p .= .023). There was
}ﬂ@.increaséd 1n¢5dence of tumors at any specific,anatbmicaT
site. Female rats of the high dose group had a
statistically significant increase of carcinomas compared
with the pooled controls (p£.042) but not compared with
either matched coﬁtrol group. There was no statistically
- significant increase in total tumors (carcinomas and |
sarcomas) in the treated female rats at either dose level
ﬁhen compared with pooled or matched controls, nor any
significant increase in specific tumor types when analyzed
according to anatomical site. _

The Industrial Bio-Test Rat Study of Diallate showed an
increased incidence (p = .021) of benign mammary gland
tumors in females treated with 100 ppm.compared with
controls. With the exception of.the benign mammary tumors,
there was no statistically significant increase in tumors of

any other anatomical site or in total tumors in the treated

-28-




females. There was no statistically significant increase in
‘total tumors (benign and malignant) nor iﬁ tumors of any‘
anatomical site in treated male rats compared with contro]s.
The only available data for Triallate is from one rat
study performed by Industrial Bio-Test. The results d1d not
indicate a significant increase in tumor incidence in either

treated males or females relative to respective controls.
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'MI, QUANTITATIVE RISK ASSESSMENT

A.i Introducti&n'& Summary

The following is the quantitative portion of the
pptentié? cancer risk associated with diallate use in the
United States. Diallate is used on the following foods: .
harley, lentils, peas, safflower, soybeans, sug&r cane and.
b@et, corn (grain), and flax (seed). Risk.estimates are
calculated for the United States population eprsed to
diallate in the diet. Also, risk estimates are given for
workers invo]ved in the spray application of diallate.

It was found that for conservative but not unreasonable
estimated levels of exposure that the lifetime cancer risk‘
for all food is 1.5x10~6 which would result in about 5
cases per year in the total U.S. population. However,
applicators who were unprotécted experienced a dermal risk
under conservative exposure assumptions as high as
9.6x10"% . This risk fortunately is reduceable to as low
as 1.2x10"° with proper protective clothing. Since the
number of applicators are fairly limited the expected cancer
cases in the entire cohort for their lifetime would be Tess

than one.
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B. Bioassay Data Utilized

The evidence for a carcinogenic effect of diallate
“involves four independent animal bioassay studies on rats
and mice. The results of these studies are presented in the
qualitative portion of the risk assessment.

The animal bioassay data utilized for the quantitative
risk assessment wére based on the Innes oral feeding study
on mice. For this study the one treated groub of mice were
fed 560 ppm of diallate in the diet. A statistically
significant higher incidence of hepatomas in maies of both
"strains X and Y was observed, when compared to matched
controls.

'The proportion of hepatomas observed in Stain X males .
was used to calculate the slope parameter for the one-hit
model, adjusting for background tumor inidence. Table 1
presents the data for the Strain X males. Therefore, using
the proportion of hepatomas in the matched control group and

the treated group, the one-hit slope parameter is:

B=-1n[(1 - 13/16)/(1’-'0/165] / 560 = 2.989 x 10-3

The estimated lifetime probability of a Dimilin caused
cancer death (P) is | |

P = BX = (2.989 x 107°)X
where X is the average equivalent exposure of Dimilin (ppm).

in the diet;
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€ Lifetime Probability of Diallate-caused Cancer Cases
1« Dietdary Exposure

The human population receives direct dietary exposure
t@sdiaiiatévrégidues through consumption of specific foods.
these foods are: barley, lentils, peas, safflower,
soybeans, sugar cane and beet, corn_(grain),'and flax
{seed). |

Maximum or "worst case" exposure was developed ffom
tolerances established for residues of diallate in foods.
It is assumed that residues are present in individua]yfoods
to the extent pérmitted by the tolerances and that the foods
are uniformly distributed throughout the country. Table 2
presents the cancer risk to the entire U. S. population from
"worst case" dietary exposure to diallate.

A second set of estimates were developed utilizing

l

information on the percentage of crop treated made available

by BFSD {Reference: Charles R. Lewis, "Diallate Data for .
Exposure Analysis™, 9-12-78). Table 3 presents the cancer
risk estimates .when the percentage crop treated is
considered. Since no information was available for

safflower, it was assumed that 100% of the crop was treated.
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2. Spray Applicator Exposure

Exposure information for the app]iéators was obtained
from the Environmental Fate Branch (HED). Diallate is
applied primarily as an emulsified concentrate with ground
eqﬁipmeht by boom sprayer. Therefore, spray applicators are
exposed to diallate by inhalation of the volatilization
compound and by dermaT exposure during the loading of the .
sprajér or in the application process. Applicator's
exposure to diallate from grénu]ar applications is very Tow
and was not cohsidered in the eprsdre analysis.

Since eXposure estihatesjforldiallate have never been
measuréd,'exposure information 1is based on worker exposure
to triallate. It is assumed thaf the two compounds are
similar in use pattern and in rate of application. The
estimates based on triallate were verified using a model for
paraquat which calculates the amount of pesticide 1iquid

formulation that tomes in contact with the applicator's

The estimated dosages were reported in mg/hr{ and then
converted to mg/kg/year. The conversion from mg/kg/year to

equivalent lifetime ppm in the diet is as follows,

X = (60u) x 40 years = 6.26 x 10'2u =
365 days x 70 years x 1.5 kg
year ' ; mg per lifetime diallate

kg food eaten per lifetime
where X is ppm in diet and u is mg/kg/yr of exposure. A
40-year working history and a 70-year lifetime is assumed

for the applicators.
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Table 4 presemts data on the absorbed dose im mg/kg/yr., the

lifetime average dose in the diet X@@mﬂa the 14fetime
probability of a tancer due to diallate and the expected

cancer cases/year due to diallate for spray applicators.
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. ) Appendix 1
Report On Histopathologic Studies of v

Monsanto Triallate (Avadex-BW)

Experiment On Charles River Albino CD Rats

I. N. Dubin, M. D.
The study, a 2-year chronic oral‘texicity study, was done in
1976-1977 by'Industrial Bio-Test Laboratories, Northbrook, Illinois,
60062. The pathologic studies were carried out for the latter

company by Dr. Donovan Gordon, Veterinary Pathologist.

T studied all available slides on male and female control ani-
mals (Experiment B5250); also, on all male and female animals in
group T-II (100 ppm) , experiment B5231; with the exception of a
small number of control and test animals in which slides were
missing. The numbers of animals I examined are recorded in a list

T have sent you previously.

I have also sent you previously a detailed breakdoﬁn of all
tumors in control and test anlmals broken down by origin of tumor,
sex, control group, test group, and whether the animals lived to
reach the 2-year endpoint or died or were sacrificed before this
endpoint. I also sent you detalled hlstopathologlc diagnoses on

each animal,, case by case.

My conclusions are as follows:
1. Slides were missing in only 7 animals. I examined slides

from 59 control animals and 60 test animals.

2. I agreed with all the diagnoses made by Dr. D. Gordon,
except that he missed one small hepatocellular carcinoma
in one animal, (No. 223). Since liver tumors were rare,

this is not significant.

‘!4», ‘.j .
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- ‘ -
There is oné flaw in the experimental design, namely, | o
that when animals died, or were k;lled on the point‘qf

dying, prioxr to the planned termination of the experiment

at the end of 2 years, there was no routine sectioning of
all tissues for hxstoloq;cal ax&mlnatxan. only tissues
which were suggestive of gresence of tumor were sampled
for histologic study. Thus, this could have introduced

an element of bias.

Unfortunatelyt this bad practiée is followed by many lab-

atorxas performlng expexxments for carcinogen bicassay.

The only significant increase in tumors occurring in the
Triallate-treated animals was in the female rats surviving
2 years. In the female control rats surviving 2 years,

9 of 22 animals showed a pituitary chromophobe adenoma;

in the Triallate-treated (100 ppm) female rats, 13 of 15
animals showed a similar pituitary tumor. The statistical

analysis by Dr. Todd Thorslund indicates this difference

to be significant at p< .0l level.

t
i
§
-

While this difference is statistically significant, I am

jnclined to believe it is nat‘bialagically meaningful.

In the experience of the NCI pqqle&_data. the untreated
Charles River CD Albine rat demonstrates a high incidence
of spontaneous pituitary adenomas about 34% in the males
gnd 58% in the females. Please see the table appended

to the DBCP paper by Marie McKeon and Gordon Edwards,
presented at the laét Carcinogen Assessment Group on o
September 2, 1977; the table is entitled "Percent

Spontaneous Primary Tumors in Untreated Species used at //'/”
_.,-——4-"——""*
the NCOT £ar Carcinogen Bicagsav." e
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" most tumors were found.

- »
h

Thus, I found no carcinogenic effect produced by Triallate

) Sincerely yours,

9N Pl
I. N. Dubin, M. D.

Professor and Former Chairman
Department of Pathology

Avadex-BW) on Charles River CD rats at 100 ppm, the level at which



cee e T | - ‘ *:ikZ“‘L‘p%,

THE MEDICAL COLLEGE OF PENNSYLVANIA AND HOSPITAL

A 3300 HENRY AVENUE * PHILADELPHIA, PA, 19129
L2 w 215-842-6000

Angust,15,11977

k=3

Dr) Elizabeth Anderson
“Carcinogen Assessment Group
Environmental pProtection Agency
401 "M" Street s.W. (RD=672)
Washingten, D. C. 20460

Py
Dear Dr. Anderson:
i am enclosing a copy of the following items:

1 - Histological description of all the slides I examined
" on the animals in the TRIALLATE (AVADEX -~ BW) study.

2 - I also have 1isted on a separate page those animals’in
which slides were missing. ' o

3 - I am enclosing a set of four tables indicating the tumors
I found in the_animals, broken up by Control and Test
animals, male and female animals, and whether the animals
1ived out the two year span or died before the end of the
experiment. ' _ :

‘When Dr. Thorslund informs yéu as to whether or not there are
any significant differences between the Test and Control ani-
mals, please notify me accordingly. You will recall I was to

withhold my final summary report until I had that information.

Sincerely yours,

‘7ddt£44\j§luﬁ0h

1. N. Dubin, M. D.
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NTROL MALES

TUMORS FOUND IN TRIALLATE ANIMALS, CO

Tumor

ﬁw<mn..nw=% benign nodules

Liver, sarcoma

Pituitary, chromophobe wmmsoaww
Thyroid, adenoma

Parathyroid, adenoma

wmannoww. benign islet cell tumor
Pancreas, malignant islet cell tumor
Adrenal, cortical adenoma

Reticulum cell sarcoma

Skin, malignant tumors

Lung, metastatic tumor ) , ‘

§

S,
"~

Sacrificed at 2 years
; 16 animals

Found dead or moribund sacrifice N

6 animals —




TUMORS IN TRIALLATE ANIMALS, CONTROL FEMALES

Found dead or moribund mmnnwmpom,

Tumor sacrificed at 2 years

tiver, small neoplastic ramawm. benign
pituitary, mwnosav:nwm adenomas
Adrenal, cortical adenoma

§kin, squamous cell carcinoma

Skin, sarcoma

Breast, benign fibroadenoma

Breast, awnm»wazw B

Uterus, carcinoma

ovary, granulosa cell tumor

22 animals

o

LI Y

15 animals

[~ N o

N
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TUMORS IN TRIALLATE ANIMALS, MALES, 100 ppm

Tumor

pituitary, chromophobe mmmuoam
parathyroid, adenoma

Liver, benign neoplastic nodule
Liver, hepatocellular nwnow:oaw
Lung, adenoma

Spleen, hemangioma

pancreas, wmwmn.omww adenoma
Thyroid, adenoma

Skin, sarcoma

Reticulum cell sarcoma

Breast, benign mwvnmwmmuoam

Sacrificed at 2 years

Found dead or moribund sacrifice

15 animals

9 animals

e —r—————————————




TUMORS IN TRIALLATE vszw.bmy FEMALES, 100 ppm ,
THmor - __ v,@ : . sacrificed at 2 years " Found dead or moribund mwnnwwuwm,;;/
. , _ o , 15 animals 21 animals 3

mwmwwwwn%. nwnoaamnbun,sﬁmamswm 13 - 7
mm%nww.vnbvnb , ;m;.: : 4 - i 6
»mnwwww»«omnm»aoiu,,y _ | : 1 | . 9
wanmwi%uo»m. yam%mau 1
,unwwwmw~ nawnwalu;ounsoauu 1l

. 1

Thymoma

m,,mnWW@wy carcinoma - ..; 1
Qmw,van@Pn. wmwno!w - , 1 . . 0
ww:nnmmm.,wwumn cell adenoma 1 .. | 0
,.wwznnmmm~ wmwawn carcinoma 1 g 0
‘Liver, neoplastic :mmﬁwo . _ 1 | . 0
w.mwwg. fibrosarcoma | , 0 2

Reticulum cell sarcoma J : u‘ : 0 1



MONSANTO - TRIALLATE (AVADEX -~ BW)

SLIDES MISSING:

(a) "Added controls"™ animal No. 34, male. o
Nos. 67, 72, 86, female

(b) Female control No. 98; died or moribund sacrifice.
" " - I didn't find No. 77, but found No. 76

(e) T-II (100 ppm) Male, No. 250 . :
" " Female, No. 272, died or moribund sacrifice

Numbers of animals I examined histologically:

(A) CONTROLS EXPERIMENT B5250:

(a) Sacrificed at end of experiment (2 years)
Males - 16 animals
Females - 22 animals

(b) Found dead or moribund sacrifice. (Not all tissues
examined; tissues selected if suggestion of "tumor"
on gross examination). o

Males - 6 animals
Females” - 15 animals

(B) T-II (100 ppm) EXPERIMENT BS5251:

(a) Sacrificed at end of expgriment (2 years)

Males : - 15 animals
Females - 15 animals

" (b) Found dead or moribund sacrifice.

Males - 9 animals
Females - 21 animals

P

/ /,:)}; /

} — @"



Monsanto TRIALLATE (AVADEX~-B.W.)
"2-year chronic oral toxicity study in Charles River albino rats"

Study done 1976-1977 by Industrial Bio-Test Laboratories, 1810 Front-
age Road, Northbrook, Illinois, 60062.

Pathology studies done by Dr. Donovan Gordon, Veterinary Pathologist
at Industrial Bio-Test Laboratories. ' ‘

The following are histopathologic diagnoses on all tissues on all
animals in which tissue sections were made‘available to I. N. Dubin,
M. D.; diagnoses were made in individual animals, case by case.

GROUP A

Experiment No. B5250, male controls, sacrificed at end of experi-
ment (2 years).

Animal #7 Liver - slight focal necrosis and round cell infiltra-
tion; focal vacualization. Heart - focal inflammation. Kidneys -
severe chronic nephritis. Respiratory - mild inflammation of trachea
and lungs. Pituitary - chromophobe adenoma. Thyroid - adenomas.
Parathyroid - hyperplasia or adenoma. Adrenals - hemorrhagic area,
focal calcification and vacuoclization of cortex. Prostate - con-
cretions. Normal - spleen, eyes, esophagus, stomach,_émall and
large intestine, pancreas, bonemarrow, lymph-node, testis, urinary
bladder, epididymis, diaphragm, salivary glands.

. Animal #8 Liver - suggestion of an area of early nodule formation,
benign hyperplasia. Kidney - moderate nephritis, chronic. Resgpira-
tory - chronic inflammation of trachea and bronchi. Normal - bone-
marrow, CNS (central nervous system), eyes, spleen, heart, striated
muscle, lymph-nodes, testis, epididymis, prostate, bladder, salivary
glands, pituitary, trachea, thyroid, parathyroid, adrenal, stomach,
esophagus, pancreas, small and large intestine.

Animal #10 Thyroid - slight hyperplasia. Liver - slight round
cells, slight vacuolization, some centrolobular cytomegaly.

Kidneys - slight chronic inflammation. Heart ~ focal myocarditis.
Lung - chronic bronchitis and focal pneumonia. Noxmal -~ CNS, eyes,
bonemarrow, pituitary, adrenals, parathyroid, esophagus, stomach,
small and large intestine, pancreas, striated muscle, lymph-nodes,
testis, epididymis, prostate, bladder.

Animal #13 Adrenal - cortical hemorrhages; one medulla hyperplastic.
Pituitary - chromophobe adenoma. Thyroid - slight hyperplasia.
Trachea - chronic inflammation. Lungs ~ chronic bronchitis.

Heart - slight myocarditis. Kidneys - moderate nephritis.

Normal - eyes, CNS, bonemarrow, liver, spleen, striated muscle,
prostate, testis, bladder, epididymis, esophagus, stomach, pancreas,
small and large intestine, salivary glands, lymph nodes.

-




Animal #14 Testes - blilateral tubular degeneration and some interstit-
inl. cell hyperplasia. Heart - slight feocal inflammation. Liver =~

one nodale (hyperplastic or neoplasticl; congestion. Kidney - moderate
Jframmation. Lung - chroric bronchitis and focal prneumonia.
P..tuitary - chromophobe adenoma. Nermal - bonemarrow, striated

mwscle, bladder, prustate, epididymis, spleen, CNS, eyes, adrenal,
thyraid, iymph-nodes, stomach, pancreas, large and small intestine,
salivary glands.

Aniwal #16  Lung - chronic bronchitis. Kidney - slight chronic in-
flammation. Heart - slight myocarditis. Fancreas - slight focal
gibrosis. Hormal - CNS, bonemarrow, eyes, lacrimal glands, liver,
testis, epididymis, bladder, prostate, lymph-nodes, salivary glands,
striated muscle, esophagus, stomach, large and small intestine,
tyschea, thyroid, parathyroid, pituitary, adrenal. (No spleesn seen.)

animal #17 pPituitary - chromophobe adenoma. Heart and lungs -

glight chronic jnflammation. Kidneys - chronic nephritis. Trachea -
inflamed. Liver ~ focal congestian; ? small beginning nodule.

Normal - CNS, bonemarxyow, eyes, spleen, testis, bladder, epididymis,
prostate, striated muscle, esophagus, stomach, large and small intestine,
pancreas, salivary gland, adrenal, lymph-nodes, thyroid, parathyroid.

Animal #24  Heart - slight inflammation. Xidneys - severe nephritis.
Lungs - chronic bronchitis and focal pneumonia. Trachea - slight in-
flammation. Pituitary - either vascular epithelial hyperplasia or ’
adenoma. Prostate - concretions. Salivary glands - chronic inflanma-
tion-of parotid;other salivary glands OK. Pancreas = invasive car-
cinoma, probably from islets of Langerhans. ~Normal - CNS, eyes, spleen,
1iver, esophagus, stomach, small and large intestine, adrenals, thyroid,
parathyroid, testis, bladder, epididymis, vas deferens, seminal vesicles,
" gtriated muscle. , -

animal #26 aAdrenal - one cortical adenoma. Heart - slight myo-
carditis. Kidney - mild nephritis. Liver - slight inflammation and
f£ibrosis of portal areas; one cyst. Lungs - chronic bronchitis, focal
pneumonia, focal aggregates of alveolar macrophages. Pancreas - islet
cell adenoma. Normal ~ CNS, bonemarrow, eyes, lacrimal glands, -
t+rachea, thyroid, parathyroid, spleen, bladder, testis., epididymis,
prostate, striated muscle, esophagus, stomach, small and laxge intestine,
galivary glands, lymph-nodes.

Animal #30 Heart - slight inflammation.: Kidneys - moderate nephritis.

Liver - one hemorrhage. Lungs = chronic bronchitis and focal pneumonia.
Epididymis - focal inflammation. Trachea ~- inflamed. Normal - CNS,

bonemarrow, eves, spleen, bladder, testis, prostate, seminal vesicles,
thyroid, parathyroid, adrenal, esophagus, stomach, large and small
intestine, pancreas, }yqphmnodes, salivary glands.

Animal #31 Kidney - severe nephritis. Heart - Minimal inflammation.
Lung - abscesses and hyperplastic bronchial epithelium. Normal -
bonemarrow, CNS, eves, striated muscle, bladder, adrenal, pituitary,
testis, epididymis, prostate, pancreas, salivary glands, esophagus,
dtomach, large and small intestine, lymph nodes, spleen, liver.

{(No thyroid or parathyroid.)

-
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Animal #32 Pituitary - small adenoma. Tracheitis. Adrenals =

one shows cortical vacuolization. One of testes - tubular degener-
ation. Lungs - chronic bronchitis, focal pneumonia, focal alveolar
macrophages. Heart and kidneys - slight inflammation. Liver -
possible early tiny hyperplastic- nodule. Normal. -~ eyes, salivary
glands, CNS, bonemarrow, thyroid, bladder, prostate, epididymis,
spleen, striated muscle, esophagus, stomach, large and small in-
testine. (No pancreas or parathyroid.) '

Animal #35 Pracheitis. Kidneys - minimal inflammation. Lungs =
severe bronchitis, focal pneumonia, focal alveolar macrophages.
Normal - CNS, eyes, bonemarrow, pituitary, esophagus, stomach, large
and small intestine, pancreas, thyroid, adrenals, bladder,. striated
muscle, testis, epididymis, prostate, pancreas, lymph nodes, heart,
spleen, liver. : : :

Animal #39 Severe tracheitis. Lungs - severe bronchitis, chronic
pneumonia, pulmonary fibrosis, and severe hyperplasia of bronchial epi-~-
thelium. Heart - slight inflammation. Kidney - severe inflammation.
Spleen - sarcoma, either hemangiosarcoma or vascular reticular sar-
coma. Normal - eyes, bonemarrow, CNS, thyroid, parathyroid, pitui-
tary, adrenal, striated muscle, bladder, testis, epididymis,

prostate, liver, esophagus, stomach, small and large intestine, -
salivary glands, lymph nodes. (No pancreas.) ‘

Animal #46 Heart - slight inflammation. Kidneys - moderate

*%3 nephritis. Lungs - severe bronchitis and focal pneumonia. Thyroid -

slight hyperplasia. Slight tracheitis. Normal - liver, spleen,
eyes, CNS, bonemarrow, striated muscle, testis, bladder, prostate,
vas, seminal vesiélaes,adrenal, pituitary, parathyroid,'esophAgusf
stomach, small and large intestine, pancreas, salivary glands,

lymph nodes.

Animal #49 Heart - slight inflammation. Kidneys - moderate nephritis.
Lungs - severe bronchitis with epithelial hyperplasia, pulmonary
fibrosis and focal pneumonia. Slight tracheitis. Normal - eyes,
bonemarrow, CNS, muscle, bladder, epididymis, pancreas, large and

small intestine, adrenals, thyroid, parathyroid, pituitary, esophagus,
stomach, salivary glands, lymph modes. ‘ :

GROUP B

Experiment No. B5250, control females, sacrificed at end of experi-
ment (2 years).

Animal #51 Adrenals - cortical hemorrhages in both. Liver -~ few
portal round cells. Kidneys - slight inflammation. Lungs - severe
bronchitis and focal pneumonia. Lymph nodes - hyperplastic. Ovaries -

corpora lutea, normal. Large intestine - parasites in lumen. Normal -
bonemarrow, eyes, CNS, thyroid, parathyroid, pituitary, spleen, heart,

pancreas, salivary glands, uterdis, bladder, striated muscle, esophagus,
stomach, small bowel. S

Animal #52 Kidneys - slight inflammation. Lungs - severe bronchitis
and focal severe pneumonia. Adrenals - severe hemorrhages and cysts

‘/
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"4in cortex. Uterus - inflamed. Normal - eyes, heart, CNS, bone-~ - eoe
marrow, liver, spleen, thyroid, parathyroid, pituitary, pancreas,
lymph nodes, salivary glands, muscle, esophagus, stomach, large and X
gmall bowel, ovaries, bladder. T

Animal #55 Kidneys ~ slight inflammation. Liver - focal round cells
in parenchyma and triads. ©Lungs - chronic bronchitis and regional
pneumonia with fibrosis. Slight tracheitis. Adrenals - cortical
hemorrhages and cysts. Lymph nodes - hyperplastic. Uteruis -
suppurative endometritis. Normal - heart, spleen, eyes, CNS, bone-
marrow, thyroid, parathyroid, pituitary, pancreas, salivary glands,
muscle, esophagus, stomach, large and small bowel, bladdex.

Animal #64 Skin - Sguamous cell carcinoma. Uterus - inflamed.
Prachea - severe inflammation. Adrenals - cortical hemorrhages in
ane. Heart and Kidneys - slight inflammation. Lungs - severe
bronchitis and focal pneumonia. Normal - eyes, CNS, salivary glands,
pancreas, lymph nodes, muscle, esophagus, stomach, small and large
bowel, bladder, ovaries, pituitary, thyroid, parathyroid, spleen,
liver. .

Animal #66 Lungs ~ bronchitis, pneumonia, alveolar macrophages

and in one section, abscess and fibrosis. Kidneys - slight inflam~
mation. Liver ~ focal round cells. Uterus - inflammation, abscess,
hemorrhage. Adrenals - cortical hemorrhages and cysts. Colon -
parasites in lumen. Normal - heart, spleen, CNS, eyes, bonemarrow,
muscle, bladder, lymph nodes, salivary glands, ovaries, thyroid,
pituitary, esophagus, stomach, pancreas, small intestine.

Animal #68 Severe tracheitis. Adrenals - cortical hemorrhages

and cysts. Pituitary - focal hyperplasias and adenomas. Kidneys -

. slight inflammation. Liver -~ one section, suggestion of hyperplastic
nodule. Lungs - huge abscesses. Uternus - purulent endometritis.

A large unidentified secretory glandular tumor - could be breast.
Normal - bonemarrow, eyes, CNS, thyroid, heart, spleen, muscle,
bladder, esophagus, stomach, large and small bowel, pancreas,
salivary glands. Ovary -~ cyst. '

Animal #69 Pituitary - chromophobe adenoma. Xidneys and Lung -

- slight inflammation. Liver - minimal round cells in triads.

Severe tracheitis. Adrenals - cortical cysts and hemorrhages.
Normal - CNS, eyes, bonemarrow, heart, spleen, thyroid, parathyroid,
esophagus, stomach, large and small bowel, pancreas, muscle, lymph
nodes, salivary glands, bladder, uterus, ovaries.

Animal #73 Severe tracheitis. Lung - severe bronchitis with
epithelial hyperplasia and lung abscess. Adrenals - cortical
hemorrhages and cysts. Colon - parasites in lumen. Heart - slight
inflammation. Uterus ~ endometritis. Ovaries - cysts. Pituitary -
adenomas. Spleen - a local mass of paie—cells, reticular type

(? early reticular sarcoma). A large unidentified adenocarcinoma,
probably breast. Normal - thyroid, parathyroid, eyes, CNS, bone-
marrow, salivary glands, lymph nodes, pancreas, esophagus, stomach,
small intestine, kidney, liver, muscle, bladdpr.

-
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‘ Animal #75 Lacrimal gland ~ inflamed. Pituitary - chromophobe

i Adenoma. Adrenals -~ cortex shows vacuolization, hemorrhage, cysts,
adenomas. Severe tracheitis. Lungs - marked bronchitis with
focal .pneumonia. Kidneys - focal calcification. Normal - CNS,
eyes, bonemarrow, lymph nodes, thyroid, parathyroid, esophagus,
stomach, large and small bowel, pancreas, salivary glands, spleen,
liver, heart, muscle, bladder, uterus, ovaries.

Animal #76 Pituitary - adenoma. Heart - slight inflammation.

Lung - bronchitis and focal pneumonia. Adrenals - cortical hemorrhage
and cysts in one; cortical adenoma in other. Moderate tracheitis.
Uterus - endometritis. Normal - eyes, CNS, bonemarrow, spleen, liver,
kidneys, thyroid, esophagus, stomach, large and small bowel, pancreas,
muscle, bladder,.ovaries, lymph nodes, salivary glands.

Animal #82 Adrenals - cortical hemorrhages, cysts and vacuoliZa-
tion. Heart and Kidneys - minimal inflammation. Lungs - chronic
' bronchitis. Uterus - purulent endometritis. Normal - pituitary,
CNS, parathyroid, thyroid, liver, spleen, eyes, esophagus, stomach,
large and small bowel, pancreas, salivary glands, lymph nodes,
mascle, bladder, ovaries. . o '

Animal #84 jevere tracheitis. Lungs - marked bronchitis and focal
pneumonia.Adrenals - cortical hemorrhage. Pituitary - focal adenomas.
., Normal - bonemarrow, thyroid, eyes, heart, CNS, muscle, uterus,

bladder, liver, spleen, kidney, heart, lymph nodes, salivary,glands,
pancreas, e@sophagus, stomach, large and small bowel. '

“Y animal #87 Kidney - focal inflammation and calcification. Lung -
chronic bronchitis and focal pneumonia. Adrenal - one shows corti-

cal hemorrhages and cysts. Uterus - slight endometritis. Breast-
adenocarcinoma. Normal - bonemarrow, CNS, heart, spleen, liver, thyroid
parathyroid, pituitary, muscle, cervix, bladder, ovaries, esophagus,
stomach, large and small bowel, pancreas, salivary glands, lymph nodes.

Animal #88 Pituitary - lérée adenoma. Spleen ~ marked hemato-
poiesis. ©Lung - chronic bronchitis. Uterus - slight inflammation.
Tracheitis. Adrenals - cortical hemorrhages and some giant cells.-

A large necrotic cystic mass, apparently of glandular origin,
probably breast; could be galactocele or necrotic breast tumor.
Normal - eyes, bonemarrow, CNS, kidney, liver, muscle, heart,
bladder, thyroid, parathyroid, esophagus, stomach, large and small
bowel, lymph nodes, pancreas, salivary glands.

Animal #90 Heart - focal imflammation and fibrosis. Pituitary -
cyst. Spleen - marked hematopoiesis. tiver - few portal round
cells and slight hematopoiesis. Kidney - slight inflammation.

Lung - chronic bronchitis and focal pneumonia. Breast - benign
fibroadenoma. Uterus and Cervix - some inflammation. Tracheitis.
‘Adrenals - cortical hemorrhages and vacuolization. Normal -~ eyes,
CNS, bonemarrow, lymph nodes, salivary glands, pancreasy, muscle,
ovaries, bladder, esophagus, stomach, large and small bowel, thyroid,
parathyroid. )

o
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Animal #92 Heart and Kidney - minimal inflammation. Lung - focal - S
ehronic pneumonia. Adrenal - one has cortical hemorrhages. Uterus -
slight inflammation. Ovary - granulosa cell proliferation. Normal -
éves, bonemarrow, CNS, pituitary, spleen,liver, thyrecid, esophagus,
sivomach, large and small bowel, muscle, bladder, cervix, pancreas,
salivary glands, lymph nodes. "

Animal #93 Uterus -~ inflammation. Pitujtary - slight hyperplasia.
Heart and Kidneys -~ focal inflammation. Spleen - hematopoiesis.

Liver - few portal round cells. Lungs - chronic pneumonia. Adrenals

= gongestion. Parathyroid - adenoma. Normal - bonemarrow, eyes,

CNS, salivary glands, pancreas, iymph nodes, muscle, thyroid, esophagus,
stomach, large and small bowel.

Animal #94 Colon - parasite. Adrenals -~ cortical cysts and hem- .
ocrrhages. Severe bronchitis. Lungs - chronic bronchitis, focal
pneumonia and alveolar macrophages. Invasive adenocarcinoma with
suppuration - could be primary breast or endometrium. Liver -

slight portal round cells. Kidneys ~ focal calcification. Breast -
papillary adenocarcinoma. Noxmal -- bonemarrow, eyes, pituitary.,

CNS, esophagus, stomach, small bowel, thyroid, lymph nodes, pancreas,
salivary glands, bladder, ovaries, spleen. Parathyroid - hyper~
plasia. One section of uterus - normal.

Animal #95 Adrenal .~ massive cyst with fibrosis. Heart - slight
inflammation. Tumor mass, papillary with fibrosis - probably
breast. Severe bronchitis. Lungs - chronic bronchitis and focal
pneumonia. Normal - eyes, bonemarrow, CNS, esophagus, stomach,
large and small bowel, thyroid, pituitary, liver, spleen, kidneys,
pancreas, salivary glands, lymph nodes, muscle, bladder, utezxus,
‘ovaries. :

Animal #96 Liver - slight focal vacuolization, cytoplasmic.
Pituitary - adenoma. Lung - severe bronchitis and moderate pneumonia.
Thyroid - slight hyperplasia. Adrenals - one large cortical adenoma.
Cervix - slight inflammation. Large sarcoma = apparently in skin.
Normal - CNS, eyes, bhonemarrow, kidney, spleen, muscle, bladder,
ovaries, uterus, heart, salivary glands, pancreas, lymph nodes,
esophagus, stomach, large and small bowel.

Animal #99 Heart and Kidney - slight inflammation. Spleen -
hematopoiasis. Lung = chronic bronchitis: small adencoarcinoma
,with pleural involvement. Breast ~ fibroadenoma. Utexus - adeno-
carcinoma with suppuration. Normal - bhonemarrow, eyes, CNS,
muscle, ovary, liver, thyroid, parathyroid, adrenals, salivary
glands, pancreas, lymph nodes.

Animal #100 Heart and Kidneys - slight inflammation. Lungs -
chronic bronchitis, focal pneumonia and alveolar macrophages.
Adrenals - cortical hemorrhages and cysts. Thyroid - slight
hyperplasia. Pituitary - hyperplasia. Breast - large fibroadenoma.
Endometritis. Cystic structure with secretions and calcification =
salivary gland retention. Hormal - CNS, evyes, bonemarrow, liver,
spleen, parathyroid, pancreas, lymph nodes,:esophagus, stomach,
large-and small bowel, ovaries, muscle, bladder.
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GROUP. C
Control males.
Experiment No. B5250, Died or moribund sacrifice. Tissues
selected for histologic study.

Animal #5 Found dead. Reticulum cell sarcoma with giant cells -
in stomach, liver, lung and adipose tissue. Heart and Kidney -
minimal inflammation. Skin - fibroma durum. Testis and epididymis =~
nermal.

Animal #12 Found dead. Liver - 2 small benign hyperplastic nodules.
Kidney and Lung - slight inflammation. Skin - fibrosarcoma.
Normal - stomach, heart, spleen, testis, epididymis.

Animal #37 Found dead. Two sarcomas -~ one, compatible with neuro-
fibrosarcoma; the other, with sarcoma. Lung - chronic bronchitis
and focal pneumonia. Liver - infarcts; one multilocular cyst,

could be a hemangioma. Normal - spleen, heart, kidney, testis,
epididymis. :

Animal #41  Found dead.  Liver - sarcoma with many Langhans type
giant cells. 8pleen = normal.

Animal #50 Lung - foci suggestive of metastic tumor; also, sevére
acute pneumonia. " '

Animal #70 Lymph node ~ lymphogenous cyst.

GROUP D

Experiment No. B5250, control females. Died or moribund sacrifice.
Selected tissues. o

Animal #53 Found dead. Breast-fibroadenoma. Adrenals - cortical
cysts and hemorrhages. - '

Animal #54 Found dead. Breast-adenocarcinoma. Bonemarrow - normal.

Animal #59  Found dead. Breast - fibroadenoma.

Animal #60 Found dead. Uterus - endometrial adenocarcinoma.
Adrenals - cortical hemorrhages and cysts. Spleen - OK.

Animal #62 ) Large encapsulated mass with granulation
tissue, fibrosis, necrosis, focal calcification - site and nature
undetermined. Lung = chronic interstitial thickening. Spleen - OK.

Animal #63 Found dead. Breast - fibroadenomas. Spleen - OKXK.

Animal #74 ~'Found dead. Breast - adenocarcinoma.

Animal #78 Moribund sacrifice. ;Pituitary;- large chromophobe
adenoma. o

Animal #79 Moribund sacrifice. Pituitary -~ chromophobe adenoma.
i/
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Atiimal #80 Found dead. Breast -~ benign adenoma.

Animal #81 Found dead. Breast -~ fibroadenoma. ' ' .
BAimal #83 Breast - adenocarcinoma; invading liver,

pancreas, fat, perirenal fat, lung, splenic capsule, striated
musc1em Normal - stomach, adrenal. '

Anhimal #85 Found dead. Pituitary - chromophobe adenoma. Spleen -~ OK.
Suppurative endometritis. C ‘

Animal #89 Moribund sacrifice. Skin ~ either sarcoma or anaplastic
carcinoma. ' )

Eggimai #90 Found dead. Breastb- necrotic adenocarcinoma.

GROUP E
Experiment No. B~5251. Test group T-II, .100 ppm. Sacrificed males.

Animal #202 Pracheitis. Thyroid, slight hyper-
plasia. Testes - some tubular degeneration. Pituitary - hyperplasia.
Lungs - chronic bronchitis and pneumonia. Normal -~ CNS, eyes, bone-
marrow, skin, esophagus, pancreas, salivary glands, lymph nodes,.
adrenals, parathyroid, stomach, large and small bowel, muscle,
bladder, epididymis, prostate, heart, kidney, spleen, liver. '

Animal #204 A Heart - fibrosis. Lungs - severe
bronchitis and severe pneumonia. One parathyroid hyperplastic.
Thyroid - slight hyperplasia. Kidneys - severe chronic inflammation.

‘Liver - lymphatic or vascular hamartomas. Normal - skin, bonemarrow,
eyes, CNS, pituitary, muscle, bladder, testis, epididymis, prostate,
adrenals, lymph node, pancreas, salivary glands, esophagus, stomach,
large and small bowel.

Animal #205 Tracheitis. Liver - 2 small hyper-

plastic nodules, one vascular, tubular; the other, vacuolated.
Heart - focal inflammation. XKidneys - moderate inflammation. ZLung =

large adenoma; severe chronic bronchitis -and pneumonia. Normal -
eyes, bonemarrow, CNS, salivary glands, lymph nodes, pancreas,
esophagus, stomach, large and small bowel, gskin, pituitary, adrenals,
thyroid, parathyroid, muscle, bladder, prostate, testis, epididymis,
spleen.

Animal #208 Tracheitis. Kidney - cortical -
hamartoma. Liver - few portal round cells. Lungs - severe chronic
bronchitis and pneumonia. Heart - slight inflammation. Normal -
CNS, adrenals, pituitary, thyroid, spleen, bonemarrow, eyes, skin,
esophagus, stomach, large and small bowel, muscle, bladder, testis,
epididymis, prostate, pancreas, salivary glands, lymph nodes.

Animal #209 Thyroid - concretions. Severe
tracheitis. Lungs - severe bronchitis and pneumonia. Heart and
Kidney - focal inflammation. Liver - few portal round cells.

Normal - eyes, bonemarrow, CNS, pituitary,. adrenals, esophagus,
stomath, large and small bowel, muscle, bladder, testis, epididymis,
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A ,’proétata,~sﬁleen, skin, lymph nodes, salivary glands,

Animal #217 Pituitary -~ chromophobe adenoma.
Heart and Kidneys -~ slight inflammation. Lungs - severe bronchitis
and focal pneumonia. Spleen - hemangioma and fibrosis. Liver =
vascular neoplastic nodule. Adrenal - focal cortical vacuolization.
Severe tracheitis. Testes -~ focal tubular degeneration. Normal
bonemarrow, eyes, CNS, thyroid, esophagus, stomach, large and small
bowel, skin, muscle, salivary glands, pancreas, lymph nodes,
epididymis, prostate, seminal vesicles, vas deferens.

Animal #222 ' Pituitary - chromophobe adenoma.
Moderate tracheitis. Adrenals - focal ccrtical vacuolization. Heart
and Kidneys - minimal inflammation. Lungs - severe bronchitis and
focal pneumonia. Liver - few round cells. Colon - parasite. :

R Pancreas - islet cell adenoma. Normal - eyes, bonemarrow, CNS, skin,
thyroid, parathyroid, spleen, muscle, bladder, prostate, testis,
epididymis, esophagus, stomach, small bowel, lymph nodes, salivary
glands. ' ' ‘ '

Animal #223 Severe tracheitis. Lungs - severe

bronchitis and focal pneumonia. Heart - focal inflammation.

Pituitary - large chromophobe adenoma. Thyroid - solid adenoma.

Kidneys - moderate inflammation. Liver - moderate sized hepatocellular

carcinoma with marked cellular atypia and local invasion. Normal -

skin, eyes, bonemarrow, CNS, adrenals, parathyroid, testis, epididymis,
- muascle, bladder, prostate, spleen, esophagus, stomach, large and

small bowel, pancreas, salivary glands, lymph nodes.

Animal #224 Thyroid - concretions. Parathyroid
- hyperplasia. Prostate - a focus of granulomatous inflammation.
Heart - focal inflammation. Kidneys - moderate inflammation. Lungs -
severe bronchitis and moderate pneumonia. Liver - congestion.

Normal - CNS, skin, bonemarrow, pituitary, adrenals, eyes, muscle,
bladder, testis, epididymis, lymph nodes, pancreas, salivary glands,
esophagus, stomach, large and small bowel. '

Animal #226 Pituitary - chromophobe adenoma.
Pancreas - islet cell adenoma. Bladder -~ inflamed polyp. Marked
tracheitis. Lungs - severe bronchitis and focal pneumonia. Heart
and Kidneys - slight inflammation. Liver - moderate no. portal
round cells. Normal - CNS, eyes, bonemarrow, esophagus, stomach,
large and small bowel, lymph nodes, salivary glands, muscle, testis,
epididymis, prostate, skin, adrenals, thyroid, parathyroid, spleen.

Animal #230 Slight tracheitis. Lungs -
moderate bronchitis. Seminal vesicles - severe inflammation, with
marked epithelial hyperplasia. Arteritis - of abdominal vessels.
Pituitary - chromophobe adenoma. Skin - epithelial inclusion cyst.
Heart and Kidneys - moderate inflammation. Liver - minimal round.
cell infiltration. Normal - CNS, bonemarrow, eyes, adrenals,
thyroid, testis, epididymis, bladder, prostate, muscle, pancreas,

salivary glands, lymph nodes, esophagus, stomach, large and small
bowael, spleen. ~ :
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_ Animal #232 Pancreas - islet cell hyperplasia,
faaal Pituitary ~ chromophobe, adenoma. Adrenals - focal cortical -
vacuolization. Severe tracheitis. Lungs - severe chronic broncheitis
and severe agute and chronic pneumconia. Colon -~ parasite. Heart -
ﬁ&ight inflammation. Kidneys ~ moderate inflammation. Spleen -
#light hematopoiesis. Liver - few portal round cells. Normal -
benemarrow, eves, skin, CNS,. salivary glands, lymph nodes, thyroid,
parathyroid, esophagus, stomach, small bowel, muscle, bladderxr, .
tgstis, epididymis, prostate.

Anpimal #2353 Testes - slight tubular degeneration.
5%minal vesicles = severe inflammation. Heart - slight inflammation.
Breast - fibroadenoma. Kidneys -~ moderate nephritis. Lungs - '

severe bronchitis and moderate pneumonia. Liver - portal areas

*show some round cells and moderate ductular proliferation. Normal -~
bonemarrow, eyes, . CNS, muscle, bladder, epididymis, pituitary,
thyreoid, adrenals, spleen, esophagus, stomach, large and small bowel,
pancreas, salivary glands, lymph nodes.

Animal #238 - Heart ~ slight inflammation.
Severe tracheitis. Lungs - severe bronchitis and acute and chronic
pneumonia. Pituitary - chromophobe adenoma. adrenals ~ moderate
cortical vacuolization. Thyroid - adenoma. Chronic prostatitis.
Testes ~ focal tubular degeneration and calcification. Severe
arteritis of abdominal arteries. Kidneys - severe inflammation ;
cortical epithelial hamartoma. Liver -~ congestion; moderate round
cells in parenchyma. Normal - CNS, bonemarrow, eyes, muscle, skin,
bladder, epididymis, pancreas, salivary glands, lymph nodes,
esophagus, stomach, large and small bhowel, 'spleen.

Animal #240 Thyroid - adenoma. Chronice
tracheitis. Colon - parasite. 'Heart and Kidneys -~ slight inflam-
‘mation. - Lungs - severe bronchitis and chronic pneumonia.  Liver -
round cells in portal areas and ductular proliferation. Normal -
bonemarrow, eyes, skin, pituitary, CNS,adrenals, parathyroid, spleen,
esophagus, stomach, small intestine, lymph nodes, salivary glands,
pancreas, muscle, bladder, testis, epididymis, prostate.

GROUP F
Experiment No. B5251 T-II (100 ppm) sacrificed females.

Animal #251 Pituitary - tiny adenoma.
Tracheitis. Lungs - moderate bronchitis and pneumonia. Adrenals -
cortical hemorrhages and cysts. Breast -~ fibroadenoma. Heart -
slight inflammation. Kidney ~ moderate nephritis. Normal -~ eyes,
bonemarrow, CNS, skin, pancreas, salivary glands, lymph nodes,
thyroid, esophagus, stomach, large and small bowel, muscle, bladder,
utexys ,ovaries, spleen, liver.

Animal #253 Pituitary - chromophobe adenoma.
Slight endometritis. Heart and Kidneys' - slight inflammation.
Severe tracheitis. Lungs - severe bronchitis and focal pneumonia.
Liver - moderate no. portal round cells. Parathyroid - adenoma.
Adrenals - cortical hemorrhages, Normal - bonemarrow, eyes, CNS,
skin,_esophagus, stomach, large and small bowel, pancreas, lymph
nodes. salivary glands, muscle, bladder, ovaries, spleen, thyrqid.
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‘Animal #254 Tracheitis. Lungs - cﬁrenic

bronchitis and Pneumonia. Pituitary - chromophobe adenoma. Slight
endometritis. Heart - focal inflammation. Liver - focal round
cells in bParenchyma. Normal - eyes, bonemarrow, CNS, Pancreas,
salivary glands, lymph nodes, skin, adrenals, thyroid, parathyreid,
muscle, bladder, ovaries, kidney, Spleen.

Animal #25¢ Pituitary - small adenomna.
Inflammation of uterus and cervix. Ovaries - one‘simple cyst,

Adrenals - cortical hemorrhages; one has cortical adenoma. Tracheiti .
Lungs - chronic bronchitis and focal bpneumonia. Heart and Kidney -
slight inflammation. Liver - few round cells and moderate congestion
Normal - cws, eéyes, bonemarrow, mMuscle, bladder, skin, thyroid, Pancr s,
salivary glands, lymph nodes, esophagus, stomach, large and small
intestine, Spleen. . '

Animal #257 Pituitary - chromophobe-adenoma.
Adrenals - cortical hemorrhages ang cysts. Colon - Parasites,
Endometritis. Heart - slight inflammation. Lungs - chronic bronchit:
and focal Pneumonia. Normal - skin, bonemarrow, CNS, eyes, thyroid,
bParathyroid, bPancreas, salivary'glands, lymph nodes, esophagus,
stomach, small bowel, bladder,»muscle, ovaries, spleen, kidneg, liver.

Animal #261 A Breast - fibroandenoma. Tracheitis
Lungs - chroniec bronchitis and Pneumonia. Slight endometritis.

Heart and Xidney - slight inflammation. Liver - few_round'Cells.
Normal - bonemarrow, eyes, CNS, Pancreas, salivary glands, lymph nodes
skin, esophagus, stomach, large and small bowel, muscle, bladder,
ovaries, cervix, thyroid, Parathyroid, spleen. S

‘Pituitary - chromophobe adenoma. Adrenals - cortical hemorrhages.

Animal #263 Pituitary - chromophobe adenoma.
Thymoma.. " Adrenals - cortical Vacuolization. Colon - Parasites,.
Endometritis. Ovaries - simple cysts. Heart and Kidneys - moderate
inflammation. Lungs - chronie bronchitis ang Pneumonia. Liver -
moderate round cells in portal areas with ductular Proliferation.
Normal- skin, eyes, CNS, bonemarrow, thyroid, parathyreid,.esophegus,
stomach, small bowel, bladder, muscle, cervix, lymph nodes, salivary
glands, pancreas, spleen. '

Animal #266 : : Breast - fibroadenoma. Pituitary -
chromophobe adenoma. Severe broncheitisg.. Lungs - severe bronchitis
and focal bPneumonia. Heart and Kidneys - moderate inflammation.

Liver - portal areas show moderate round cells and ductular proli=--
feration. Normal. = bonemarrow, CNS, eyes, adrenals, thyroid, skin,
muscle, bladder, uterus, ovaries, Pancreas, salivary glands, lymph
nodes, esophagus, stomach, large and smaili bowel, spleen.

Animal #269 Severe tracheitis. (No lung section)
Adrenals - cortical hemorrhages. Pancreas ~ focal inflammation.

Colon - parasites. Severe arteritis in bancreas. Endometritis,

Ovarian abscess. Ulcer-? in Skin or Bladder, Pituitary - adenoma
Adenocarcinoma in uterus. Heart and Kidney - moderate inflammation.
Liver - few round cells in Parenchyma ang triads. Normal -
bonemarrow, skin, eyes, CNS, thyroidqd, lymph-nodes, salivary glands,
esophagus, stomach, smaill bowel, muscle, splieen. ‘
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Enimal #270 Thyroid - solid adenoma. Tracheiiis. ,
.T9hg - slight bronchitis and focal pneumonia. Uterus - suppurative . Tee
éndometritis and inflamed polyp. Pancreas - islet cell adenoma.
art and Kidney - slight inflammation. Liver - one neoplastic
ﬁ&ﬁul&. Normal - eyes, bonemarrow, CNS, pituitarxy, gkin, adrenals, S

ﬁﬁféthyreid} muscle, bladder, ovaries, esophagus, stomach, large

ahd small bowel, lymph nodes, salivary glands, spleen.
ke K R

nimsl 4 : One adrenal - cortical hemorrhage.
,Qﬁpghaitis. Lungs - slight chronic inflammation. Endometritis.
Heart and Kidneys - slight inflammation. Liver - few portal round

cells. Normal ~ bonemarrow, eyes, skin, CNS, esophagus, stomach,

rge and small bowel, pancreas, thyroid, pituitary, lymph nodes, .
1ivary glands, muscle, bladder, ovaries, spleen.

Animal #280 Pituitary - chromophobe adenoma.
Parathyroid - hyperplasia. Adremals =~ cortical hemorrhages and cysts.
Pracheitis. Lungs - moderate inflammation. Breast - adenocarcinoma.
Endometritis. Heart and Kidney - slight inflammation. Spleen -~ s
some hematopoiesis., Normal - eyes, bonemarrow, skin, CNS, thyroid,

muscle, cervix, bladder, ovaries, pancreas, esophagus, stomach, large’

and small bowel, liver. : ' :

Animal #282 : adrenals - cortical cysts and
hemorrhages; vacuolization. Pituitary - chromophobe adenoma. Endome-
tritis. Adenocarcipoma in pancreas. Spleen - hematopoiesis. Heart

and Kidney - minimal-inflammation. Lungs =~ severe bronchitis, pneumonia
and abscess. Liver - few portal round cells. Normal - bonemarrow,
eyes, skin, CNS, thyroid, parathyroid, esophagus, stomach, large and
small bowel, salivary glands, muscle, bladder, ovaries.

Animal #294 - pituitary - chromophobe adenoma.
'Endometritis. Ovaries - cysts. Adrenals - cortical hemorrhages and
cysts. Tracheitis. Lungs ~ severe bronchitis, pneumonia, alveolar

macrophages. Lymph nodes - brown pigment. Heart - slight inflam-
mation. Kidney - cortical cyst. Liver - few portal round cells.
Normal - skin, bonemarrow, eyes, CNS, esophagus, large and small
bowel, muscle, bladder, cervix, thyroid, parathyroid, pancreas,
salivary glands, lymph nodes, spleen. '

Animal #298 Tracheitis. Lung - severe

bronchitis. Adrenals - cortical hemorrhages and cysts. Pituitary- -
.chromophobe adenomas. Breast - fibroadenoma. Suppurative endome-

tritis. Pancreas - islet cell hyperplasia. Heart and Kidneys -

minimal inflammation. Liver - small lymphogenous cyst. Normal -~

skin, eyes, bonemarrow, thyroid, parathyroid, CNS, muscle, bladder,
ovaries, esophagus, stomach, large and small bowel, salivary glands,

lymph nodes, spleen. A

GROUP G

Experiment No. B5251. T-II (100 ppm). A Males. Found dead or
moxribund sacrifice. '

Animal #203 Moribund sacrifice. Skin - dermatofibroma or sarcoma.

Animad #210 Found dead, Spleen - cellular, probably hematopoiesis.
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-Animal;#213 Found dead. Lung -~ severe bronchitis.

Animal #219 Found dead. Pituitary - chromophobe adenoma.
Animal #221 Found dead. Skin - ulcer and inflammation. Lung =~

severe pneumonia and edema.

Animal #225 Found dead. Reticulum cell sarcoma in lungs, liver,
lymph nodes. Spleen - hematopoiesis.

Animal #231; Severe granulomatous inflammation of lunds;
spleen, liver; cause undetermined ( ? fungi).

Animal #236. Found dead. Severe chronic nephritis, bilateral.
Anihal #239 Found dead. Pituitary - chromophobe adenoma.
GROUP H

Experiment No. B5251. T=-II (100 ppm) Found dead or moribund
gsacrifice. Females.

Animal #252 Moribund sacrifice. Breast - adenocarcinoma.

Animal #255 Found dead. Breast - adenocarcinoma. Spleen - marked
hematopoiesis.

Animal #258 Found dead. Breast - adenocarcinoma.

Animal #259 Found dead. Skin - fibrosarcoma. Lung -~ severe pneumor
Animal #264 Found dead. Breast - adenocarcinoma.

Animél #265 Moribund sacrifice., Spleen - hemaﬁopoiesis. Breast -

fibroadenoma.

Animal #267 Moribund sacrifice. Pituitary - chromophobe adenoma.
- Breast - cystic disease. Adrenals - cortical hemorrhages and cysts.

Animal #268 Found dead. Breast - adenocarcinoma.

Animal #276 Moribund sacrifice. Breast - adenocarcinoma. Kidney -
severe nephritis. Lungs - minimal inflammation. .

Animal #281 Found dead. Pituitary - chromophobe adenoma.

Animal #283 Moribund sacrifice. Pituitary - chromophobe adenoma.

Animal #285 Moribund sacrifice. Breast - fibroadenoma. Spleen -
hematopoiesis. :

Animal #286 Found dead. 8kin - fibrosarcoma. Breast - fibroadenoma
Lung - severe pneumonia

Animal #288 Found dead. Pituitary =- chromophobe adenoma.

‘Animal #289 Moribund sacrifice. Breast - adenocarcinoma. -
Pituitary - chromophobe adenoma. Spleen - hematopoiesis. / /.
. : L e
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‘Awimal #290 Moribund sacrifice. Breast - adenocarcinoma.
'ttuitary - chromophobe adenoma. '

-

Aimal #291 found dead. Spleen - hematopoiesis. Pituitary -
chiromophobe adenoma. Breast - fibroadenomas and cysts. Kidneys -
dfight inflammation. Adrenals ~ cortical hemorrhages and cysts.
gy

Animal #292 Found dead. Breast - adenocarxcinoma.

¥ 3 " . i, . ‘ .

Afiimal $#295  Moribund sacrifice. Breast - fibroadenoma. Uterus -
suppurative endometritis and inflamed polyp. Ovaries -~ OK.

Apimal #299 found dead. Kidney - small focus of granulomatous
@p;lammation. Lung - severe pneumonia, abscess, edema. Liver -
few round cells in parenchyma and .triads. ' ‘

Animal #300 Found dead. Spleen - reticulum cell sarcoma. (I see
no sections of lung or i1iver with sarcoma infiltrates). One gection
of iiver- normal. Breast -~ fibroadenoma.




