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p o t e n t i a l  r i s k  t o  man. The a c t u a l  d e t e r m i n a t i o n  of t h e  r i s k  t o  man 
from animal ca rc inogens  r e q u i r e s  a wider  a n a l y s i s .  
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SUMMARY 

Bioassays of  technica l -grade  DDT, TDE, and p,pt-DDE f o r  p o s s i b l e  
c a r c i n o g e n i c i t y  were conducted us ing  Osborne-Mendel ra t s  and B6C3F1 
mice. Each compound was adminis te red  i n  t h e  f e e d ,  a t  e i t h e r  of two 
c o n c e n t r a t i o n s ,  t o  groups of 50 male and 50 female animals  of  each 
s p e c i e s .  
as c o n t r o l s  f o r  t h e  b ioassay  (of each compound. The time-weighted 
average high and low d i e t a r y  c o n c e n t r a t i o n s  of  DDT were, r e s p e c t i v e l y ,  
642 and 321 ppm f o r  male ra ts ,  420 and 210 ppm f o r  female r a t s ,  44 
and 22 ppm f o r  male mice, and 175 and 8 7  ppm f o r  female mice. The 
time-weighted average high and low d i e t a r y  c o n c e n t r a t i o n s  of TDE were, 
r e s p e c t i v e l y ,  3294 and 1647 ppm f o r  male r a t s ,  1700 and 850 ppm f o r  
female rats,  and 822 and 411 ppm f o r  male and female mice. The time- 
weighted average high and low d i e t a r y  c o n c e n t r a t i o n s  of  DDE were, 
r e s p e c t i v e l y ,  839 and 437 ppm f o r  male r a t s ,  462 and 242 ppm f o r  f e -  
male ra t s ,  and 261 and 148 ppm for male and female mice. Af t e r  t he  
78-week dosing per iod  t h e r e  was an  a d d i t i o n a l  obse rva t ion  per iod  of 
up t o  35 weeks f o r  rats and 15 weeks f o r  mice. 

. 
Twenty animals  of each s p e c i e s  and s e x  were placed on tes t  

There were s i g n i f i c a n t -  p o s i t i v e  a s s o c i a t i o n s  between increased  
chemical c o n c e n t r a t i o n  and a c c e l e r a t e d  m o r t a l i t y  i n  female mice 
dosed with DDT and i n  both  sexes  of rats and i n  female mice dosed 
wi th  DDE. This  a s s o c i a t i o n  was n o t  demonstrated i n  o t h e r  groups.  
There was, however, poor s u r v i v a l  among c o n t r o l  and dosed male mice 
used i n  t h e  b ioassays  of DDT and DDE. 
o f  animals  i n  a l l  groups surv ived  s u f f i c i e n t l y  long t o  be a t  r i s k  from 
late-developing tumors. 

I n  a l l  c a s e s  adequate  numbers 

i 

, 
' When those male ra ts  r e c e i v i n g  TDE and t h e i r  c o n t r o l s  were com- 

bined wi th in  each group so t h a t  t h e  numerators  o f  t h e  tumor inc idences  
r ep resen ted  those  animals wi th  e i t h e r  a f o l l i c u l a r - c e l l  carcinoma or 
a f o l l i c u l a r - c e l l  adenoma of t h e  t h y r o i d ,  t h e  inc idence  i n  the  low 
dose group w a s  s i g n i f i c a n t l y  h i g h e r  t han  t h a t  Zn the  c o n t r o l .  There 
was a s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  between t h e  c o n c e n t r a t i o n  of 
DDE adminis te red  and t h e  incidences,  o f  h e p a t o c e l l u l a r  carcinomas i n  
male and female mice. Among dosed rats and mice no o t h e r  neoplasms 
occurred i n  s t a t i s t i c a l l y  s i g n i f i c a n t  i nc idences  when compared t o  
t h e i r  r e s p e c t i v e  c o n t r o l  groups.  

Under t h e  c o n d i t i o n s  of t h e s e  b ioassays  there was no evidence 
f o r  t he  c a r c i n o g e n i c i t y  of DDT i n  Osborne-Mendel ra t s  or B6C3F1 mice,  
o f  TDE i n  female Osborne-Mendel r a t s  or B6C3Fl mice of e i t h e r  s ex ,  or 
of p,pt-DDE i n  Osborne-Mendel r a t s ,  a l though p,p'-DDE was hepa to tox ic  
i n  Osborne-Mendel rats.  The f i n d i n g s  sugges t  a p o s s i b l e  ca rc inogen ic  
e f f e c t  o f  TDE i n  male Osborne-Mendel r a t s ,  based on t h e  induc t ion  of 
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combined f o l l i c u l a r - c e l l  carcinomas and f o l l i c u l a r - c e l l  adenomas o f  
t h e  thyroid. Because of the v a r i a t i o n  of these  tumors i n  control  male 
r a t s  i n  t h i s  study, the evidence does not  permit a more conclus ive  
in terpre ta t ion  of these  l e s i o n s .  p,p'-DDE was carcinogenic i n  B6C3F1 
mice,  causing hepatoce l lu lar  carcinomas i n  both sexes .  

, 
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I. INTRODUCTION 6397 .y 

DDT (NCI No. COO4641 i s  t h e  common name f o r  t h e  t e c h n i c a l  product  

of which p,p'-DDT ( F i g u r e  1 )  i s  t h e  predominant component. 

pound i s  a s y n t h e t i c ,  c h l o r i n a t e d  hydrocarbon i n s e c t i c i d e  which h a s  

The com- 

broad-spectrum i n s e c t i c i d a l  a c t i v i t y .  A f t e r  be ing  used commercially 

and i n  l a r g e  q u a n t i t i e s  i n  t h e  United S t a t e s  f o r  more than  two de- 

c a d e s ,  i t s  s t a t u s  a s  an  i n s e c t i c i d e  began t o  fade  i n  t h e  mid-1960s 

when env i ronmen ta l i s t s  d e t e c t e d  a p o s s i b l e  l i n k  between DDT and v a r i -  

ous  e c o l o g i c a l  d i s t u r b a n c e s  i n c l u d i n g  t h e  d e c l i n e  of s e l e c t e d  b i r d  

popu la t ions  and numerous i n s t a n c e s  of f i s h  k i l l s .  

z a t i o n  of i t s  ub iqu i tous  d i s t r i b u t i o n  throughout  a l l  compartments of 

t h e  b iosphe re ,  i t s  p e r s i s t e n c e  i n  t h e  environment ,  and i t s  accumulat ion 

The growing r e a l i -  

i n  t i s s u e s  of l i v i n g  organisms e v e n t u a l l y  r e s u l t e d  i n  t h e  e s t a b l i s h -  

ment of s t r i n g e n t  r e g u l a t i o n s  governing i t s  use.  

Despi te  the. impos i t ion  of use r e s t r i c t i o n s ,  t h e  p r o b a b i l i t y  of 

cont inued  low-level chronic  exposure t o  DDT among t h e  gene ra l  popula- 

t i o n  remained s u b s t a n t i a l .  The c l a s s i f i c a t i o n  o f '  DDT a s  tumor igenic  

by t h e  S e c r e t a r y ' s  Commission on P e s t i c i d e s  and t h e i r  R e l a t i o n s h i p  

t o  Environmental Heal th  (U.S. Department of Hea l th ,  Educat ion,  and 

Welfare ,  1969) he ightened  t h e  need f o r  a d d i t i o n a l  chronic  t o x i c i t y  

s t u d i e s  and prompted t h e  i n c l u s i o n  of DDT i n  t h e  NCI  Carc inogenes is  

T e s t i n g  Program. 

and DDE (F igu re  3 )  (.NCI No. C00555), s t r u c t u r a l l y  r e l a t e d  to  DDT 

TDE ( F i g u r e  2 )  ( a l s o  known a s  DDD; N C I  No. COO4751  
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FIGURE 1 
CHEMICAL STRUCTURE OF p,p'-DDT 
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FIGURE2 p. 

CHEMICAL STRUCTURE OF p,p'-TDE 
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FIGURE 3 
CHEMICAL STRUCTURE OF p,p’-DDE 
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639% 
and present as contaminants of the technical-grade compound, were 

also subjected to bioassay. 

The Chemical Abstracts Service (CAS) Ninth Collective Index 

(1977) name for these compounds are 1,1'-(2,2,2-trichloroethylidene) 

bis(4-chloro)-benzene for DDT; 1 , 1'-( 2,2-dichloroethylidene) bis 

(4-chloro)-benzene for TDE; and 1,1'-(2,2-dichloroethenylidine) 

bis(4-chloro)-benzene for DDE. Synonyms include: 1,l ,I-trichloro- 

2,2-bis(p-chlorophenyl)-ethane and p,p'-dichlorodiphenyltrichloro- 

ethane for DDT; l,l-dichloro-2,2-bis(p-chlorophenyl)-ethane and 

p,p'-dichlorodiphenyldichloroethane for TDE; and l,l-dichloro-2,2-bis 

* 
* 

* 

(p-chloropheny1)-ethylene and p,p'-di<hlorodiphenyldichloroethylene 

for DDE. 

DDT has been effective in the past in controlling hundreds of 

pests attacking vineyard and orchard crops, nursery and greenhouse 

crops, field crops, vegetables, and forest and shade trees (Andrilenas, 

1974; Brooks, 1974; International Agency for Research on Cancer [IARC], 

1974). 

where it has played a major role in the control of a large number of 

insect-borne diseases, most notably malaria. 

DDT has also profoundly impacted the field of public health 

Complete control of 

mosquito larvae over wide geographical areas as well as long-term 

protection of dwellings have been achieved, the, former through massive 

aerial spraying programs and the latter through the residual action of 

* 
The CAS registry numbers are: DDT--50-29-3 

DE-- 7 2- 54-8 
DDE-- 72- 55-9 

5 
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DDT a p p l i e d  a s  a sp ray  t o  wal l s  and o t h e r  home s u r f a c e s  (Brooks, 1974). 

Other  d i s e a s e s  c o n t r o l l e d  by DDT i n c l u d e  typhus,  s l e e p i n g  s i c k n e s s ,  

and ye l low f e v e r  (Brooks, 1974; IARC, 1974). I n  a d d i t i o n  t o  i t s  

a g r i c u l t u r a l  and d i sease -con t ro l  a p p l i c a t i o n s ,  DDT has  been used 

a g a i n s t  household p e s t s  such as h o u s e f l i e s  and cockroaches,  a g a i n s t  

p e s t s  of  l i v e s t o c k  ( p a r t i c u l a r l y  beef and d a i r y  c a t t l e ) ,  and a s  a 

moth-proofing agent  (Brooks, 1974; Andr i lenas ,  1974; IARC, 1974). 

Domestic product ion  of DDT amounted t o  123 m i l l i o n  pounds i n  1969 

and dec l ined  s h a r p l y  t h e r e a f t e r  (Fowler and Mahan, 1976). The devel-  

opment o f  widespread r e s i s t a n c e  t o  DDT among numerous i n s e c t  s p e c i e s  

(Dah l s t en  e t  a l . ,  1970) and t h e  cor responding  r educ t ion  i n  demand f o r  

t h e  p e s t i c i d e  played a s i g n i f i c a n t  r o l e  i n  determining p roduc t ion  

t r e n d s ;  however, t h e  impos i t i on  of i n c r e a s i n g l y  s t r i n g e n t  u se  l imita- 

t i o n s  by t h e  U.S. Department of  A g r i c u l t u r e  ( F r o s t  5 S u l l i v a n ,  Inc. ,  

19771, was t h e  major f a c t o r  i n  t h e  observed d e c l i n e  i n  product ion.  

By 1972, e s t i m a t e s  i n d i c a t e d  t h a t  as much a s  90 percent  of DDT con- 

sumption i n  t h e  United S t a t e s  was for use  on c o t t o n  crops w i t h  the  

remainder  used p r i m a r i l y  on peanut  and soybean crops  (IARC, 1974). 

Fol lowing suspens ion  o f . t h e  p e s t i c i d e  by t h e  U.S. Environmental  Pro- 

t e c t i o n  Agency i n  1973, domest ic  consumption of DDT was r e s t r i c t e d  

t o  s p e c i f i c  p u b l i c  h e a l t h  a p p l i c a t i o n s  and o t h e r  minor uses  (IARC, 

1974) . 
Although c u r r e n t  p roduc t ion  s t a t i s t i c s  a r e  considered p ropr i - e t a ry  

and are  t h e r e f o r e  not  a v a i l a b l e ,  i t  has  been es t imated  t h a t  ove r  70 

6 . .  



percent  of p r o d u c t i o n  i n  r ecen t  years  has been f o r  expor t  purposes 

(Brooks,  1974). Exports  i n  1975 amounied t o  47 m i l l i o n  pounds 

(Fowler and Mahan, 1976). A t  p r e s e n t ,  worldwide u s e  of DDT i s  pri- 

m a r i l y  f o r  p reven t ion  of d i s e a s e ,  p a r t i c u l a r l y  f o r  mosquito abate-  

ment i n  world malar ia -cont ro l  programs (IARC, 1974; Brooks, 1974).  

.. TDE was in t roduced  commercially i n  t h e  United S t a t e s  i n  1945 

s h o r t l y  a f t e r  t he  i n t r o d u c t i o n  of DDT. Although l ack ing  t h e  broad- 

spectrum i n s e c t i c i d a l  a c t i v i t y  of DDT, TDE does possess  equal  o r  

g r e a t e r  potency a g a i n s t  t h e  l a r v a e  of some mosquitos and l e p i d o p t e r a  

(Brooks,  1974). 

S t a t e s ;  however, i t  w a s  used i n  t h e  p a s t  i n  t h i s  count ry  f o r  protec-  

t i o n  of a v a r i e t y  of c rops  inc lud ing  many f r u i t s  and vege tab le s  (Farm - 
Chemicals Handbook, 1976). I n  1971, 244,000 pounds of TDE were used 

TDE i s  no longer  produced commercially i n  t h e  United 

by farmers i n  t h e  United S t a t e s ,  67 percent  of which were app l i ed  t o  

tobacco (Andr i lenas ,  1974). 

The p o t e n t i a l  f o r  exposure t o  DDT remains g r e a t e s t  t o  workers 

engaged i n  i t s  manufacture ,  formula t ion ,  o r  a p p l i c a t i o n .  

peak years  of DDT usage,  e s t ima tes  of occupat iona l  dermal exposure 

During t h e  

ranged from 84 mg p e r  hour  (Hayes, 1959) t o  1755 mg p e r  hour  (Wolfe 

e t  a l . ,  1959; 1967),  t h e  l a t t e r  va lue  experienced by those  engaged i n  

indoor  spraying ope ra t ions .  Es t imates  of r e s p i r a t o r y  exposure dur ing  

t h i s  same per iod ranged from 0.11 mg pe r  hour  (Wolfe e t  a l . ,  1959) t o  

14.1 mg pe r  hour (Wolfe and Armstrong, 1971) wi th  formula t ing  p l a n t  

7 
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workers a t  h i g h e s t  r i s k  v i a  t h i s  route .  The average d a i l y  i n t a k e  of 

DDT by 20 men wi th  h igh  occupat iona l  exposure was es t imated  i n  1967 

as 17.5 t o  18 mg p e r  person  o r  450 times t h a t  of t h e  gene ra l  popula- 

t i o n  (Laws e t  a l . ,  1967). 

Exposure of t h e  g e n e r a l  popula t ion  t o  DDT and i t s  m e t a b o l i t e s ,  DDE 

and TDE, is  v i r t u a l l y  unavoidable  and may occ-i.r through i n h a l a t i o n ,  

i n g e s t i o n ,  o r  dermal con tac t .  Exposure v i a  32hala t ion  and dermal 

c o n t a c t  was probably of g r e a t e s t  concern p r i o r  t o  1972 i n  a g r i c u l t u r a l  

communities where atmospheric  concen t r a t ions  ranging  from 0.1 t o  8.0 

pg DDT/m were d e t e c t e d  dur ing  p e s t i c i d e  a p p l i c a t i o n s  (Tabor,  1966) . 
However, a tmospheric  t r a n s p o r t  of these  compounds, adsorbed t o  a i r -  

3 

borne p a r t i c u l a t e s  o r  i n  t h e  vapor  phase,  r e s u l t e d  i n  t h e i r  dissemi- 

n a t i o n  throughout  a r e a s  r e l a t i v e l y  remote from a g r i c u l t u r a l  o r  o t h e r  

spraying  ope ra t ions .  Thus, r e s i d e n t s  of urban environments a l s o  

experienced s i g n i f i c a n t  l e v e l s  of exposure. 

1.14 pg-DDT/m 

Concent ra t ions  of up t o  

3 a i r  were, f o r  example, noted i n  P i t t s b u r g h  i n  t h e  e a r l y  

1960s (Antommaria e t  a l . ,  1965). 
, 

Dermal exposure occurs  as a r e s u l t  of c o n t a c t  w i th  contaminated 

a i r  o r  wi th  s u r f a c e s  upon which a i r b o r n e  DDT has  a l i g h t e d .  

e x t e n t  of  t h i s  type  of exposure is  i l l u s t r a t e d  by t h e  f a c t  t h a t  DDT, 

The 

TDE and DDE were a l l  d e t e c t e d  i n  t e n t h s  of a microgram q u a n t i t i e s  i n  

hexane r i n s e s  from the  hands of s e v e r a l  i n d i v i d u a l s  w i th  no h i s t o r y  

of occupat iona l  exposure t o  DDT o r  TDE (Kazen e t  a l . ,  1974). 

8 
. .  



Although l e v e l s  of DDT, TDE and DDE i n  t h e  d i e t  appear t o  be de- 
.? 

c l i n i n g  . ( t o t a l  d i e t a r y  i n t a k e  decreased from 0.9 pg /kg  body weight i n  

1965 t o  0.4.pg/kg body weight i n  1970; Duggan and Corne l iu s sen ,  19721, 

i n g e s t i o n  of contaminated food ( a s  w e l l  as contaminated d r i n k i n g  

w a t e r )  remains a major  r o u t e  o f  widespread exposure.  \. 

Over t h e  y e a r s ,  DDT r e s i d u e s  a t  c o n c e n t r a t i o n s  of up t o  0.51 ppm 

(Corne l iu s sen ,  1972; IARC,  1974) have been d e t e c t e d  i n  a wide v a r i e t y  

o f  f r u i t s  and v e g e t a b l e s  and w i l l  probably c o n t i n u e  t o  be p r e s e n t  i n  

( 

a g r i c u l t u r a l  produce i n d e f i n i t e l y  as a consequence of t h e  p e r s i s t e n c e  

of DDT i n  t h e  s o i l .  Estimates i n d i c a t e  t h a t  a g r i c u l t u r a l  s o i l s  i n  

th'e United S t a t e s  c o n t a i n  an average of a lmost  0.168g DDT/m (Wood- 2 

w e l l  e t  a l . ,  1971). 

Since DDT i s  exc re t ed  i n  mammalian m i l k ,  i n g e s t i o n  of contaminated 

feed by l a c t a t i n g  cows r e s u l t s  i n  contaminat ion of d a i r y  products .  

The c o n c e n t r a t i o n  of t o t a l  DDT i n  U.S. d a i r y  p roduc t s  has  dec reased ,  

however, from a maximum of 0;8.ppm i n  1967 t o  a maximum of 0.3 ppm in 

1972 (Duggan e t  a l . ,  1967; Corne l iu s sen ,  1972). 

The h i g h e s t  l e v e l s  of DDT i n  t h e  d i e t  undoubtedly occur  i n  meat,  

f i s h  and p o u l t r y  s i n c e  DDT and i t s  m e t a b o l i t e s  are concen t r a t ed  and 

s t o r e d  i n  animal t i s s u e s ,  p a r t i c u l a r l y  i n  a d i p o s e  t issues .  Once 

a g a i n ,  c o n c e n t r a t i o n s  appear t o  be d e c l i n i n g ;  t h e  maximum v a l u e  

observed i n  t h e s e  commoditi:s i n  1967 was 3.2 ppm whi l e  t h a t  observed 

i n  ,1972 was on ly  0.9 ppm (Duggan e t  a l . ,  1967; Corne l iu s sen ,  1972). 

9 
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I n g e s t e d  DDT i s  slowly metabol ized i n  humans t o  TDE and DDE. TDE ' 

undergoes f u r t h e r  d e g r a d a t i o n  and i s  e v e n t u a l l y  exc re t ed  i n  the  u r i n e  

as DDA [2,2-bis(p-chlorophenyl)acetic a c i d ] ;  DDE,  on the  o t h e r  hand, 

i s  r e t a i n e d  i n  t h e  adipose t i s s u e  along w i t h  unmetabolized DDT ( I A R C ,  

1974). DDT r e s i d u e s  are  widely d i s t r i b u t e d  i n  t h e  adipose t i s s u e  of 

t h e  g e n e r a l  p o p u l a t i o n  bo th  a t  home and abroad. The average concen- . 

t r a t i o n  of t o t a l  DDT i n  human f a t  i n  t h e  United S t a t e s  was 10.6 ppm 

i n  1966 (Fiserova-Bergerova et  a l . ,  1967);  averages o f  30.2 ppm were 

r e p o r t e d  i n  I n d i a  i n  1964 (Dale e t  a l . ,  1965). A s  is the  case  f o r  

o t h e r  mammalian s p e c i e s ,  l e v e l s  o f  s t o r e d  DDT i n  humans appear  t o  be 

d e c l i n i n g  (Fiserova-Bergerova e t  a l . ,  1967; Morgan and Roan, 1970). 

1 

DDT and i t s  m e t a b o l i t e s  are  a l s o  e x c r e t e d  i n  human milk (Curley and 

Kimbrough, 1969; Quinby e t  a l . ,  1965; Zavon e t  a l . ,  1969) and may 

be t r a n s p o r t e d  through the  p l a c e n t a . ( C u r l e y  e t  a l . ,  1969; O'Leary e t  

a l . ,  1970; Zavon e t  a l . ,  1969). 

DDT i s  g e n e r a l l y  though t  t o  pose a r e l a t i v e l y  modest h e a l t h  

hazard t o  warm-blooded animals  i n c l u d i n g  man (Farm Chemicals Handbook, 

1976; Gosse l in  e t  a l . ,  1976). The s i n g l e  o r a l  dose of DDT necessa ry  

t o  produce adve r se  symptoms i n  man i s  10 mg/kg (Gossel in  et  a l . ,  1976; 

- Farm Chemicals Handbook, 1976). 

pe r  day, a dose e q u i v a l e n t  t o  0.5 mg/kg/day, f o r  21 months wi thou t  

s u f f e r i n g  any appa ren t  ill e f f e c t s .  (Hayes e t  al . ,  1971) and l e v e l s  of. 

DDT s t o r e d  i n  ad ipose  t i s s u e  or passed on t o  breast-fed i n f a n t s  have 

not  been a s s o c i a t e d  w i t h  demonstrable t o x i c i t y  (Gossel in  e t  a l . ,  

Human v o l u n t e e r s  i nges t ed  35 mg DDT 

lo . -  

, 
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1976). TDE i s  usua l ly  considered t o  be less tox ic  than  DDT (Sax, 

1975). 

When DDT poisoning does occur ,  t h e  pr imary s i t e  of a c t i o n  is  t h e  

c e n t r a l  nervous system, p a r t i c u l a r l y  t h e  cerebe l lum and h i g h e r  motor 

cor tex .  Symptoms of  acu te  i n g e s t i o n  inc lude  vomit ing,  ma la i se ,  head- 

ache,  s o r e  t h r o a t ,  f a t i g u e ,  p a r e s t h e s i a s ,  t remors ,  and convuls ions .  

Death due t o  DDT poisoning i s  ex t remely  rare  and i s  u s u a l l y  a t t r i -  

buted t o  r e s p i r a t o r y  f a i l u r e  from medullary p a r a l y s i s .  Although no 

syndrome r e l a t e d  t o  chronic  DDT exposure is  recognized i n  humans, 

evidence i n d i c a t e s  t h a t  DDT may cause a p l a s t i c  anemia and thrombo- 

cy topen ia  (Gosse l in  e t  a l . ,  1976). 

DDT and i t s  metabol i tes  have been t e s t e d  f o r  mutagenic i ty  i n  a 

v a r i e t y  of t es t  systems. DDT and DDE f a i l e d  t o  r e v e r t  h i s t i d i n e -  

r e q u i r i n g  s t r a i n s  of Salmonella typhimurium t o  pro to type  (The A m e s  

Tes t  u s i n g  s t r a i n s  TA1535, 1536, 1537, and 1538; Marshal l  e t  a l . ,  

1976) and,  a long wi th  DDA ( t h e  p r i n c i p a l  u r i n a i y  e x c r e t i o n  product  

of  DDT i n  mammals), proved nonmutagenic i n  h o s t  mediated b ioassays  

i n  mice u s i n g  S. typhimurium G46 H i s  , S e r r a t i a  marcescens a21 l e u  

and - S. marcescens a31 H i s  

1973). 

- - 
- 

a s  i n d i c a t o r  organisms (Buselmaier e t  a l . ,  

DDT and DDA were a l s o  nega t ive  when tested f o r  mutagenic i ty  

i n  dominant l e t h a l  assays  i n  mice (Buselmaier  e t  a l . ,  1973). On t h e  

o t h e r  hand,  h igh ly  s i g n i f i c a n t  i n c r e a s e s  i n  back mutat ion rates were 

observed i n  both of  the above mentioned s t r a i n s  of  S. marcescens i n  

t h e  h o s t  mediated b ioassay  wi th  TDE. Spot tes ts  were nega t ive ,  

- 
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sugges t ing  t h a t  TDE i s  a c t i v a t e d  t o  a mutagenic agent by t h e  h o s t  

organism (Buselmaier e t  a l .  , 1973). 

DDA proved p o s i t i v e  f o r  mutagenic i ty  i n  - D. melanogaster ,  inducing  

sex- l inked  r e c e s s i v e  l e t h a l  muta t ions  i n  male germ c e l l s  of t h a t  

s p e c i e s .  

1972) . 
DDT i t s e l f  may be a very  weak mutagen i n  Drosophila (Vogel,  

Lymphocyte c u l t u r e s  from a g r i c u l t u r a l  workers engaged i n  p e s t i c i d e  

a p p l i c a t i o n  and exposed t o  a number of i n s e c t i c i d e s  inc luding  DDT 

were examined f o r  chromosomal a b b e r r a t i o n s  during t h e  peak sp ray ing  

season  and aga in  i n  t h e  win te r t ime  (Yoder e t  a l . ,  1973). While no 

a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  number of chromatid breaks p e r  person 

p e r  25 c e l l s  examined was noted a t  e i t h e r  sampling per iod among non- 

exposed c o n t r o l s ,  a f i v e f o l d  i n c r e a s e  i n  t h e s e  l e s i o n s  was observed 

among i n s e c t i c i d e  a p p l i c a t o r s  du r ing  t h e  summer months g i v i n g  r i se  t o  

t h e  s p e c u l a t i o n  t h a t  one o r  more of t h e  i n s e c t i c i d e s  may be mutagenic 

i n  humans (Yoder e t  a l . ,  1973). 

I-  

No evidence f o r  c a r c i n o g e n i c i t y  of DDT o r  i t s  m e t a b o l i t e s  i n  

humans i s  a v a i l a b l e  t o  da t e .  Although increased  l e v e l s  of t o t a l  DDT 

have been observed i n  t h e  ad ipose  t i s s u e  of p a t i e n t s  with v a r i o u s  

mal ignancies  when compared t o  c o n t r o l s  (Radomski e t  a l . ,  1968) and ,  

i n  one s tudy ,  concen t r a t ions  of t o t a l  DDT-derived m a t e r i a l s  were 

h i g h e r  i n  mal ignant  b r e a s t  t i s s u e  than  i n  ad jacent  normal b r e a s t  

t i s s u e  o r  ad jacen t  ad ipose  t i s s u e  (Wassermann e t  a l . ,  1976);these 

f i n d i n g s  a r e  inconc lus ive  a s  t o  a c a u s a l  r e l a t i o n s h i p .  

12 



11. MATERIALS AND METHODS 

. .  ,689'5 9 '  

A. Chemicals 

Technical-grade DDT c o n t a i n i n g  p,p'-DDT [l,l,l-trichloro-2,2-bis 

(p-chlorophenyl)  e thane]  a s  t h e  main component was purchased from 

Montrose Chemical Corporat ion and chemical a n a l y s i s  was performed by 

Hazleton Labora tor ies  America, Inc. ,  Vienna, V i rg in i a .  The wide 

range of t he  exper imenta l ly  determined mel t ing  p o i n t  ( 7 8 O  t o  102OC) 

was c o n s i s t e n t  with t h e  i n d e f i n i t e  me l t ing  p o i n t  of t h e  t e c h n i c a l  

product .  The major gas- l iqu id  chromatography (GLC) peak r ep resen ted  

70 percent  of t h e  t o t a l  area. This  peak was assumed t o  be t h e  

p,p'-DDT isomer. 

months l a t e r  provided similar r e s u l t s  and i n d i c a t e d  s t a b i l i t y  of  t h e  

compound . 

GLC and me l t ing  p o i n t  range ana lyses  performed 12 

Throughout t h i s  r e p o r t  t h e  term DDT i s  used t o  r e p r e s e n t  t h i s  

technica l -grade  ma te r i a l .  

Technical-grade TDE c o n t a i n i n g  p,p'-TDE [ l , l -d i ch lo ro -2 ,2 -b i s  

(p-chloropheny1)-ethane] a s  t h e  main component was purchased from 

Rohm and Haas Chemical Company and chemical a n a l y s i s  was performed by 

Hazleton Labora tor ies  America, Inc.  The w i d e  range of t h e  exper i -  

men ta l ly  determined. mel t ing  p o i n t  (60' t o  103OC) was c o n s i s t e n t  with 

t h e  i n d e f i n i t e  mel t ing p o i n t  of t h e  t e c h n i c a l  m a t e r i a l .  The major 

GLC peak represented  approximately 60 percent  of t h e  t o t a l  area and 

was assumed t o  be the  p,p'-TDE isomer. GLC a l s o  i n d i c a t e d  a t  l e a s t  

19 impur i t i e s .  GLC t o t a l - a r e a  a n a l y s i s  and me l t ing  p o i n t  range 

13 



de te rmina t ion  performed 1 2  months l a t e r  provided c l o s e  approximations 

of t he  resul ts  p rev ious ly  obta ined .  Therefore ,  t h e s e  ana lyses  ind i -  

c a t e d  s t a b i l i t y  of  t h e  compound. 

Throughout t h i s  r e p o r t  t h e  term TDE is used t o  r e p r e s e n t  t h i s  

technica l -grade  m a t e r i a l .  

Commercially a v a i l a b l e  DDE (d ich lorodiphenpl  d i ch lo roe thy lene )  

was purchased from Aldr ich  Chemical Company and chemical a n a l y s i s  was 

performed by Hazleton L a b o r a t o r i e s  America, Inc. 

t h e  exper imenta l ly  determined me l t ing  po in t  (87" t o  89°C) i s  c o n s i s t e n t  

The narrow range of 

with t h e  f a c t  t h a t  t h e  commercially a v a i l a b l e  m a t e r i a l  i s  t h e  r e l a -  

t i v e l y  pure p,p'-DDE isomer. GLC u t i l i z i n g  both i n t e r n a l  s t anda rd  

and t o t a l - a r e a  a n a l y s i s  methodologies  suggested a p u r i t y  g r e a t e r  than 

95 percent .  

impur i ty  was found t o  be p re sen t .  

This was assumed t o  be t h e  p,p'-DDE isomer. One minor 
i 

Throughout t h i s  r e p o r t  t h e  term DDE i s  used t o  r e p r e s e n t  t h e  

r e l a t i v e l y  pure ~ , P " D D E  isomer. 

B. D ie t a ry  P repa ra t ion  

The b a s a l  l a b o r a t o r y  d i e t  f o r  both dosed and c o n t r o l  animals  

c o n s i s t e d  of Wayne xLab-Blox@ ( A l l i e d  Mills,/ lnc . ,  Chicago, I l l i n o i s )  

p l u s  2 percent  Duke's@corn o i l  (S. F. Sauer Company, Richmond, 

V i r g i n i a )  by weight.  

were prepared weekly and s t o r e d  i n  t h e  dark. 

d 

Fresh mixtures  of each chemical i n  corn o i l  

These mixtures  of DDT, 

TDE, o r  DDE i n  corn  o i l  were each incorpora ted  a s  o f t e n  a s  necessary 

i n t o  the  a p p r o p r i a t e  amount of l a b o r a t o r y  d i e t  i n  a twi-n-shell  

b l ende r  f i t t e d  wi th  an  a c c e l e r a t o r , b a r .  



t 

C. Animals 

Two animal s p e c i e s ,  r a t s  and mice,  were used i n  the carcinogeni-  

c i t y  b ioassays .  

a comparative s t u d y  o f  t h e  tumorigenic  r e spons iveness  t o  carbon te t ra-  

c h l o r i d e  of f i v e  d i f f e r e n t  s t r a i n s  of r a t s  (Reuber and Glover ,  1970). 

The Osborne-Mendel r a t  was s e l e c t e d  on t h e  b a s i s  of 

The B6C3F1 mouse was s e l e c t e d  because i t  h a s  been used by t h e  N C I  f o r  

c a r c i n o g e n e s i s  b i o a s s a y s  and h a s  proved s a t i s f a c t o r y  i n  t h i s  capac i ty .  

Rats and mice of bo th  sexes  were ob ta ined  through c o n t r a c t s  w i th  

t h e  D i v i s i o n  of Cancer Treatment ,  Na t iona l  Cancer I n s t i t u t e .  The 

Osborne-Mendel ra t s  were procured from t h e  Bat te l le  Memorial I n s t i t u t e ,  

Columbus, Ohio, and t h e  B6C3Fl mice were ob ta ined  from t h e  Char l e s  

River  Breeding L a b o r a t o r i e s ,  Inc. ,  Wilmington, Massachuset ts .  Upon 

r e c e i p t ,  animals were qua ran t ined  f o r  a t  l eas t  10 days ,  observed f o r  

v i s i b l e  s i g n s  of d i s e a s e  or p a r a s i t e s ,  and a s s igned  t o  t h e  v a r i o u s  

dosed and c o n t r o l  groups. 

D. Animal Maintenance 

A l l  animals were housed by s p e c i e s  i n  temperature- and humidity- 

c o n t r o l l e d  rooms. The temperature  range w a s  20' t o  24OC, and t h e  

r e l a t i v e  humidi ty  was ma in ta ined  between 45 and 55 pe rcen t .  

c o n d i t i o n i n g  system i n  t h e  l a b o r a t o r y  provided f i l t e r e d  a i r  a t  a ra te  

of 12  t o  15 complete changes of room a i r  pe r  hour .  F luo rescen t  l i g h t -  

i ng  was provided on a 12-hour-daily cyc le .  The r a t s  were i n d i v i d u a l l y  

housed i n  suspended ga lvan ized - s t ee l  wire-mesh cages  with p e r f o r a t e d  

The a i r  

, 
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1 

f l o o r s .  Mice were housed by sex  i n  groups of 10 i n  solid-bottom poly- 

'propylene cages equipped w i t h  f i l t e r  tops.  S a n i t i z e d  cages wi th  f r e s h  

bedding (Sanichips@, Pinewood Sawdust Company, Moonachie, New J e r s e y )  

were provided once each  week f o r  mice. Rats r ece ived  s a n i t i z e d  cages  

wi th  no bedding w i t h  t h e  same frequency. Food hoppers were changed 

and h e a t - s t e r i l i z e d  once a week f o r  the  f i r s t  10 weeks and once a 

month t h e r e a f t e r .  Fresh  h e a t - s t e r i l i z e d  g l a s s  water  b o t t l e s  and 

s i p p e r  t ubes  were provided  t h r e e  t imes a week. 

a v a i l a b l e  - ad '  l i b i t u m .  

Food and water were 

The r a t s  dosed w i t h  DDT o r  TDE and t h e i r  r e s p e c t i v e  c o n t r o l s  
* 

were housed i n  a room w i t h  o t h e r  ra ts  r e c e i v i n g  d i e t s  c o n t a i n i n g  

c h l o r o b e n z i l a t e  (510-15-6) and s u l f  a l l a t e  (95-06-7) . The rats 
,- 

dosed w i t h  DDE and t h e i r  c o n t r o l s  were housed i n  t h e  same room wi th  

rats r e c e i v i n g  d i e t s  c o n t a i n i n g  methoxychlor (72-43-5) and s a f r o l e  

(94-59-7) 

A l l  dosed and c o n t r o l  mice used i n  t h e s e  b ioassays  were housed 

i n  a room with o t h e r  mice r e c e i v i n g  d i e t s  c o n t a i n i n g  c h l o r o b e n z i l a t e  

(510-15-6) ; d i o x a t h i o n  (78-34-2) ; s u l f a l l a t e  (95-06-7) ; mexacarbate 

(315-18-4); methoxychlor  (72-43-5); d i c o f o l  (115-32-2); pentachloro- 

n i t robenzene  (82-68-8) ; c l o n i t r a l i d  (1420-04-8) ; n i t r o f e n  (1836-75-5) ; 

endosu l f an  (115-29-7) ; t r i f l u r a l i n  (1582-09-8) ; a m i t r o l e  (61-82-5) ; 

ace ty l aminof luo rene  (53-96-3) ;. and s a f r o l e  (94-59-7) 

' 

* 
CAS r e g i s t r y  numbers are g iven  i n  parentheses .  

-_  . ... . . 

. . . .  
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E. S e l e c t i o n  o f  I n i t i a l  Concen t r a t ions  

I n  o r d e r  t o  e s t a b l i s h  t h e  maximum t o l e r a t e d  c o n c e n t r a t i o n s  of 

DDT, TDE, or DDE f o r  a d d i t i o n  t o  t h e  d i e t s  of dosed animals i n  t h e  

c h r o n i c  s t u d i e s ,  subchronic  t o x i c i t y  tests were conducted wi th  both 

r a t s  and mice. For t h e  subchronic  s t u d y  f o r  each of t h e  t h r e e  chem- 

i c a l s ,  animals  of each s p e c i e s  were d i s t r i b u t e d  among s i x  groups,  

each c o n s i s t i n g  of f i v e  males and f i v e  females.  DDT, TDE, or DDE 

was premixed wi th  a small amount of co rn  o i l .  The mix tu re  was then  

inco rpora t ed  i n t o  t h e  l a b o r a t o r y  d i e t  and f e d  - ad l i b i t u m  t o  f i v e  of 

t h e  s i x  r a t  groups and f i v e  o f  t h e - s i x  mouse groups,  f o r  each of 

t h e s e  chemicals.  The s i x t h  group of each s p e c i e s  served as a c o n t r o l  

group, r e c e i v i n g  only t h e  b a s a l  d i e t  of corn o i l  and l a b o r a t o r y  meal. 

The dosed d i e t a r y  p r e p a r a t i o n s  were a d m i n i s t e r e d  f o r  a pe r iod  of 6 

weeks, followed by a 2-week o b s e r v a t i o n  p e r i o d  du r ing  which a l l  ani-  

mals were fed  t h e  b a s a l  d i e t .  

A c o n c e n t r a t i o n  inducing no m o r t a l i t y  and r e s u l t i n g  i n  a depres- 

s i o n  i n  mean group body weight r e l a t i v e  t o  c o n t r o l s  was s e l e c t e d  a s  

t h e  high c o n c e n t r a t i o n  f o r  t h e  c h r o n i c  s tudy .  

c r i t e r i a  were not  a p p l i c a b l e ,  m o r t a l i t y  d a t a  a lone  were u t i l i z e d .  

When weight g a i n  

1. DDT 

Mixtures of DDT i n  corn o i l  were i n c o r p o r a t e d  i n t o  t h e  b a s a l  

- 

l a b o r a t o r y  d i e t  and f ed  - ad l i b i t u m  t o  t h e  dosed r a t  groups a t  con- 

c e n t r a t i o n s  of 178, 316, 562, 1000, and 1780 ppm. The dosed mouse 

groups r ece ived  c o n c e n t r a t i o n s  of 18,  32, 5 6 ,  100, and 178 ppm. 
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I n  r a t s  dosed w i t h  DDT a t  562 ppm, t h e  mean body weight depres-  

s i o n  r e l a t i v e  t o  c o n t r o l s  w a s  16 pe rcen t  i n  male r a t s  and 4 pe rcen t  

1 i n  female ra t s .  A t  a c o n c e n t r a t i o n  of 1000 ppm the  mean body weight 

d e p r e s s i o n  i n  male r a t s  was 7 p e r c e n t  and i n  female ra ts  45  pe rcen t .  

One female ra t  r e c e i v i n g  1000 ppm d ied .  The high c o n c e n t r a t i o n s  of 

! 

I 

DDT s e l e c t e d  for a d m i n i s t r a t i o n  i n  t h e  ch ron ic  bioassay were 840 ppm 

f o r  t h e  male ra t s  and 630 ppm f o r  t h e  female rats.  

I n  t h e  mice dosed wi th  DDT, mean body weight dep res s ion  was 

no t  dose - re l a t ed  i n  e i t h e r  sex.  I n  t h e  male mice the  mean body 

weight  g a i n ,  expressed as  a pe rcen tage  of t h a t  gained by t h e  c o n t r o l s ,  

w a s  121 pe rcen t  a t  a l e v e l  of 18 ppm and 147 percent  a t  32 ppm. One 

male mouse r e c e i v i n g  32 ppm d i e d  d u r i n g  t h e  study. I n  t h e  female 

mice, mean body weight  g a i n  w a s  152 pe rcen t  a t  56 ppm, 126 p e r c e n t  a t  

100 ppm, and 132 p e r c e n t  a t  178 ppm. Four female mice r e c e i v i n g  

178 ppm d i e d  by t h e  end of t h e  8-week subchronic  study. 

c o n c e n t r a t i o n s  of DDT s e l e c t e d  f o r  a d m i n i s t r a t i o n  i n  t h e  c h r o n i c  

The h igh  

s t u d y  were 20 ppm f o r  t h e  male mice and 100 ppm f o r  t h e  female 

mice. 

2 .  TDE 

Mixtures of TDE i n  co rn  o i l  were incorporated i n t o  t h e  b a s a l  

- 

l a b o r a t o r y  d i e t  i n  c o n c e n t r a t i o n s  of 562, 1000, 1780, 3160, and 5620 

ppm for t h e  dosed r a t s ,  and i n  c o n c e n t r a t i o n s  of 251, 398, 631, 

1000, and 1590 ppm f o r  t h e  dosed mice. 

18 



I n  male ra t s ,  a t  a c o n c e n t r a t i o n  of 1780 ppm t h e  dep res s ion  i n  

mean body weight was 9 percent .  A t  3160 pprn t h e  mean body weight 

d e p r e s s i o n  was 10 percent .  For female ra t s ,  t h e  dep res s ion  i n  mean 

body weight  was 39 pe rcen t  a t  1000 ppm and 4 pe rcen t  a t  1780 ppm. No 

d e a t h s  were observed a t  t h e s e  dosages.  The high concen t r a t ions  of 

TDE s e l e c t e d  f o r  a d m i n i s t r a t i o n  i n  t h e ' c h r o n i c  s tudy  were 2800 ppm 

fo r '  t h e  male rats, and 1700 ppm f o r  t h e  female r a t s .  

In  t h e  mice, t h e  mean body weight  was not c l e a r l y  a f f e c t e d  

by compound admin i s t r a t ion .  Mean body weight g a i n  i n  males and 

females  r ece iv ing  up t o  631 ppm was g r e a t e r  than  t h e  mean body weight 

g a i n  i n  t h e i r  r e s p e c t i v e  c o n t r o l  groups.  Deaths occurred i n  a l l  m a l e  

g roups ,  except  t he  c o n t r o l s  and t h e  group r ece iv ing  631 ppm, and i n  

t h e  female groups r ece iv ing  1000 and 1590 ppm. The high concen t r a t i c  

of  TDE s e l e c t e d  f o r  a d m i n i s t r a t i o n  i n  t h e  ch ron ic  mouse b ioassay  was 

630 ppm for both males and females.  

3. DDE 

Mixtures of DDE i n  corn  o i l  were incorpora ted  i n t o  t h e  b a s a l  

- 

l a b o r a t o r y  d i e t  and adminis te red  t o  t h e  dosed ra ts  i n  concen t r a t ions  

of 316, 562, 1000, 1780, and 3160 pprn. The dosed mice r ece ived  DDE 

i n  concen t r a t ions  of 139, 193, 269, 363, and 519 ppm. 

In  t h e  male r a t s ,  mean body weight dep res s ion  was observed i n  

a l l  dosed groups.. A t  1000 ppm, t h e  dep res s ion  i n  mean group body 

weight  was 11 percent  while  a t  1780 ppm t h e  depress ion  was 22 pe rce  

No d e a t h s  occurred i n  t h e  male rats dosed wi th  1780 ppm or less. 
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I n  t h e  female r a t s ,  mean body weight dep res s ion  was not a s s o c i a t e d  

wi th  compound a d m i n i s t r a t i o n .  A t  a c o n c e n t r a t i o n  of 1000 ppm one 

female r a t  died and a t  1780 and 3160 ppm a l l  female ra ts  were dead 

by week 6. 

t i o n  i n  t h e  ch ron ic  s tudy  were 1350 ppm f o r  t h e  male ra t s  and 750 ppm 

f o r  t h e  female r a t s .  

The h igh  c o n c e n t r a t i o n s  of DDE s e l e c t e d  f o r  admin i s t r a -  

I n  e i t h e r  male o r  female mice, DDE a d m i n i s t r a t i o n  was not 

r e l a t e d  t o  mean body,weight  dep res s ion .  One dea th  was observed i n  

' /  
t h e ' m a l e  c o n t r o l  group and i n  t h e  male group r ece iv ing  269 ppm. Four 

d e a t h s  i n  t h e  males and two d e a t h s  i n  t h e  females occurred  i n  t h e  

groups r e c e i v i n g  373 ppm of  DDE. The h igh  c o n c e n t r a t i o n  of  DDE 

s e l e c t e d  f o r  a d m i n i s t r a t i o n  i n  t h e  ch ron ic  s tudy  w a s  250 ppm for  both  

male and female mice. 

F. Experimental  Design 

The exper imenta l  des ign  parameters  f o r  t h e  ch ron ic  b i o a s s a y s  

( s p e c i e s ,  s e x ,  group s i z e ,  c o n c e n t r a t i o n s  admin i s t e red ,  d u r a t i o n  of 

t r e a t e d  and u n t r e a t e d  o b s e r v a t i o n  p e r i o d s ,  and t h e  time-weighted 

average  c o n c e n t r a t i o n s )  a r e  summarized i n  Tables 1 and 2 f o r  DDT, 

Tables  3 and 4 for TDE, and Tables  5 and 6 f o r  DDE. A l l  concent ra -  

t i o n s  g i v e n  were admin i s t e red  t o  t h e  dosed rats and mice du r ing  

1 

a dos ing  pe r iod  of 78 weeks, followed by obse rva t ion  pe r iods  of up 

t o  35 weeks f o r  t h e  ra ts  and up  t o  15 weeks' f o r  t h e  mice. 

The exper imenta l  des ign  parameters  f o r  t h e  DDT c h r o n i c  b i o a s s a y  

A t  t h e  i n i t i a t i o n  of t h e  s t u d y  a l l  
0 

are p resen ted  i n  Tables 1 and 2. 
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TABLE 1 

DESIGN SUMMARY FOR OSBORNE-MENDEL RATS 
DDT FEEDING EXPERIMENT 

. .  
INITIAL OBSERVATION' PERIOD TIME-WEIGHTED 

GROUP DDT TREATED UNTREATED AVERAGE 
SIZE  CONCENTRATION^ (WEEKS (WEEKS 1  CONCENTRATION^ 

MALE 

CONTROL 20 0 111 0 

LOW DOSE 50 420 12 
500 14 
250 . _  52 
0 32 

c 

HIGH DOSE 50 84 0 
1000 
500 

0 

1 2  
14 
52 

642 

33 

FEMALE 

CONTROL 20 0 111 0 

LOW DOSE 50 3 15 
158 

0 

26 
52 

33 

2 10 

HIGH DOSE 50 63 0 
315 

0 

26 
52 

\ 420 

33 

a Concentrations given i n  p a r t s  p e r  mi l l i on .  

C (concent ra t ion  X weeks received)  
C (weeks rece iv ing  chemical) Time-weighted average concen t r a t ion  = b 

21 
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TABLE 2 

DESIGN SUMMARY FOR B6C3F1 MICE 
DDT FEEDING EXPERIMENT - 

INITIAL OBSERVATION PERIOD TIME-WEIGHTED 
GROUP DDT TREATED UNTREATED AVERAGE 
SIZE CONCENTRATION' (WEEKS) (WEEKS CONCENTRATION 

MALE 

CONTROL 20 0 91 0 

. I  

LOW DOSE 50 10 8 22 
15 6 
20 14 
25 50 

0 14 

HIGH DOSE 50 20 
30 
40 
50 
0 

8 44 
6 

14 
50 

14 

FEMALE 

CONTROL 20 0 

/ 

J 

92 0 

LOW DOSE 50 50 8 87 
60 6 
75 14 

100 50 
I 0 15 

'HIGH DOSE 50 100 8 175 
120 6 
150 14 
200 50 _I 

0 15 

j :  
a Concentrations given in parts per million. 

C (concentration X weeks received) bTime-weighted average conkentration = (weeks receiving chemical) 



3 

b I - 

D E S I G N  SUMMARY FOR OSBORNE-MENDEL RATS 
TDE FEEDING EXPERIMENT 

I N I T I A L  OBSERVATION PERIOD TIME-WEIGHTED 
GROUP TDE TREATED UNTREATED AVERAGE 
S I Z E   CONCENTRATION^ (WEEKS) (WEEKS  CONCENTRATION^ 

MALE - 
CONTROL 20 0 111 0 

LOW DOSE 50 1400 23 1647 
55 

34 
1750 

0 

HIGH DOSE 50 2800 23 3294 
3500 55 

0 35 

FEMALE 

CONTROL 20 0 111 0 

LOW DOSE 50 850 78 850 
0 35 

~~ 

HIGH DOSE 50 1700 78 1700 
0 35 

a 
Concentrations g i v e n  i n  parts  per  m i l l i o n .  

Time-weighted average concentrat ion =: 
C(concentra t ion  X weeks rece ived)  
Z (weeks r e c e i v i n g  chemical) 

b 
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DESIGN SUMMARY FOR B6C3F1 MICE 
TDE FEEDING EXPERIMENT 

INITIAL OBSERVATION PERIOD TIME-WEIGETED 
GROUP TDE TREATED UNTREATED AVERAGE 
SIZE  CONCENTRATION^ (WEEKS (WEEKS)  CONCENTRATION^ 

MALE 

CONTROL 20 0 90 0 

LOW DOSE 50 3 15 5 41 1 
375 11 
4 25 62 

0 13 

HIGH DOSE 50 630 5 82 2 
750 11 ' 

850 62 
0 14 

FEMALE 

CONTROL 20 0 90 0 

LOW DOSE 50 315 5 41 1 
375 11 
425 62 

0 14 

H I G H  DOSE 50 63 0 5 82 2 
750 11 
850 62 

0 15 

a 
Concentrations g iven  i n  p a r t s  per mi l l ion .  

Z (concent ra t  ion  X weeks received)  
C (weeks rece iv ing  chemical) 

Time-weighted average concent ra t ion  = 
b 
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TABLE 5 

DESIGN SUMMARY FOR OSBORNE-MENDEL RATS 
DDE FEEDING EXPERIMENT 6397 

TIME-WEIGHTED 
AVERAGE 

I N I T I A L  OBSERVATION PERIOD CONCENTRATION 
'GROUP DDE TREATED UNTREATED OVER A 78-WEEK 

S I Z E   CONCENTRATION^ (WEEKS 1 (WEEKS 1  PERIOD^ 
MALE 

CONTROL 20 0 111 0 

LOW DOSE 50 437 
675 23 
338 55 
'0 , : -  33 

HIGH DOSE 50 1350 23 839 
675 36 
675' 15 4 
0 33 

FEMALE 

CONTROL 20 0 111 0 

LOW DOSE 50 37 5 23 242 
187 55 
0 34 

HIGH DOSE 50 750 
37 5 

0 
375c 

23 
32 
18 5 

34 

462 

a Concentrations given in parts per million. 
C(concentration X weeks received) 

bTime-weighted average concentration = 78 weeks 

C These concentrations were, cyclically administered with a pattern of 1 
dosage-free week followed by 4 weeks of dosing at the level'indicated. 
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TABLE 6 

DESIGN SUMMARY FOR B6C3F1 MICE 
DDE FEEDING 

I NIT I A L  
GROUP DDE 
s I ZE  CONCENTRATION^ 

MALE 

CONTROL 20 0 

EXPERIMENT 

6397 4 

, TIME-WE IGHTED 

OBSERVATION PERIOD CONCENTRATION 
TREATED UNTREATED OVER A 78-WEEK 

AVERAGE 

(WEEKS 1 (WEEKS 1  PERIOD^ 

92 0 

LOW DOSE 50 125 7 148 
150 71 

0 14 

H I G H  DOSE 50 250 7 261 
300 29 
300' , 33 9 

0 14 

- FEMALE 

CONTROL 20 0 92 0 

LOW DOSE 50 125 7 148 
150 71 

0 '  15 

H I G H  DOSE 50 250 7 261 
300 29 
300' ' . 33 9 

I 0 15 

a 
Concen t r a t ions  g iven  i n  p a r t s  pe r  m i l l i o n .  

C ( c o n c e n t r a t i o n  X weeks r e c e i v e d )  
7 8  weeks .- Time-weighted average  c o n c e n t r a t i o n  = b 

C These c o n c e n t r a t i o n s  were c y c l i c a l l y  adminis te red  with a p a t t e r n  of 1 
dosage-free week followed by 4 weeks of  dos ing  a t  the  l e v e l  i n d i c a t e d .  

\ 
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r a t s  were approximately 7 weeks old.  The d i e t a r y  c o n c e n t r a t i o n & 8 9  7 
8 ' 

DDT i n i t i a l l y  u t i l i z e d  f o r  male r a t s  were 840 and 420 ppm. 

o u t  t h i s  r e p o r t  t hose  male r a t s ,  i n i t i a l l y  r e c e i v i n g  t h e  former con- 

c e n t r a t i o n  ,a re  r e f e r r e d  t o  as t h e  high dose  male r a t s ,  whi le  t hose  

i n i t i a l l y  r e c e i v i n g  t h e  l a t t e r  c o n c e n t r a t i o n  are r e f e r r e d  t o  as t h e  

low dose  male r a t s .  For female r a t s ,  t h e  i n i t i a l  concen t r a t ions  were 

630 and 315 ppm. 

Through- 

Throughout t h i s  r e p o r t  t hose  female r a t s  i n i t i a l l y  

r e c e i v i n g  t h e  former c o n c e n t r a t i o n  a r e  r e f e r r e d  t o  as the  high dose 

female ra t s ,  while  those  i n i t i a l l y  r e c e i v i n g  t h e  l a t t e r  c o n c e n t r a t i o n  

are r e f e r r e d  t o  as t h e  low dose  female ra ts .  During week 13 ,  t h e  

h igh  and low l e v e l s  adminis te red  t o  t h e  male r a t s  were inc reased  t o  

1000 and 500 ppm, r e s p e c t i v e l y .  

c o n c e n t r a t i o n s  were decreased f o r  a l l  of t h e  dosed r a t s  as s i g n s  of 

t o x i c i t y  a t  t h e  prev ious  dosages had been observed. The concentra-  

t i o n s  adminis te red  t o  t h e  high and low dose  male rats were decreased  

t o  500 and 250 ppm, r e s p e c t i v e l y ,  while  those  adminis te red  t o  t h e  

female ra ts  were decreased t o  315 and 158 ppm, r e s p e c t i v e l y .  

dosages were maintained f o r  t h e  remainder of t he  dosing per iod .  

During week 2 7 ,  t h e  admin i s t e red  

These 

A t  t h e  i n i t i a t i o n  of t he  s t u d y  a l l  mice were approximately 6 

The d i e t a r y  c o n c e n t r a t i o n s  of DDT i n i t i a l l y  adminis te red  weeks o ld .  

t o  t h e  male mice were 20 and 10 ppm. 

t i a l l y  adminis te red  t o  the  female mice were 100 and 50 pprn. 

o u t  t h i s  r e p o r t  t hose  male mice i n i t i a l l y  r ece iv ing  20 pprn and those  

female mice i n i t i a l l y  r ece iv ing  100 ppm are r e f e r r e d  t o  a s  the  high 

The d i e t a r y  c o n c e n t r a t i o n s  i n i -  

Through- 
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dose  groups,  while  t h o s e  male mice i n i t i a l l y  r e c e i v i n g  10 ppm and 

t h o s e  female mice i n i t i a l l y  r e c e i v i n g  50 ppm a r e  r e f e r r e d  t o  as the  

low dose  groups. The c o n c e n t r a t i o n s  adminis tered t o  a l l  dosed mice 

were inc reased  on t h r e e  s e p a r a t e  occas ions  a s  t o l e r a n c e  t o  t h e  pre- 

v i o u s  dosage l e v e l s  was observed. I n  week 9 ,  t h e  c o n c e n t r a t i o n s  

adminis te red  t o  t h e  h igh  and low dose  groups were i n c r e a s e d ,  respec-  

t i v e l y ,  t o  30 and 15 ppm f o r  t h e  male mice and t o  120 and 60 ppm f o r  

t h e  female mice. 

i n c r e a s e d ,  t h i s  t i m e  t o  40 and 20 ppm f o r  t h e  high and low dose  male 

mice,  r e s p e c t i v e l y .  The h igh  and low doses  adminis te red  t o  t h e  

During week 15, t h e  high arid low doses  were a g a i n  

female mice were r a i s e d  t o  150 and 75 ppm, r e s p e c t i v e l y .  I n  week 29 

t h e  doses  adminis te red  were a g a i n  inc reased ,  t o  50 and 25 ppm f o r  the  

h igh  and low dose male mice,  and t o  200 and 100 ppm f o r  t h e  h igh  and 

low dose  female mice,  r e s p e c t i v e l y .  These dosage l e v e l s  were main- 

t a i n e d  f o r  t h e  remainder of t he  d o s h g  per iod.  

2. TDE - 
The exper imenta l  .design parameters  for t he  TDE ch ron ic  b ioassay  

are presented  i n  Tables  3 and 4. A t  t he  i n i t i a t i o n  of t h e  s tudy  a l l  

ra t s  were approximately 7 weeks o ld .  

TDE i n i t i a l l y  u t i l i z e d  f o r  male r a t s  were 2800 and 1400 ppm. 

\ 

The d i e t a r y  c o n c e n t r a t i o n s  of 

For fe- 

male ra t s  t h e  i n i t i a l  d i e t a r y  concen t r a t ions  were 1700 and 850 ppm. 

Throughout t h i s  r e p o r t  t hose  male ra t s  i n i t i a l l y  r e c e i v i n g  2800 ppm 

! 

and those  female ra ts  i n i t i a l l y  r e c e i v i n g  1700 ppm are r e f e r r e d  t o  

as t h e  high dose groups,  whi le  t hose  males i n i t i a l l y  r e c e i v i n g  1400 
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ppm and those  females i n i t i a l l y  r e c e i v i n g  8 5 0  ppm are  r e f e r r e d  6897 4 
t h e  low dose groups. In week 2 4 ,  t h e  h igh  and low doses  admin i s t e red  

t o  t h e  male r a t s  were inc reased  t o  3 5 0 0  and 1 7 5 0  ppm, r e s p e c t i v e l y ,  

as t o l e r a n c e  t o  the  p rev ious  doses  was observed. These concentra-  

t i o n s  were maintained f o r  t h e  remainder of t he  dos ing  per iod.  

A t  the  i n i t i a t i o n  of t h e  s t u d y  a l l  mice were approximately 6 

weeks o ld .  The d i e t a r y  c o n c e n t r a t i o n s  i n i t i a l l y  admin i s t e red  t o  t h e  

male and female mice were 6 3 0  and 315  ppm. Throughout t h i s  r e p o r t  

t h o s e  mice i n i t i a l l y  r e c e i v i n g  t h e  former c o n c e n t r a t i o n  a r e  r e f e r r e d  

t o  a s  t h e  h igh  dose groups,  wh i l e  t hose  i n i t i a l l y  r e c e i v i n g  t h e  
. .  

l a t t e r  c o n c e n t r a t i o n  a r e  r e f e r r e d  t o  as the  low dose groups.  The 

dosages admin i s t e red  t o  t h e  mice were inc reased  tw ice ,  a s  t o l e r a n c e  

t o  t h e  previous c o n c e n t r a t i o n s  was observed. In week 6 ,  t h e  concen- 

t r a t i o n  adminis tered t o  t h e  h i g h  dose male and female mice was in-  

c r eased  t o  7 5 0  ppm, and t h e  c o n c e n t r a t i o n  adminis tered t o  t h e  low 

dose male and female mice was inc reased  t o  3 7 5  ppm. The h i g h  and low 

c o n c e n t r a t i o n s  admin i s t e red  t o  t h e  male and female mice were r a i s e d  

a g a i n  i n  week 1 7 ,  t o  8 5 0  and 4 2 5  ppm, r e s p e c t i v e l y .  These concentra-  

t i o n s  were maintained f o r  t h e  remainder of t he  dos ing  per iod.  

3 .  DDE - 
The experimental  des ign  parameters  f o r  t h e  DDE c h r o n i c  b ioassay  

a r e  p re sen ted  i n  Tables  5 and 6 .  

A t  t he  i n i t i a t i o n  of t h e  s t u d y  a l l  r a t s  were approximately 7 

weeks o ld .  The d i e t a r y  c o n c e n t r a t i o n s  o f  DDE i n i t i a l l y  u t i l i z e d  f o r  

29 



male ra t s  were 1350 and 675 ppm. For female r a t s ,  t h e  i n i t i a l  con- 

:I:: c e n t r a t i o n s  were 750 and 375 ppm. Throughout t h i s  r e p o r t  t h o s e  male ' ' 1  *I! 
rats  i n i t i a l l y  r e c e i v i n g  1350 ppm and those  female r a t s  i n i t i a l l y  re- 

c e i v i n g  750 ppm are r e f e r r e d  t o  a s  t he  high dose groups,  wh i l e  t h o s e  

male r a t s  i n i t i a l l y  r e c e i v i n g  675 ppm and those  female r a t s  i n i t i a l l y  

r e c e i v i n g  375 ppm are  r e f e r r e d  t o  as the  low dose  groups.  During 

week 24, t h e  c o n c e n t r a t i o n s  adminis tered t o  a l l  of t h e  dosed ra t s  
I 

were decreased as s i g n s  of t o x i c i t y  were observed. The high and low 

. c o n c e n t r a t i o n s  admin i s t e red  t o  t h e  male r a t s  were dec reased  t o  675 

and 338 ppm, r e s p e c t i v e l y .  The high and low c o n c e n t r a t i o n s  adminis- 

t e r e d  t o  t h e  female r a t s  were decreased t o  375 and 187 ppm, respec- 

t i v e l y .  

r a t s  ceased f o r  1 week fol lowed by 4 weeks of f eed ing  a t  t h e  p rev ious  

c o n c e n t r a t i o n  of 375 ppm. This same method of t o t a l  ' i n t ake  r e d u c t i o n  

was employed f o r  t h e  high dose  male r a t s  beginning wi th  week 60. 

I n  week 56, a d m i n i s t r a t i o n  of DDE t o  t h e  h igh  dose  female 

This  p a t t e r n  of c y c l i c  a d m i n i s t r a t i o n  cont inued f o r  t h e  remainder of 

t h e  dosing p e r i o d  a t  t h e  c o n c e n t r a t i o n s  i n d i c a t e d .  

A t  t h e  i n i t i a t i o n  of t h e  s tudy  a l l  mice were approximately 7 

weeks o ld .  The i n i t i a l  d i e t a r y  c o n c e n t r a t i o n s  admin i s t e red  t o  t h e  

male and female mice were 250-and 125 ppm. 

t h o s e  mice i n i t i a l l y  r e c e i v i n g  t h e  former c o n c e n t r a t i o n  are r e f e r r e d  

t o  as t h e  high dose  groups,  wh i l e  those i n i t i a l l y  r e c e i v i n g  t h e  

l a t t e r  c o n c e n t r a t i o n  are  r e f e r r e d  t o  as the  low dose  groups. '  I n  week 

8 ,  t h e  dosages admin i s t e red  t o  a l l  dosed mice were i n c r e a s e d  as 

Throughout t h i s  r e p o r t  

. -. 
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t o l e r a n c e  t o  t h e  p rev ious  dosages had been observed. 

male and female mice r ece ived  300 ppm, and t h e  low dose  male and fe- 

male mice r ece ived  150 ppm. Admin i s t r a t ion  of DDE t o  t h e  h igh  dose 

The high dose 

male and ‘female mice ceased f o r  1 week i n  week 37 fol lowed by 4 weeks 

of feeding a t  t h e  p rev ious  dosage of 300 ppm. T h i s  method of t o t a l  

i n t a k e  r e d u c t i o n  was used f o r  t h e  remainder of t h e  dos ing  p e r i o d  a t  

t h e  c o n c e n t r a t i o n s  i n d i c a t e d .  

G .  C l i n i c a l  and Hi s topa tho log ic  Examinations 

Animals were weighed immediately p r i o r  t o  i n i t i a t i o n  of t h e  

experiment.  Body w e i g h t s ,  food consumption, and d a t a  concerning 

appearance,  behav io r ,  s i g n s  of t o x i c  e f f e c t s ,  and i n c i d e n c e ,  s i z e ,  

and l o c a t i o n  of t i s s u e  masses were recorded a t  weekly i n t e r v a l s  f o r  

t h e  f i r s t  10 weeks and a t  monthly i n t e r v a l s  t h e r e a f t e r .  From t h e  

f i r s t  day, a l l  animals  were in spec ted  d a i l y  f o r  m o r t a l i t y .  

ence  of t i s s u e  masses was determined by o b s e r v a t i o n  and p a l p a t i o n  of 

each animal. 

The pres- 

During t h e  c o u r s e  of t h e s e  b ioassays  s e v e r a l  pathology p r o t o c o l s  

were i n  e f f e c t ,  each f o r  d i f f e r e n t  pe r iods  of t i m e .  The minimum pro- 

t o c o l  r e q u i r e d  t h a t  t i s s u e s  were t o  be t aken  and examined h i s t o p a t h -  

o l o g i c a l l y  from a l l  c o n t r o l  animals ,  from any animal i n  which a tumor 

was observed du r ing  g r o s s  examinat iok,  and from a t  l eas t  IO g r o s s l y  

normal males and 10 g r o s s l y  normal females from each dosed group. 

Under l a t e r  p r o t o c o l s ,  t i s s u e s  were t aken  from a d d i t i o n a l  dosed 

animals .  I n  a d d i t i o n ,  any t i s s u e  from any animal showing g r o s s  
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abnorma l i t i e s  was t o  be t aken  and examined h i s t o p a t h o l o g i c a l l y .  I 

. . i  

! 
i 

The number of animals  i n  each group from which a p a r t i c u l a r  t i s s u e  

was examined i s  i n d i c a t e d  i n  Appendices A through L. 

A necropsy was performed on each animal r e g a r d l e s s  of whether i t  

d i e d ,  was k i l l e d  when moribund, o r  was s a c r i f i c e d  a t  t h e  end of t h e  

bioassay.  The an imals  were eu thanized  by exsanguina t ion  under sodium 

p e n t o b a r b i t a l  a n e s t h e s i a ,  and were immediately necrops ied .  The h i s t o -  

pa tho log ic  examinat ion c o n s i s t e d  of g r o s s  and microscopic  examinat ion 

of  major  t i s s u e s ,  o rgans ,  and g ross  l e s i o n s  taken  from s a c r i f i c e d  

animals  and, whenever p o s s i b l e ,  from animals  found dead . 
Tissues  were preserved  i n  10 percent  bu f fe red  fo rma l in ,  embedded 

i n  p a r a f f i n ,  s e c t i o n e d ,  and s t a i n e d  wi th  hematoxyl in  and e o s i n  p r i o r  

t o  microscopic  examinat ion.  An occas iona l  s e c t i o n  was sub jec t ed  t o  

s p e c i a l  s t a i n i n g  t echn iques  f o r  more d e f i n i t i v e  d iagnos is .  

S l i d e s  were prepared  from t h e  fo l lowing  t i s s u e s  from s e l e c t e d  

an imals :  s k i n ,  subcutaneous t i s s u e ,  lungs and b ronch i ,  t r a c h e a ,  bone 

marrow, s p l e e n ,  lymph nodes,  thymus, h e a r t ,  s a l i v a r y  g land ,  l i v e r ,  

g a l l b l a d d e r  (mice) ,  pancreas ,  esophagus,  stomach, small i n t e s t i n e ,  

l a r g e  i n t e s t i n e ,  k idney ,  u r i n a r y  b l adde r ,  p i t u i t a r y ,  a d r e n a l ,  thy- 

r o i d ,  pa ra thy ro id ,  t es t i s ,  p r o s t a t e ,  b r a i n ,  muscle,  t u n i c a  v a g i n a l i s ,  
) 

u t e r u s ,  mammary g l a n d ,  and ovary. Bone samples were not  examined i n  
/ 

animals  dosed wi th  DDE o r  TDE and t h e  t u n i c a  v a g i n a l i s  was not  

examined i n  animals  dosed wi th  DDE. 



A few t i s s u e s  were not examined f o r  some an ima l s ,  p a r t i c u l a r l y  

f o r  t h o s e  t h a t  d i e d  e a r l y .  Also,  some animals  were mis s ing ,  canni-  

b a l i z e d ,  o r  judged t o  be i n  such an  advanced s t a t e  of a u t o l y s i s  as t o  

p rec lude  h i s t o p a t h o l o g i c  i n t e r p r e t a t i o n .  Thus, t h e  number of animals  

f o r  which p a r t i c u l a r  organs,  t i s s u e s ,  o r  l e s i o n s  were examined micro- 

s c o p i c a l l y  v a r i e s  and does no t  n e c e s s a r i l y  r e p r e s e n t  t he  number of 

animals  t h a t  were placed on experiment i n  each group. 

H. Data ,Recording and S t a t i s t i c a l  Analyses 

P e r t i n e n t  d a t a  on t h e s e  experiments have been recorded i n  an 

au tomat i c  d a t a  p rocess ing  system, t h e  Carc inogenes i s  Bioassay Data 

System ( L i n h a r t  e t  a l . ,  19741, The d a t a  e lements  i nc lude  d e s c r i p t i v e  

in fo rma t ion  on t h e  chemicals ,  an ima l s ,  expe r imen ta l  des ign ,  c l i n i c a l  

o b s e r v a t i o n s ,  s u r v i v z l ,  body weight ,  and i n d i v i d u a l  pa tho log ic  

r e s u l t s ,  as recommended by t h e  I n t e r n a t i o n a l  Union Against  Cancer 

(Berenblum, 1969). Data t a b l e s  were gene ra t ed  f o r  v e r i f i c a t i o n  of 

d a t a  t r a n s c r i p t i o n  and f o r  s t a t i s t i c a l  review. 

These d a t a  were analyzed us ing  t h e  s t a t i s t i c a l  techniques de- 
f 

s c r i b e d  i n  t h i s  s e c t i o n .  Those ana lyses  o f  t he  experimental  r e s u l t s  

t h a t  b e a r  on t h e  p o s s i b i l i t y  of c a r c i n o g e n i c i t y  a r e  d i scussed  i n  t he  

s t a t i s t i c a l  n a r r a t i v e  s e c t i o n s .  

P r o b a b i l i t i e s  o f  s u r v i v a l  were e s t ima ted  by t h e  p roduc t - l imi t  

procedure of Kaplan and Meier (1958) and a r e  p re sen ted  i n  t h i s  r e p o r t  

i n  t h e  form o f  graphs.  Animals were s t a t i s t i c a l l y  censored a s  o f  the  

t ime t h a t  they d i ed  o f  o t h e r  than n a t u r a l  caus'es o r  were found t o  be 
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1. 

miss ing ;  animals  dying from n a t u r a l  causes  were not s t a t i s , t i c a l l y  

censored. S t a t i s t i c a l  ana lyses  f o r  a p o s s i b l e  dose-related e f f e c t  on 

s u r v i v a l  used t h e  method of Cox (1972) when t e s t i n g  two groups f o r  

J 

! 

e q u a l i t y  and used Ta rone ' s  (1975) e x t e n s i o n s  of Cox's methods when 

t e s t i n g  a dose - re l a t ed  t rend.  One-tailed P-values have been r epor t ed  

f o r  a l l  tes ts  excep t  the  d e p a r t u r e  from l i n e a r i t y  t e s t ,  which i s  on ly  

r e p o r t e d  when i t s  two-tai led P-value is  less  than 0..05. 

The i n c i d e n c e  of n e o p l a s t i c  o r  nonneoplast ic  l e s i o n s  has  been 

g iven  as t h e  r a t i o  of t h e  number of animals  bea r ing  such l e s i o n s  a t  a 

s p e c i f i c  anatomic s i t e  (numerator)  t o  t h e  number of animals  i n  which 

t h a t  s i t e  was examined (denominator).  I n  most i n s t a n c e s ,  t h e  denomi- 

n a t o r s  i nc luded  on ly  t h o s e  animals  f o r  which t h a t  s i t e  was examined. 

h i s t o l o g i c a l l y .  However,,when macroscopic examination was r e q u i r e d  

t o  d e t e c t  l e s i o n s  p r i o r  t o  h i s t o l o g i c  sampling (e.g., s k i n  o r  mammary 

tumors) ,  o r  when l e s i o n s  could have appeared a t  m u l t i p l e  s i t e s  (e.g., 

lymphomas), t h e  denominators c o n s i s t  of t he  numbers o f  animals  necrop- 

s i ed .  

The purpose of t h e  s t a t i s t i c a l  ana lyses  o f  tumor inc idence  is  t o  

determine whether animals  r e c e i v i n g  t h e  t es t  chemical developed a s i g -  

n i f i c a n t l y  h i g h e r  p r o p o r t i o n  of tumors than d i d  the  c o n t r o l  animals.  

As a p a r t  o f  t h e s e  a n a l y s e s ,  t h e  one - t a i l ed  F i s h e r  exact  tes t  (Cox, 

1970, pp. 48-52) was used t o  compare the  tumor incidence of a c o n t r o l  

group t o  t h a t  o f  a group of t r e a t e d  animals  a t  each dose l e v e l .  When 
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r e s u l t s  f o r  a number of t r e a t e d  groups,  k, were compared simulta- 

neously wi th  those f o r  a c o n t r o l  group, a c o r r e c t i o n  t o  ensu re  a n  

o v e r a l l  s i g n i f i c a n c e  l e v e l  of 0.05 may be made. The Bonferroni  in- 

e q u a l i t y  ( H i l l e r ,  1966, pp. 6-10) r e q u i r e s  t h a t  t he  P-value f o r  any 

comparison be less than o r  equal  t o  0.05/k. I n  cases where t h i s  

c o r r e c t i o n  was used, i t  is  d i s c u s s e d  i n  t h e  n a r r a t i v e  s e c t i o n .  It 

i s  n o t ,  however, p re sen ted  i n  t h e  t a b l e s ,  where t h e  F i s h e r  exact 

P-values a r e  shown. 

The Cochran-Armitage t e s t  f o r  l i n e a r  t r end  i n  p r o p o r t i o n s ,  w i th  

c o n t i n u i t y  c o r r e c t i o n  (Armitage,  1971, pp. 362-3651, w a s  a l s o  used 

when appropr i a t e .  Under t h e  assumption of a l i n e a r  t r e n d ,  t h i s  tes t  

determined i f  t h e  s l o p e  of t h e  dose-response cu rve  is  d i f f e r e n t  from 

z e r o  a t  the  one-tai led 0.05 l e v e l  o f  s i g n i f i c a n c e .  Unless o t h e r w i s e  

-.noted, t h e  d i r e c t i o n  of t he  s i g n i f i c a n t  t r end  was a p o s i t i v e  dose  re- 

This  method a l s o  provided a two-tai led t e s t  o f  d e p a r t u r e  l a t i o n s h i p .  

from l i n e a r  t rend.  

A t ime-adjusted a n a l y s i s  was a p p l i e d  when numerous e a r l y  d e a t h s  

r e s u l t e d  from causes  t h a t  were not a s s o c i a t e d  wi th  the  formation of 

tumors. I n  t h i s  a n a l y s i s ,  d e a t h s  t h a t  occu r red  be fo re  t h e  f i r s t  tu-  

mor was observed were excluded by b a s i n g  t h e  s t a t i s t i c a l  t e s t s  o n .  

animals  t h a t  survived a t  l eas t  52 weeks, u n l e s s  a tumor was found a t  

t h e  anatomic s i t e  of i n t e r e s t  b e f o r e  week 52. 

tumor was found, comparisons were based e x c l u s i v e l y  on animals  t ha t  

su rv ived  a t  l e a s t  as long as t h e  a n i m a l  i n  which the  f i r s t  tumor was 

When such an e a r l y  
- 
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When a p p r o p r i a t e ,  l i f e - t a b l e  methods were used t o  ana lyze  t h e  
I.! * 

~ ' !  

t h e s e  cu rves  were used f o r  two groups;  Tarone 's  e x t e n s i o n  t o  t e s t i n g  

f o r  l i n e a r  t r e n d  was used f o r  t h r e e  groups. The s t a t i s t i c a l  t es t s  I 

f o r  t h e  inc idence  of tumors which used l i f e - t a b l e  methods were one- 

t a i l e d  and, u n l e s s  o t h e r w i s e  noted,  i n  the  d i r e c t i o n  of a p o s i t i v e  

dose r e l a t i o n s h i p .  S i g n i f i c a n t  d e p a r t u r e s  from l i n e a r i t y  (<  0.05, 

two-tai led t e s t )  were a l s o  noted. 

The approximate 95 p e r c e n t  confidence i n t e r v a l  f o r  t h e  r e l a t i v e  

r i s k  of each dosed group compared t o  i t s  c o n t r o l  was c a l c u l a t e d  from 

t h e  exac t  i n t e r v a l  on t h e  odds r a t i o  ( G a t t ,  1971). The r e l a t ive  r i s k  

i s  de f ined  as  p /p  where p i s  t h e  t r u e  binomial p r o b a b i l i t y  o f  t he  
t c  t 

inc idence  o f  a s p e c i f i c  t ype  o f  tumor i n  a t r e a t e d  group of animals  

and p i s  the  t r u e  p r o b a b i l i t y  of t h e  spontaneous inc idence  of t h e  

same type o f  tumor i n  a c o n t r o l  group. The hypo thes i s  of e q u a l i t y  

C 

between t h e  t r u e  p r o p o r t i o n  of a . s p e c i f i c  tumor i n  a t r e a t e d  group 

and t h e  p r o p o r t i o n  i n  a c o n t r o l  group corresponds t o  a re la t ive  r i s k  
- 
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6397 * 
of  u n i t y .  Values i n  excess  o f  u n i t y  r e p r e s e n t  t he  c o n d i t i o n  of a 

l a r g e r  p r o p o r t i o n  i n  t h e  t r e a t e d  group than  i n  t h e  c o n t r o l .  

The lower and upper  l i m i t s  o f  t h e  conf idence  i n t e r v a l  of t h e  

r e l a t i v e  r i s k  have been inc luded  i n  t h e  t a b l e s  o f  s t a t i s t i c a l  analy-  

ses. The i n t e r p r e t a t i o n  of t h e  l i m i t s  i s  t h a t  i n  approximate ly  95 

p e r c e n t  o f  a l a r g e  number of i d e n t i c a l  exper iments ,  t h e  t r u e  r a t i o  

of t h e  r i s k  i n  a t r e a t e d  group of  an imals  t o  t h a t  i n  a c o n t r o l  group 

would be w i t h i n  t h e ' i n t e r v a l  c a l c u l a t e d  from t h e  experiment .  When 

t h e  lower l i m i t  o f  the  conf idence  i n t e r v a l  i s  g r e a t e r  t h a n  one, i t  

can be i n f e r r e d  t h a t  a s t a t i s t i c a I l y  s i g n i f i c a n t  r e s u l t  ( a  P < 0.025 - 
o n e - t a i l e d  t e s t  when the  c o n t r o l  i nc idence  is  no t  z e r o ,  P < 0.050 

when t h e  c o n t r o l  inc idence  i s  z e r o )  has  occurred.  When t h e  lower 

l i m i t  is less  than u n i t y  but  the  upper  l i m i t  i s  g r e a t e r  t h a n  u n i t y ,  

t h e  lower l i m i t  i n d i c a t e s  t h e  absence of a s i g n i f i c a n t  r e s u l t  wh i l e  

t h e  upper  l i m i t  i n d i c a t e s  t h a t  t h e r e  i s  a t h e o r e t i c a l  p o s s i b i l i t y  

of t h e  induc t ion  of tumors by t h e  t e s t  chemical  which cou ld  n o t  be  

d e t e c t e d  under t h e  c o n d i t i o n s  o f  t h i s  t e s t .  

'3 7 



111. CHRONIC TESTING RESULTS: RATS 

1. 

Compound-related mean body weight dep res s ion  was observed i n  high 

Body Weights and C l i n i c a l  Observat ions 

dose  ra t s  of both s e x e s  ( F i g u r e  4 ) .  

C l i n i c a l  s i g n s  c h a r a c t e r i s t i c  of c e n t r a l  nervous system st imula-  - 

I 

t i o n  were observed i n  t h e  dosed . f ema le  ra ts  e a r l y  i n  t h e  s tudy.  

Beginning i n  week 5 ,  a number of high dose females s t a r t e d  t o  e x h i b i t  

h y p e r a c t i v i t y ,  body t r emors ,  and a hunched appearance. 

i n g  week about  7 0  p e r c e n t  of t h e  high dose females appeared hunched, 

w i th  50 pe rcen t  showing concomitant  tremors. 

a few low dose females and some high dose males s t a r t e d  t o  show tremors  

and o c c a s i o n a l  hunched appearance.  

i n  about 8 p e r c e n t  of t h e  low dose  females ,  40 p e r c e n t  of t h e  high 

dose  males, and 90 p e r c e n t  of t he  high dose females. 

t h e  observed n e u r o t o x i c i t y ,  t h e  feeding l e v e l s  of DDT were decreased.  

Consequently,  i n  week 30 o n l y  two high dose females e x h i b i t e d  tremors 

and i n  t h e  succeeding weeks ( u n t i l  week 581, none of t h e  dosed r a t s  

e x h i b i t e d  t h i s  obv ious ly  r e v e r s i b l e  neu ro tox ic  e f f e c t .  

By t h e  follow- 

A s  t h e  s t u d y  p rogres sed ,  

By week 26 ,  t remors  were ev iden t  

Because of 

I n  t h e  

fo l lowing  weeks, a s  compound i n t a k e  cont inued wi th  presumed DDT t i s s u e  

accumulat ion,  t remors  were a g a i n  e x h i b i t e d  by an i n c r e a s i n g  number of 

h igh  dose females (30 t o  50 p e r c e n t )  and a small number of high dose 

males and low d o s e  females. By t e rmina t ion  of t he  s t u d y  (week 111, 

- -. . 
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i nc lud ing  14 t o  15 weeks on compound-free d i e t s )  t remors  had completely 

subsided i n  a i l  dosed groups. 
I : :  
i l i  i 

, '.I!; . 

Other c l i n i c a l  s i g n s  observed wi th  s l i g h t l y  g r e a t e r  frequency i n  
I'llI 

'\ /I I t h e  dosed groups t h a n  i n  t h e  c o n t r o l s  included a hunched appearance 

and abdominal u r i n e  s t a i n s .  

l abored  r e s p i r a t i o n ,  wheezing and/or  n a s a l  d i scha rge  were observed 

du r ing  t h e  second y e a r  a t  a low inc idence  i n  a l l  groups inc lud ing  

!'I I I /I ,I Resp i ra to ry  s i g n s  c h a r a c t e r i z e d  by 

c o n t r o l s .  The inc idence  of t h i s  cond i t ion  increased  s l i g h t l y  du r ing  

! '  
I .. 
I '  

i 
I 

t h e  l a s t  4 months of t h e  study. 

Signs o f t e n  a s s o c i a t e d  wi th  aging i n  Osborne-Mendel r a t s  were ob- 

served  a t - a  comparable r a t e  i n  dosed 'and  c o n t r o l  animals dur ing  t h e  

last  year .  

loc 'a l ized a l o p e c i a ,  r e d d i s h  c r u s t  or d i scha rge  around body o r i f i c e s ,  

These s i g n s  included s o r e s  on t h e  body and/or  e x t r e m i t i e s ,  

I pa lpab le  t i s s u e  masses, and swollen areas of t he  body or nodules.  

I s o l a t e d  o b s e r v a t i o n s  i n  one or two dosed ra t s  inc luded  head t i l t ,  
t 
I \ 
; c i r c l i n g ,  a t a x i a ,  apparent  h e r n i a ,  b l o a t i n g ,  and hind-limb p a r a l y s i s .  I 

2. Surv iva l  

; I  I 
i 

The e s t ima ted  p r o b a b i l i t i e s  of survival-  for male and female ra t s  

i n  t h e  c o n t r o l  and DDT-dosed groups are shown i n  F igure  5. 

male and female ra t s  t h e r e  was no s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  

between dosage and m o r t a l i t y .  

For both 

Adequate 

tumors, a s  7 6  

t h e  low dose ,  

numbers of males were a t  r i s k  from la te -developing  

pe rcen t  (38/50)  of t h e  high dose ,  64  percent  (32/50) of 

and 5 5  percent  (11/20) of t h e  c o n t r o l  r a t s  surv ived  on 
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t e s t  a t  l e a s t  100 weeks. For females the  s u r v i v a l  was a l s o  adequate  

a s  78  percent  (39/50)  of  t h e  h igh  dose ,  86 percent  (43/50) of  t h e  low 

dose ,  and 85 pe rcen t  (17/20)  of t h e  c o n t r o l  rats surv ived  on tes t  a t  

l e a s t  100 weeks. 

3. Pathology 

His topa tho log ic  f ind ings  on neoplasms i n  r a t s  a r e  summarized i n  

Appendix A (Tables  A 1  and A2); f ind ings  on nonneoplast ic  l e s i o n s  are 

summarized i n  Appendix C (Tables  C 1  and C2). 

A v a r i e t y  of neoplasms was observed among both t h e  dosed and con- 

t r o l  r a t s .  

t e r e d  p r e v i o u s l y  a s  a spontaneous l e s i o n  i n  t h e  Osborne-Mendel ra t .  

Each of t h e  types  of tumors represented  has  been encoun- 

Neoplasms and h y p e r p l a s i a s  of t h e  thyro id  gland occurred  wi th  a 

moderate inc idence  i n  both dosed and c o n t r o l  rats a s  shown i n  t h e  

fo l lowing  t a b u l a t i o n :  

Number of Animals with 
Thvtoids  Examined 
H i s t o p a t h o l o g i c a l l y  

F o l l i c u l a r - C e l l  Carcinoma' " 

F o l l i c u l a r - C e l l  Adenoma 

F o l l i c u l a r - C e l l  Hyperp las ia  

C - C e l l  Carcinoma 

C - C e l l  Adenoma 

C- Ce  1 1 Hype r p l  as i a  

I 

MALES 
Low High 

Control  Dose Dose -- 

(19) 

1: 

8 

0 

0 

1 

3 

(45)  (49) 

6 5 

14 17 

4 7 

1 1 

4 2 

3 1 

4 2.. -, 

FEMALES 
Low High 

Control  Dose Dose -- 

0 4 6 

1 10 5 

1 3 0 

1 '. 1 0 

3 2 0 

2 8 3 

* '  
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The morphology of t h e  thy ro id  l e s i o n s  was s i m i l a r  t o  t h a t  d e s c r i b e d  

i n  TDE (pp. 56-57). 

The inflammatory,  d e g e n e r a t i v e ,  and p r o l i f e r a t i v e  l e s i o n s  seen  

i n  t h e  c o d t r o l  and dosed r a t s  were s imilar  i n  number and kind t o  

t h o s e  l e s i o n s  o c c u r r i n g  n a t u r a l l y  i n  aged Osborne-Mendel ra ts .  

I n  t h i s  s t u d y ,  t h e r e  was no p a t h o l o g i c  evidence f o r  t he  ca rc ino -  

g e n i c i t y  of DDT i n  Osborne-Mendel ra ts .  

4 .  S t a t i s t i c a l  Analyses of R e s u l t s  

The r e s u l t s  of t h e  s t a t i s t i c a l  a n a l y s e s  of tumor incidence i n  

r a t s  a r e  summarized i n  Tables  7 and 8.  The a n a l y s i s  is included f o r  

e v e r y  type of tumor i n  e i t h e r  sex where a t  l e a s t  two such tumors were 

observed i n  a t  l e a s t  one o f  t h e  c o n t r o l  o r  DDT-dosed groups and where 

such tumors were observed i n  a t  l ea s t  5 percen t  of t h e  group. Due t o  

e a r l y  d e a t h s  i n  t h e  high dose  'group, a d d i t i o n a l  t ime-adjusted a n a l y s e s  

were conducted f o r  t h e  female r a t s ;  no impor t an t  d i f f e r e n c e s  were 

observed i n  the  s t a t i s t i c a l  r e s u l t s .  

For females t h e  Cochran-Armitage t e s t  i n d i c a t e d  a s i g n i f i c a n t  

(P = 0.031) p o s i t i v e  a s s o c i a t i o n  between dose and t h e  inc idence  of 

a d r e n a l  pheochromocytomas. The F i s h e r  e x a c t  tes ts ,  however, were 

no t  s i g n i f i c a n t .  

When inc idences  of f o l l i c u l a r - c e l l  adenomas and f o l l i c u l a r - c e l l  

carcinomas of t he  t h y r o i d  were combined, t h e  F i s h e r  exact  t e s t  com- 

p a r i n g  low dose  t o  c o n t r o l  had a p r o b a b i l i t y  l e v e l  of P = 0 . 0 3 2 ,  a 

4 3  
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6391 8 marg ina l  r e s u l t  which was not s i g n i f i c a n t  under t h e  Bonfer roni  c r i -  

t e r i o n .  

No o t h e r  s t a t i s t i c a l  t e s t s  f o r  e i t h e r  males or females i n d i c a t e d  

a p o s i t i v e n a s s o c i a t i o n  between chemical a d m i n i s t r a t i o n  and inc idence .  

Based upon t h e s e  s t a t i s t i c a l  r e s u l t s  t h e r e  was no convinc ing  ev idence  

of  the  c a r c i n o g e n i c i t y  of  DDT i n  rats.  

I '  

For females a nega t ive  a s s o c i a t i o n  between a d m i n i s t r a t i o n  and 

inc idence  was observed both f o r  mammary fibroadenomas and f o r  t h e  

combined inc idence  of C-cell adenomas and C-cell  carcinomas of t h e  
a 8 '  

t h y r o i d .  No o t h e r  t e s t s  were s i g n i f i c a n t  under t h e  Bonfer roni  c r i t e -  

r ion. I 

The incidence of t hy ro id  f o l l i c u l a r - c e l l  neoplasms ( 9 / 1 9  o r  47 

p e r c e n t )  i n  c o n t r o l  males was somewhat h i g h e r  than commonly seen. 

I n  h i s t o r i c a l  c o n t r o l  d a t a  c o l l e c t e d  by t h i s  l a b o r a t o r y  f o r  the N C I  

Carc inogenes is  Tes t ing  Program, t h e s e  neoplasms were observed i n  

32/383 ( 8  percen t )  of the  u n t r e a t e d  male Osborne-Mendel r a t s .  Wi th  

15 c o n t r o l  groups included i n  t h i s  h i s t o r i c a l  d a t a ,  t h i s  DDT c o n t r o l  

group had 9 of the  t o t a l  of 32 tumors. Excluding t h e  DDT c o n t r o l  

group, t h e  incidences i n  t h e  o t h e r  14 c o n t r o l  groups ranged from 0/50 
' .' 

t o  3/20 (15 pe rcen t ) .  I 

To provide a d d i t i o n a l  i n s i g h t  i n t o  t h e  p o s s i b l e  c a r c i n o g e n i c i t y  

of t h i s  compound, 95 pe rcen t  conf idence  i n t e r v a l s  on the r e l a t i v e  

r i s k  have been es t imated  and e n t e r e d  i n  the  t a b l e s  based upon the 

observed tumor inc idence  r a t e s .  In, many of the  i n t e r v a l s  shown i n  

51 
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Tables  7 and 8 ,  t h e  v a l u e  one i s  included;  t h i s  i n d i c a t e s  t h e  absence 

of s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  It should a l s o  be noted t h a t  

many of  t h e  conf idence  i n t e r v a l s  h a v e , a n  upper l i m i t  g r e a t e r  than 

one ,  i n d i c a t i n g  t h e  t h e o r e t i c a l  p o s s i b i l i t y  of tumor i n d u c t i o n  i n  

. r a t s  by DDT t h a t  could  not be e s t a b l i s h e d  under the  c o n d i t i o n s  of 

t h i s  test .  

B. TDE - 
1. Body Weights and C l i n i c a l  Observa t ions .  

D i s t i n c t  dose - re l a t ed  mean body weight dep res s ion  was ev iden t  

among bo th  male and female ra t s  (F igu re  6).  

During t h e  f i r s t  6 months of t h e  s tudy ,  t h e  appearance and 

behav io r  of ' t h e  TDE-dosed r a t s  was g e n e r a l l y  comparable t o  t h a t  of 

t h e  c o n t r o l s .  From week 30 t o  c e s s a t i o n  of dosing i n  week 7 8 ,  c l i n i -  

tal s i g n s .  c o n s i s t i n g  of a hunched appearance and abdominal u r i n e  

s t a i n s  were observed i n  a s l i g h t l y  g r e a t e r  number of dosed ra t s  than 

c o n t r o l s .  

c o n t r o l  r a t s  du r ing  t h e  l a s t  6 months of t h e  s tudy.  

were observed a t  a low i n c i d e n c e  i n  a l l  groups du r ing  t h e  second y e a r  

of t he  s tudy ,  i n c r e a s i n g  s l i g h t l y  du r ing  t h e  l a s t  6 months. 

The i n c i d e n c e s  of t h e s e  s i g n s  were comparable i n  dosed and 

R e s p i r a t o r y  s i g n s  

\ 

C l i n i c a l  s i g n s  commonly a s s o c i a t e d  wi th  aging i n  t h e  Osborne- 

Mendel r a t  were observed a t  comparable r a t e s  i n  dosed and c o n t r o l  i 

r a t s  du r ing  t h e  second year .  These s i g n s  included sores , .on  t h e  body 

and e x t r e m i t i e s ,  l o c a l i z e d  a l o p e c i a ,  rough o r  d i s c o l o r e d  f u r ,  squ in ted  

i 
! 
i i  

' I  't 

r 

or reddened eyes  ( o f t e n  wi th  exudate  in t h e  c o n j u n c t i v a l  s a c ) ,  pa lpable  

i ,' 
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nodules ,  and t i s s u e  masses o r  swollen a r e a s  of t h e  body. I s o l a t e d ,  

a p p a r e n t l y  spontaneous obse rva t ions  i n  one or  two dosed r a t s  included 

p a r a l y s i s  of hind l imbs,  s a l i v a t i o n ,  c i r c l i n g ,  t remors ,  a t a x i a ,  and 

t e s t i c u l a r  a t rophy.  

2 .  Surviva l  

The es t imated  p r o w a b i l i t i e s  of s u r v i v a l  f o r  male and female 

r a t s  i n  t h e  c o n t r o l  and TDE-dosed groups a r e  shown i n  F igu re  7. 

s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  between dosage and m o r t a l i t y  was 

No 

I1 

observed f o r  e i t h e r  male o r  female r a t s .  

Adequate numbers of males were a t  r i s k  from la te -developing  tu-  

mors, as 84  percent  ( 4 2 / 5 0 )  of  t h e  high dose,  86 percent  ( 4 3 / 5 0 )  of  

t h e  low dose and 70 percent  ( 1 4 / 2 0 )  of t h e  c o n t r o l  r a t s  surv ived  on 

I t es t  f o r  a t  l e a s t  100 weeks. Adequate numbers of females were a l s o  

a t ' r i s k ,  a s  84  percen t  ( 4 2 / 5 0 )  of t h e  high dose ,  86 percen t  ( 4 3 / 5 0 )  

o f  the  low dose ,  and 75 percent  (15/20) of t h e  c o n t r o l  ra ts  surv ived  

on t e s t  f o r  a t  l e a s t  100 weeks. 

3 .  Pathology 

His topa thologic  f ind ings  on neoplasms i n  r a t s  a r e  summarized i n  

Appendix E (Tables  El and E 2 ) ;  f i nd ings  on nonneoplas t ic  l e s i o n s  a r e  

summarized i n  Appendix G (Tables  G 1  and G 2 ) .  

Neoplasms and h y p e r p l a s i a s  of t he  thyro id  gland occurred  i n  both 

t h e  dosed and c o n t r o l  r a t s  a s  shown i n  the  fol lowing t a b u l a t i o n :  
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MALES 
High 

Cont ro l  

Number of Animals wi th  . -  Thyroid Examined 
H i s t o p a t h o l o g i c a l l y  (19 )  

F o l l i c u l a r - C e l l  
Carcinoma 1 

Adenoma 0 

Hyperp las ia  2 

F o l l i c u l a r  Cyst 0 

C - C e l l  Carcinoma 0 

C - C e l l  Adenoma 1 

C- C e  1 1 Hype r p 1 a s i a 1 

F o l l i c u l a r - C e l l  

F o l l i c u l a r - C e l l  

Low 
Dose - 

(49)  

6 

11 

5 

2 

4 

4 

2 

Dose - 

(49)  

3 

9 

6 

4 

2 

1 

2 

639 I 
FEMALES 

Low High 
Control Dose 

0 6 

1 2 

0 0 

1 2 

1 2 

2 4 

Dose - 

(50) 

1 

5 

3 

1 

4 

1 

5 

The morphology of t h e  f o l l i c u l a r - c e l l  carcinomas i n  t h i s  s tudy  

c o n s i s t e d  of hyperchromatic  a n a p l a s t i c  cuboida l  e p i t h e l i a l  c e l l s  

forming i r i e g u l a r - s i z e d  f o l l i c l e s ,  with a p i l i n g  up of c e l l s  around 

t h e  f o l l i c l e s ,  p a p i l l a r y  p r o j e c t i o n s  i n t o  t h e  en larged  f o l l i c l e s ,  and 

i n  some a r e a s  forming dense ly  c e l l u l a r  shee t s .  Pale c o l l o i d  material 

was p re sen t  i n  some of the  f o l l i c l e s .  The n e o p l a s t i c  c e l l s  had cen- 

t r a l  n u c l e i  which were v a r i a b l e  and could  be s m a l l  o r  l a r g e ,  pale o r  

d a r k ,  round o r  b i z a r r e .  

approached t h e  s p i n d l e - c e l l  form. 

capsu le  and a d j a c e n t  normal t i s s u e .  

\ 

I n  some a r e a s  t h e  f p l l i c u l a r - c e l l  carcinomas 

The n e o p l a s t i c  ce l l s  invaded t h e  
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The f o l l i c u l a r - c e l l  adenomas were expansive growths composed of 
639 7 

f o l l i c l e s  l i n e d  by s i n g l e  l a y e r s  of l a r g e  b a s o p h i l i c  e p i t h e l i a l  c e l l s ,  

u s u a l l y  well-demarcated from t h e  ad jacen t  normal thy ro id  parenchyma. 

D i f f e r e n t i a t i o n  of t h e  f o l l i c u l a r - c e l l  adenoma from h y p e r p l a s i a  was 

based l a r g e l y  on compression of t he  normal thy ro id  t issue and encap- 

s u l a t i o n  of t he  adenoma and t h e  degree of d i f f e r e n t i a t i o n  of t h e  

f o l l i c u l a r  cells .  

The C-cell  adenomas were composed of s h e e t s  and compact masses 

of l a r g e  p a l e ,  i r r e g u l a r  cuboida l  c e l l s  wi th  c e n t r a l  n u c l e i  and pale 

e o s i n o p h i l i c  cytoplasm which resembled i n t e r f o l l i c u l a r  t hy ro id  c e l l s .  

The C-cell  carcinomas were .gene ra l ly  composed of less d i f f e r e n t i a t e d  

c e l l s  with poor demarcat ion from t h e  surrounding t i s s u e .  

hype rp la s i a s  of t he  thy ro id  were determined by t h e i r  a r c h i t e c t u r e ,  

C-cel l  

P 
s i z e ,  and c e l l u l a r  d i f f e r e n t i a t i o n .  

Other p r o l i f e r a t i v e ,  degene ra t ive ,  and inflammatory l e s i o n s  t h a t  

occurred i n  t h e  c o n t r o l  and dosed ra t s  were s imilar  i n  number and 

kind t o  those  l e s i o n s  occur r ing  n a t u r a l l y  i n  .aged Osborne-Mendel rats. 

, This pa tho log ic  e v a l u a t i o n  ind ica t ed  t h a t  under t h e  c o n d i t i o n s  

o f  t h i s  b ioas say ,  t h e r e  was an inc reased  inc idence  of t hy ro id  

f o l l i c u l a r - c e l l  tumors i n  dosed r a t s  of bo th  sexes  and a marginal  

i nc reased  inc idence  of C-cel l  tumors i n  dosed .males  when compared 

with con t ro l s .  

4. S t a t i s t i c a l  Analyses of  Resu l t s  

-' The r e s u l t s  of t he  s t a t i s t i c a l  ana lyses  of tumor inc idence  i n  

r a t s  a r e  summarized i n  Tables  9 and 10. The a n a l y s i s  is  included f o r  

57 

000072 
w 

. -.-- ~ - -  --_, . . . . . .  _._ -w 

000072 
w 

. -.-- ~ - -  --_, . . . . . .  _._ -w 



I 

I 11 
I 

I 

! 
I. 

I .  

I 

, i  

n .4z 

J .  . . .  
3 0 000 
n 
\ II 
3 

P.l 

h 
d 0 00- . .  ON^ 

N O N  

0 z 004 
E ?  . . .  
ln 
\ 
N 

h 

n Z  
G v  
h l N  
- 0  
0 0  I l l  
v .  I l l  g o  I l l  _ _  

II 

.& 
U 

\ > 
J o m f i  . . o c m  

m o m 0  
1 z -00 
\I W . rl 

5 .  . . .  
7 

- . 
v m a 0  . . w w o  
2 m m f i m  
4 .  . . .  
9 z m o o  c) 
N 

N 1 
\ 

n 
m 
0 

e m  
0 2  
N 
\ 
ri 

. .  
v .  

3 
(3 

C 
8 
Q 

$ 

4 

.. 

I I  
1 1  
I I  

I 

% 

3 
3 m u m  . . a 0 0  > m r l r l m  

r .  
/ .  . . .  
h z r l o m  L n  . 

n m 
0 

3 
a 

G 
4 
0 u 
a 
V 

Eo 

.' 
. .  

58 

! 

! 
! 

\ 

i , 
! 



n 
n 

E l-l 

w z 
0 
U 

m 
w 
GI 

w 

W 

2 

. .. 

cn 
z 

\o 
rl 
0 

0 

II 

PI 

cn 
z 

I 
I 
i 

I 
I 
i 

ln 
hl 
0 
0 

II 

P.l 

I l l  
I l l  
I l l  

0 
\o 

U m 

rn 
0 
rl 

& 
0 

w 
a 
al 
? 
& 
al 
(II 

5 

U 
rn 
& 
d 
fQ 
0 
U 

d 
a 
4 
3 

n 
U 
0 

z 
m 
U 
\ 
hl 

n 
03 
0 

0 

m 
U 
\ 
U 

W 

h 
0 
c, 
0 

m 
d 
\ 
0 

W 

2 
a 

G 
tl 
c) 
M 
a 
U 

rl 
4 
al 
U 
I 
U 

s 

.. 

cn 
z 

V J  

z 

rn 

z 

H 

I 
I 
I 

hl 
d 
rl 

m 
0 
rl 

I 
I 
I 

& 
0 

F 
a 
al 
? 
&I 
al 

5 

c a l a l  m 
o 3 a  P u o a  0 

0 
& 

24 
(I) 
d rl 
d P 

V c - 1 3  L1 

n a 
0 

0 

4 

W 
m 
\ 
m 

n 

rl 

0 

m 
U 
\ 
m 

W 

h 
. %  C .  

0 
0 

m 
rl 
\ 
rl 

W 

rl 
rl 
al u 
I 
V 
& 
0 
a 
E 
G 
Q e 
d 
-I 
'ai 
U 
I P  

cn 
z 

m u m  a 0 0  
dd03 . . .  d o g  

him- 
o a m  
d V U  . . .  
m o u  rn 

rl 

u u  

a 
m 

5 9  



d 
0 
& 
U 
C 
0 u 
a 
5 

n 
0 
0 

0 

0 
N 
\ 
0 

W 

n 
rl 
h( 

0 
0 
N 
\ 
U 

W 

n 
0 
0 

0 

0 
N 
\ 
0 

W 

n1 0 
0 
& 
rd 
m 
0 
d 
M 
E 

n 
rn 
0 

o m  
0 0 2  
Crl 
\ 
N 

. .  
w .  

n 
U 
G 

o m  
- 2  
N 
\ 
4 

. .  
w .  

n 
0 
0 

o m  
o z  
N 
\ 
0 

. .  
w .  

3 s 

a 
7 
0 
& 
M 

I-l 
0 
& 
U 
C 
0 u 
a 
5 
0 
U 

a 
9 
0 
& 
M 

a a 
U 
a a 
& 
U 

a 
5 

2 
W 
0 

d 
M 
a 
3 
d 
U 
a 
rl 
al 
& 

a 
5 
C 
0 
rl 
a 
3 
M 
al 
U 
C 
d 

al 
c) 
C a a 
d 
w 
C 
0 
U 

rn 
m 
b v  

m 
z 

m 
z 

m 
z 

hl 
rl 
rl 

00 
0 
rl 

I 
I 
I 

& s 
B 

I 
I 
I 

I 
I 
I 

U 
0 
0 
0 
II 
PI 

1 1 1  
1 1 1  
I l l  

I 
I 
I 

U 
C 
r 

I 
I 
I 

1 

1 

i 

E 
1 
I 

I 
J 

w o w  
5 5  

. .  
a n  a c  a 0  
& I d  

U 
c u  d o  
E E  a &  a a  

C a 
3 
d 
M 

m 
d 

a 
C 
al 
& 
U 

& 
a 
0) 
C 
d 
rl 

I l l  
I l l  
I l l  

1 1 1  
I l l  
I l l  al 

& 
7 
U 
& 
a a 
al 
5 

& 
0 
u-l 

u :  
a !  m i  
U j  

al 
5 :  

Y L )  

0 
U 

. i 
60 . .  

E 



6 3 9 '  
n 

. u  c 
0 

m 
U 
\ 
N 

W 

n 
N 
0 

c 
Q\ 
U 
\ 
rl 

W 

n 
\c 
rl 

0 
Q\ 
l-l 
\ 
m 

W 

U 
C 
m 
C 
M 
d 
l-l 
a 
c L. 

.. 
e 01 
U 
m 
h 
v) 

L) 
4 
un 
a r m  

n a 
0 

0 
OI 
U 
\ 
m 

v 

n 
0 
0 

0 

QI 
U 
\ 
0 

W 

n 
0 
0 

0 

m 
rl 
\ 
0 

W 

3 
m 

a 
rl 
cl 

E 

.. 
aJ 
9 tn 
m 
d w 
m 
J 
0 

n 
0 
0 
0 
m 
U 
\ 
0 

v 

n 
0 
0 
C 

QI 
U 
\ 
C 

W 

n 
d 
4 

0 
m 
rl 
\ 
N 

W 

3 
(d 

L 

b 

E 
5 
.. 
aJ 

m 
m 
4 

a 

F 

o o m  
000 o o m  

m u 0  
VINcy 
c y 0 4  

oocy 
. . .  v1 

z 
I 
I 
1 

I 
1 
I 

PI 
rn 
C 

0 

n 
PI 

aJ 
't 
C 
aJ 

rn 
rl 
rl 

I 
I 
I 

I 
I 
I 

L 
0 e 
3 w 
'd u > 
Ll 
0) 
tn 
t 
0 
U 
m 
t4 
rl 
rJ.l 

0 
U 

m 
Y 
Q) 

s" 

rn 
rl 
4 

m 
d 
d 

. . .  
004 

H 

I I  
I I  
I I  

I I  
I I  
I I  

o c m  
000 
o o m  

mmbo 
N C d  
4 0 m  
o c 4  
. . .  v1 I 

I 
I 

I '  . 

m 
U 

Ll 
0 

@ 

71 
0) 
3 
$4 
0) 
tn 
P 
0 
U 
m 
Ll 
d 
L 

0 
U 

o? 
Y 
PI aJ 
3 

s 

I 
I 
I 

I 
I. 
I 

U 

. . .  
O O d  

\ 

0 
4 

w 
5 w 

m I l l  
I l l  
I l l  

I I  
I I  
1 1  

m 
N 

L 
0 

b 
Q aJ 
3 
L 
aJ 
111 
.n 
0 

m 

5 

U 

Ll 
rl 
b 
0 
U 

111 
Y 
aJ 
aJ 
:< 

I-. L-- 

' :  

u u u  u u  
rld 

- E E  
4 r ( d  
o c l c l  
L 
U L l L  
C a J a J  
0 3 c. v o a  

WIJ 3 

w 
L 
tu 
aJ 
C 
d 
d 

s 
L 

k u  

aJ 
Ll 
2 
U 
L 
tu c 
a n 

.. . !  

L 
U L I L I  
C i J W  
o 3 a  u o a  

- 4 3  
3 
m 
d 
d 
w > 
rl 
Ui  a 
r l .  
aJ 
d 

Y 
m 
d 
e 

1 

:i 

61 



n 
9 m - 0 1- . . N . m N  

m 0 m -\ou 0 o w .  . . . m  
n z r l o a  
\ 
N 
rl 

n 

m 
z 

r .- .- 

I 
> o m u  . . m o m  
5 VI I-lou m ' .  . . . r l  
> z o o m  

62 
. .. 

-- . . * * A  z N o m  rl d 

VI I I  
* I I  z 1 1  

In 
0 
A 

b 
0 

000077 



_ - ,  

. 

n 
n 

2 
H 

W 

0 
rl 

m 
z 

.. 
VI 

z 

m 
z 

o m m  
N Y ) O  m r l m  
r l o m  
. . .  

h 

. . .  
o o m  

V 

I l l  
I l l  
I l l  

C a l a l  
0 3 a  o o a  
- 4 3  
Y 
m 
rl 
d 

n 
0 
rl 

0 
0 m 
\ m 

W 

n 
m 
0 

0 
m 

, u  
U 

W 

. i  

n 
rl 
rl 

0 
' m  
rl 
\ 
hl 

W 

rl 
4 '  
al 
U 
I 

U 

L4 
0 

: 
2 
al 

71 
4 
4 

'aj 
U 

. . .  
o o m  

N h m  m N h l  
h r l m  

o o m  
. . .  

I l l  
I l l  
I I 'I 

o 3 a  o o a  
- 4 3  

Y 
m 

63 

c 
r 
I- 

F- 
r 
r 

0 
h 

L4 
0 

W 
a 
al 
? 
t.4 
al 
m n 
0 
U 
cn 
L4 
rl 
kl 

0 
U 

m 

5 

2 

n 
00 
0 
0 

0 u 
.\ 
m 

W 

n 
0 
0 

0 
N 
0 
\ 
0 

W 

n 
m 
0 

m 
rl 
\ 
rl 

2 0 
C 
4 
V 
!-I 
tu 
L) 

Ll 
tu 
-I 

2 
-I 
al 
U 
0 
Y 
m a 
Y 

m 
z 

m 
z 

03 

z 

d 

I l l  I l l  

I l l  

I 
I 
I 

rl 
rl 
rl 

L4 
0 
E 
3 
i-( 

71 
al 
3 
$4 
9) 
m n 
0 
U 
m 
L.l 
4 
Er, 

0 
L; 

m 
2 
al 
al 
3 



6397 * 

d 
0 
& 
U 
E 
0 
0 
a 
5 
5 
2 

s 

a 

Q 
P 
C 

d 
M 

m 
r( 

'EI 
C a 
& 
U 

& 
a 

rl 
rl 

2 

L 
W 

a 
& 
5 
U 
L 
0 a 
al a 
& 
0 

W 

U 
UJ 
al 
U 

a 
5 
w 
0 
rl 
cu z: 

n 
0 
N 

0 
m 
U 
\ 
0 
l-l 

U 

n 
h 
N 

0 
OI 
U 
\ 
Pl 
l-l 

W 

n 
h 
cr) 

0 
m 
rl 
\ 
h 

v 

3 
a 
E! z 

3 

: 

a 
a 
0 
& 

cr, 

.. 
a 

a. 

& 
a0 
Fl 
0 
& 
U 
C 
0 
0 
a 
5 
0 
U 

a 
3 
0 
& 
M 

a a 
U 
a a 
L 
U 

al 

5 
0 

24 
10 
rl 
L 

s 
d 
U 
(d 
l-l a 
L 
al 

5 
C 
0 
rl 

i a 
U 
C 
d 

a u 
C 
Q a 
rl 
w 
E: 
0 
0 
M m 
m 

n 
N 
N 

0 

\o 
Pl 
\ 
00 

W 

n 
0 
N 

0 
0 
Pl 
\ 
\o 

W 

h m 
0 

0 
m 
rl 
\ 
rl 

W 

D a 
h 
rl 
0 

pc 

4 
a 

& 
U 
cn 
rl 
a 
rl 
& 

8 

. .  
. ,1 NrDO 

N U 0 0  
N r D 0 0  

u m u  
m - 0  m N m  cn 

z 

cn 
z 

Cn 
0 

N 
m 

U m 

cr) 
a 

U 
0 
rl 

U a 

L 
0 

w 
a a 

a 
P 
0 
U 

& 
d 
F4 

0 
U 

4 

2 
m 

m 

: 

. . .  
u o o  

00 
. . .  

o o r l  
rl 

'EI 
aJ 
al 
w - 
4 
s a a 
0 
0 
b 
4 

& 
0 
0 m 
03 

W 
0 
ul 
0) 
ul 
0 a 
al 
M 
ld 
& a 
?J 

5 
:: 
B 

a 
0) 
U 

rl 
aJ 

rl 
U 

a 
0) 
3 
rl 
al 
V 
al 
& 

a 
3 
0 
& 
00 
a 
aJ 
U 
a 
al 

m 

n 
C 
0 
d 
U 
$4 
0 a 
0 
& a 

Q 
U 
d 

U 
a 

a 
C 
rl 

X a 

rl 

rl 
C 
m 
w 
0 
& 
Q 
P 

C 
\ 

l-l 

rl 
c a 
tD 
C 
d 
&I 
a 
al 
P 

1 
& 
0 

U 

w 
0 
L 

U 

m 

2 

5 

8 

4 

cn . . .  
004 

cn 
z 

I I  
I I  
I I  

a 

U 

& 
rl 
Fr 
0 
U 

ca 

a 
3 

m 

% a c 

64 



eve ry  t y p e  of tumor i n  e i t h e r  sex where a t  l e a s t  two such tumors were 

observed i n  a t  least  one of the  c o n t r o l  or TDE-dosed groups and where 

such tumors were observed i n  a t  l e a s t  5 pe rcen t  .of t h e  group. 

High incidences of f o l l i c u l a r - c e l l  t hy ro id  neoplasms were noted 

i n  dosed male r a t s .  When inc idences  were combined so  t h a t  t h e  numer- 

a t o r  r ep resen ted  males wi th  e i t h e r  a f o l l i c u l a r - c e l l  adenoma o r  a 

f o l l i c u l a r - c e l l  carcinoma of the t h y r o i d ,  t h e  F i s h e r  e x a c t  t es t  com- 

pa r ing  t h e  low dose t o  t h e  c o n t r o l  w a s  s i g n i f i c a n t  (P = 0.016). The 

f i r s t  observed thy ro id  f o l l i c u l a r - c e l l  neoplasm w a s  i n  week 60,  94, 

and 103 f o r  t h e  h igh  dose ,  low dose ,  and c o n t r o l  group, r e s p e c t i v e l y .  

In the  h i s t o r i c a l  c o n t r o l  d a t a  compiled by t h i s  l a b o r a t o r y  for t h e  

N C I  Carcinogenesis Tes t ing  Program, 32/352 ( 9  p e r c e n t )  of  t h e  un- 

t r e a t e d  male Osborne-Mende 1 r a t s  had a f o l l i c u l a r - c e l l  adenoma o r  a 

f o l l i c u l a r - c e l l  carcinoma of the thyroid--compared t o  1/19 ( 5  per- 

c e n t ) ,  16/49 (33  p e r c e n t ) ,  or 11/49 ( 2 2  p e r c e n t )  for t h e  c o n t r o l ,  low 

dose ,  or high dose group, r e s p e c t i v e l y ,  i n  t h i s  b ioas say .  

Based upon t h e s e  r e s u l t s  t h e  s t a t i s t i c a l  c o n c l u s i o n  i s  t h a t  t h e  

inc reased  incidence of f o l l i c u l a r - c e l l  neoplasms of t h e  t h y r o i d  i n  

male r a t s  was a s s o c i a t e d  wi th  the  a d m i n i s t r a t i o n  of TDE. No such 

a s s o c i a t i o n  was shown f o r  C-cell  neoplasms of the  thy ro id .  

For both male and female r a t s  t h e  inc idence  of fibromas of t h e  

subcutaneous t i s s u e  had a s i g n i f i c a n t  nega t ive  a s s o c i a t i o n  wi th  t h e  

a d m i n i s t r a t i o n  of TDE. For t h e  females ,  however, t h e  F i s h e r  exact 

t e s t s  were not s i g n i f i c a n t .  
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To provide  a d d i t i o n a l  i n s i g h t  i n t o  t h e  p o s s i b l e  c a r c i n o g e n i c i t y  

of t h i s  compound, 95 percent  confidence i n t e r v a l s  on the  r e l a t i v e  

r i s k  have been e s t ima ted  and en te red  i n  t h e  t a b l e s  based upon t h e  

observed tumor inc idence  rates. I n  many of t h e  i n t e r v a l s  shown i n  

Tables  9 and 10, t h e  va lue  one i s  inc luded;  t h i s  i n d i c a t e s  t he  ab- 

sence  of s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  

t h a t  many of t h e  confidence i n t e r v a l s  have a n  upper limit g r e a t e r  

t han  one, i n d i c a t i n g  t h e  t h e o r e t i c a l  p o s s i b i l i t y  of tumor i n d u c t i o n  

i n  ra ts  by TDE t h a t  could no t  be e s t a b l i s h e d  under t h e  cond i t ions  of 

t h i s  t e s t .  

It should a l s o  be noted 

DDE 

1. 

Compound-related mean body weight dep res s ion  was observed i n  both  

c. .__ 

Body Weights and C l i n i c a l  Observat ions 

male and female r a t s  (F igu re  8). 

No c l i n i c a l  s i g n s  were observed dur ing  t h e  f i r s t  7 weeks of t h e  

s tudy.  Beginning i n  week 8 ,  a few dosed r a t s  s t a r t e d  t o  e x h i b i t  a 

hunched or t h i n  appearance which was observed i n  i n c r e a s i n g  numbers of 

r a t s ,  p a r t i c u l a r l y  i n  t h e  h igh  dose males. Following a dec rease  i n  

dose l e v e l  i n  week 24, t h e  inc idence  of t h i s  s i g n  decreased sha rp ly  i n  

t h e  dosed groups;  however, i t  was s t i l l  noted wi th  g r e a t e r  f requency 

i n  t h e s e  groups than  i n  t h e  c o n t r o l s  f o r  t h e  d u r a t i o n  of t h e  dos ing  pe- 

r i o d .  From week 78 t o  t e rmina t ion  of t he  s tudy ,  comparable numbers of 

dosed and c o n t r o l  ra t s  showed a hunched appearance.  Other s i g n s  

66 ._  
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. I  
1 -  

6 3 Q 1  ... b -  
observed a t  s i m i l a r  frequency and a t  a low inc idence  i n  dosed and con- 

t r o l  ra t s  inc luded  r e s p i r a t o r y  s i g n s ,  abdominal u r i n e  s t a i n s ,  squ in ted  

or  reddened eyes ,  body s o r e s ,  a l o p e c i a ,  b loa t ed  appearance,  and pal-  

pab le  nodules  and/or  t i s sue  masses. 

a taxia ,  l o s s  of equ i l ib r ium,  h y p e r a c t i v i t y ,  and vag ina l  d i scha rge  were 

I s o l a t e d  in s t ances  of t remors ,  

observed i n  one or two dosed rats.  \ 
2. Surv iva l  

The e s t ima ted  p r o b a b i l i t i e s  of s u r v i v a l  for male and female ra t s  , 

i n  t h e  c o n t r o l  and DDE-dosed groups a r e  shown i n  F igure  9.  For both  : 

male and female r a t s  t h e  Tarone t es t  ind ica t ed  a s i g n i f i c a n t  (P < 
0.015)  p o s i t i v e  a s s o c i a t i o n  between dosage and m o r t a l i t y .  

, 

Adequate numbers of males were a t  r i s k  from la te -developing  tu- 

mors, as 52 percent  (26/50) of t h e  high dose ,  68 percen t  (34/50)  of  

t h e  low d o s e ,  and 80 percent  (16/20)  of  t h e  c o n t r o l  r a t s  su rv ived  on 

t e s t  a t  least  92 weeks. For females t h e  s u r v i v a l  was a l s o  adequate  

a s  72 percen t  (36/50)  of  the  high dose ,  84 percent  (42/50)  of  t h e  low 

dose ,  and a l l  20 of t h e  c o n t r o l  r a t s  surv ived  on tes t  a t  least  92 

weeks. 

i n  weeks 2 1  through 24; 2 o f  t h e  9 were autolyzed.  

Of t h e  14 high dose females t h a t  d ied  be fo re  week 9 2 ,  9 d i e d  

" 

3.  Pathology 

His topa tho log ic  f ind ings  on neoplasms i n  r a t s  a r e  summarized i n  

Appendix I (Tables  I1 and 1 2 ) ;  f ind ings  on nonnFoplast ic  l e s i o n s  are 

summarized i n  Appendix K (Tables  K 1  and K2). 
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Neoplasms and h y p e r p l a s i a s  of t he  thyro id  gland occurred  i n  both 

dosed and c o n t r o l  r a t s  as shown i n  t h e  fol lowing t a b u l a t i o n :  

FEMALES 
Low High 

MALES 
Low High 

Cont ro l  Dose Dose -- Contro l  Dose Dose -- 
Number of Animals wi th  

Thyroid Examined 
H i s t o p a t h o l o g i c a l l y  

F o l l i c u l a r - C e l l  
Adenoma 1 6 8 

I-  

1 3 4 

2 8 8 

F o l l i c u l a r - C e l l  
Carcinoma 1 5 2 

F o l l i c u l a r - c e l l  
Hyperplasia  0 7 4 

0 .  5 1 

1 3 1 

3 3 2 

2 2 4 

2 1 1 

1 1 0 

4 0 1 

C - C e l l  Adenoma 
! 

C- Cell Carcinoma 

C- C e  1 1 Hyper p l  a s i a 

The morphology of t h e  thy ro id  l e s ions  observed i n  t h i s  s tudy  was 

s i m i l a r  t o  t h a t  desc r ibed  i n  TDE (pp. 5 6 - 5 7 ) .  

DDE caused a t o x i c  hepatopathy which was mani fes ted  by c e n t r i -  

l>obular  n e c r o s i s  and f a t t y  metamorphosis i n  t h e  hepa tocytes .  

t r i l o b u l a r  n e c r o s i s  occur red  i n  2 / 4 0  low dose males ,  3 / 4 0  high dose 

males, 1 / 2 0  c o n t r o l  females ,  7 / 3 4  low dose females ,  and 1 0 / 3 3  high 

dose  females. F a t t y  metamorphosis i n  hepa tocytes  occurred  i n  2 / 2 0  

c o n t r o l  males ,  2 5 / 4 0  low dose  males ,  2 0 / 4 0  high dose males, 1 1 / 2 0  

Cen- 
I .  

, 
! 

c o n t r o l  females ,  3 / 3 4  low dose  females ,  and 10133 high  dose females. 

The l i v e r s  with c e n t r i l o b u l a r  n e c r o s i s  had lost many c e n t r i l o b u l a r  

7 0  

I 
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h e p a t o c y t e s  and t h e  a d j a c e n t  hepa tocy te s  i n  t h e  l o b u l e  contained 

l i p i d  d r o p l e t s .  In  some l i v e r s  t h e r e  was an  i n f i l t r a t i o n  of lympho- 

c y t e s .  
\ .  

The numbers and k inds  of neoplasms t h a t  occurred i n  dosed r a t s  
I 

were s imi l a r  i n  frequency t o  t h o s e  occur r ing  i n  the  c o n t r o l  r a t s .  

I n  t h i s  s tudy  p a t h o l o g i c  evidence was not provided f o r  t he  car- 

c i n o g e n i c i t y  of DDE i n  Osborne-Mendel r a t s ,  but  t h e  compound was 

t o x i c  to.  t h e  l i v e r s ,  caus ing  a c e n t r i l o b u l a r  n e c r o s i s  and f a t t y  meta- 

morphosis i n  t h e  dosed male and female ra ts .  
r-' ' ... .. 

4 .  S t a t i s t i c a l  Analyses o f  R e s u l t s  

The r e s u l t s  of  t h e  s t a t i s t i c a l  ana lyses  of tumor inc idence  i n  

r a t s  are summarized i n  Tables  11 and 1 2 .  The a n a l y s i s  i s  included 

f o r  e v e r y  type of tumor i n  e i t h e r  s ex  where a t  l eas t  two such tumors 

were observed i n  a t  l e a s t  one of t h e  c o n t r o l  o r  DDE-dosed groups and 

where such tumors were observed i n  a t  l e a s t  5 pe rcen t  of t he  group. 

Because of the e a r l y  m o r t a l i t y  i n  the  high dose males and females ,  

a d d i t i o n a l ,  t i ne -ad jus t ed  a n a l y s e s  were conducted based e i t h e r  upon 

t h o s e  ra t s  which survived a t  l ea s t  5 2  weeks o r ,  i n  t h e  event  t h a t  the  

tumor of i n t e r e s t  was observed e a r l i e r  t han  5 2  weeks, upon r a t s  w h i c h  

qurvived a t  l e a s t  u n t i l  t h e  f i r s t  tumor of t h a t  type was observed. 

The r e s u l t s  of i n t e r e s t  €or  t h e s e  a d d i t i o n a l  ana lyses  a r e  g i v e n  i n  

Table  13. 

For t he  time-adjusted a n a l y s i s  , t h e  Cochran-Armi t age  t e s t  i n d i -  

c a t e d  a s i g n i f i c a n t  (P = 0.041) p o s i t i v e  a s s o c i a t i o n  between dosage 
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'6397 1 :  
and t h e  combined i n c i d e n c e  of f o l l i c u l a r - c e l l  adenomas and f o l l i c u l a r -  

c e l l  carcinomas of t h e  t h y r o i d  i n  females. The F i s h e r  e x a c t  tests, 

i however, were no t  s i g n i f i c a n t .  The f i r s t  observed f o l l i c u l a r - c e l l  1 

I 

1 

4 
t h y r o i d  neoplasm was a t  week 43, 101, and 111 f o r  t h e  h igh  dose,  low 

dose ,  and c o n t r o l  group, r e s p e c t i v e l y .  

i 
I No o t h e r  s t a t i s t i c a l  tes ts  f o r  any s i t e  i n  r a t s  of e i t h e r  sex 

I i n d i c a t e d  a s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  between t h e  adminis t ra -  

t i o n  of DDE and tumor inc idence .  Thus, a t  t h e  dose l e v e l s  used i n  

t h i s  experiment t h e r e  was no convincing evidence t h a t  DDE was a I 
ca rc inogen  i n  Osborne-Mendel r a t s .  i 

I n  male r a t s  t h e  Cochran-Armitage tes t  i n d i c a t e d  a s i g n i f i c a n t  

nega t ive  a s s o c i a t i o n  between dose and the combined inc idence  of 

C-cell  adenomas and C-cell  carcinomas of t h e  t h y r o i d .  The F i s h e r  1 
I 

e xac t  tests, however, d i d  not  support  t h i s  f i nd ing .  

I n  female r a t s  t h e  inc idence  of p i t u i t a r y  chromophobe adenomas 

i n  t h e  c o n t r o l  group ( 9 / 1 8  o r  50 pe rcen t )  was h igh  compared t o  t h a t  

observed i n  t h e  h i s t o r i c a l  c o n t r o l s  (130/350 o r  37 p e r c e n t ) .  

To provide  a d d i t i o n a l  i n s i g h t  i n t o  t h e  p o s s i b l e  c a r c i n o g e n i c i t y  

of t h i s  compound, 95 p e r c e n t  confidence i n t e r v a l s  on t h e  r e l a t i v e  

r i s k  have been e s t i m a t e d  and en te red  i n  the t a b l e s  based upon t h e  
<' 

observed tumor i n c i d e n c e  rates. In a l l  o f  t h e  i n t e r v a l s  shown i n  

Tables  11, 1 2 ,  and 13 t h e  v a l u e  one i s  inc luded ;  t h i s  i n d i c a t e s  t h e  

absence of s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  It shoul'd a l s o  be 

noted t h a t  a l l  of t h e  conf idence  i n t e r v a l s  have an upper limit 

78 . .. 
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greater than one, indicating the theoretical possibility of tumor 

induction in rats by DDE that could not be established under the 

conditions of this test. 
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I V .  CHRONIC TESTING RESULTS: MICE 

DDT 

1. 

D i s t i n c t ,  dose- re la ted  mean body weight depress ion  was not appar- 

A- - 
Body Weights and C l i n i c a l  Observat ions 

e n t  i n  male or female mice (F igu re  10) .  

Throughout t h e  s t u d y ,  t h e r e  was no evidence of compound e f f e c t  

wi th  regard  t o  phys i ca l  appearance and behavior  among t h e  mice a t  

any dosage. 

and c o n t r o l  mice. 

i t i e s  (more p r e v a l e n t  i n  t h e  ma les ) ,  l o c a l i z e d  a l o p e c i a ,  rough or 

s t a i n e d  f u r ,  e x t e r n a l  g e n i t a l  i r r i t a t i o n s  wi th  occas iona l  ana l  pro- 

l a p s e ,  b loa t ed  appearance,  pa lpable  nodules ,  and t i s s u e  masses o r  

swollen a reas .  

C l i n i c a l  s i g n s  were observed a t  s i m i l a r  r a t e s  i n  dosed 

These s i g n s  included s o r e s  on t h e  body or extrem- 

. 

, 

2.  Surv iva l  

The e s t ima ted  p r o b a b i l i t i e s  of s u r v i v a l  for male and female mice, 

i n  t h e  c o n t r o l  and DDT-dosed groups a r e  shown i n  F igure  11. 

males no s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  between dose and m o r t a l i t y  

w a s  observed. 

(P = 0.005) p o s i t i v e  a s s o c i a t i o n  between dosage and m o r t a l i t y .  

For 

For females t h e  Tarone test  i n d i c a t e d  a s i g n i f i c a n t  

There was high m o r t a l i t y  among a l l  male groups dur ing  t h e  second 

yea r  of t h e  s tudy--possibly due t o  f i g h t i n g .  

adequate  numbers of male mice a t  r i s k  from l a t e  developing tumors a s  

7 4  percen t  ( 3 7 / 5 0 )  of t h e  high dose ,  40 ,,' percen t  (20/50)  of t h e  low 

There were,  however, 
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6397 4 dose ,  and 60 pe rcen t  (12/20) of  t h e  c o n t r o l  mice su rv ived  on t es t  a t  

l eas t  70 weeks. 

For females s u r v i v a l  was adequate  as 72 percent  (36/50) of  t h e  

h igh  dose ,  90 pe rcen t  (45/50) of t h e  low dose ,  and a l l  20 of t h e  

c o n t r o l  mice su rv ived  on t e s t  u n t i l  t h e  end of t h e  experiment.  

3. Pathology 

His topa tho log ic  f i n d i n g s  on neoplasms i n  mice are summarized i n  

Appendix B (Tables  B 1  and 8 2 ) ;  f i n d i n g s  on nonneop las t i c  l e s i o n s  are 

summarized i n  Appendix D (Tables  D 1  and D2). 

H e p a t o c e l l u l a r  carcinomas occurred  i n  2/19 ( 1 1  p e r c e n t )  c o n t r o l  

males, 1/49 ( 2  pe rcen t )  low dose  males ,  1/48 ( 2  p e r c e n t )  h igh  dose  

males, 0/20 c o n t r o l  females ,  1 /22  ( 5  p e r c e n t ) ' l o w  dose  females ,  and 

3/27 ( 1 1  pe rcen t )  high dose females.  The inc idence  of t h e s e  tumors 

i n  t h e  mice was not 'considered t o ' h a v e  been inc reased  by admin i s t r a -  

t i o n  of t h e  chemical. 

Other neoplasms t h a t  occur red  i n  t h i s  b ioas say  a r e  p re sen ted  i n  

Appendix B. The inflammatory, d e g e n e r a t i v e ,  and p r o l i f e r a t i v e  le- 

s i o n s  (bo th  n e o p l a s t i c  and nonneop las t i c )  s een  i n  t h e  c o n t r o l  and 

dosed animals were s i m i l a r  i n  number and k ind  t o  those l e s i o n s  

o c c u r r i n g  n a t u r a l l y  i n  aged B6C3F1 mice. 

In  t h i s  s t u d y ,  pa tho log ic  ev idence  was not provided for t h e  

c a r c i n o g e n i c i t y  of DDT i n  B6C3Fl mice. 

4. S t a t i s t i c a l  Analyses of R e s u l t s  

The r e s u l t s  of the s t a t i s t i c a l  a n a l y  of turn inc idence  i n  

mice are summarized i n  Tables 14 and 15. The a n a l y s i s  is inc luded  

a 3  
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f o r  every  t y p e  of tumor i n  e i t h e r  sex where a t  least  two such tumors 

were 'observed i n  a t  l eas t  one of the c o n t r o l  o r  DDT-dosed groups and 

where such tumors were observed i n  a t  l e a s t  5 p e r c e n t  of t h e  group. 

Due t o  t h e  poor s u r v i v a l ,  a d d i t i o n a l ,  t ime-adjusted a n a l y s e s  were 

conducted; t h e r e  were no impor tan t  changes i n  t h e  s t a t i s t i c a l  r e s u l t s .  

For female mice the  Cochran-Armitage tes t  i n d i c a t e d  a s i g n i f i c a n t  

! 

1 
I 
I 1 

- 
(P = 0.026) p o s i t i v e  a s s o c i a t i o n  between dosage and t h e  inc idence  of 

mal ignant  lymphomas. The F i s h e r  exac t  tes ts ,  however, were no t  sig- 

n i f i c a n t  . 
No o t h e r  s t a t i s t i c a l  t e s t s  were s i g n i f i c a n t  for male o r  female 

mice. Thus, based upon t h e s e  s t a t i s t i c a l  r e s u l t s  t h e r e  was no con- 

v inc ing  ev idence  t h a t  DDT was a carc inogen  i n  mice under t h e  condi- 

t i o n s  of t h i s  experiment.  

To provide  a d d i t i o n a l  i n s i g h t  i n t o  the  p o s s i b l e  c a r c i n o g e n i c i t y  

of  t h i s  compound, 95 p e r c e n t  conf idence  i n t e r v a l s  on t h e  r e l a t i v e  

r i s k  have been e s t ima ted  and en te red  i n  the t a b l e s  based upon the  

observed tumor inc idence  rates. 

Tables  14 and 15 ,  t h e  v a l u e  one i s  included; t h i s  i n d i c a t e s  the  ab- 

sence of s t a t i s t i c a l l y  s i g n i f i c a n t  Y 

t h a t  many of the  conf idence  i n t e r v a l s  have an upper l i m i t  g r e a t e r  

t h a n  one, i n d i c a t i n g  ,. t h e  t h e o r e t i c a l  p o s s i b i l i t y  of tumor induc t ion  

i n  mice by DDT t h a t  cou ld  not  be e s t a b l i s h e d  under t h e  c o n d i t i o n s  of 

t h i s  tes t  . 

I n  many of the  i n t e r v a l s  shown i n  

resul ts .  It should a l s o  be noted 

86 
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B. TDE - 
1 .  Body Weights and C l i n i c a l  Observa t ions  

Dose-related mean body weight d e p r e s s i o n  was apparent  i n  females 
. I  *. 2 

beginning  i n  week 30 and con t inu ing  f o r  t h e  remainder  of t h e  bioassay.  

E f f e c t  of chemical a d m i n i s t r a t i o n  on mean body weight  was not  r e a d i l y  

ev iden t  for male mice ( F i g u r e  1 2 ) .  

Throughout t h e  s tudy  t h e r e  was no evidence  t h a t  t h e  compound af -  

f e c t e d  p h y s i c a l  appearance or behavior  among t h e  dosed mice. Signs ” 

o f t e n  observed i n  B6C3F1 mice were observed a t  comparable ra tes  i n  

dosed and c o n t r o l  animals.  These common s i g n s  inc luded  body s o r e s  
,A ’ 

(predominant ly  i n  t h e  males and a t t r i b u t a b l e  t o  f i g h t i n g ) ,  a hunched 

appearance ,  l o c a l i z e d  a l o p e c i a ,  p e n i l e  or v u l v a r  i r r i t a t i o n ,  o c c a s i o n a l  
f 

a n a l  p ro lapse ,  and rough or s t a i n e d  f u r .  Pa lpab le  nodules ,  t i s s u e  

masses, b l o a t i n g  and/or  swol len  areas on t h e  body were observed a t  a 

comparable r a t e  i n  dosed and c o n t r o l  mice, p a r t i c u l a r l y  i n  t h e  females.  

The inc idence  of t h e s e  common s i g n s  inc reased  g r a d u a l l y  du r ing  t h e  

l a s t  6 months of t h e  s tudy  as t h e  age of  t h e  animals  i nc reased .  

2. Surv iva l  

The es t imated  p r o b a b i l i t i e s  .of s u r v i v a l  f o r  male and female mice 

i n  t h e  c o n t r o l  and TDE-dosed groups a r e  shown i n  F igu re  13. 

n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  between dosage and m o r t a l i t y  was ob- 

se rved  for e i t h e r  sex.  ~ 

No s ig -  

There were adequate  numbers of males  a t  r i s k  from la te-developing 

tumors,  a s  54 percent  (27 /50)  of t h e  high dose ,  60 p e r c e n t  (30/50)  of  

87 
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t e s t  u n t i l  t h e  end o f  t h e  s tudy.  S u r v i v a l  was a l s o  adequate  f o r  t h e  

females as 88 p e r c e n t  (44/50) o f  t h e  high dose,  82 pe rcen t  (41/50)  of  

t h e  low d o s e ,  and 90 pe rcen t  (18/20)  o f  t h e  c o n t r o l  mice su rv ived  on 

t e s t  u n t i l  t h e  end of t h e  s tudy.  

3. Pathology 

H i s t o p a t h o l o g i c  f i n d i n g s  on neoplasms i n  mice are summarized i n  

Appendix F (Tab les  F1 and F2);  f i n d i n g s  on nonneoplast ic  l e s i o n s  are 

summarized i n  Appendix H (Tab le s  H 1  and H2). 

I H e p a t o c e l l u l a r  carcinomas occurred i n  2/18 (11  p e r c e n t )  c o n t r o l  

male,  12/44 (27 p e r c e n t )  low dose  male, 14/50 (28  p e r c e n t )  h igh  d o s e  

male, 0/20 c o n t r o l  female,  2 / 4 8  ( 4  p e r c e n t )  low dose female,  and 3/47 

( 6  p e r c e n t )  h igh  dose  female mice. One h e p a t o c e l l u l a r  carcinoma i n  a 

low dose male m e t a s t a s i z e d  t o  t h e  lung. 

The h e p a t o c e l l u l a r  carcinomas v a r i e d  g r e a t l y  i n  appearance.  

l e s i o n s  con ta ined  w e l l - d i f f e r e n t i a t e d  hepa tocy te s  t h a t  had r e l a t i v e l y  

uniform arrangement of t h e  co rds ,  and o t h e r s  had very a n a p l a s t i c  l i v e r  

c e l l s  with l a r g e  hyperchromatic  n u c l e i ,  o f t e n  with i n c l u s i o n  bod ies  

and with vacuo la t ed  pale  cytoplasm. Arrangement of the  n e o p l a s t i c  

hepa tocy te s  v a r i e d  from s h o i t  s tubby  co rds  t o  n e s t s  of h e p a t i c  ce l l s  

and o c c a s i o n a l l y  a c i n a r  formation. 

Some of t h e  tumors were c h a r a c t e r i z e d  by f o c i  of a n a p l a s t i c  cel ls .  

Some 

M i t o t i c  f i g u r e s  were o f t e n  p resen t .  

The inflammatory,  d e g e n e r a t i v e ,  and p r o l i f e r a t i v e  l e s i o n s  seen  

i n  t h e  c o n t r o l  and dosed animals were similar i n  number and k ind  t o  

t h o s e  l e s i o n s  o c c u r r i n g  n a t u r a l l y  i n  aged B6C3Fl mice. 
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Although t h e r e  was a h i g h e r  i n c i d e n c e  of h e p a t o c e l l u l a r  carcino-  

mas i n  TDE-dosed male mice ( 1 1  p e r c e n t  i n  t h e  c o n t r o l  group, 27 per- 

c e n t  i n  t h e  low dose group, and 28 p e r c e n t  i n  t h e  high dose g roup) ,  

t h e s e  tumors.have been observed i n  as many as 20 percent  of t h e  

c o n t r o l  mice i n  o t h e r  s t u d i e s .  The re fo re ,  i n  t h e  judgment of t h e  

. .  
>* 

p a t h o l o g i s t ,  TDE was not ca rc inogen ic  t o  B6C3F1 mice a t  t h e  dosages 

admin i s t e red  i n  t h i s  study. 

4. S t a t i s t i c a l  Analyses o f  R e s u l t s  

The r e s u l t s  of t h e  s t a t i s t i c a l  a n a l y s e s  of tumor incidence i n  

mice are summarized i n  Tables  16 and 17. The a n a l y s i s  i s  included 
<: 

f o r  e v e r y  type of tumor i n  e i t h e r  sex where a t  l eas t  two such tumors 

were observed i n  a t  least  one of the  c o n t r o l  o r  TDE-dosed groups and 

where such tumors were observed i n  a t  l ea s t  5 pe rcen t  of t he  group. 

N o - s t a t i s t i c a l  t es t s  f o r  e i t h e r  males o r  females i n d i c a t e d  a 

s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  between chemical a d m i n i s t r a t i o n  and 

tumor incidence.  Based upon t h e s e  r e s u l t s  t h e r e  was no evidence t h a t  

TDE was a carcinogen i n  B6C3Fl mice. 

A p o s s i b l e  nega t ive  a s s o c i a t i o n  between TDE a d m i n i s t r a t i o n  and 

inc idence  was observed f o r  fibroma of t h e  subcutaneous t i s s u e  i n  

males. 

I, 

To provide a d d i t i o n a l  i n s i g h t  i n t o  t h e  p o s s i b l e  c a r c i n o g e n i c i t y  
. -  

1 %  of t h i s  compound, 95  pe rcen t  conf idence  i n t e r v a l s  on the  r e l a t i v e  

r i s k  have been est imated and entere'd i n  tkie..Zables based upon t h e  

observed tumor incidence r a t e s .  In  many o f  t h e  i n t e r v a l s  shown i n  

. .  . .  . .  . . ... . . . 
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Tables  16 and 17 ,  t h e  va lue  one is  inc luded;  t h i s  i n d i c a t e s  t h e  

absence  of s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  

no ted  t h a t  many of  t h e  conf idence  i n t e r v a l s  have a n  upper l i m i t  

g r e a t e r  than  one, i n d i c a t i n g  t h e  t h e o r e t i c a l  p o s s i b i l i t y  of tumor 

i n d u c t i o n  i n  mice by TDE t h a t  could n o t  be e s t a b l i s h e d  under t h e  con- 

d i t i o n s  of t h i s  test .  

It should a l s o  be 

C. DDE - 
1. Body Weights and C l i n i c a l  Observat ions 

Dose-related mean body weight  dep res s ion  w a s  ev iden t  i n  female 

mice as e a r l y  as week 10. Adminis t ra t ion  of  DDE had no apparent  

e f f e c t  on growth of male mice ( F i g u r e  14) .  
S j  

During t h e  f i r s t  20 weeks of t h e  s tudy ,  t h e  dosed and c o n t r o l  

mice e x h i b i t e d  e s s e n t i a l l y  comparable appearance and behavior .  Signs 

o f t e n  observed i n  B6C3F1 mice were observed a t  s i m i l a r  f r equenc ie s  i n  

a l l  groups. These s i g n s  included body s o r e s  wi th  l o c a l i z e d  a l o p e c i a ,  

e x t e r n a l  g e n i t a l  i r r i t a t i o n ,  and abdominal u r i n e  s t a i n s .  

From week 22 t o  week 34 of  t h e  s tudy ,  60 t o  85 pe rcen t  of t h e  

dosed male mice e x h i b i t e d  a hunched appearance.  

t h i s  s i g n  a l t e r n a t e l y  decreased  and then  inc reased  from week 38 t o  

c e s s a t i o n  of  dos ing  i n  week 78,  presumably r e f l e c t i n g  t h e  c y c l i c  

The inc idence  of  

regimen of compound a d m i n i s t r a t i o n  dur ing  t h i s  per iod .  

l a s t  12 weeks of t h e  s tudy  t h e  s i g n s  mentioned above, i nc lud ing  

pa lpab le  t i s s u e  masses, were observed a t  a comparable r a t e  i n  t h e  

During t h e  

s u r v i v i n g  dosed and c o n t r o l  mice. 
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639 7 
2. Su rv iva l  

The e s t ima ted  p r o b a b i l i t i e s  of s u r v i v a l  f o r  male and female mice 

i n  t h e  c o n t r o l  and DDE-dosed groups are shown i n  F igure  1 5 .  For males 

t h e  Tarone t es t  d id  n o t  i n d i c a t e  a s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  

between dosage and m o r t a l i t y .  

p o s i t i v e  a s s o c i a t i o n  between dosage and m o r t a l i t y  was observed. 

For females a s i g n i f i c a n t  (P < 0.001) 

For males t h e  s u r v i v a l  of t he  c o n t r o l  mice was q u i t e  low, as 

7/20 (35  p e r c e n t )  d i e d  i n  week 40 and only  25 percent  (5 /20)  surv ived  

on tes t  a t  least  70 weeks. Surv iva l  w a s  somewhat b e t t e r  i n  t h e  dosed 

males  a s  62 percen t  (31/50)  of  t h e  high dose and 70 percent  (35/50) 

of the  low dose  mice surv ived  on tes t  a t  l e a s t  70 weeks. 

of t he  s p l e e n ,  k idney ,  and l i v e r  were q u i t e  common among t h e  c o n t r o l  

males and among those  low dose males t h a t  survived less than  85 

weeks. 

Amyloidosis 

For females t h e r e  were adequate numbers of mice a t  r i s k  from 

la te -developing  tumors as 56 percent  (28/50) of the  high dose ,  

94 percent  (47/50)  of t h e  low dose ,  and 95 percent  (19 /20)  of  t h e  
- 

c o n t r o l  mice su rv ived  on test a t  least  75 weeks. 

3. Pa thology 

His topa tho log ic  f i n d i n g s  on neoplasms i n  mice are summarized i n  

Appendix J (Tables  J1 and 5 2 ) ;  f ind ings  on nonneoplas t ic  l e s i o n s  are 

summarized i n  Appendix L (Tables  L l  and L2) .  

Hepa toce l lu l a r  carcinomas occurred i n  7/41 (17 percen t )  low dose  

male,  17/47 (36 pe rcen t )  high dose male, 19/47 (40 pe rcen t )  low dose  
/, 
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female ,  and 34/48 ( 7 1  pe rcen t )  h igh  dose female mice. None of t h e  

male , o r  female c o n t r o l s  developed h e p a t o c e l l u l a r  c.arcinomas. One of 

t h e  l i v e r  tumors i n  t h e  h igh  dose females  metas tas ized  t o  t h e  lung. 
a 

The h e p a t o c e l l u l a r  carcinomas v a r i e d  g r e a t l y  i n  appearance.  

Some l e s i o n s  conta ined  w e l l - d i f f e r e n t i a t e d  hepatocytes  t h a t  had a re- 

l a t i v e l y  uniform arrangement of t h e  co rds ,  and o t h e r s  had a n a p l a s t i c  

hepa tocy te s  wi th  l a r g e  hyperchromatic  n u c l e i ,  o f t e n  with i n c l u s i o n  
, .  

i i  
i :  
I .  . 
, I  . .  . .  

! 

bod ies  and wi th  vacuo la t ed ,  p a l e  cytoplasm. Arrangement of t h e  neo- 

p l a s t i c  hepa tocy te s  v a r i e d  from s h o r t  s tubby cords t o  n e s t s  of hepa- 

t o c y t e s  and o c c a s i o n a l l y  a c i n a r  formation.  

o f t e n  p re sen t .  

a n a p l a s t i c  c e l l s .  

Mi to t i c  f i g u r e s  were 

Some of t h e  tumors were c h a r a c t e r i z e d  by f o c i  of 

The number and kind of o t h e r  neoplasms t h a t  occurred i n  t h i s  

s tudy  were n o t  apprec i ab ly  d i f f e r e n t  i n  t h e  c o n t r o l  and dosed mice. 

Inflammatory,  degene ra t ive ,  and p r o l i f e r a t i v e  l e s i o n s  seen  i n  t h e  
J 

c o n t r o l  and dosed animals  were s i m i l a r  i n  number and kind t o  t h o s e  

l e s i o n s  occur r ing  n a t u r a l l y  i n  aged B6C3F1 mice. 

I n  t h i s  s tudy  pa tho log ic  ev idence  was provided f o r  t h e  carc ino-  

g e n i c i t y  of DDE i n  B6C3F1 mice, w i th  a dose- re la ted  i n c r e a s e  i n  hepa- 

t o c e l l u l a r  carcinomas. 
,' 

4. S t a t i s t i c a l  Analyses of Resu l t s  

The r e s u l t s  of t h e  s t a t i s t i c a l  ana lyses  of tumor inc idence  i n  

mice are summarized i n  Tables  18 and 19. The a n a l y s i s  i s  inc luded  

f o r  e v e r y  type  of tumor i n  e i t h e r  s ex  where a t  l e a s t  two such tumors 

100 
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were observed i n  a t  l e a s t  one of t he  c o n t r o l  or DDE-dosed groups and 

where such tumors were observed i n  a t  l e a s t  5 percent  of t he  group. 

In  both male and female dosed mice s i g n i f i c a n t  numbers of 

h e p a t o c e l l u l a r  carcinomas were observed. For both sexes  t h e  Cochran- 

Armitage test i n d i c a t e d  a s i g n i f i c a n t  (P - < 0.001) p o s i t i v e  assoc ia-  

t i o n  between dosage and inc idence .  For t h e  males t h e  F i s h e r  exac t  

tes t  comparing h igh  dose  t o  c o n t r o l  was s i g n i f i c a n t  (P = 0.001); for 

t h e  females both t h e  h igh  dose and t h e  low dose comparisons were 

s i g n i f i c a n t  (P < 0.001). In  t h e  h i s t o r i c a l  c o n t r o l s  f o r  un t r ea t ed  

B6C3F1 mice,  68/389 (18  pe rcen t )  of t h e  males and 8/411 ( 2  percen t )  

of  t h e  females had h e p a t o c e l l u l a r  carcinomas or h e p a t o c e l l u l a r  ade- 

nomas, compared t o  t h e  17/47 (36  pe rcen t )  and 34/48 (71  pe rcen t )  

observed i n  t h e  h igh  dose males and high dose females ,  r e s p e c t i v e l y .  

Because of t h e  unexpectedly low s u r v i v a l  i n  the  male c o n t r o l  mice 

an  a d d i t i o n a l ,  t ime-adjusted a n a l y s i s  of t h e  inc idence  of hepa toce l lu-  

l a r  carcinomas was performed (Table  2 0 ) .  This  a n a l y s i s  cons idered  

on ly  those  mice t h a t  surv ived  on tes t  f o r  a t  l e a s t  52 weeks. Once 

aga in  both the  Cochran-Armitage t e s t  (P = 0.002) and the  F i s h e r  exac t  

t es t  comparing h igh  dose  t o  c o n t r o l  (P = 0.013) were s i g n i f i c a n t .  
. _ r  

Based upon t h e s e  r e s u l t s  t h e  s t a t i s t i c a l  conclus ion  i s  t h a t  t h e  

a d m i n i s t r a t i o n  of DDE was a s soc ia t ed  wi th  an increased  inc idence  of 

h e p a t o c e l l u l a r  carcinomas i n  both male and female B6C3F1 mice. 
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. 
V. DISCUSSION 6897 1 

Under t h e  cond i t ions  of t h e s e  b ioassays  t h e r e  were s t a t i s t i c a l l y  

s i g n i f i c a n t  q s s o c i a t i o n s  between inc reased  c o n c e n t r a t i o n  and acce l -  - 

e r a t e d  m o r t a l i t y  i n  female mice dosed w i t h  DDT and i n  both sexes of 

ra t s  and female mice dosed wi th  DDE. This  a s s o c i a t i o n  w a s  not demon- 

s t r a t e d  i n  o t h e r  groups. 

t r o l  and dosed male mice used i n  t h e  b i o a s s a y s  of DDT and DDE. 

\ 

There was, however, poor s u r v i v a l  among con- 

In  a l l  

c a s e s  adequate  numbers of animals i n  a l l  groups surv ived  s u f f i c i e n t l y  

long t o  be a t  r i s k  from late-developing tumors. 

Hyperplasias  and neoplasms of t h e  thy ro id  were observed i n  r a t s  

dosed wi th  each of t he  t h r e e  compounds; however, on ly  f o r  TDE d i d  

t h e  p a t h o l o g i s t s  cons ide r  t h a t  t h e  tumors were r e l a t e d  t o  chemical 

admin i s t r a t ion .  The percentage of ra ts  i n  each group having e i t h e r  

f o l l i c u l a r - c e l l  adenoma or f o l l i c u l a r - c e l l  carcinoma of t h e  thy ro id  

i s  shown i n  t h e  fo l lowing  t a b l e .  The percentage  of r a t s  with 

f o l l i c u l a r - c e l l  carcinoma i s  shown i n  parentheses .  

MALES FEMALES 
Low High Low High 

Dose - Contro l  Dose - Dose - Control  Dose - 

When those  male r a t s  r ece iv ing  TDE and t h e i r  c o n t r o l s  were combined 

w i t h i n  each group so  t h a t  t he  numerators of t h e  tumor inc idences  

r ep resen ted  those  animals  with e i t h e r  a f o l l i c u l a r - c e l l  carcinoma o r  

a f o l l i c u l a r - c e l l  adenoma of t he  thy ro id  t h e  F i s h e r  exac t  comparison 
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6397 
of t h e  low dose  t o  t h e  c o n t r o l  was s i g n i f i c a n t .  I n  h i s t o r i c a l  con- - 

t r o l  d a t a  compiled by t h e  l a b o r a t o r y  performing t h e s e  b ioassays  f o r  

t h e  N C I  Carc inogenes is  T e s t i n g  Program, 32/352 ( 9  p e r c e n t )  of  t h e  

u n t r e a t e d  Osborne-Mendel male rats had e i t h e r  a f o l l i c u l a r - c e l l  ade- 

noma or a f o l l i c u l a r c e l l  carcinoma of t h e  thy ro id .  However, because  

male ra t s  i n  t h e s e  s t u d i e s ,  t h e  f i n d i n g s  must be cons idered  on,ly as 
- 

s u g g e s t i v e  of a chemica l - re la ted  e f f e c t .  

of t h e  h igh  v a r i a t i o n  ( 5  t o  47 p e r c e n t )  of  t h e s e  l e s i o n s  i n  Cont ro l  

Among dosed ra ts  no o t h e r  neoplasms occurred i n  s t a t i s t i c a l l y  

s i g n i f i c a n t  i n c i d e n c e s  when compared t o  c o n t r o l s .  

In  mice t h e  only neoplasms o c c u r r i n g  i n  s t a t i s t i c a l l y  s i g n i f i c a n t  

i nc idences  were h e p a t o c e l l u l a r  carcinomas among groups r e c e i v i n g  DDE. 

The inc idences  of h e p a t o c e l l u l a r  carcinoma i n  DDE-dosed mice were 0/19,  

7/41 (17 p e r c e n t ) ,  and 1 7 / 4 7 * ( 3 6  p e r c e n t )  i n  c o n t r o l ,  low dose ,  and 

h igh  dose  males ,  r e s p e c t i v e l y ,  and 0/19,  19/47 (40  p e r c e n t ) ,  and 34/48 

(71  p e r c e n t )  i n  c o n t r o l ,  low dose ,  and h igh  dose  females,  respec- 

> 

t i v e l y .  The Cochran-Armitage tes ts  i n d i c a t e d  a s i g n i f i c a n t  posi-  
? 

t i v e  a s s o c i a t i o n  between dosage and inc idence  i n  both sexes.  Both 

F i s h e r  exac t  comparisons f o r  t h e  females supported t h e  f i n d i n g  as 

d id  t h e  h igh  dose  t o  c o n t r o l  F i s h e r  e x a c t  comparison f o r  t h e  males. 

Although a d m i n i s t r a t i o n  of DDE d i d  not resu l t  i n  s i g n i f i c a n t  i n c i -  

dences of l i v e r  tumors i n  r a t s ,  t h e  compound was i n d i c a t e d  t o  be 

h e p a t o t o x i c ,  inducing  c e n t r i l o b u l a r  n e c r o s i s  and f a t t y  metamorphosis. 

Long-term i n g e s t i o n  of p,p'-DDT or t echnica l -grade  DDT has  been 

found t o  induce  l i v e r  tumors i n  s e v e r a l  s t r a i n s  of mice (IARC,'1974). 
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Admin i s t r a t ion  of technica l -grade  DDT i n  t h e  d i e t  a t  a c o n c e n t r a t i o n  

o f  2 ppm r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  inc idence  of tumors 

observed  i n  male CF-1 mice s u r v i v i n g  f o r  more than  60 weeks (Tomatis 

e t  a l . ,  1972);  a c o n c e n t r a t i o n  of 250 ppm was, however, necessa ry  t o  
b 

induce a s i g n i f i c a n t  number of tumors i n  BALB/c mice. A t  t h i s  con- 

c e n t r a t i o n  59 pe rcen t  of t h e  females and 48 percen t  of the  males 

develAped l i v e r  tumors a s  compared t o  none of t h e  female c o n t r o l s  and 

2 p e r c e n t  of the  male c o n t r o l s  ( T e r r a c i n i  e t  a l . ,  1973). 

m i n i s t r a t i o n  of p,p'-DDT a t  a c o n c e n t r a t i o n  of 100 ppm f o r  110 weeks 

induced l i v e r  tumors i n  79 pe rcen t  o f - m a l e  and 96 pe rcen t  of female 

Die t a ry  ad- 

CF-1 mice. Tumors were observed i n  24 p e r c e n t  of the  male and 23 

p e r c e n t  of t h e  female c o n t r o l s ,  r e s p e c t i v e l y .  The r a t i o  of benign 

tumors t o  those  possess ing  c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  malignancy 

was 1:l i n  t h e  dosed mice (Thorpe and Walker, 1973). 

Other  tumors r epor t ed  i n  t h e  l i t e r a t u r e  t o  have .occur red  a t  

e l e v a t e d  f r equenc ie s  i n  v a r i o u s  s t r a i n s  of dosed mice inc luded  

mal igant  lymphoma ( I n n e s  e t  a l . ,  1969);  lymphoma, carcinoma of the  

lung,  and leukemia ( T a r j a n  and Kemeny, 1969);  and adenoma of the lung 

(Shabad e t  a l . ,  1973). 

I n g e s t i o n  of technica l -grade  DDT a t  a c o n c e n t r a t i o n  of 500 ppm 

produced l i v e r  c e l l  tumors i n  56 pe rcen t  of s u r v i v i n g  female outbred 

Wis ta r  r a t s  and i n ' 3 5  pe rcen t  of s u r v i v i n g  males. These tumors were 

n o t ,  however, c l a s s i f i e d  by t h e  a u t h o r s  a s  h e p a t o c e l l u l a r  carcinomas. 

080124 

\ 

No l i v e r  c e l l  tumors were observed i n  c o n t r o l s  and no o t h e r  compound- 

r e l a t e d  tumors were detected (Ross i  e t  a l . ,  1977). 
' .  ', 
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DDT by t h e  o r a l  r o u t e  d id  not  produce tumors i n  Syr ian  golden 

hamsters  i n  excess  of those  observed i n  c o n t r o l s ,  and feeding  s t u d i e s  

i n  dogs,  monkeys and rainbow t r o u t  were considered inconc lus ive  by 

t h e  IARC Working Group (IARC, 1 9 7 4 ) .  

Tumor i n d u c t i o n  h a s  been observed i n  CF-1 mice fo l lowing  d i e t a r y  

a d m i n i s t r a t i o n  of e i t h e r  p,p'-TDE or p,p'-DDE a t  a c o n c e n t r a t i o n  of 

250 ppm f o r  t h e i r  l i f e s p a n  (Tomatis e t  a l . ,  1 9 7 4 ) .  TDE produced a n  

e l e v a t e d  inc idence  of hepatomas i n  males (52 percent  ve r sus  34 per- 

c e n t  i n  c o n t r o l s )  and lung tumors i n  males and females (86 percent  

n females ve r sus  i n  males v e r s u s  54 percen t  i n  c o n t r o l s ;  7 3  percent  

41 percen t  i n  controls) . .  DDE produced an e l eva ted  

hepatomas i n  both sexes  ( 7 4  percen t  i n  males ve r sus  

c o n t r o l s ;  98 percen t  i n  females v e r s u s  1 percent  i n  

The c o n c e n t r a t i o n  of DDT t o  male mice may have 

ncidence of 

34 percent  i n  

c o n t r o l s ) .  

been s e t  t o o  low 

because of undue emphasis on a s i n g l e  dea th  during t h e  subchronic  

tes t .  

adve r se  c l i n i c a l  s i g n s  appeared t o  be a s soc ia t ed  wi th  a d m i n i s t r a t i o n  

of DDT t o  male mice. Surv iva l  of DDT-dosed male mice was b e t t e r  

During t h e  chronic  b ioassay ,  no growth r e t a r d a t i o n  or o t h e r  

t h a n  t h a t  of c o n t r o l s .  

a l though tumor i n d u c t i o n  by DDT i n  male mice has  been r epor t ed  i n  

t h e  - l i t e r a t u r e .  

No tumors were induced by DDT i n  male mice 

Under t h e  c o n d i t i o n s  of t h e s e  b ioassays  t h e r e  was no evidence 

for t h e  c a r c i n o g e n i c i t y  of  DDT i n  Osborne-Mendel ra t s  or B6C3F1 mice, 

of TDE i n  female Osborne-Mendel r a t s  or B6C3Fl  mice of e i t h e r  s ex ,  or 
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,6397 
of  p,p'-DDE i n  Osborne-Mendel Tats, a l though p,p'-DDE was hepa to tox ic  

i n  Osborne-Mendel rats. The f i n d i n g s  sugges t  a p o s s i b l e  ca rc inogen ic  

e f f e c t  of TDE i n  male Osborne-Mendel r a t s ,  based on t h e  induc t ion  of 

combined f o l l i c u l a r - c e l l  carcinomas and f o l l i c u l a r - c e l l  adenomas of 

t h e  thyro id .  

r a t s  i n  t h i s  s tudy ,  t h e  ev idence  does n o t  permit  a more conc lus ive  

Because of t h e  v a r i a t i o n  of t h e s e  tumors i n  c o n t r o l  male 

i n t e r p r e t a t i o n  of t h e s e  l e s i o n s .  p,p'-DDE was ca rc inogen ic  i n  B6C3F1 

mice ,  caus ing  h e p a t o c e l l u l a r  carcinomas i n  both sexes.  

.' . 
, -  
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SUMMARY OF THE INCIDENCE OF NEOPLASMS 
I N  RATS TREATED WITH DDT 

APPENDIX A 



TABLE A I  
SUMMARY OF THE JNCIDWCE OF NEOPLASMS IN MI\LE RAE3 TREATED WITHDM . 

A U I l A L S  UECBOPSIED 20 50 50 
AllZRALS B I A E I U E D  EISTOPATBOLOGICALLI’’  1 9  96 a9 .............................................................................. 
IUTEGOOBUTABI S I S T E R  

( 2 0 )  
z; 

*SUBCOT TISSUE 
P A P I L L O I A .  UOS . 2. 
SQUhIOUS CELL CAECIUOIA 
?I B ROE A 

#SALIVABY CLAUD 
SQOAIOUS CELL CABCIUOIA 

A-3 



'I 

TABLE AI (CONTINUED) 
SUMMARY OF THE INClDMa OF NEOPLASMS IN MALE RATS TREATED WITH DDT 

UEINARI SYSTEI! 

PNDOCEINE SYSTER 

#PITUITARY 
CHROROPHOBE ADENOMA 

8ADRENAL 
PHEOCHEORCCYTOMA . 

#THYROID 
FOLLICULAR-CELL ADEUOMA 
FJLLICULAR-CELL CAECINOIIA 
C-CELL ADENCRA 
C-CELL CARCINORA 

)PANCREATIC I S L E T S  
ISLET-CELL ADEUORA 

3 5%) 
10%) 

REPRODUCTIVE SYSTER 

(20) ( 5 0 )  ( 5 0 )  *BARnAEY GLANf 
1 ( 5 % )  

1 (2%) 
ADENOCARCINORA, NOS 
PI 8 R O  A DE NO?! A 

U I R V O U S  SYSTER . I  

SPECIAL SEUSE ORGAUS 

-RORe -____--- A,---- - 
8 NORBEE OP ANIMALS UITH TISSUE EXLRIUED FlICEOSCOPICALLY 

NUR8EE OF ANIRALS NECBOPSIED 

A-4 
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4 

ANIMALS I N I T I A L L Y  I N  STUDY 
NATURAL DEATHa 
MORIBUND SACRIPICE 
SCHEDULED SACRIPICE 
ACCIDENTALLY KILLED 
TERMIUAL SACRIPICE 
AUIMAL RISSIUG 

TABLE A1 (CO-D) 
SUMhtARY OF THE INCIDENCE OF NEOPLASMS IN MALE RAT'S TREATED WlTE DDT 

BODY C A V I T I E S  

*ABDOMINAL CAVITY 
LIPOUA 

ALL OTHER SYSTIHS 

1INIMAL DISPOSITIOU SUMMARY 

20 
11 

9 

50 50 
2 4  2 2  

3 

23 2 8  

pULUIIIPes-dY~~LxZE~~xn~s-------_I----------------- 
0 NUNBER.OP ANXHALS YITH T I S S U E  EXAUIUED MICROSCOPICALLY 

UUHBER OP AUIRALS NECROPSIED 

A-5 



TABLE AI (OONCLUDED) 
SUMMARY OFTHEMQDMC€OFNEO?LASMSIN MAL€. RATSTREATED Wrm DUT 

TOTAL A E I I A L S  UITR PBIIAB'I TOIORS* 
TOTAL PPIIAPI tonoas 

10  
15 

TOTAL A I I B A L S  u ~ t s  BBBICI tonoas 9 
TOTAL BCII61 TOllORS 12 

TOTAL I A L I G E A R  TOOOBS 3 

TOTAL SICCBDABI TOllORS 1 

TOTAL A B I I A L I  UITB IALIGEAW TOllOBS 3 

TOTAL AIIOALS UITB s8comDiar TOIOBSO 1 

TOTAL AEIIALS u m i  TOOORS OECIBTAII- 
B I I X G E  08 I A L I C l A I T  

TOTAL OICCETAIE tunoBs 

'TOTAL AEIIALS u n a  IU~IORS OIICIBTAII- 
P B 1 8 A B I  on ICTASTATXC 

TOTAL uacmt i In  tonotts 

29 3 2  
0 2  01 

20 20 
31  28 

10 
11 

1 

10  
11 

1 

2 
2 
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TABLE A2 
’.’ SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED WlTH DDT 

. .  . .  . .  

INTEGUMENTARY SYSTEH 

*SUBCUT T I S S U E  
PLBROMA 
PZBROSARCCHA 
LIPOflA 

#LIVZR ( 1 9 )  
CARCINORA, NOS. METASTATIC 

*BILE DUCT 
BILE DUCT CARCINOMA 

OPANCREAS ( 1 9 )  (3 8) 124) 
-SrBJ;6LQfiArIB ---------------_----_--_-__-I__ U L  
t NUHBEE O F  ANIMALS UITH T I S S U E  EIAHINED MICROSCOPICALLY 
* NUMBER O F  ANINALS NECROPSIED 
H EXCLUDES PARTIALLY AUTOLYZED A N M A L S  

A-7 



TABLE A2 (CONTINUED) 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RAE3 TREATED WITH D M  

ORIUAEY S I S T L H  

OKIDUET 
LIPOMA 
L I P O S  ARCCUI 

C U W C B I U I  STSTEI 

O P I T U I  TART 
CtlROIOP,HOBE ADEIIOMA 

O ADEE W AL 
CORTICAL hDEROHA 
PHEOCHROnCCYTOMA 

( 4 3 )  
5 ( 1 2 % )  

V 5 )  
1 0  ( 2 2 % )  

I)THTEOID ( 1 9 )  

6  ( 1 4 % )  
FOLLICULAR-CELL ADEUOIA 1  (5%) 
POLLICULAR-CELL CAECIUOIA (9%) 
C-CELL ADCAOUA 3 ( 1 6 % )  2  (4%) 
C-CELL CARCIUOHA 1  (531 1 ( 2 % )  

* IA IMAET CL'AUC 
ADBNOIA. UOS 
ADEUOCAECIUOIA~ NOS 
?IBEOADEUCIA 

8 U O l B E E  OF AUIIALS UITE T I S S U E  EXAIIUED IICROSCOPICALLY 
U O I B E E  OF AUIIALS UECROPSIED - 

\ 

c 
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TABLE A2 (CONTINUED) 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED W l R l  DDT 

ANIilALS I N I T I A L L Y  L U  S T U D 1  
UATUEAL DEATHZI 
H O E I B U U D  S A C E I P I C E  
SCHEDULED S A C R I F I C E  
ACCIDEUTALLY KILLED 
TEEBINAL S A C E I P I C E  
A t i I l A L  B I S I I R G  

20 
4 
1 

15 

5 0  50 
12 

4 
9 
2 

39 3 4  

A-9 



TABLE A2 (CONCLUDED) 
SUMMARY OF THE MQDMCE OF NEOPLASMS IN FEMALE RATS TREAED WlTH DDT 

TOTAL A U I B A L S  UITH P B I I A B I  TDBORS* 16 
TOTAL PBIIIABT TUBOBS 28 

TOTAL EEUIGU TUBORS 21 

TOTAL I A L I C U A U T  TUBOBS 1 

TOTAL A U I I A L S  UITH BEUIGU TUBORS 16 

TOTAL A U I I A L S  U I T H  BALIGUAUT TOBOBS 1 

TOTAL ABIIIALS UITH SECOBDABT TUBOES# 
TOTAL SECOUDABT TOBORS 

38 
6 3  

35  
52 

27 
US 

22  
I3 

8 9 .  
9 1 2  

1 
1 

1 
6 

, 
TOTAL A B L I A L C  U I T E  TUBOBS OUCEBTAIU- 
BEUIGU OB BALIGUAllT 2 

2 TOTAL OUCLBTAIU TOBOBS 

TOTAL A U I B A L S  YITH TUBOBS UUCERTAIU- 
PRIBABT 08 B E T A S T A T I C  
TOTAL UUCERTAIU TUBOBS 

P E I B A E T  T U R O R S :  ALL TUBOBS EXCEPT SECOUDABT TUBOBS 
8 SECOBDABT TUROBS: R E T A S T A T I C  TOBOBS OB TORORS I U V A S I V E  I U T O  AU ADJACIUT ORGAU ................................................................................. 
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 
I N  MICE TREATED WITH DDT 



TABLE BI 
S k y  OF THE INCIDENCE OF NEOPLASMS IN MALE MICE TIEATED WlTH DDT . 

*RULTIPLE ORGAUS ( 1 9 1  
EALIG.LYRPBORA, LTRPEOCYTIC TYPE 
m L r c .  L rnPuonA.  EISTIOCYTIC TYPE 

tKIDUET ( 1 9 )  
RALIG.LYRPBORA, LYIIPHOCYTIC TYPE 

B -3 
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TABLE B1 (CONTINUED) 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MA'A MICE TRUTED WlTH DDT 

ANIMALS I N I T I A L L Y  I N  S'IUDY 2 0  
NATURAL DEATHa = ,.z 14  - 
MORIBUNC SACRIFICE 
SCHBDU LED SACR I F I C E  
ACCIUENTALIY KILLED 
TERMINAL S A C R I F I C E  6 

' AUIIAL MISSING 

5 0  50  
45 4 2  

2 
3 a 

@ NUMBER OF A N I l k L S  UITH T I S S U E  EXAMINED t5ICROSCOPICALLY 
NUMBER OF ANIMALS NECROPSIED 
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TUIOB S O R I A B Y  

TOTAL AUIRALS P I T 6  P B I R A E T  TUROES* 0 
TOTAL P B I R A B Y  TURORS a 

TOTAL BEUXGU TUIORS 1,: 2 
TOTAL A U I I A L S  PITH BEUIGII TUMOBS . 2 

TOTAL AUIRALS PITR MALIGIAUT TUIOBS 2 
TOTLL R A L I G I A U T  TUIOBS 2 

6 
6 

0 
5 

2 
2 r 2  

2 

0 
0 

3 
3 

TOTAL AIIIMALS PTTB SECOUDABT TUROBSt 
TOTAL SECCIDABY TURORS 

TOTAL Anxnus  PITH TOIOBS uncBBrAxv- 
aEnIGn O B  RALIGUAPT 

TOTAL UYCEBTAIP T O I O B S  

TOTAL AUIllALS YXTH TUNOBS UMCEBTAIU- 
PBIdABY OB I E Z A S T A T I C  

TOTAL OUCSBTAIU TOROBS 

PBXIABY T U I O B S :  ALL TUIOBS EXCEPT SECOUDABT TU1089 
0 SECOPDLBY TUMORS: R E T A S T A T I C  TUMORS OB TUIOES IlVASIVE I U t O  AM ADJACIIT OICM 
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TABLE B2 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE TREATED WITH DDT 

*IULTIPLE ORGANS 
IALIG. LY EPHOIA, H I S T I O C Y T I C  .TYPE 

#SPLEEN (20)  
IALIG. LYIPHOIA, LYBPHOCYTIC TYPE 



I 

TABLE 82 (CONTINUED) 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE TREATED WITH DDT 

CONTROL (VEH) LOU DOSE B I G B  DOSE 
02-PO02 . 02-POUS 02-FOU6 

. '  
.................................................................................. 

' ENDOCRINE S ' IS IEO 

(I PITUITAR Y 
CBROHOPHOBE ADENOHA 

(20) (22) ( 2 7 )  
1 (US) . .  

I T  H Y a0 I D  
POLLICULAR-CELL ADENOHA 
FOLLICULAR-CELL CARCINOMA 1 (5%)  
C-CELL ADENOtlA l ' (0X)  ................................................................................. 

REPRODUCTIVE SYSTEH 

*RAHlARY GLANC 
ADENOCARCIUCtlA. NOS 

ALL OTHER SYSTLOS 

B-7 

, 
i 
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L u x n u  DISPOSIIIOE s u n n u 1  

AEIMhLS I E I T I A L L I  I E  STUDY 20 
UATUBAL DEATH3 
IORIBDED S A C B I P I C E  
SCHEDULED SACRIPICE 
ACCIDCBTALLX KILLED 
T E E I I U A L  S A C R I P I C E  20  
AUIIAL MISSIUC 

50 
5 

95 

50 
1 3  

36 
1 

TOTAL A U I I A L S  YITR P R I I A R l  TUIOBS* 2 
TOTAL P B I I A R Y  TUIORS 3 

TOTAL BEllIGE TUIORS . 2 

TOTAL IALIGEAIIT TUIORS 1 

TOTAL A U I M A L S  WITH BEEIGY TDlORS . 2 

TOTAL AUIMhLS Y I T H  IALIGUAET TUIOUS 1 

TOTAL A U I I A L S  YITR SECOIDABY T U I O R S ~  
TOTAL SECOUDARI T U I O R S  

TOTAL A U I I I L S  Y I T R  W I O R S  DYCIRTAIU- 
BEUIGE 08 IALIGEAET 
\TOTAL U E C I R T I I U  TUMORS 

e 10 
e r 12 

2 2 

6 . lo  

2 2 

6 9 

8-8 
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 
LESIONS I N  RATS TREATED WITH D D T  

J 



. .  

TABLE Cl 
SUMMARY OF THE INCIDENCE OF NON'NEOPLASIIC LESIONS IN MALE RATS TREATED WITH,DDT 

INTEGUMENTAEY SYSTEM 

(20) _- ( 5 0 )  ( 5 0 )  *SKIU . 
1 (2%) 

. i (5%) 3 (6%) 
EPIDERMAL INCLUSION CYST - 
INPLAMMATION, NOS 

(20) *SUBCUT T I S S U E  
EPIDERMAL INCLUSION CYST 

EESPIRATORY SYSTEM 

HEMATOPOIETIC SYSTEM 

(SPLEEN 
HEMOBAHACE 
ABSCESS. NOS 
ANGIECTASI 5 
HEMATOPOIESIS 

OMESBNTEAIC L. NODE 
CONGESTION. NOS 
REMOERHACE 

# NUllBER ,OF INIMALS YLTH T I S S U E  EXAMINED MICROSCOPICALLY 
NUMBER OP ANIHALS NECEOPSIED 

** EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

c-3 



TABLE Cl (CONTINUED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS TREATED WITH DDT 

D I G E S T I V E  SI STEM 

OSALXVARY GLAND 
IUPLAMIIATICU, NOS 
P I B R O S I S  

* L I V E 8  ( 1 9 1  
CYST,  NOS 
I N P L A M I A T I O U ,  NOS 
l ~ T A I O E P H O S I 5  PATTY 
B Y P E E P L A S I A .  NOS 

* B I L E  DUCT 
H Y  PERP LA S I  A, NOS 

#PANCREAS 
THROfiBOSIS,  NOS 
P Z E I A E T E E I I I S  
AETERIOSCL ERO SIS. NOS 
CALCIUM C E F O S I T  

' 8STOMACH 
INFLAMMATICN, NOS 
ULCER, FOCAL 
CALCIUM C E F O S I T  

.. . 

c-4 



TABLE CI (CONTiNUED) 
S d R Y  OF THE INCIDENCE OF N O N N E O P W C  LESIONS IN MALE RATS TREATED WlTH DDT 

ORINARP S Y S T E I  

1KIDUEY 
CYST, NOS 
PYELONEPHRITIS. UOS 
INPLAIMATICN. CHRONIC 
CALCIUI  DEPOSIT 

BBDOCRINE S Y S T E O  

*PITUITARY 
CYST, NOS 
HYPEEPLASII ,  NOS 

*ADRENAL 
ANGIECTASIS 

POLLICULAE CYST, NOS (19) 1 (5%) ' (Q5) 0 (9%) (49) 5 (10%) 
*TBYROID 

HYPERPLASIA, C-CBLL 3 (16%) 3 (7%) 1 (2%) 
HYPERPLASIA. FOLLICULAR-CELL ~ Q (9%) 7 (la%) 

, 
REPRODUCTIVE SPSTEH 

*HARlIARY GLANE 
GALACTOCELE 

*SEI INAL VESICLE 
DILATATION. NOS 
IUFLA11ATICN. NOS 
ABSCESS, NOS 

*TESTIS 
CALCIUI  DEPOSIT 
ATROPHY, NOS 

. .-.A_- &.-- - '  . . . . . -- , 

8 UUIBER O F  A811115 YITH TISSOB BIA111ED IICEOSCOPICALLY 
N u n m a  OP AuxnALs  RECROPSIED 

c-5 
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TABLE C1 (CONCLUDED) 
SUMMARY OF THE INCIDENCE OF N O N N E O P L A S n C  LESIONS IN MALE RATS TREAl€D WITH DDT 

UERVOUS S P S T E I  

S P E C I A L  SEUSE C E C l U S  

IOSCULOSKELETAL S I S T E I  > 

*P E R I  TON EO II 
I U P L A I I A T I C U ,  UOS 

* P E E I C A B D I U I  
I U P L L I I A T I C N ,  UOS 

ALL OTAEE SPSTEIS 

NO L E S I O U  BEPORTED 
UECBOPSP PEEF/UO KIST0 PEEFORICD 
AUTO/UCCBOPSI/UO H I S T O  1 

1 
3 

5 
1 

, 

C-6 



TABLEQ 
SUMWRY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS TREATED WrmbDT 

IUTXGORKUTABI SYSTEI 

8 I I O C A  B D I  U R  
IUPLAIRATIOU, UOS 
D~GEUEEATTOU.  UOS 

c-7 
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TABLE C2 (CONTINUED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASnC LESIONS IN FEMALE RATS TREATED WITH DDT 

* B I L E  DUCT 
DILATATICH. UOS 
BYPERPLASIA. nos 

OPAnCREAS 
P E R I A R T E R I T I S  

OSTOHACB 
ULCER. FOCAL 

OADREHAL 
IUFLAMRATICW. UOS 
AUGIECTASIS 

* M A M H A R Y  CLAHC 
GALACTOCELE 

C-8 
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TABLE Q (CONCLUDED) 
S U ~ S I A R Y  OF ME INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS mu) m DDT 

tUTEEUS 
EYDROMETRA 
IUPLAMMATION. NOS 

tUTEEUS/BNDOIETRIUM 
HYPEEPLASIA, CYSTIC 

(3 1) 
3 ( l o x )  

16%) 

c-9 



APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 
LESIONS I N  MICE TREATED WITH DDT 



TABLE D1 
SU?lMARY OF THE INCIDENCE OF NONNEOPUISIlC LESIONS IN MALE MICE TREATED WITH DDT 

*SKIU 
IUFLAIIATICN.  UOS 
CALCIUM CEPOSIT 

#SPLEEN 
hnY L O 1  DO s IS 

8CEEVICAL L Y I P H  NODE 
EDERA, UOS 
IYFLAMIATICN. UOS 

#IESEUTERIC L. UODE 
IUPLAHIATICU. UOS 

(18) 
11 (61%) 

(47) 
92 (89%) 

D-3 
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TABLE D1 (CONITWED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASIgC LESIONS IN MALE MICE TREATED WITH DD‘T 

O I I O C A E D I O I  
. I U P L A I I I A T I C U ,  UOS 

OSTOIACB 
C A L C I O I  D E P O S I T  

ocowu 
I U P L A I  I A T I C  8 .  UOS 
P A E A S I T I ~ I I  

O E I U A E Y  SISTEI..  

8 K I D U E I  
EYDROUEPHEOSIS 

PY E L 0  U E P H 81 T I  5, UO S 
I U P L A I I I A T I C U ,  CHEOUIC 
A I I L O I D O S I  S 

C P S T ,  uos 

D-4 

000159 



- 

TABLE DI (CONCLUDED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASIlC LESIONS IN MALE MICE TREATED Will DDT 

) T E S T I S  
ATROPHY, NOS 

S P E C I A L  S E N S E  CBGANS 

If0 L B S I O U  REPORTED 3 3 3 
AUTO/NEC ROFSY/RISTO P E R F  1 \ 1  4 
AUTOLYSIS/NO UECROPSY 1 1 

________-__________------*------------------------------------------------------ 

8 NUHBBR O F  ANIMALS WITH T I S S U E  EXAMIUED MICROSCOPICALLY- 
N U l B E E  O F  A U I 1 A L S  UECROPSIED 

D-5 
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TABLE D2 
SUMMARY OF THE INCIDENCE OF NONNEOPLASnC LESIONS IN FEblAE MICE TREATED WITH'DDT 

OLIVER 
HYPEBP LA S I  A, 
AUGIECTASIS 

1000 LAB 

OPAUCREAS 
ATBOPHI. UCS 

tPAUCBEATIC DUCT 
CYST, uos 

8 UUMBER OF AUIIALS WITH T I S S U E  EXAIIUED BICBOSCOPICALLT 
U U I B E R  OF AUIIALS UECBOPSIED 

D-6 
. .  
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TABLED2 ( a m )  
SUkIARY OF THE INClDENQ OF NONNEOPUISIIC L m O N S  IN VEMALE MICE -TED W K H  D W  

*til I E O I D  .= (20) 
RYPERPLASIA, POLLICOLaE-CELL 

BEPRODUCTIVE SXSTEII 

* IAUl lABY CLAUD 
GALACTOCELE 

OUTBEDS 
EYDEOIETEL 
IUPLAIIATIOU. NOS 

O OTLLOS/8UDCIl?TBIOI 
BY PBEPLA SIA, CYSTIC 

OOVA8I/OVIDOCT 
IUCLAIIATICB, UOS 

(20) 
u (20%) 
6 (30%) 

(20) 

(22) 
5 (23%) 

0-7 



TABLE D2 (CONCLUDED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE TREATED WITH DDT 

N O  LESION fiEPORTED u 6 6 
ASIIIAL S I S S I N G / N O  NECROPSY 1 
NECROPSY PEBP/NO HISTO PERFORMED 27 1 9  
AUTO/NECROPSY/HISM PERP 1 1 
AUTOLYSIS/NO NECROPSY 1 3 ----------------------------------------------------------------------------------. 

8 NUMBER O F  A N I S A L S  PITH T I S S U E  EXAMINED SICROSCOPICALLT 
NUMBER O F  A N I S A L S  NECROPSIFD 

D-8 
, i 
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APPENDIX E 
- 
SUMMARY OF THE INCIDENCE OF NEOPLASMS 

I N  RATS TREATED WITH TDE 

- - -  
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TABLEEI 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED W I T H  TDE 

HERATOPOIE?IC SYSTE!! 

*MULTIPLP OBSANS ( 2 0 )  
MALIG.LYRPHOl9A. LYNPHOCYTIC TYP!? 
RALIG. L YRP HJBA, H I S T I O C Y T I C  TY PF: 

\ 

I 

E-3 
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TABLE E I (CONIWUED) 
SUMMARY OF lTiE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED WITH TDE 

I 

#PITUITAPY 
CRROIOPHOBE ADENOBI 
CLIOIA. NOS 

#ADRE NLL 
PHPOCHRCIOCY T O I A  

ADENCM, NOS 
?O LLICOI.AR-CELL ADENORL 
POLLICIILAB-CELL CARCINOIA 
C-CELL ADEN3UA 
C-CELL CABCINMA 

(PANCR PATIC I S L E T S  
I S L E - C  PLL A DENOIA 

OOSCOLOSKELETAL SYSTEI  

# NOIBEB OF ANIIALS WITfl TXSSOE E X A I I U E D  ~XCROSCOPICALLY 
* NOIBER OF ANIEALS NECROPSIED 

E-4 , .. 
. ~. 



* 
TABLE El  (CONCLUDED) . 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED WITH TDE 

ANIRALS INITIALLY I N  STUDY 2 0  
NATURAL DEATH3 12 
lJORIeUND S A C R I F I C E  ' 

SCHECULFD SACEIFICI!  
ACCIDENTALLY KILLED 
TERMINAL S A C R I F I C E  8 
ANIOAL RISSIN;  

50 
23 

2 1  

50 
19 

3 1  

run08 sonm RY 
TOTAL h N I f U L S  P I T H  PPIRIPY TOMOPS+ 

 TAL P B I n ~ t t y  TUEORS 

TOTAL ANICALS UITH BENIGN TUROES 
TOTAL BENIGB TORORS 

TOTAL ANIRALS WITH RALIGNANT TURORS 
TOTAL RALIZNANT TUR0P.S 

TOTAL ANIPALS UITH SECONDARY TORORS) 
TOTAL SECONDARY TUROES 

TOTAL ANIEALS UITH TOROES ONCFETAIN- 
BENIGN 0 8  RALIGNANT 

TOTAL UNCEaTAIli TUMORS 

TOTAL ANICALS UITH TOOORS ONCERTAIN- 
P E I R A R T  OP IIETASTATIC 

TOTAL ONCERTAIN TOR085 

7 33 
1 0  c5 

7 2 2  
9 2 1  

1 1Q 
1 18 

25 
3 0  

19 
2 0  

9 
9 

- 

1 
1 

E-5 
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TABLE E2 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED W l T H  TDE 

I I T E C U I ~ N T A R Y  S Y S T E I  

*SUBCUT T I S S U E  
S Q U A I O U C  CELL CARCINOIA 
SARCOIA. N3S 
P I  BROn A 
P I  BROSARCOlA 

LIPOSARCOMA 
L I P o n A  

*SUBCUT TISSU E/AXI LLA 11% 
IALIG.LYl?HORA. HISTIOCYTIC TYPE 1 (5%) 

( 4 9 )  

SPA NC R PAS ( 1 9 )  
I A  LIGNA HT LY I P H O I A ,  NOS 

E-6 , -. 

, 

\ -  
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TABLEE2 (COmUED) 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED WlTH DE 

D I G E S T I V E  SYSTEM 

B L I V E R  
HEPATOCELLOLAE CAECIROHA 

B P I T U I T A R Y  
CHROHOPHOBE AOENOIA 

*A D RE N A L 
CORTICAL ADENOMA 
CORTICAL CARCINOIA 
PH EOCHPOLlOCYTJI A 

#PARATHYROID 
ADINCHA, UOS 

)PA NC PEATIC I S L E T S  
I S L F T - C E L L  ADEAORI 

REPRODUCTIVE SYSTEI 

*MAMMARY ZI.AND 
ADENOCARCIKOMA. NOS 
P I  EROADPNOI A 

E- 7 
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ANIHALS INITIALLY I N  STUDY 
NATURAL D E A T H 3  
BO R I EUND S ACE I F  I C E  
SCHEDULED S A C P I P I C P  
ACCIDENTALLY KILLED 
TERM I N  AI. S ACRIP Ice 
ANJIAL RISSIN; 

20 
8 
1 

1 1  

50 
12 

38 

50 
1 6  

1 

33 

: I  

E-8 



TABLE E2 (CONCLUDED) 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS -TED WlTH "DE . 

TOTAL ANIFALS WITH RALIGNANT TOMOBS 10 
TOTAL MALIGNANT TUROPS .,.- 10 

TOTAL A N I M L S  WITH SECONDARY TUHOPSL 
TOTAL SECONCABY TUHORS 

TOTAL ABICALS WIT8 TUROPS 
BENIGN OR HALIDNLNT 

TOTAL UNCERTAIN TUROPS 

TOTAL ANIRALS WITH TURORS 
PRIHARY 08 HETASTATIC 

TOTAL UNCERTAIN TUROFS 

ONCERtA I N :  

UNCEETATN- 

12 1s 
12 16 

1 
1 

1 
1 

i 

E-9 

I 
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APPENDIX F 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 
I N  MICE TREATED WITH TDE 



TABLE Fl 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MlCE TREATED WITH TDE 

*RULTIPLE ORGANS ( 1 8 )  
UALIG.LYflPH3!IA, HIS?IOCYTIC 'TYPE 

OKIDNFY ( 18) 
UA L IC. I Y UPBOR A. H I  S T I  OCY ? I C  TYPE 

F-3 
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TABLE P1 (CONCLUDED) 
SUMMARY OFTHE INCIDENCEOF NEOPLAsIlLs M IWE MIETREATED Wrm ID€ 

TUICR s u m  BY 

TOTAL A B J M L S  YITH PRIIIAEY TUIORS* 
TOTAL P P I S A B Y  T O l O R S  

TOTAL AFI8AL.S UITW RFlIICB TUlORS 
TOTAL SEUIGU TUIORS 

TOTAL ABIIALS YITH IIALICBAUT TURORS 
TOTAL IIALICUANT TUIIOBS 

TOTAL AIRIPALS UITH SLCOBDARY TUIIOBS) 
TOTAL SECONDAEY TU3OBS 

TOTAL AUIRALS Y I T B  T U I O B S  ONCWTAIB- 
8 E l l I C B  OB IIALISUAUT 

TOTAL UUCEETAIU TUIIOPS 

TOTAL ABIIALS UITR TOOOPS OICl!BTAIl- 
P B I I A E ' I  OB NETASTATIC 

TOTAL U K E E T A I N  TUIIOBS 

8 
9 

6 
6 

3 
3 

19 
25 

7 
7 

11 
18 

1 
1 

19 
2 2  

4 
a 

17 
18 

.-." 

. F-5 



TABLE F2 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE fREATED WlTH TDE 

bLUNG ( 2 0 )  
MA LIG. LYRPHOHA. LP !lPHOCY T I C  TTPE 

F-6 

I 

j 



TABLE F2 (C0-1 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN PEMALEllllCETReATED WTM TDE 

* I A R N A B l  CLAUD 
A DEUOCA BCI UORA, U O S  

A L L  OTAEB S I S T E R S  

F-7 



TABLE F2 (CONCLUDED) 
SUMMARY OF 'THE INCIDENCE OF NEOPLASMS IN WCE TREATED wl"R TDE 

PURGE s u m  RY 

TOTAL ANTEALS YITH P R l H A R Y  TUIORS* 2 
TOTAL PPItIARY TUIORS 2 

TOTAL ANTHALS YITH SPNIGN TDHOES 
TOTAL BFNIGN T U I O P S  

13 6 
10 6 

U 
0 

1 
1 

TOTAL ANILALS YITH HALIGNANT 'TUIORS 2 10 5 
TOTAL 3ALICNANT TUHORS 2 10 5 

rOTAL ANIFALS l I T H  SFCONDARY TOHORS8 
TOTAL SFCONDISY T3HOP.S 

TOTAL ANTEALS YITH TUHORS UNCPRTAIN- 
BENIGN OP HALIGNANT 

TOTAI UNCERTAIU TUHOFS 

TOTAL ANIHALS YITH TUCORS UNCERTAIN- 
PRIHABY r)P METASTATIC 

TOTAI UNCEBTAIN TUI0F.S 

* PRIHARY TflHORS: ALL ?llHOaS PXCEPT SECONDARX T'JBOIIS 
8 SECONCARY TUEOAS: RETASTATIC TURORS OR TUlORS INVASIVE IRTO A N  ADJACENT ORGAN _-_-_____--___--__--------------------------------------------------------------- 

.. . 

F-8 
, -. 
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APPENDIX G 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 
LESIONS IN RATS TREATED WITH TDE 



TAELE G1 
SUMMARY OF THE INCIDENCE OF NONNEOPLASIlC LESIONS IN MALE RATS TREATED WITH TDE 

*UASAL CAVITY 
IIPLARIIATION, UOS 

OT R AC BCA 
I N  PLAIIMITI ON, UOS 

1LU IK; 

6-3 
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TABLE GI ( m m )  
SUMMARY OF THE INCIDENCE OF NONh'EOPLASI1C LESIONS IN hw RATS TREATED TDE 

4IYOCARDIUB 
DEG€NERATION. NOS 

( 2 0 )  ( 2 4 )  ( 2 2 )  4EN WCARDIUI 
1 (5%) INPLAIRLTION. NOS 

HYPERPLASIA. UOS 1  (QS) 

' ( 2 0 )  (50) ( 5 0 )  *AORTA 
1  ( 2 % )  INPLARMATIOU, NOS 

ARTERIOSCLEROSIS. UOS 4 ( 2 0 % )  6 ( 1 2 % )  ................................................................................. 
DIGESTIVE SISTER 

#LIVER . 
CYST, NOS 
IU P LAM RAT ION, UOS 
IETAl!ORPHOSIS FATTY 4 ( 1 1 % )  

*BILE DUCT 
HYPERPLASIA, NOS 

OPANCR PAS 
PER IARTERI T I  S 

.- , 
1 (5%) 

1 2  (60%) 1 1  (55%) 1 2  ( 6 0 % )  
2  ( 1 0 % )  

BUDOCRIRP SYSTEI  

4PITOITARY 
CYST, NOS 

. i  
i 
i 

I .  

G-4 
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TABLECI (CONTINUED) 
SUMIilARY OF THE INCIDENCE OF NONNEOPLAsnC LESIONS IN MALE RATS TREATED Wrm TDE 

(99) (U9) 
2 (W 9 (8%)  

2 (4%) 2 (4%) 
5 (10%)  6 ( 1 2 % )  

OTEYEOID ( 1 9 )  
POILICOLAE :IST. nos 
EYPCRPLASIA, C-CELL 1 ( 5 % )  
EYPBRPLLSIA, P3 LLICOLAR-CELL 2 ( 1 1 % )  

8 EP ROD0 CTIVP S 1 STE R 
#PROSTAT? -(is) ( 1 7 )  

1 (5%) 
EERORRHACE 
~ P L A R R A T I O N ,  NOS . 

.S ERIBAL V B I C L E  
EElORR FACE 

#TEST I S  
IUPLARRATIOB, BOS 
CALCIOI! DEPOSIT 
ATBOPBY. UJS 

MEEVOOS SISTER 

S P E C I A L  SENSE OBGAUS 

1OSCOLOSKELPTAL SYSTER 

6-5 
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TABLE G1 (CONCLUDED) 
SUMMARY OF TEE MCIDENCE OF NONNEOPLASTIC LESIONS M W RAIS TREATED WllY l  TDE 

W B D O B I B A L  CAVITY 
BBMORRAAGE 

*MESENTERY 
ARTERIOSCLEROSIS,  N O S  

ALL OTAER SYSTEMS 

UORE 

no LPSIOS REPORTED 4 6 
NECROPSY P E R F / U O  R I S T O  PERFORMED 1 
AUT C/NECEOPSY / A I S T O  PERF 1 
AOTO/h'ECROPSY/NO A I S T O  2 .................................................................................. 

8 BOBBER OF A N I I I L S  Y I T A  T I S S O k  EXAMINED MICROSCOPICALLY 
NUMBER O F  A U I I A L S  N E C P O P S I E D  

-. . ,. 

6-6 
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"TAELJ2 G2 
SUMMARY OF THE INCIDENCE OF NONNEOPLASnC LESIONS IN FEMALE RATS TREA'IU) WITH TDE 

BE8 AT0 POIET IC ST STE 8 

OBONE MRROO 
IIETAI!ORPHOSIS PATTI 

8SPLEEU 
REIORRRASE 
HEM ATDPOIESIS 

K E B V I C A L  LYRPH UODE 
I N  PLA MRATI ON, NOS 

( 2 7 )  

#BEART 
TBROIIBOSIS. NOS 

( 1 9 )  (25) ( 2 9 )  OMYOCARDIOH 
IUPLAIRATIOU. UOS 1 (UX) 
DEGEUERATION, NOS 1 (0%) 

( 1 9 ) '  (25) (2 9) 8ENWCABDInM WIPeRPLUU.49S- ---------- --l&- 

8 UDMBEB OP AUI8ALS OITfl  T ISSUE EXAMIIIED ILCBOSCOPICALLT 
UUMBPR OP AUIIALS IIECEOPSIED 

WCLUDKS PASTIALLY AUTOLYZED MRUU? 

6-7 



TABLE G2KO-I 
SUMMARY OF THE MQDENCF. OF NONNEOPLASTIC LESIONS IN FEMALE RATS TRMTED WITH TDE 

(LIVER 
CYST, I O S  
ROLTILOCULAR :YST 
INPLAHRATION, NOS 
BETAROEPH3SIS FATTY 

~LIVEE/CEN?RILOBULAR 
DEGENERATION, NOS 

* B I L E  DUCT 
DILATAT'ON, NOS 
HYPEPPLASIA, N3S 

(PA NC E EAS 
INFLAR!!DTION, NOS 
PE RIARTEEiTIS  

8ST ORACH 
ULCEP. P0:AL 

( L A R G E  INTFSTINE 
INFLAH5ATI ON, NOS 

(KIDNEY 
HY CRONFFHROSI S 

ENDOCRINE 5 YSTER 

CADRE BAL 
ANGIECTASIS 

G-8 

000185 

! 

i 
i 
I 
I 
I 

I 
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TABLE. G2 KO-) 

SUMMARY OF 'IRE INCIDENCE OF NONNEOPLASFIC LESIONS IN W RATS TREATED Wrra TDE 

BEPRODUCTIVE S Y S T E I  

*nAnnAriy GLIND 
GALACTOCELE 

.qAGIIA 
INPLARRATIOUr NOS 
POLYP 

OUTER US 
BY CBORETRA 

TU PL AR R AT I O N ,  
CYST. NOS 

NOS 

(19) 

, ;b, 

WTEtIUS/ENDOIETRIUII 0 0 )  136) 

u (11%) 
HYPERPLASIA. NOS 1 (3'1) 
HYPERPLASIA, CYSTIC 3 (10%) 

. G-9 



G-IO 



f 

i 
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APPENDIX H 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 
LESIONS IN MICE TREATED WITH TDE 



I I I Z ~ G O I I C I I T A  P I  S I S T E l l  

*SKI11 
IIIPLA!lIIATIOE, 1305 
CALCIPICATIOE.  UOS 
RIPERKEBATOSIS  
ACAUTBOSIS 

*ACCKSSCRT SLUOS 
IUtLA!lIIATIOE. IIOS 

H E R A T O P O Z T X  SISTEll 

W P L E P I I  
A n Y L o I D o s I s  
RE II ATOP OIBS IS 

ti-3 



i 
i 

I. 

i ;  I 

2 (1.1%) 12 ( 3 M )  
6 117x1 

BEPRODOCTIVE SYSTEM . .  

* m n m u Y  G L A N D  
GALACTOCELE 

*PREPUCF 
INFLAK?IATION, NOS 

*PFEPOTIAL ;LAND 
.INPLAKKATION, NOS 

BT ES T I  S 
ATROPHY. NOS 

B IWIEER OF ANIIALS UITR TISSDE EXAIIRED I ICEOSCOPICALLl  
BDKBER OF ANIIALS NECROPSIED 

H-4 
:', 
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110 LESION REPORTED 1 7 19 
AUILIAL RISSIUG/UO NECROPSY 1 1 
AUTO/RECBOPSY/AISTO P E E P  1 1 
AUTC/N!CEOPSY/UO HISTU 1 
LUTOLYSIS/NO IIRCROPSY 1 ................................................................................ 

0 UUIIB?E OP A R I I A L S  YITH T I S S U E  PXAMEUED MICROSCOPICALLY 
UUBBEE OP AIIIEALS UECROPSIED 

H-5 



‘i 

. I  

TABLE H2 
SUMMARY OF THE INCIDEI!IC€ OF NONNLDPLASnC LESIONS IN FEMALE MICE TREATED Wml mE 

CONTBOL (VPH) LOU DOSE HIGH DOSE 
02-?029 02-F030 02-PO31 

20 AUIRALS INITIALLY i N  STUDY 
AUIRALS EISSLNG 
ANIMALS NECROPSIED 
A B I R A L S  FXARINED HISTOPATHOLOGICALLYCC 2 0  

.................................................................................... 
50  50 

1 3 
20 u 9  U l  

u9 U? .................................................................................... 

c 

H-6 



TABLE HZ (CONCLUDED) 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTlC LESIONS IN FEMALE MICE TREATED TDE 

H E P E O D U C T N P  SYSTER 

#UTERUS 
H I  DEORETEA 

IUTLEUS/PIDOLIETRIUR 
INFLARRATION, NOS 
HYP ERPLASIA.  = I S T I C  

I 

H-7 
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APPENDIX I 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 
I N  RATS TREATED WITH DDE 
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IETEGUIENTAEY SYSTEM 

*SKIE 
FTBRO MA 

(20) 

. .. 

O S P L I E E  
REIAEGIOSARCOMA 

(211 

* B I L E  DUCT 
CYSTADEEOIA,  EOS 

(501 

O EURBER OF A I I I I A L S  VITR TISSUE K X A I I l E D  I I C P O S C O P I C A L L I  
U U I B E R  OP AEIMALS IICCROPSIED 

*EXCLUDES PARTIALLY AUTULYZED ANDIALS 

1-3 

. ..  



TABLEII (coHIzNuu)) 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED wI?H DDE 

)PITUITARY 
CARCIUOLIA,NOS 
CRROMOPH3BE ADEUORA 

(2 0 )  (4 9) W7) OTAY ROID 
2 (1@%) 8 (161) 8 (171) POLLICDLA R -C ELL A D E  NORA 

FOLLICOLAR-CELL CARCIIIOIA 
C-CELL ADERORA . 
c - c e L L  CARCINOMA 1 (5%)  1 (21) 

1 (5%) 5 (101) 2 (41) 
2 (10%) 1 (211 1 (21) 

* R A R R A R I  GLAND 
ADEEOIA. ROS 
PIBROADENORA 

#PROSTAT? 
SARCOMA. NOS 

OTESTI S 
INTERSTIr IAL-CELL TDEOB 

NERVOUS SISTELI 

OBRAIN 
G L I O I I ,  tiOS 

1-4 
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TABLE I I (CONnvDED) 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MAL€ RATS TREATED Wrm DDE 

BODY CAVITIES 

*ABDOIIIBAL CAVITY 
PIBEOSAECOIA 

ABIIALS I U I T I A L L I  11 STUDY 
UATURAL DEATB) 
I IORIBUBD SACRIFICE 
SCEEDULED SACRIPICE 
ACCIDEBTALLY KILLED 
TEEIIUAL SACRIFICE 
A B I I A L  I I S S I U G  

23 
7 

13 

so 
32 

18 

50 
39 

1 

15 

TO?AL ABIIALS SIT8 P E I I A E I  TUMORS* 9 
?OTAL P E I I A E Y  TUR3ES 11 

TOTAL AUIllALS OITA B L B I G R  TUMORS 5 
TOTAL BEBIGB TUI3RS 7 

TOTAL AUIRALS PITH IALIGIIABT TUIORS U 
TOTAL MALIGUAUT ? U I O B S  U 

21 
29 

15 
20 

9 
9 

20 
20 

15 
15 

5 
5 

TOTAL AUIRALS UITR SECOUDAEI TUIORSI 
TOTAL SICDUDART TUIOES 

TOTAL AIIIIALS OITA ruions UUCEETAIU- 
BEUIGU OR MALIGUABT 

TOTAL UUCERTAIU TUMORS 

TOTAL AIIIIIALS UITH runons UUCEETAIB- 
P R I M A R Y  08 METASTArIC 

TOTAL UUCERTAIU TUMORS 

P E I R A E Y  TUMORS: ALL T U I O E S  EXCEPT S E C O B D A E Y  TUMORS 
0 SKCOBDAET ? U I O R S :  I E T ~ S T A T I C  TUIOES 38 TUMORS IUVASIVE I U T 3  A I  ADJAClUr  O E G A l  ------------------------------------------------------------------------------- 

_. . .. 
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TABLE 12 
SUMMARY OF THE INCIDENCE OF NEOPLASMS Dl FEMALE RATS TREATED WITH DDE 

I 

IBTEGDIEUTARY SYSTEI 

*SUBCUT TISSUE 
SQUAIOUS CELL CARCIROUA 
SARCOIA.  NOS 

*SUBCOT T I S S U  E/BACK (20) 
I A L I G . L T I P R O B A ,  R I S T I O C T T I C  T Y P E  

(‘(9) 

.CIECULATORY S Y S T E I  

(REART 
PIBROSARCOIA 

. 
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TABLE12 (CONTINUED) 
: SUMMARY OF THE INCIDENCE OF N E O P W M S  IN FEMALE RATS TREATED WITH DDE 

( 2 3 )  

1 lUI l  

# P I T U I T A R Y  
CRROIOPAOBE AUEU311 

(ADREUAL 
CORTICAL ADEUOIA 

* I A I I A R T  GLAND 
A D E U O I A .  10s 
ADEUOCARCI 11011. 83s 
PIBROADEIOIA 

*VAGIUA 
LEIOITOSAECOIA 

(33) (23) #UTERUS 
SARCOIA, ,NOS 1 (411 

1 (US) LEIOI IOSARCOIA 
EUDOIETRIAL STROIAL POLIP  3 ( 9 1 )  

1-7 



TABLE 12 (CONTINUED) 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN IUfS TRIWlED Wrm DDE 

*SKULL 
OSTEOlA 

BOD1 C A V I T I E S  

A U I l A L S  I U I T I A L L I  Ili STUD? 
NATURAL DEATH, 
OOEIBUND S A C E I ? I C E  
SCHEDULED S A C E I F I ~ E  
ACCIDEUTALLI KILLED 
T P R I I U A L  S A C R I F I C E  
A R I I A L  I I S S I U G  

20 
2 
2 

16 

50 
11 
2 

37 

59 
29 

3 

2 3  

." . 
. .  .. . 

1 )  

1-8 



TABLE I2 (CONCLUDED) 
SUMMARY OF THE INCIDENCE OF NEOPLASltlS IN FEWdJ?, RAT3 TREATED Wna DDE 

TUIIOE S U I I A E I  

TOTAL AUIIALS U I T E  PRIIAEY T U I O E S *  1 6  
23 TOTAL PRIIAEY T U I O R S  

TOTAL AUIRALS UITR B E U I G U  TUROES 1 9  
TOTAL BEUIGU TUIORS 1 6  

TOTAL A U I I A L S  U I T E  I A L I C U A U T  TUIOES 6 
-. 7 TOTAL I A L I C U A U T  TUIOES 

TOTAL A U I I A L S  U I T E  SECOUDAEI TUROESI 
TOTAL SECOUDAEI TUIIOES 

TOTAL A U I I A L S  U I T B  ?OBOES UUCEETAIU- 
BEUICU OR I A L I G U A U T  

TOTAL UUCEETAIU TUllOBS 

TOTAL AUIIALS UITE ?UL(OES UUCEETAIU- 
PEIIAEY 08  I E T A S T A T I C  
TOTAL UUCERTAIU T U I O R S  

36 
u9 

29 
95 

2 1  
3u 

2 5  
3u 

1u 
15 

10 
1 1  

1 
2 

1-9 



APPENDIX J 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 
I N  MICE TREATED WITH DDE 



TABLEJI 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE TREATED WITH DDE 

AMIBALS MECROPSIED 18 
AMIIIALS E I A R I M E D  E I S T 3 P A T f l O L O 6 I C A L L Y ~  18 

01 
0 1  

07 
07 

L 

IIOLTI P L E  ORGABIS (1 8 )  
1 A L I G . L Y 1 P E O I A .  L Y l P E O C Y T I C  TYPE 
I A L I G . L I I P S O I A ,  E I S T I O C 1 T I C  TYPE 

OIIESGBTERIC L .  BODE (12) 
RALIG.LYMPEO1A. E I S T I O C I T I C  TYPE 

(37)  

0 MOIIECR 01 A l l I l A L S  U I T E  T I S S O E  C I A p r M t D  IIICROSCOPICALLY 
MOBBER 01 A B I I l A L S  MECBOPSIBD 1 

-BxcuIDKs PMTULLY AUTOLYZED AN3iMhL8 

J-3 
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i 
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TABLEJI (m-1 
SUMMARY OF THE INCIDENCE OF NEOPLUMS IN MALE MICE TREATED WITH DDE 

, .  
I 
i 

I 

J-4 
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TABLE J 1 (CONCLUDED) 
SUMMARY OF llE INCIDENCE OF NEOPLASMS M MALE MICE TREATED W l l ' l l  DDE 

AUIIALS IUITIALLY In STUDY 
UATUBAL DEATH3 
IOHIBUBD SACRIFICE 
SCKEDULED SACRIPICE 
ACCIDEUT AL LY KILLED 
TERIIUAL SACRIFICE 
AUIIAL IISSIUG 

2 0  
18 

2 

50 
3 8  

11 
1 

50 
34 

16 

TOTAL AUIIALS.PITH P E I I A B Y  TUIOBS* 
TOTAL PRIMARY T U I O E S  

TOTAL AUIIALS PITK BEUIGU TUIORS 
TOTAL BEUIGU TUMORS 

TOTAL AUIIALS PITH IALIGUAUT TOMOBS 
TOTAL IALIGUAUT TUIORS 

15 
18 

4 
U 

13 
1 4  

2 2  
2 8  

2 
2 

2 2  
2 6  

TOTAL AUIIALS YITE SECOUDAEY TOBOBS# 
TOTAL SECOUDARY TU11085 

TOTAL ARIIALS WITH roious UIICEBTAIU- 
BEUIGU OR IALIGUAUT 

TOTAL UUCEETAIU T O I O B S  

TOTAL AUIMALS PITH TUIOBS OUCEETAIR- 
P R I M A R Y  OB IETASTATIC 

TOTAL OUCERTAIU TUMORS 

P B I I A B Y  TUMORS: ALL TUMORS EXCEPT SECOUDABY TUIOBS 
# SECOHDARY TUIORS: IETASTATIC T U I O U S  O B  TOIOBS IUVASIVE IUTO AU ADJACENZ OBGAII _--------------------------------------------------------------------------------- 

J-5 



SUMMARY OF THE INCIDENCE OF NEOPLMbfS TABLE J2 IN FEMALE MICE TREATeD WI7H DDE 

* I O L T I P L L  O B G A U S  
IALIG.LYIPBOIA, 
I A L I G . L I I P B O I A ,  

4SPLEEU 
EEIIANGIOIA 
ECIAUGIOSARCOIA 
IIALIG . L I I P E O I A ,  

t L i n e R  NODE 
IALIG.LYIPBOIA, 

#UTERUS 
I A L I G . L I I P H O I A ,  

CIBCOLATOBI S I S T E I  

R I S T I O C I T  I C  

B I S T I O C I T I C  

T I P 2  
TYPE 

TYPE 

TY P I  

5-6 
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TULE 12 (CONITNUFD) 
SUMMARY.OF TEE INCIDMCE OF NEOPLASIIIS IN FEMALE MICE TREATED wrrtl DDE 

OTETEOID 
1OLLICULAE-CELL CAECIUORA 

( 3 3 )  

*RARRART GLAUD 
ADEUOCAECIUO~A, BJS 
PIBRO ADEBORA 

UEEVOUS SISTER 

0 UURBCE OF ABIRALS WITE TISSUE CIAQBED R1CROSCOPI:ALLT 
RUBBER 01 AUIRALS UECEOPSIID 

J-7 



TABLE 12 (CONCLUDED) 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE TREKITXI WflR DDE 

50 
1 1  

38 

50 
2 1  

23 

TOROR S O I I A R I  

TOTAL AUIIALS P I T 8  PRIMARY TUMORS. 
TOTAL PRIRARY TOMORS 

TOTAL AHIIALS UITH BEUICU TUMORS 
TOTAL BEUICU TOIORS 

TOTAL AUIIALS UITR IALICUAUT TUMORS 

TOTAL ANIIALS UITH SECOUDARY TUIOBSO 

TOTAL RALICUAUT TOIORS 

TOTAL SECOHDAEY TOIORS 

TOTAL AHIIALS UITR rOMORS OIICERTAIU- 
BEHIGN OR IALIGUAUT 

TOTAL OUCERTAIU TOIORS 

TOTAL AUIIALS UITR r O I O R S  OIICERTAIII- 
PRI IARY OR I E T A S T A r I C  

TOTAL OHCERTAIR TOIORS '- 

P R I I A E l  TOIIORS: ALL TUMORS EXCEPT SECOUDARY TOIOES 
0 SECOUDARY TOIORS: METASTA?IC TUMORS OR TUMORS IUVASIVE I820 AB ADJACEUr ORCAB ................................................................................. 

ANIIALS I H I T I A L L Y  I U  STUDY 
UATURAL DEATRd 
llORIBOHD S A C R I P I C E  

ACCIDEHTALLY KILLED 
TERIIHAL SACRIPICE 
AUIIAL R I S S I U G  

SCREDOLED. SACRIPICE 1 

20 
2 

1 
16 

1 

5 
6 

3 
0 

2 
2 

2 5  
29 

1 
1 

2 u  
28 

35 
39 

-1 
1 

35  
38 

1 
1 

J-8 
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APPENDIX K 

SUMMARY O F , T H E  INCIDENCE OF NONNEOPLASTIC 
LESIONS I N  RATS TREATED WITH DDE 



TABLEKl 
SUMMARY OF T?iE INCIDENCE OF NONNEOPIASIlC LESIONS IN MALE RATS TREATED WITH DDE 

I B T E G O I E E T A B T  SISTER 

*SKI11 
SEBACEOUS C Y S T  

E I R A T O P O I E T I C  S T S T I I  

0BOUE I A B R O U  
IETAIOBPHOSIS PArTI 

0 S P L E E U  
COBGESTIOE,  UOS 
PERIARTERITIS 
E E I A T O P O I E S I S  
EYPOPLASIA,  L Y I P H 3 I D  

0LTIIPR UODE 
HYPPBPLASIA, BO5 

5 (ZUK) 

K-3 



I 

, !  

j !  
I ,  I 

i 

I .  

CIRCULATORY s y s r e n  I 

OREART 
ARTERIOSCLEROSIS, UOS 
CALCIUM DEPOSIT  
CALCIPICATION, NOS 

. 0 a ~ o c a ~ D 1 u a  
INFLAMMATION, NOS 
DEGENERAXIOR. NOS 
CALCIUM DEPOSIT  

O ENDOCARDIUM 
RYPERPLASIA, AOS 

*AORTA 
ART EEIOSCLEROSIS,  EOS 
CALCIPICATION, n3s 1 12s1 .--, 

( 5 0 )  (U7) (20) *POLMONARY ARTERY 

1 (21) HYPERTROPHY, NOS ----------------------------------------------------------------------------------- 
DIGESTIVE SYSTEM 

OLIVER 
CONGESTION, NOS 
REMATOIIA, ORGANIZED 
F I B R O S I S  
NECROSIS, NOS 
METAMORPHOSIS PAFTY 
A NG IECTAS I S 

8 L I V E R /C FNT R I LOB 0 LA R I 

A ECROSIS , CO AGULA T I  VE 

* B I L E  DOCT 
DILATATION, NOS 
CYST, NOS 
INFLAMMATION, NOS 
P I  BROSIS 
HYPERPLASIA, NOS 

(20) 

2 (10%) 

(20) 

3 (81)- 

5 (131) 
20 (50%) 

9 119x1 

, 

K-4 



TABLE KI ( m m D )  
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS TREATED WTIlf DDE 

OSTORACR 
ULCER, nos 
OLCER, POCAL 
CALCIUI  DEPOSIT  
CALCIPICATION. 113s 
I i IPERKERATOSIS 

OGASTRIC RUCOSA 
ULCER, BOS 

OPEIERS PATCH 
RIP ERPLA SI A, Uos 

U R X I A R I  S I S T E R  

OKIDNEI (20) 
RIDROBEPHROSXS 

COIGEST131 ,  NOS 15 (75%)  I1PLA81ATION. CHR3UIC 

3 (15%) 
F I B R O S I S  
CALcxOI! D E P O S I T  

OKIDriEI/PELPIS 
IUPLAIRATIOB, 80s 

*ORETEE 
CALCIUI! DEPOSIT 

1 (5%) 
18  (901) 18 (90%) 

1 (5%) 2 (10%) 
1 (5%) 

EllDOCRIllE SISTER 

K-5 
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TABLE PI (CONIINUED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASnC M O N S  IN MALE RATS WED W l l W  DDE 

I T E Y R O I O  
CTST, NOS 
FOLLICULAR C I S ? .  BOS 
I B F L A R R A T I O B ,  I O S  
ATROPHY, UOS 
A I P E R P L A S I A ,  C-CELL 
AIPERPLASI A ,  POLLICULAR-CELL 

e (20%) 
2 (10%) 

(2) ( le)  (1 3) #PARATHYROID 
1 (71) F I B R O S I S  

1 2  (921) R I P E R P L A S I A .  IOS 2 (lC)D%) 10 (1001) ................................................................................... 
REPRODUCTIVE SISTER 

#PRO STAT E 
CYST, NOS 
I U?LARRATI OB. NOS 
ATROPHI, BOS 

* S E R I I A L  V E S I C L E  
I B P L A n n k r I O B ,  BOS 
I N F L A ~ ~ A T I O B .  CEEONIC 

# T E S T I S  
I B P L A  HRATIOII, BOS 
CALCIUR D E P O S I T  
C A L C I F I C A T I O I ,  113s 
A T R O P M .  NOS 

K-6 
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TABLE K1 (CONCLUDED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLAsnC LESIONS IN MALE RATS TREATED DDE 

*ABOORIBAL CAVITY 
RPRORRRAGE ' 

PIBROSIS 
UECROSIS, ?AT 

+PEEITOIEUR 
IBPLARRATIOI,  IOS 

(47) 

it-7 
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TABLE K2 
SUMMARY OF THE INCIDENCE OF NONNEOPLASnC LESlONS IN FEMALE RArS TREATED wml DDE 

O L U R G  
l!IRERALIZATIOU 
CORGESTIOR, EOS 
E D E I A ,  ROS 
HEIORRBAGE 
ABSCESS, NOS 
PREOIORIA. CHROMIC IIURIUE 
G R A R U L O I A ,  ROS 
CALCIPICATIOR,  ROS 
HYPERPLASIA, EPITHELIAL 

HEIATOPOIETIC S I S T E l l  

#BORE I A R R O U  
IPT AIIORPiiO SIS PATTI  

)SPLEEN 
TRROIBOSIS,  NOS 
CONGPST13NI 60s 
GRARULOIIA, ROS 
PIGIERTATION, 80s 
HYPERPLASIA. RtTICULUR CELL 
H E I  AT 0 PO I E S I  S 

5 (25%) 
2 (10U) 
4 (2'JU) 

Kr8 

L 



TABLE K2 (coHIwuu)) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASIIC LESIONS m FEMAU RATS IREATED m DDE 

CIECOLATOEI s x m n  

0KEIIRT 
TiJEOIBOSIS, #os 
C O U G E S T I O I ,  E O S  
FIBROSIS 
LRTERIOSCLEROSIS.  E O s  

0 I I O C L R D I U I  
x t w L A n n a r x o n ,  nos 
I N P L A I I A ~ I O I ,  m C A L  
D E G E l E R A T I O S .  nos 

0EEDOCAEDIUI 
KTPERPLASIA,  EOS 
R I P E R P L A S I A ,  FOCAL 

*LOETA 
LETEEIOSCLEEOSIS. nos 

11 - (55s) 12  (011) e iJSh 

DIGESTIVE s w e p  
0 L I V E R  ( 2 0 )  

TUROIBOSIS,  n 0 S  
C o n G e s T x o n ,  nos 
GRAIIIULOIA. IOS 1 (5%) 
EECROSIS, nos 
IECROSIS, m c i L  1 (5%) 

IETAIIORPROSIS ?ATTT 1 1  (55%) 
I E C R O S I S ,  COAGULATIVE 

ATROPEI,  #OS 
RIPERTROPKI,  EOS 
EIPERTROPEY. l O C A L  
A E G I E C T A S I S  

0 l U l B E E  O? A I I I A L S  WITE TISSUE X I I I I I I E D  I I C E O S C O P I E A L L I  
I U I B E E  O? A E I I A L S  I E C E O P S I I D  . 

K-9 
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i 
1 .  

i 

! !  
! !  

;: 
I, 

i :  

1 :  

TABLE KZ(0oNlTNTED) 
SUMMARY OF ME INCXDENCE OF NONNEXlPLASIYC LESIONS M FRIIAIE RATS TREATED Wrm DDE 

\ 

1 K I D N E I  
I IUERALIZATIOU 
AIDRONEPHROSIS 
CONGESTIOU, NOS 
INPLAIUATION, CHR3NIC 
CRAIIULOIA, EOS 
CALCIPICATIOU, 80s 
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I I E E R A L I Z A T I O E  
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TABLE IC2 (CONTIMJED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASIlC LESIONS IN FEMALE RATS TREATED WlTH DDE 

E I D O C R I I E  SISTER 

#PITUITARY ( 1 8 )  ( 3 3 )  
CYST, IOS 1 ( 6 % )  1  (3%) 
RYPERTROPBY, UOS 

1  (3%) 
1 (3%) 

HYPERPLASIA. UOS 
AYPERPLASIA, CBROROPEOBE-CELL 

IADREIAL ( 1  9 )  ( 3 0 )  
TERORBOSIS, EOS 
C O I G E S T I O I ,  IOS 1 (3%) 
B EROR R HACK 1 (3%) 

CYTOLOGIC DEGEIERATIOU 2  ( 7 % )  
RYPERTROPRY, 80s 1 (3%) 
AIGIECTASIS  1 5  ( 7 9 % )  a ( 2 7 % )  

DEGEUERATIOI, BOS 

#ADREIAL CORTEX 
AYPERTROPBY, IOS 

#THYROID 
FOLLICULAR CYST, IOS 
DEGEIERATIOU. CYSTIC 

U ( 1 7 % )  

*VAGIEA 
IEPLARRATIOU, IOS 

OUTERUS 
HYDRORETRA 
GRAIULORA, IOS 

#UTERUS/EUOOIETRIUR 
CYST, ROS 
IUFLARRATIOU, NOS 
RYPERPLASIA, EOS 
EYPERPLASI A.  CYSTIC 

. . . . . . . . . . .. . . .  ._ . . _ .  

K-ll 

t- A 



TABLE K2 (CONCLUDED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS M FEMALE luTs TREATED WITH DDE 

(BRAIM (20) 
CYTOPLASRIC VACU3LIZATIOU .................................................................................... 

SPECIAL S E U S I  ORCABS 

NECROPSY PERP/UO HISTO PEEFORRED 2 2 
A UT O/NECEO PSI/RISTO PEEP 1 

2 
1 

AUTO/NECROPSY/RO HISTO 
A UTOL I S I S /  110 NECR3PS I ------------------------------------------------------------------------------------ 

I UURBER OP AUIRALS U I T R  TISSUE EIARIUED I I C E O S C O P I C A L L I  . 
NURBER OF AUIRALS UECEOPSIED 
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TABLELI 
SUMMARY OF THE INUDPSCE OF NONNEOPLASnC LESIONS IN MALe MICE TREATED WITH DDE 

IETEGUIEETAEY S I S T E I  

*SKIR 
EPIDERBAL INCLUSION CYST 

EELIATOPOIETIC SYSTEM 

0 SPLEEN 
INPLAIBATION, NOS 
A I I L O I D O S I S  
R E B A T O W I E S I S  

#REART 
TREOBBOSIS,  NOS 

OBIOCA R D I U B  
I RFLA B O A T 1  011, EOS 
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TAELELI (CONTINUED) 
SUMMARY OF THE INCIDENCE OF N O N N E O P W C  USIONS IN M U  MICE fREArrz) DDE 

OLIVER 
TRROREOSIS,  10s 
ARILOIDOSIS 
E I P E R P L A S I A ,  UODULA R 
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TABLE L2 
SUMMARY OF THE INCIDENCE OF NONNEOPLASIIC LESIONS IN FEMALE MICE TREATED IV I lH  DDE 

#LIVER 
THBOIIEUS, OBGA8IZED . 
A Y P f R  PLA S I  A, UODOLAR 

*GILLELADDER 
XUPL&llRATIOU, AOS 
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TABLE K (CONTINUED) 
SUMMARY OF THE INCIDENCE OF NONNEOF'LASIIC LESIONS M FEMALE MICE TREATED Wcrn DDE 

I E D O L e I u E  SISTIII 

EEPBODUCTIVE STSTEII 

e u r e E u s  
R I D e O n m E A  
IUILAIIIIATIOE,  EOS 
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TABLE L2 (CONCLUDED) 
SUMMARY OF THE INCIDENCE OF NONNEOPLASnC LESlONS IN FEMALE MlCE TREATED WITH DDE 

BODY CAVITIES 

*PER ITOU EUI 
IuPLAnIATIoU, wos 
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Review o f  t h e  Bioassay  o f  DDT, TDE, and p,p’-CDE* 

by t h e  Data E v a l u a t i o n / R i s k  Assessment Subgroup 
of  t h e  C lea r inghouse  on Envi ronmenta l  Carc inogens  

f o r  C a r c i n o g e n i c i t y  - 

June  2 9 ,  1978 

The Clear inghouse  on Environmental  Carcinogens was 
e s t a b l i s h e d  i n  May, 1976,  i n  compliance w i t h  DHEW Committee 
R e g u l a t i o n s  and t h e  P r o v i s i o n s  o f  t h e  F e d e r a l  Advisory 
Committee Act. The pu rpose  of t h e  C lea r inghouse  i s  t o  
a d v i s e  t h e  D i r e c t o r  o f  t h e  N a t i o n a l  Cancer I n s t i t u t e  ( N C I )  
on i t s  b i o a s s a y  program t o  i d e n t i f y  and t o  e v a l u a t e  chemica l  
c a r c i n o g e n s  i n  t h e  environment  t o  which humans may be exposed.  
The members of t h e  C lea r inghouse  have been drawn from 
academia, i n d u s t r y ,  o r g a n i z e d  l a b o r ,  p u b l i c  i n t e r e s t  g r o u p s ,  
S t a t e  h e a l t h  o f f i c i a l s ,  and q u a s i - p u b l i c  h e a l t h  and r e s e a r c h  
o r g a n i z a t i o n s .  Members have been s e l e c t e d  on t h e  b a s i s  o f  
t h e i r  e x p e r i e n c e  i n  c a r c i n o g e n e s i s  o r  re la ted  f i e l d s  and,  
c o l l e c t i v e l y ,  p r o v i d e  e x p e r t i s e  i n  c h e m i s t r y ,  b i o c h e m i s t r y ,  
b i o s t a t i s t i c s ,  t o x i c o l o g y ,  p a t h o l o g y ,  and ep idemiology.  
R e p r e s e n t a t i v e s  o f  v a r i o u s  Governmental a g e n c i e s  p a r t i c i p a t e  
as ad hoc members. The Data Eva lua t ion /R i sk  Assessment 
Subgroup of  t h e  C lea r inghouse  i s  charged  w i t h  t h e  r e s p o n s i -  
b i l i t y  o f  p r o v i d i n g  a p e e r  review o f  r e p o r t s  p r e p a r e d  on 
NCI-sponsored b i o a s s a y s  of chemica ls  s t u d i e d  f o r  c a r c i n o g e n i c -  
i t y .  It  i s  i n  t h i s  c o n t e x t  t h a t  t h e  below c r i t i q u e  i s  g iven  
on t h e  b ioassay  of DDT, TDE, and p,p‘-DDE f o r  c a r c i n o g e n i c i t y .  

The r ev iewer  agreed t h a t  t h e  s t u d y  d i d  n o t  p r o v i d e  f i r m  
ev idence  f o r  t h e  c a r c i n o g e n i c i t y  o f  DDT i n  ra ts  o r  mice; 
tha t  TDE may be c a r c i n o g e n i c  i n  t h e  t r e a t e d  ra ts ,  as ev id-  
enced  by an  i n c r e a s e d  i n c i d e n c e  o f  t h y r o i d  tumors ;  and t h a t  
p,p’-DDE was n o t  c a r c i n o g e n i c  i n  t r e a t e d  rats b u t  d i d  a p p e a r  
t o  be a hepa toca rc inogen  i n  mice. The r e v i e w e r  s a i d  t h a t  
c a u t i o n  shou ld  b e  e x e r c i s e d  i n  i n t e r p r e t i n g  t h e  r e s u l t s  i n  
view o f  t h e  s t u d i e s ’  sho r t comings .  Among t h e  e x p e r i m e n t a l  
l i m i t a t i o n s ,  he n o t e d  t h e  small matched c o n t r o l  g roups ,  t h e  
f ac t  t h a t  t h e  s t u d y  was conducted  i n  a room i n  which o t h e r  ~ 

chemica l s  were under  t e s t ,  t h e  numerous dosage changes 
d u r i n g  t h e  cour se  o f  t h e  c h r o n i c  s t u d y ,  and t h e  v a r i a t i o n s  
i n  t h e  pa thology p r o t o c o l .  The r e v i e w e r  s a i d  t h a t  i t  was 
n o t  p o s s i b l e  t o  assess human risk based  on t h e  r e s u l t s  o f  
t h e  s t u d y .  
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A Program s taff  member n o t e d  t h a t  o t h e r  s t u d i e s  have 
demonst ra ted  t h e  c a r c i n o g e n i c i t y  o f  some o f  t h e  t e s t  corn- . 

pounds i n  mice. H e  said t h a t  t he  data from t h i s  s t u d y  were 
p robab ly  n o t  ambiguous b u t  ra ther  r e f l e c t e d  a d i f f e r e n c e  i n  
r e s p o n s e  t h a t  e x i s t s  between s p e c i e s  and s t r a i n s .  It was 
n o t e d  t h a t  any c o n s i d e r a t i o n  t o  r e t e s t i n g  t h e  compounds 
would be  based, i n  par t ,  on a review o f  a l l  p u b l i s h e d  s t u d i e s .  
The r e v i e w e r  moved t h a t  t h e  report  on t h e  b i o a s s a y  of DDT, 
TDE, and p,p'-DDE be acceDted as w r i t t e n .  
a m r o v e d  w i t h o u t  ob. iect ion.  

The motion was 

Cleayinghouse Members Dresen t  : 
Arnold L. Brown (Chairman).  Mavo C l i n i c  
P a u l  Nettesheim. N a t i o n a l  I n s t i t u t e  o f  Envi ronmenta l  

Verne Rav. P f i z e r  Medical Research Labora torv  
Verald K.  Rowe. Dow Chemical U . S . A .  
Michael B. Shimkin. U n i v e r s i t y  o f  C a l i f o r n i a  a t  S a n  Dieao 
Louise  S t r o n g .  U n i v e r s i t y  o f  Texas Heal th  S c i e n c e s  Cen te r  

Health S c i e n c e s  

* Subseauent  t o  t h i s  review. changes may have been made 
i n  t h e  bioassay r eDor t  e i t h e r  as a r e s u l t  o f  t h e  r ev iew 
o r  o t h e r  r e a s o n s .  
r e f l e c t e d  i n  t h e  rev iew may no l o n g e r  be  a m r o p r i a t e .  

Thus. c e r t a i n  comments and c r i t i c i s m s  
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