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ABSTRACT 

Male and female CCF (F-344) r a t s  were exposed t o  0, 3,  10 or 40 ppm 

ethylenc di bromide, 6 hourslday, 5 days/week for' 13 weeks for  a t o t a l  of 67- 

68 exposures in 95-96 days. Scheduled s3crif ices  occured a f t e r  1 ,  6 ,  and 

13 weeks of exposwr:. Additional r a t s  viere held for a recovery period 

OF 6s-39 days and subsequentiy necropsied. Body weight data was obtzined 

throughout t h n  s t ~ d y  and the animals were observed dai ly  for  signs of 

toxicity. Hematology, ur inalysis  and c l in ica l  chemistry parameters were 

measured. Gross'ani microscopic pathological examinations were conducted 

on selected t issues of a1 1 anin~al s .  Weights of various organs were 

recorded and oryan/body weight r a t io s  were calculat~cl.  

Rats exposed t o  3 ppm ED2 showed no consistent e f f ec t  in any 

parameter measured. A t  10 ppm,  E D B  caused s l igh t  ep i the l ia l  hyperplasia of the 

nasal  tub-binates in anirnals necropsied a f t e r  1 ,  6 or 13 weeks of exposure; 

however, 88 days a f t e r  the l a s t  exposure to  EDB, no morpho?ogfcal 

d i f f e re~~ ; - . e  fro!il coctroi aninals was observed. Rats exposed t o  40 ppm E D B  

s b w e d  a defini t e  adi/erse I-e;l:onse characterized by a desrea.se in body 

weight g a j n  th r~cghout  t h e  13-wek exposure ~ c r j o d ,  an increase in liver 
and k,idney w i g h t s  a f t e r  5 arjd 1 3  weeks ~f exposare, and pathologic 

e f f e c t s  i c  the nasal epithelium. A t  t h i s  concentrat'on the nasai 

turbinates cf r a t s  progressed from very s l igh t  hyperplasia of the 

epithelium a f t e r  1 week of exposure t o  E D B  t o  hyperplasia and nonkeratizing 

squarncus metaplasia of the  epithelium a f t e r  13  weeks of exposure to  EDB.  

After 2. recovery period of a t  l eas t  88 days, only a s ingle  focus of 

hyperplasia of the nasal epithelium in one r a t  and increased r e l a t i v e  

l ive r  \:eights were apparent as residual e f fec ts  fi-om the subchronic 

exposure. I t  i s  believed that  these observations would have returned to  

control l imi ts  i f  allowed a longer recovery period. 

Therefore, while t h i s  study has shown that  repeated subchronic 

exposure of r a t s  t o  10 or  40 ppm ECS induces pathologic changes in the 

respiratory epitheliun~ of the nasal turbinates,  a subsequent postexposure 

phase revealed a lack of  progression of the lesions, with almost complete 

reversion toward normal h i  stol ogi c appearance of the nasal turbi nates.  

In view of these f indings,  a n d  the lack of any lesion subsequent t o  

repeated exposure t o  3 ppm E C 6 ,  short-term repeated exposure to  



these  concentrat ions of E D B  wou?d not be expected t o  r e s u l t  i n  any long 

term i r r e v e r s i b l e  e f f e c t s  upon the nasa l  tu rb ina tes  or o ther  t i s s u e s  o f  

the body. 



INTRODUCTION 

The toxi  cologi c a ?  propet-ti e s  of Ethylene Di brorni de ( E D B )  have been 

assessed in a  number of s tud ies  over the pas t  25 years .  Current ly ,  

thc  American Canference of Govgrnrnental Indust r ia l  Hygienists has 

1  i s t e d  E C B  as having carcinogenic potenti21 without an assigned 

TLV. Rowe e t  a l .  (1952)  reported the s ing le  oral  dose t o x i c i t y  of EDB 

f o r  several  species o f  animals. These are l i s t e d  i n  the  following 

tab1 e .  

Species Single Oral L D 5 0 ,  mg/%g 

Mice - Females 42 0 
Rats - blales 146 
Rats - Fomal es  117 
Chi ckens 7 9 
Gu ine~  Pigs 110 
Rabbits - Females 55 

EDB can a153 02 absorbed tiirougn the skic  in t o x i c  amounts. Tile LDS0  f o r  

skin absorption i n  r abb i t s  i s  Setween 300 and 553 mg/kg. ED3 i s  a l s o  

i r r i  t? t i  ng t o  ti12 skin and the eyes. 

Acute inhalat ior:  t o x i c i t y  data a r e  a l s o  included i n  the r epo r t  of Rosve 

e t  a l .  (1952). The maximum survival  times f o r  r a t s  exposed t c  E D B  vapor 

a r e  reported as follows: 

E D B ,  Ppm Maximum Survival Times 

Rats 3000 
both sexes 

1600 

6 minutes 

12 minutes 

20C 2 hours 

Guinea Pigs 400 
both sexes 

200 

2 hours 

7+ hours 



Examination of feinale r a t s  g'ven single inhalation exposures t o  E D B  gave 

these resul ts  (Rowe e t  a l .  , 1952):  

Hours of Exposure 
With Adverse Wi thou t Adverse 

ECB, ppm 
. .. 

Effects - - Effects 

The adverse e f fec ts  following these a c ~ t e  inhalation exposurss included 

pulmonary congestion, edena, he~morhage and i nf lamifiation. The 1 ivers  
showed hepatocellular degenera t i~n  and necrosis and the kidneys had 

s l igh t  inflammatory and degenerative changes. 

Ethy:ene dibromide i s  reported to produce i r r i t a t i o n  of the mucous rneinbranes, 

headache, vertigo, giddiness , nausea, vomi t i  ng , drowsi ness and coma when 

inhaled ( S t .  Georr~z, 1937) .  Thornas e t  c1 (1927)  reported th;t guinea pigs 
exposed t o  0,2-9.3% E C E  fo r  30-150 ininutzs had msa l  i r r i t a t i o n .  

Data on chrcnic v3por exposure of animals to E D B  were a l s o  repoi-ted by 

Rowe e t  a7. ( 7 9 5 2 ) .  Animals viere axposed f o r  7 ho;irs/day, 5 days/weik 

foi- periods of up t o  6 mmths. The data are surnrnarized in the attached 
Table 1 .  

In a carcinogenic bioassay conducted by the NCI (01 son e t  a!. , i 973) 

EDB was given by oral intubation t o  r a t s  and mice. Squamous cel l  
cai-cinoms of the stomach were found in r a t s  as  ear ly  as 10 weeks 

a f t e r  the s t a r t  of the study. The doses :.:ere changed within the 40-200 

mg/kg/day range several times during che study. Table 2 summarizes 

the number of tumors noted. 



Recent information ind ica tes  t h a t  a  ?-year inhala t ion study being 

completed by W C I  has i den t i f i ed  nasal tumors in r a t s  and mice 

exposed to 1 0  and 40 ppm EDB. 

In view of t h e  local  i r r i t a t i n g  proper t ies  of EDB o n  the  upper r e sp i r a to ry  

t r a c t ,  t h i s  study was conducted t o  assess  the p o s s i b i l i t y  of EDB-induced 
nasal epi thel ia!  changes t h a t  may precede o r  acconpany t he  development 

o f  nasal tumors i n  roden-ts. 

This study would give perspect ive  to  the forthcoming tumor d a t a  f r ~ m  the  

NCI study by: 

A1 laving an assessment of whether o r  not various i n f l a ~ ~ m a t o r y ,  

degenerative,  nec ro t i c ,  hyperplas t ic  or m2tapl a s t i c  changes 

ocsur i n  the nasal epithelium pr io r  t o  ( o r  a t  doses lower 

than those l e c d i n g  t o )  the  developinsfit: of  tumors, 

All o w i n g  ari a s s e s s m ~ n t  o f  whethzr o r  n o t  the  e x p z u r s  leve ls  

s!~ilwn 1;; ic6:!ct2 ~ ? s a l  t i v o r s  i n  rodents a r e  azsocia ted w i t h  

adverse n f f c c t s  t h a t  l:nuld indicate  a mzximal a? era ted d o 2 2  

( F I T C )  may h3v2 bsen exceaded in the  chrosic study a t  NCI. 

Allowing a corriparative assessment of thos2 possib7e e f f e c t s  

noted a t  higher exposure l eve l s  of 40 o r  10 ppm w i t h  e f f e c t s  a t  

a lower exposure level  ( 3  ppm). 



MATERIALS A N D  METHODS 

General Study Design 

A 13-week inha la t ion  study of ED0 a t  concentra t icns  of 0 ,  3,  10, 

o r  40 ppm was conducted with in ter im s a c r i f i c e s  of male r a t s  a f t e r  i 

week ( 5  exposures) and 6 weeks (29  exposures) .  Groups of control  and 

exposed r a t s  were re ta ined f o r  a t  l e a s t  88 days a f t e r  the  l a s t  exposure 

t o  a s s e s s  the r e v e r s i b i l i t y  o f  e f f e c t s  observzd a f t e r  13 weeks of 

exposure t o  E D B .  

Body weights were obtained a t  l e a s t  weekly t h r o u g h ~ u t  the  study. 

Basjc henlatological and urinary parameters were measured p r i o r  t~ t h e  6 

week and 13 week s a c r i f i c e s .  UrSnalysis was a l so  performed on anima4s 

i n  the  recovery group. Clinical  chemistry values were measured a t  the 

1, 6 ,  and 13 week scheddled necropsies. Weights of the  bra-in, hea r t ,  

l i v e r ,  kidneys, t e s t e s  (males only) and thymus Mere obtajned and compared 

w i t h  the body w i g h t s  o f  the r a t s .  Tissues of lungs,  bronchi, t rache3,  

nasal t u rb ina t e s ,  1  i v e r ,  kidneys, t e s t e s ,  w a r i e s ,  u t e r u s ,  and c i r i d ~ c i ~ s  

wcre examined his topathological ly  from r a t s  c f  a l l  exposure level  s a t  

a1 l schedu! ed necropsies.  

Mater ia l .  Production grade ethylene dibrornide supplied by The Dow 

Chemical Company, Magnolia, Arkansas was used f o r  t h i s  study.  Gas 

chromatographic ana ly s i s  of the  t e s t  material  was made p r i o r  t o  

study i n i t i a t i o n .  The t e s t  material was a l so  analyzed twice during 

t he  study and a f t e r  the  f i na l  exposure by the  DOW Analytical  Lab 

(Tab1 e  3 ) .  

Generation and Sampling of Vapor Concentrations of E D B .  E D B  was 

vaporized by metering the  l iqu id  a t  a  ca lcula ted r a t e  with a  precis ion 

pump i n t o  a  warred vaporization f l a s k  (1 00°C). The vapors were swept 

from the  f l a s k  with compressed a i r  i n to  the  main chamber a i r f low.  The 
3 chambers wcre 1 m s t a i n l e s s  s t ee l  and g l a s s  Rcchester-type chambers. 

The nominal concentrat ion was calcula ted from the r a t e  a t  which l iqu id  

EDB was di spensed and the  t c t a l  charnber a i r f low.  The charnber concentra- 

t ion  of E D B  was analyzed a t  l e a s t  3 t ines lday  by gas chromatography 

using a  flame ion iza t ion  de tec to r .  A 6 '  x 1/8" O D  nickel colunn packsd 
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with lo;, S P - T O G O  o i l  i 00/200 mesh Chromosorb W (Supel co ,  Inc. ) was used 
i 
I f o r  the ana lys i s .  The c a r r i e r  (he1 ium) , hydrogen and a i r  flows were 

54 ,  20, and 300 ml/inin, respect ively .  The column and de tec to r  temperatures 

were 140' and 20C°C, respect ively .  The re ten t ion  time f o r  the ED0 

peak was spproxima~eiy  one minute a f t e r  in jec t ion  of the  a i r  sample. 

Animals. Four groups of CDF r a t s  ( 9  weeks o l d )  (Fischer 344 der ived,  -- 
Charles River Laboratories,  Portage, MI) consis t ing of 40 male and 

20 female r a t s  were used. Rats were acclimated t o  the  condit ions of 

t h i s  laboratory  f o r  a t  l e a s t  I3 days p r io r  t o  the i n i t i a l  exposure to  E D B .  

The animals were randomly assigned t o  the  four  groups using numbers 

generated by the program GRAND.CLIST (Computation Laboratory, The 

Dow Chemi ca7 Company). The CDF s t r a i n  was chosen becaus2 of i t s  

c u r r en t  use in chronic tox ic i  ty/csrcinogeni ci  ty  s tud ies  in  t h i s  

laboratory  and many o ther  l abora to r ies .  

Ser ia l  s a c r i f i c e s  of i 0 ma!? rat;/group were conducted a f t e r  1 ( 5  
exposure l a y s ) ,  6 (29 exposwe dzys) and 13 weeks ( 6 7  exposure 

days) and  10 fegia?? ra ts /grou~ a f t e r  13 weeks (68 exposure days ) ;  

the remaining 1 rJ r a  ts/sex/grcup were held acd sacrif ; 'ced aFtei- 

at? 88-8s day pos t - sxpsu re  period Sor t h e  purpose of assess ing - 
r eve r s ib i l  i t y  of afiy l e s ions  t h a t  may be associated w i t h  exposure t o  

ED0 f o r  13 weeks. 

Procedures. The concentrat ions studied were 0, 3 ,  10  an3 40 ppm E D B .  

Exposures were 6 hcurs/day, 5 dsys/week. The animals were housed 2/cage 

during nonexposure periods and 5 o r  lO/cage fo r  females and males, 

r e spec t i ve ly ,  during exposure periods. Control animal s were a1 so housed 

in  a chamber during exposure periods.  Water and food (Purina Rat Chow) 

viere withheld during the 6-hour exposure period but were ava i l ab l e  ad - 
l ib i tum a t  a i l  other times. Rats were weighed twice p r i o r  t o  the  s t a r t  

of the  s tudy,  twice :ueekly fo r  the  f i r s t  two weeks of t he  study and once 

weekly t he r ea f t e r .  Male r a t s  exposed t o  the  various concentra t ions  of 

EDB f o r  5 days were i n i t i a l l y  exposed t o  E D B  6 days a f t e r  the o the r  

groups were i n i t i a l l y  exposed. Consequently, t h e i r  body weights were 



=t , i t i  s t i c a l  ? y  analyzed separate ly  f x v  t h ?  other groups. The groups 

necropsied a f t e r  5 o r  13 weeks of exposure and the recckery grcups were 

i n i  t - ial  ly  exposed t o  ED3 a t  the s a w  time and werc s t a t i s t i c a l l y  analyzed 

together .  Animals were observed a t  the end of each exposure period and 

s igns  of t ox i c i t y  noted and recorded. Par t i cu la r  a t t en t son  was paid to  

t he  eyes and nose f o r  c l i n i c a l  ind ica t ions  of i r r i t a t i o n .  

Cl in ical  - --- Determ; nat ions .  Basic hemato!ogical 2nd  u r i w l y s i  s detercii nations 

were conducted on 7 male ra ts /esposure  level  p r io r  t o  t h e i r  necropsy a f t 2 r  

6 weeks and a lso  on 7 rats/sex/expasure level p r io r  t o  t h e i r  tlecropsy 

a f t e r  12 vteeks of exposure. Urinalys is  on 7 rats/sex/exposure level  

was performed pr ior  t o  the necropsy on animals in the recovery group. 

Cli ni ca?  chemistry determinations was performed on a1 1 10 anirliais/sex 

( i f  applicaSle)/exposure level a t  the time of necropsy f o r  the  s e r i z l  

s a c r i f i c e s  a f t e r  1 , 5 ail3 13 weeks. Heaatnlogical paramei:ers" ncludad 

a t o t a l  erythrocyte couzt ( R E C ) ,  t o t a l  ( ! iEC) and  d i f f e r en t i a1  leukocyts 
/ c x n b  s, hemogl cbf n c~!nc~!n t ra t i  onc ;i - !GB),  and pcckeci c e l l  vol urnc ( P C V )  . 

b Urinary pc;r:;fixtsrs meiisri~& incl tded spec i f i c  y a v i  ty, pH, g?ur_mn, 

kctonzs,  Sf ? "1: bin , ~ l i * ~ b i  1 i ncjger,, cccul .i: 61 cod an3 pr6te.l n .  Cl -i rii cz l  
C chemistry : ~ e z s ! ~ m m - i - , s  i ncl ~ i d e d  b1 cjod 11:~eit n i  t i-agcn ( E W )  , serum 

g1.titami r, pyruvate tr2ilsai;ll: nus2 ( S G P T )  ,  rim g l  utami c o,<a!aezti c t:-a;:saxi nase 

(SGOI)  , serum a ?  kal i  ne phosph~tase  ( A P )  , slucose,  and bi i i rub i  n .  Serum 

bromide levels  of r a t s  exposed t o  E D B  f o r  G weeks were ineastired by 
d neutron act ivat ion . 

Pathology. - Gross examination of the eyes of a l l  r a t s  was perforned by a 

microscope s l  i  dft techriiqce a t  necropsy wi t h  observations recorded a s  p a r t  

of the gross pathologic, exanination.  A t  the time o f  each s a c r i f i c e ,  the 

eyes from 5 ra t s / sex  ( i f  appi i cab?e) /group were preserved in Zcnker' s  

so lu t ion .  The eyes of the remaining r a t s  were p r e s e r v ~ d  in 10% fo rm!  i n .  

a  PCV-Mi croiiemntocri 1; Centri fuge , Cl ay-Adams C o m ~ a ~ y ,  NPN Yo,-k , R B C  , 
WBC counts ,  Hgb - Coulter Codnter :+'ode1 281 and hmuglobinorneter, 
Coul ter -Elect ronics  , Hialea, F l o ~ i d a .  

" ~ p e c i f i  c gravi ty - T .  S .  bleter American 91;~s c 2 l  Compar;y, Buffalo,  9 ' t ,  
pli, glucose,  pr-oiei n ,  k e t ~ n e s ,  b i  1 i r u b i n ,  urobi l i nogen, occui t blood- 
B' 1 i 1 abs  t i  x ,  ,line. Con:piny, El khsru, 1r;di a n a .  

' ~ c r u n  - Cent r i f i cbm Sy:tm 100, Xethoci F i l e ,  Union Carbide Ccrp. ,  Rye, N Y .  

d 
Dcw Aiis1y~;ical Lab Report 79-10C'05. 



Gross necropsies were performed on a l l  rats, with specis1 at tent ion 

given t o  assessing the presence or absence of inflamnaticn of the upper 

respiratory t r ac t .  Ra ts  were fasted overnight pr ior  t o  necropsy. 

They were anesthetj zed wi t h  methoxyf lurane and decapi ta ted a f t e r  

clamping t k  trachea. The lungs and trachea of a l l  animals were 
remov2d as a unit and inf lated with '10% formalin from a hand hs7d 

syringe. The nasal passageways were perfused with formalin f ixa t ive .  

Fasting body weights and organ weights for  ' liver, kidneys, 

brain,  heart ,  thymus, and t e s t e s  (males) were obtained fro111 a l l  

r a t s  a t  each necropsy. 

Representative specimens o f  the t issues indicated in Table 4 were taken 

from a l l  an.irals and fixed j n  phosphate-buffered 10% formalin. The 

ta rge t  t issues ( I  ungs, bronchi , trachea, nasal turbinates  ( 4  transverse 

planes) , 1 iver ,  kidn?y, t e s t e s ,  ovainies, utwus and oviducts) were 

pi0oc?~st.d by ccn\:entional h i  sto:cgical rr;etht?ds, stained with h e i ~ a t c x y i  in 

?rid e c s i  11 and examincd h:;/ 1 1  gh?. 17; ~i-cscopy froin a1 1 10 r;ts!sex/gi-oup 

of cach ~i t he  se r i a l  s zc r i f i ces  a f t e r  1 ,  6 ,  13 wseks a n d  t b t ;  recovery 

grocp. 'Transverse sections tiiroug!: the decal c i f  ieci nasa: cav i ty w r e  made 
perpendicular t o  the plane of the hard palat2 znd the p'ianz of the  nasal 

septum a t  or nezr the following levels :  1)jmmed-iately caudal to  the 

upper incisor t ee th ,  2 ) a t  the incfsive papilla, 3 ) a t  the second palatal 

r idge, and 4 ) a t  the f i r s t  upper molars. 

Upon examination of the nasal turbinates ,  special a t ten t ion  was 

given t o  assessing the presence or absence of discernible  inflammatory, 

degenerative, necrot ic ,  hyperpl a s t i c  or rnetapl a s t i c  changss. 

Stat-ist ical  Evaluation. Body weights, body weight gdin, organ weights, - 
urine specific gravi ty,  heniatology and clinical chemistry data were 

evaluated using a n  analysis of variance and Dunnett's t e s t  (Steel and 

Torrie,  1960). The level o f  significance was p<0.05. 



RESULTS 

Chamber Analysis. Results of the chamber analysis a re  summarized in 

Table 5.  Since the actual analytical concentrations are  very close t o  
the desired concentrations of 3 ,  10 or 40 ppm,  these concentrations will 

be used throughout the report .  The temperature range was s imilar  

within the chambers. Likewise, the r e l a t ive  hurnidi ty  was nearly identical 

between the 4 chambers. 

Animal Observations. Male r a t s  exposed t o  40 ppm EDB f o r  5 days exhibited 

eye and nasal i r r i t a t i o n  during the f i r s t  expcsur? period. This was not 

observed in other animals scheduled f c r  longer exposure or a t  d i f f e ren t  

concentrations of EDB.  No other e f f ec t  re la tab le  to  ethylene dibromide 

exposure was observed. 

Two nan-e;:powre related deaths were observed in fema!e r a t s  frcm the 

3 and 10 ppgl exposure groilps durirg tbre 88 day recovey! period. 

Body Weights. Mean body w i g h t s  f o r  male and f e m l e  r a t s  inhzl ing - - 
0, 3 ,  10 o r  40 ppin a r e  shown in Tables 6-8. A decrease in body weight 

was observed in male r a t s  exposed to  40 ppm EDB during the 13-week 

expDsure perlod. Male r a t s  exposed t o  10 ppm EDB shewed a s igni f icant  

decrease fo r  t h 2  f i r s t  two weeks of the study and occasionally thereaf te r .  

A s t a t i s t i c a l l y  s igni f icant  decrease in body weight was observed in 

female r a t s  inhaling 40 ppm EDB on day  4 of the study. However, these 

r ign i f i  cant differences were not nearly so evident when body weight 

gains were s t a t i s t i c a l l y  analyzed (Figures 1-3 and Tables 9-17). The male 

r a t s  inhaling 40 ppm ethylene di bromide s t i l !  showed s t a t i s t i c a l l y  

decreased body weight gain during the 13-v!eek exposure period b u t  no 

change in body weight gain was observed a t  lower concentrations. The 

female r a t s  inhaling 40 ppm ED8 showed a decrease in body weight gain on 

day 4 and 14 of the study. 



Hematolo(7y. .-.' The female r a t s  exposed t o  40 ppm E D B  for  13 weeks had a 

s t a t i s t i c a l  decrease in hematocrit and in hemoglobin tha t  may have 

been the resu l t  of exposure (Table 1 2 ) .  No other measured hematological 

parameters revealed an e f fec t  a t t r ibutable  to exposure t o  E D B ;  the 

s t a t i s t i c a l  increase in hematocrit of males exposed to  3 pprn ED5 f o r  

13 weeks acd the s t a t i s t i c a l  decrease in total  white blood ce l l  counts 

of males exposed to  3 or 10 ppnl ED0 fo r  6 weeks were considered to  

be of no toxicologic significance due to  a lack  of a dose response 

and the expected var iab i l i ty  in th i s  parameter. 

Urinalysis. No treatment-re1 ated ef fec ts  on ur inalysis  parameters were 

observeci in any male r a t s  exposed t o  ED8 (Table 13) .  However, fema'le 

. r a t s  exposed t o  40 ppm E D B  fo r  13 weeks showed a s t a t i s t i c a l l y  s ignif icant  

decrease in specif ic  gravity of the urine (Table 1 4 )  which was interpreted 

as treatment-related. After a recovery period of 58 days, the decrease 

i n  specif ic  gravity was n o t  observed. 

51 -ir:ical Chemi st : ,$/ .  As a p c x d ,  scruin bromide 1 eve; s were s; ciiif icantly ------ - . -  L- 

e l e v a t d  i n  a dose-.related inanilcr sbovc control values For a71 9wups of 

male r a t 2  ~xposcd t o  ED6 for  ti wxks (Tab? e 1 5 ) .  Ei'o other p i r am Lei-s, 

of those measured, exhibited a consistent effect  due to exposure to  

ethylene di bromide; the s t a t i s t i c a l  increases in to ta l  bil irubin noted 

in r a t s  exposed to  3 o r  10 ppm E D B  for  13 weeks and the s t a t i s t s c a l  

decrease in SGPT values in r a t s  exposed t o  40 ppm ED8 for  1 week were 

considered representative of the ncrmal variation seen with these 

parameters and o f  no toxicologic significance. 

Organ/Body Wei g h t  Ratios. - 
Values for  terminal body weights, organ weights, and organ/body 

\</eight ra t ios  for  male,and femzie r a t s  are l i s t ed  in Tables 1 6  and 1 7 ,  

respectively.  After one week of exposure, there were no s t a t i  s t ?  cal l y  

s ignif icant  d f  fferunces i n  organ weights a t  any exposure leve l ,  a1 t h o u g h  

the absolute and re1 at ive 1 iver weights were elevatsd sl  ightl  y .  The re1 a t ive  

l i v e r  weights cf male r a t s  exposed t o  43 ppm ED5 were increased a t  each of  
the 3 subsequent necropsy in terva ls ;  t h i s  was considered to be the r e s u l t  

of the expcsure to  40 ppm EDB a n d  the accompanying decrease in body 



weight o f  t h i s  group. Female r a t s  exposed t o  10 01- 40 ppm EDB fo r  
13 weeks hed elevated absolute (40 ppm snly)  and re l a t ive  1 iver weight 

values. These i i v e r  weight ch;inges observed in the f e m ~ l e  r a t s  a f t e r  

exposure t o  10 or  40 pprn EDB fo r  13 weeks were most l i k e l y  due t o  

exposure; these cha.nyes were not observed a t  necropsy i n  r a t s  a f t e r  

an 88 day recovery period. 

Kidney weights of male r a t s  were increased a f t e r  6 weeks of exposure t o  
3 ( r e l a t ive  basis on ly ) ,  10 ( r e l a t i v e  basis only) and 40 pprn (absolute 

and re la t ive  basis) E D B .  However, a f t e r  13 weeks o f  exposure, kidney 
weights were increased on a r e l a t ive  basis only in males exposed to  

40 ppm E D B .  Thus, the t rans ien t  increase in r e l a t ive  body weights 

noted a f t e r  6 b u t  not 13 weeks of exposure to 3 or  10 pprn E D B  was' 
considered t o  be of questionable s-ignificance. Kidney weights of 

female r a t s  were not s t a t i s t i c a l l y  different  from control values 

a t  any of the exposure leve ls ,  b u t  th5re was a trend toward increased 
relar ive kidney w e i g h t s  in female r a z  exposcd to 40 ppm E D B  fo r  13 

weeks. 

The wigh t ;  o f  the i:rr;-it.i, hrarr;, thhyriius h n d  t es tes  w r e  nat cor.sidere:! 

to  be direc t iy  affected by exposure to  3,  10,  c r  49 ppm EDB. Tile 

s t a t i s t i c a l  increase in r e l a t ive  brain weights noted in males exposed 

to 40 ppm ED6 for  6 or 13 weeks or 10 ppm ED6 f o r  6 weeks v~ere considered 

secondary ref lect ions of the lower body weights of these groups. The 
s t a t i s t i c a l  increase in r e l a t ive  weight of the thymus of male r a t s  exposed 
to 10 ppm E D B  for  13 we@ks was considered an expression of the normal 

va r i ab i l i t y  h i s to r i ca l ly  encodntered in recording the wei9ht of che 

thymus. The increase in r e l a t iv?  weights of t e s t e s  noted in the recovery 
group subsequent t o  exposure t o  3 ,  10, or 40 pprn ED8 were considered 

t o  be a secondary re f lec t ion  of the lot..rer body weight as compared to  the 

control group sacr if iced a t  t ha t  time. The same explanation applies t o  

the decreased absolute t e s t i cu la r  weights i n  males exposed to  40 ppm 

E D B  f o r  13 weeks. 



P ?  t i ; (~ io - . v .  Due to the numerous Me)-im sacrifices and recovery 

p o v t i a n  c f  t o i s  study, the resu l t s  of the gross and microscopic patho- 

1o:;i c exjiiiin~tions (Tab1 es 13-25) wi 11  be discussed separately.  

6-8.2.1 I n  tcrim Sacr i f ice .  The r e su l t s  of the gross pattlologic - 
oSservztions for  male r a t s  terminated on day 6 of the study ( 5  exposure 

perinds) are  l i s t ed  in Table 18. There were no grossly v i s ib l e  

lesions considered to  be related to treatment. 

HSstopathologic observations and the actual number of t i ssues  examined 
mi crcsccpicai ly  from male r a t s  terminated' on day 6 o f  the study are  

- 
l i s t ed  i n  Table 19. Effects a t t r ibutable  t o  E D B  were seen only in the 

i w s t  anter ior  sect.ion of the nasal turbinates. All male r a t s  exposed to  

40 ppm EDO showed very s l igh t  t o  s l i gh t  scattered t o  diffuse hyperpliisia 

o f  the i-es2iratory e p i t h e l i m  of the tw-Dinates. Five o f  te r !  male r a t s  
of  t h i s  ?:-o~.~p shswed very sl ight focal inafvidual epi thsl  iz l  colt  necr9sis 

~f the resp i rz t~ l -y  epit!lel i i i~i~. Nine c f  ten m3le rat. exposed Lo '1 0 ppnr 

ED2 sho~iec! isolated t o  scat tered hyperplasia of the respiratory ep . i t i :~ i i~n :  

9rzbcd very s ' l isht  to  s l i g h t  i n  degree. One r a t  of t h i s  group showed 

ioca: individua: epi the1 f a1 cel l  necrosis c f  the  respiratory epi the1 ium, 

very s l jgh t  i r ,  degree. Examination of sections of nasal turbinl;tes of 
r a t s  exposed t o  3 ppm E D B  revealed no hyperplasia or other les ions 

re1 ated to  exposure. 

% s t  of the male r a t s  of the control group shwed varying d- is t r ibut io~l  

of r i  ight submucosal and epi the l ia l  inflammation of the respiratory . 

epithel iurn with focal a g g r q a t e s  of inflammatory c e l l s  in the  lumen of 

the nasal turbinates.  In addition, the tracheal submucosa of a l l  male 

control r a t s  shewed a s imilar  inflammatory response, accompanied by a 

hypzrplastic response of the mucosal epi theliurn. This in f l  amnation 

occurs a t  a highly variable ra te  in th i s  laboratory. Male r a t s  exposed 

to  3 ,  10 or 40 pprn showed a substantial decreass in the inflammatory 

reaction n o t d  in both ,lasal tbrbinates and trachea in comparison t o  

controls .  This decrease in infla~nmation noted in the nasal turbinates 



and trachea may or may not have been the resu l t  of  exposure to  E D B .  All 
other  histopathologic observations were considered t o  be spontaneous i n  

nature and typical of r a t s  of th i s  age and s t ra in .  

40-Day Interim Sacr i f ice .  The gross pathologic observations of male 

r a t s  tcrrnfnated on day 40 of the study ( 2 9  exposure periods) a re  l i s t e d  

in Table 20 .  There were no gross observations which were considered t o  
be the r e s u l t  of exposure. 

Histopathologic observations of male r a t s  terminated on day 40 and the 

actual nuir~bers of t i  ssues exami i-ied microscopical l y  are 1 i  sted in Tab1 e 

21. ED3 exposure-related ef fec ts  were again limited t o  the most an ter ior  

section of the respiratory epithelium of the nasal turbinates .  

All male r a t s  exposed t c  40 ppm E C B  showed very s l igh t  to  s1 ight  1w1 ti- 

focal to  diffuse hyper-plasia and very s l igh t  tc  s l igh t  mu1 t i focal  

individzal epi the1 '21 ce l l  necrosis of the respjratory epi the1 ium. 

P.11 male r a t s  exposed to  10 ppm EDP, showc l  very s:ight TO s l i g h t  

hyperpl3sia ar' t k  respirati jry epiti-121 ium w.i t h  an i so : ; t~d  .ig d.iifus.- 

dis t r ibvt- ion.  Nasal t u r b i x t c s  of r a t s  exposed t o  3 ppn o f  ED3 !?ad 

no les icns  a t t r ibuted  to  the expcsure. Ma12 r a t s  exposed t o  40 pprn E D B  

had an increased incidecce of s l igh t  focai atrophy of the renal tubules 

This e f f e c t  was n o t  observed i n  r a t s  necropsied a f t e r  1 or 13 weeks o f  

exposure to  E D B .  In f a c t ,  a f t e r  1 week of exposure t o  E D B  a decrease in 

the tubular atrophy of the kidneys was observed from the control group. 

No other hi stopathologic observations were considered to  be re1 ated to  

exposure to  ethylene di bromide. 

95-96 Day Sacrif ice .  The gross pathologic obs2rvations of male and 

female r a t s  on study f o r  95-96 days (67-68 exposure periods) a re  l i s t e d  

in Table 22 .  Five of ten male r a t s  exposed t o  40 ppm of E D B  showed a 

decreased carcass s i ze  a t  the time of necropsy. I n  addi t ion,  f ive  of 

ten female r a t s  exposed to 40 ppm ED6 showed very sl ight  t o  sl ight  

d i f fuse  paleness of the l i v e r .  No other grossly v i s ib l e  e f f x t s  

a t t r i  butabl e t o  ethylene di bromide were observed. 

Histopathologic observations o n  male and female r a t s  sacr if iced on day 

95-96 of the study are  l i s t e d  in Table 23. Effects considered t o  be 



C 

relatcd to E D O  exposure were primarily 1s11iited t o  the most an ter ior  

, - sections of the nasal turbinates.  

,.??I ~ a ' l e  and female r a t s  expcsed t o  40 pprn EDB showed very s l i g h t  to 

sl ight diffuse or focal nonkeratinizing squamous metaplasia and hyper- 

plasia o f  the respiratory epfthelium. In addition, a l l  male a n d  most 

female r a t s  exposea to  4G pp!n showed very s l ight  focal individual 

cpi the1 i a i  cel l  necrosis of the respiratory epithelium. 

Bine of ten r a t s  of each sex exposed t o  10 ppm showed very s l i g h t  to 

sl ight degrees of i  solated t o  mu1 t i  focal hyperplasia of the respiratory 

epithelium. One fernale r a t  of t h i s  exposure level showed very sf ight  

focal individual epithel ia l  cel l  necrosis of the respiratory epi the1 ium. 

The nasal turbinates of r a t s  exposed to  3 p p n  exhibited no les ions due 

to the exposure t o  ethylene d i  bromide. The increased incidence of 

subplelrral mcnor,uclear aggregates observed i n  the lung of r a t s  exposed 

t o  ED5 occurs a t  a highly variable r a t e  in th i s  s t ra in  of r a t s  in t h i s  

l a b o r l t g r y  a n d  i s  con5ic'er.d nc!- tos ic~10c~: 'cs l ly  sicriif icant.  

I n  YIE!~ O F  th:? grossly cbs2rved bevy s l ? g h t  "L slic~hi. degree o f  tlcljaci!: 

paI?ness, i n  5 of' '10 femaies, and the prt!s2nce of hspa t~c~ l1 , l ' l a r  cytop1as:niC 

vacuoiacion in H&E stained sections of l i v e r s  of 2 of 1 0  females exposed 

t o  40 pnm EDB, Oil Red 0 stained l ive r  sections from a l l  female r a t s  

exposed t o  0 or 40 ppg E C B  were also examined. This revealed a very 

s i  i g h t  Increase of f a t  wi tni  n the 1 iver sections of females exposed to  

40 pprn EDS. Due t o  a lack of any s igni f icant  increase of f a t  in the 

l ive r s  of Females exposed t o  40 ppm of EDB, and the absence of any 

grossly v is ib le  hepatic paleness a t  lower levels,  t i s sues  from the lower 

exposure groups were rmt stained with Oil Red 0 Stain.  



88-83 D a y  Recgvery Sac r i f i c e .  The gross observations of rnal e 2 n d  feinal e 
r a t s  on study fo r  94-95 days (67-68 exposure periods) and subsequently 

held f o r  a  recovery period of a t  l e a s t  88 days a r e  l i s t e d  i n  Table 2 4 .  

One f m a l e  each froni the  3 and 10 ppm gi-o~ps died spontaneously during 

the  recovery psriod. k c r o p s y  of thzse  t w ~  female r a t s  showed a general i zed 

acute  b.=,:teria? septicemia,  l;:ith bacterial organisns ~ o t e d  in  various 

organs and t i s suz s .  These deaths  were not c o n s i d e r ~ d  t o  be r e l a t e d  t o  

. There were no gross pathologic  

t o  be re la ted  t o  exposure. 
previous expccure t o  vapors of E D B  

observations vhi ch weye considerzd 

Histo?athologic observations of ma l e  and female r a t s  c f  t h j s  recovery 

group a r e  l i s t e d  in  Table 25.  Exami~ation of the sec t ions  o f  the  nasal 

t u rb ina t e s  revealed nc evidence of progression of the e p i t h e l i a ?  hyper- 

p l a s i a  o r  metaplasia t h a t  h3d been prev.iczsly noted a t  the ? ,  6 o r  73 

week s?cr.ifi:ces. The nasal t i i rb ina tes  o f  a1 1 10 males previci!sly exposed 
4. 
LO 10 art 4C ppn zti>j/lege di  brcnide had no cli scerci  b !  e char;gez i n  c m p a r i  scn 

t c  ~ ~ . r ; f u . o i s  a s  2 resi . ;I t  of -the i l - x p ~ ~ t i r ~ .  ?f the  10 f ~ ~ ? a l ? s  previously  

e x p c s d  . t ~  49 p p :  E 9 E ,  5 o f  fhc  IG fmla les  h a d  na ev!dn!lce ctf hyperplas ia ,  
meta,n?acja o!- exposui-c-rey3t?d pati;ojr;<jj: effcc+;s i.!ii-hjn t k e  i7asa? 

t u rb ina t e s .  One female r a t  exposed t o  4C ppm E X  had 3 s ing ic  focus o f  

epf thel  i a l  hyperpiasia ncted in  t h e  resp i ra to ry  epi t3el  ium of the na.sal 

t u rb ina t e s  whicn was probably the so le  r e r i na~ t  from the prevfous exposure 

t o  E2B. 

Ex2mination c f  the  nasal turb 'nates  of females previcusly exposed t o  10 

ppm of EDG revealed no evidence o f  epi thel i a l  hyperolasia t h a t  had been 

noted durjng t k  exFosure. As with the  interim s a c r i f i c e s ,  t h e w  were no 

exposure-related observations in  the  naszl tu rb ina tes  of mzle o r  female 

r a t s  ?.posed previously t o  3 ppm of EDB.  



CONCLUSIONS 

I n  t h i s  study, r a t s  were exposed t o  0,  3 ,  10, or  40 pp,n E D B  f o r  1 ,  6 

o r  13  vieeks and an addi t ional  group of r a t s  were held f o r  an 88-89 day 

recovery period following the 13 week exposure. Rats exposed t o  3 

ppm E D B  showed no cons i s ten t  e f f e c t  in any parameter measured. Exposure 
t o  1G ppm ED5 caused hyperplasia of the  respi ra tory  epi theliurn of the  nasal 

tu rb i  na tzs ,  b u t  no e f f e c t s  in the  o ther  t i ssues  examined. Exarni nation 

of the nasal tu rb ina tes  and o the r  t i s s u e s  from the recovery grcup revealed 

no di f ferences  from con t ro l s  in  t he  10 ppm group thus ind ica t ing  a lack 

of progression of the  l es ion .  

Rats exposed t o  40 ppm E D B  had mu1 t i p l e  indications of t o x i c i t y  a s  

indicated by a decrease in  body weight gain, an increase  in  l i v e r  - 
and/or kidney weights and pathologic c h a n p s  in the nasal t u r b i i x t e s .  

k t  t h i s  concentration the  nasal t u rb ina t e s  of r a t s  progressed from 

vel-y s l  i  c j h t  hyperplasia of the  r e sp i r a to ry  epi thel ium a f t e r  1 week 

of exposure t o  hyperpl a s i a  and nonkerat.i nizing squamous metapl a s i  a 

of the  resp i ra to ry  e p i t h e l i w  a f t e r  13 weks  of expos9r.e. After  a 

recovery j x r i o d  of E8-89 days t he r e  was e s sen t i a l l y  complete r c . ~ e r s i  b i l  i t y  

of the l e s i ons ,  ; . i i t h  only a s l i g h t  hyperplasia i n  the nasal ep i t he l  iulu  

of ~ r i e  r a t  th3-t woul cl have k e n .  expected t o  return t o  within conti-o! 

1 irni t s  i f  a1 lowed a s l  i gh t l y  longer recovery period. 

A preliminary repor t  from the NCI Bioassay Program revealed a high 

incidence of tumors of  the r e sp i r a to ry  system of r a t s  exposed t o  10 and 

40 pprn EDB f o r  2 years .  These tumors in  r a t s  were pr imar i ly  located i n  

the  upper resp i ra to ry  system and described as primary adenomas, and 

carcinomas and adenocarcinornas of the  nasal cavi ty .  These f ind ings  

appear ccns i s ien t  with those o f  the  study reported herein which 

demonstrated t ha t  exposure of r a t s  t o  10 or  40 ppm EDB f o r  as  l i t t l e  

a s  f i v ?  days w2s s i l f f i c ien t  t o  produce hyperplastic (10 ppm)  and 

focal necrot ic  (40 ppm) a1 t e r a t i on  in the  nasal r e sp i r a to ry  epi  thel  ium. 

That such e f f ec t s  would progress in sever i ty  even t o  neoplasia following 

t ~ o  years  of exposure t o  these  EDB concentrations i s  not su rp r i s i ng .  

Eo;.iever these considera t ions  must a1 so be tempered by the  f inding t h a t  t he  

l es ions  of the nasal  t u rb ina t e s  produced by exposure of r a t s  t o  EDB 

f o r  9G days i q  t h e  present  study were revers ible  and nearly conple te ly  



so within about the same time span used t o  produce the e f f e c t ,  I n  

v iew of these findings and the lack of  any observable e f f e c t  i n  

r a t s  of the 3 ppm exposure group, these data indicate  tha t  short-  

term exposure t o  EDB would not 1 ikely r e su l t  i n  any i r r eve r s ib l e  

e f fec ts  on the upper respiratory t r a c t  or othzr t i ssues  of the body. 
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Compound P* Species Sex 

EDB 54  Rat: M 

ED8 54 R a t  F 

ED a 42 Mouse M 

EDB 42 Mouse F 

T A B L E  2 

FIUIIIGER OF STOMACH S~U.ribiOCS C A F C I  t W i A S  IN RATS 

RECEIVING E T H Y L E N E  DIOFGMI DT. BY ORAL. G A V A G E ~  

Stomach Dicd 
Squarnous without Snr- 
Carcinoma Tumors v i v i  r.3 

Stomach Died 
Squamous Without Sur- 
Carcinoma Tumors viving 

Controls I 
Stonach Died 
Squamous Without Sur- 
C d r c i  nollla Tumors v i v i . ? ~  - 

a 
Olson, W.A., Habermann, R. T., Weisburger, E. K., Ward, J. M. , -b le isburger ,  J .  t!. , B r i e f  Communication: 
I n d u c t i o n  o f  Stc~i lach Cancer i n  R a t s  and Mice by Halogenated A l i p h a t i c  Fumigants, J. N a t ' l  Cancer I n s t . ,  
51 (6), 1993-5, (1973) .  8 



TABLE 3 

ANALYSIS OF TBE ETHYLENE DIBROMIDE SAMPLE 

USED IN THE 13-WEEK INHALATION STUDY 

Ethyl ene  Di bromide 

Unknown ( p r o b a b l y  e t h y l e n e )  

Vinyl Bromide 

Ethyl Bromide 

Methylene C h l o r i d e  

Bromcchl oromethane 

Methyl ene  Brorni de and /or  1 -br80rno-2- 
chl  o r o e t h a n e  

2-Chloroethanol  

Bromoform 

2 - 3 r m o e t h a n o l  

1 , l  ,2-Tri  bronoe thane 

Bis (2 -bronoe thy l  ) e t h e r  

Weight % 

Analys i s  Ana lys i s  

1 a zb  

99.84 99.58 

0.02 

~ 0 . 0 3  0.01 

0 .29 

N . D .  

N.D .  

Analys i s  

3b - 

99.64 

N . D .  

0.01 

0.27 

N . D .  

N ,  D. 

0.01 

0.02 

0.01 

0.01 

0.02 

0.01 

Analysis  

45 

99.6 

N . D .  

0.01 

0 .25  

N.D.  

N . C .  

O.{ll 

0.02 , 

0.02 

0.03 . 

0.02 - 

C .  03 

N . D .  = Not d e t e c t e d .  

a Personal  communication f r ~ n i  J .  C .  Warren, J r .  , Qua1 i t y  Control  Lab. , D O N  Chegical USA, 
Nagnol i a  , Arkansas.  

b 
Dow A n a l y t i c a l  Lab 



TABLE 4 

REPRESENTATIVE TISSUE SPECIMENS OBTAINED AT AUTOPSY FROM ALL RATS 

esophagus 

sal ivary glands 

stomach 

small in tes t ine  

lzrge in tes t ine  

pancreas 

I i  vera 

kidneysa 

urinary bladder 

prostate  

acclzsr,or-;, sex gl  allcis 

ep id idgnid?~ 

t e s t e s  a  

ovaries a  

oviductsa 

cerebrum 
brain cerebell um 

brain stem 

p i tu i t a ry  gland 

spinal cord 

peripheral nerve 

tracheaa 

lungs ( b r ~ n c h i ) ~  

nasal turbi natesa 

sternum 

spleen 

lymph nodes ( thorac ic ,  mesenteric) 

heart 

aorta 

s k e i e k l  ~uy .c l e  

adrenal g l  ands 

thyroid gl and 

parathyroid gland 

adipose t i ssue  

skin 

any gross lesion or mass 

a 
I hese ta rge t  t issues were examined by conventional hi st01 ogical nethods. 

u-. 
1 I ssue  was evaluated l~ is to logica l ly  only to the extent tha t  i t  was included 
i n  routine sections o f  the adjacent larger organs. 



TABLE 5 

CHAMBER AIR ANALYSIS FOR ETIlYLENE DIBROMIDE EXPOSURES 

Exposure Concentration (ppm) 0 -- 
-. 

A n a l y t i c a l  Concen t r a t i on  X + S.D. 

1 wcclc  e x p o s u r z  
6 week e x p o s u r e  

13 waek exposure  

Notuinal Concentrar ion 2 t S . D. 
1 week eximsure 
6 week e x p o s u r e  

1 3  r~eelc exposure  

C o e f f i c i e n t  of V a r i a t i o n ,  % 

1 wcck e x p o s u r e  
6 week e x p o s u r e  

13 week e x p o s u r e  

D a l l y  Rc la t ive  Humidity,  %, 4 6+5 
c u n u l a t i v c i  



Days on test 
-- 

MEAN BODY TJEIGHT VALUES O F  MALE RATS 

EXPOSEE TO ETHYLEYE DIBROMIDE FOR ONE IJEEK 

DOSE LEVEL PP?.! 

Control 3 10 -- 4 0 
-- 

30 values were significantly different from controls by Dunnett's test, 
p <0.05. 





S T A T 1  S T I C A L L Y  S I G h l F l  C A L T  i l E V 1 A T I t i i ~  F9UM CO:UTRUL US t ! \ G  D t h h t i T t S  

TEST, p < 0 . 0 5 .  



T A B L E  8 

U A Y S  b N  
T E S T  
- 2  



L J -  

T A B L E  8 (CONT.) 

M t A h  b O C Y  k k I G h T  VALUES ( G X A y S )  dF FEMALE R A T S  
h h l h T A I h E U  LI IG  ETI IYLENE D1BhU::lbk F O R  13 d C E K  

S 
r LAYS L>; 

T E S T  C 3'J TF. L 



Days on test 

HBUU BODY ldEIGHT G A I N  VALLTS ( G W I S )  OF XLL" G U T S  

Y A I X T A I N E D  OX ETHYLENE DiSROI4IDE FO?. 0:TE L E E K  

DOSE LEVEL PPY 

"Statistically significant Prom control value by Dunnett's test, p (0.05. 





+ S T \ T I  S T I : : L L Y  I I T  3EII\TIl< r i l l  C 2 Y T i J L  USIbG 3 J Y Y E r l i S  
TEST, p ( 0 . 0 5 .  





: S T W  S T I : L L I  I = T  3 1  I = ~ I Y  I U S I V G  m u m  ' S  
TEST,  p < 0 . 0 5 .  
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Q l h h  
C h h  p 3 5  
x 
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GROSS ?.ATHOLCGIC OESERL'XTIOSS ON >L l iE  U T S  E:lr'CSED TO 
TV'AFORS OF EThYLENZ DiS?iO:~iIDE (6 DAYS OX ST'L'DY) 

E x p s s u r e  Conczntra+, ion (ppin) 
--_I- 

0  - 3 1 0  4 0 
Xuxbzr of  racs ex:-iced -- - 10 1 C 10 10 

So v i s i b l e  l e s i o n s  2 2 

GESERAS - 
Accessory  s p l e e n  present  1 0 
K e c r o s i s  s n d  & t r o p h y  of t he  t i p  

of t h e  t a i l  1 0 

L I V E R  - 
D i a p h r a g x a t i c  h e r n i a  

C ?  I!:.lSY E L ~ D E S  

Organized plug w i t h i n  lumen 1 1 

Data l i s t e d  a s  number of r a t s  w i t h  t h e  l i s t e d  o b s e r v a t i o n .  



HISTOPATKOLOGZC OBSERVATIOYS OS ?%LE .RATS 
EXPOSED 1 0  VAPORS OF ET?i'iLXi.IE DISRO:iI.DE ( 6  DAYS 0N STLDY) 

E x ~ o s u r e  Concen t r a t ion  (ppm) 0  3 10 - LO 
Eiunber of Rats  Fxanined 10 10 10 10 

NASAL TURBINATCS (Nmber  of  t i s s u e s  rxanined m i c r o s c o p i c a l l y )  

Hype rp la s i a  of r e s p i r a t o r ]  ep i the l ium 
- i s o l a t e d ,  ve ry  s l i $ h t  t o  s l i g h t  - f o c a l ,  v e r y  s l i g h t  t o  s l i g h t  - s c a t t e r e d ,  v e r y  s l i g h t  t o  s l i g h t  - m u l t i f o c a l ,  ve ry  s l i g h t  t o  s l i g h t  - d i f f u s e ,  v e r y  s l i g h t  t o  s l i g h t  

I n d i v i d u a l  e p i t h e l i a l  c e l l  c e c r o s i s ,  r e s p i r a t o r y  e p i t h e l i u m  - f o c a l ,  v e r y  s l i g h t  
E p i t h e l i a l  inf lammat ion,  r e s p i r a t o r y  ep i the l ium 

- f o c a l ,  s l i g h t  
- n u l t i f o c a l ,  s l i g h t  

Subnucosal  i n f l ammat ion ,  r e s p i r a t o r y  epi the l ium - f o c a l ,  s l i g h t  - s c a t t e r e d ,  s l i g h t  
- m u l t i f o c a l ,  s l i g h t  

Subnucosal  i n f l m a t i o n ,  o l f a c t o r y  epi the l ium 
- f o c a l ,  s l i g h t  

Inflammatory c e l l s  i n  lumen 
- f o c a l ,  v e r y  s l i g h t  

TRACHEA (Number o f  t i s s u e s  examined n i c r o s c o p i c a l l y )  --- 
Suhucos .a l  s g g r z g a t e s  of c i o n o r ~ c l e a r  c e l l s  

- f o c a l ,  s l i g h t  
- m l t i f  o c s l ,  s l i g h t  
- d l f f u s s ,  modera te  

Epithelial h y p e r p l a s i a  - d i f f u s e ,  s l i g h t  
I n f l m a a t ~ r y  c e l l s  i.n liunen 

- f o c a l ,  s l i g h t  

LLXGS/3XCIC.\;CFII ($lumber of t i s s u e s  e x d n e d  m i c r o s c o p i c a l l y )  - 
P e r i b r o n c h i o l a r  a g g r e g a t e s  of aononuclear  c e l l s  - f o c a l ,  s l i g h t  
S u b p l a u r a l  a g g ~ f g a t e s  of sononuc lea r  c e l l s  - f o c a l ,  s l i g h t  

- n u l t i f o c a l ,  s l i g h t  
Aggregates of a l v e o l a r  nacrophages 

- f o c a l ,  s l i e h t  
I n t e r s t i t i a l  inf lammat ion 

- f o c a l ,  s l i g h t  
P e r i v a s c c l a r  aggregate J £  nononuclear  c e l l s  

- f o c a l ,  s l i g h t  
Z n f l a m a t i o n  and f i o r o s i s  of p l e u r a  

- f o c a l ,  s l i g h t  

LICTR (Sunber of t i s s u e s  e:canined mi:r?si3pically) 10 

Aggre3ates  of mononuclear c e l l s  
- f o c a l ,  s l i g h t  6 

P e r i p o r t a l  a2;regates of soacnuc lea r  c e l l s  
- f o c a l ,  sl i ; :ht  0  

Sini.,la focus o f  h e p ~ l t s c e ' l l u l a r  n e c r o s i s  and accompanying i n f l s m a t i o n  
- s1ii ;ht  0  

S i n q l c  a r e a  of b i l i ~ r j t  hyacrplas ic l ,  fibrosis, and i n f l a z m a t i o n  - n o d e r a t e  0  
S i n q l e  focus  of h c ? p a t o c e l l u ~ a r  a l t e r a t i o n  

- sliz,hc 0  
3 i l i n r y  5.yper?L1ai3 

- n u l t i f o c a l ,  < l ig ! i t  0  



KIR:;Z1'': (!;u~Ser of t i s s u e s  e x m i n e d  n i c r o s c o p i c a l l y )  -.. 10 

Atrophy of r c ~ a l  t ubu le s  
- f o c z l ,  s l !zht  4 

&grega;s of .r.onbnuclczr c e i h  
- f o c a l ,  s i i g A t  1 

TESTES (::uaber of  t i s s u e s  ?sao;'ned a i c r s s c o p i c a i l y )  --- 
Lin i l a t e r z i  de;:eased s p e ~ a t s g e n e s i s  - f o c a l ,  v e z y  sl igi; :  

- f o c a l ,  n o i e r a z e  

SPL5E!i (XmSer of t i ~ s x e s  e x m i n e d  = i c r o c o ? i c s l l y )  

Accessory s p l e e n  

EIYROIT,  (::u=bcr o f  t i s s u e s  e x m i n e d  n i c r c s c o p i c a l l y )  

Hemorrt:age 
- t ~ c z i ,  s l i g h t  

Aggroga:es o f  =-nondclear  c e l l s  2nd d e b r i s  vithln f o l l i c l e s  
- f o c z l ,  s l i g h t  

r?dll:ior:al tiss-ts ex-miaet ricrc.?r:ollc:.lly ~ r . d  sko - i~~ . :  no visi. '-,la lesions - - -. .- -- -- 

ECO?PAXS l o  
A9 P J X  5 
L':KG3 :,ZDI.lSiIxV. X?.TE.:., 5 
-. iivSMC12 Lk:.pii ; C ? S  

4 
?.i,T,\iy(y.fi 2 

P.i:;C,"zx 1 

m3r;L's 0  

PF-uY!;x 0 



TABLE 20 

GROSS PATHOLOGIC 03SETIVATIONS OM MALE &ITS EXFOSED TO 
VAPORS OF ETHYLENE D1E;ROHIDE ( 4 0  DAYS ON STUDY) 

Exposure  C o n c e n t r a t i o n  (ppm) 0 3 1 0  4  0  
Number of r a t s  examined - 1 0  1 0  10 1 0  

No v i s i b l e  l e s i o n s  6 6 

EYES - 
C o r n e a l  c l o u d i n e s s  2 2 
Decreased  i n  s i z e  w i t h  c a t a r a c t  

Eormacion - u n i l a t e r a l  
( p o s s i b l y  c o n g e n i t a l )  0 0 

F o c a l  i n t r a o c u l a r  o p a c i t y  0 . O  

S i n s l e  c i r c u m s c r i b e d  r e d  f o c u s  
Fe!; c i r c u m s c r i b e d  r e d  f o c i  

LIVE3 -- 
n i f  f u s e  p a l e n e s s  I 1 

LXI;.IARY BSADCZR 

O r g a n i z e 2  p l u g  w i t h i n  lumen 0 1 

STOEWCH 

Hemolyzed b l o o d  c l o t  w i t h i n  lumen 0 1 
P i n p o i n t  f o c u s  on g l a n d u l a r  mucosa 0  1 

NESENTESIC TISSUE 

Tag of  s z - a n g u l a t e d  omental  f a t  1 0 

Data l i s t e d  a s  number of r a t s  w i t h  t h e  i i s t e d  o b s e r v a t i o n .  



TABLE 2 1  

HXSTOPAMOLOGIC OBSERVATIOSS 0 1  XiLE U T S  
EYFOSEB TO VAPOXS OF ETX'iLL!:E DIBRO?1I3E (40  DAYS O N  STL'3Y) 

Exposure  Concentra t ion  (ppm) 
:;unl~cr o i  ~!a:; K:x:lned 

NASAL TL.?.BI:iATTS (::unber of t i s s u e s  exaniced d c r o s c o p i c a l l y )  

H y p x p i a s i a  s f  r s p l r a t o r y  e p i t h e l i u n  - i s o l s t e d ,  very  s l i g h t  t o  s l i ~ h t  - f c c a l ,  very s l i g h t  t o  s l i b h t  - s c a t t e r e d ,  very  slight t3 s l i g h t  - m ~ l ~ i i o c a l ,  ve ry  s l i g h t  t o  s l i g h t  
- d i f f c s e ,  ve ry  s l i g h t  t o  s l i g h t  

I n d i v i d ~ l a l  e p i r h e l i a l  c e l l  n e c r o s i s ,  r e s p i r a t o r y  e p i t h e l i u n  
- f o c a l ,  ve ry  s i i g h t  - n u l t i f o z a l ,  s l i g h t  

E p i t h e l i a l  i n f l a m a t i o i l ,  r e s p i r a t o r y  e p i t h e l i u n  
- m~.tl t . ifocsl ,  s l i g h t  

Subnucosal i n f i a r n a t i o n ,  r e s p i r a t o r y  ep i the l ium 
- f o c a l ,  s l i g h t  
- s c a t t e r e d ,  s l i g h t  - m u l t i f o c a i ,  s ; ight  

Subnucosal i n f l axma t ion ,  o l f a c t o r y  e p i t h e l i u n  
- f o c a l ,  node ra t e  

Subrcucosal i n f i m m a t i o n  of o l f a c t o r y  ep i the l ium 
- mul:ifocal,  s l i g h t  

TW.CHL4 ((\;umber of t i s s u e s  examined mic roscop ica l ly )  -- 
Submucosal nggregates  of zononuclear c e l l s  

- f o c a l ,  s l i g h t  
- nt:l t ifoc.al ,  6l i ;L:  

Ep i th r1 i : i l  hy;wrylas ia  - d:ifusa, s i - : , . h t  - - 0  

Tcr ib ro -ch io l a r  azg rcga te s  of xonor~uclcar  c e l l s  
- f o c a l ,  s l i g h t  

Subp leu ra i  aGsregates  of s o n a m c l e a r  c e l l s  - f o c a l ,  s l i z h t  
Aggregates of a l v e o l a r  nacrophages 

- f o c a l ,  s l i g h t  
I n t e r s t i t i a l  i c f l a c n a t i o n  - f o c a l ,  s l i g h c  
I n f l a r a a  t i o n  and f i b r o s i s  of p l eu ra  - f o c a l ,  s l i g h t  

L I V E R  (Sunber of t i s s u e s  examined mic roscop ica l ly )  

Aggregztes of ~ o n o n u c l e a r  c c l l s  
- f o c a l ,  s l i g i c  
- n u l c i f o c a l ,  s l i g h t  

P e r i p o r t a l  a ~ g r e g z ~ e s  of mononuclear c e l l s  - f o c a l ,  s l i g h t  
i nc rens rd  cy?op la sz i c  vacuo l i za t ion  

- diffcse, s l i g h t  
- d i f f u s e ,  r c i e r a t e  

C.~psular  fibre-is 
- foc.il, s ? I < ~ I L  

A;;rezaLt? u f  :.!:IS t cr l i : i  
- f e c a l ,  s l i ch :  

i;I!";FYS (::~zSzr cf t i s s u e s  examined c i c r o s c o p i c a l l y )  --- 



TESTES (::uzber of t i s s u e s  a a m n e d  ~ i c r o s c ~ p i c ~ l l y )  - 
Hyperplas ia  of spermatogrnic  c e l l s  

- foc31, s l i g h t  
U n i l a t e r a l  dec reased  s 2 e m a t o g e n e s i s  

- n u l t i f o c a l ,  pronounced 
- f o c a l ,  n c d e r a t e  
- d i f f u s e ,  pronounced 

S p a m  grmuloma 
M i n e r a l i z a t i o n  - f o c a l ,  s l i g h t  

T H Y R O I D  (Nunber of t i s s u e s  examined a i c r o s c o p i c a l l y )  - 
A g g r e ~ a t e s  of mononuclear c e l l s  acd d e b r i s  w i t h i n  f o ~ l i c l e s  

- f o c a l ,  s l i g h c  

L-?CXI?LAL GGLC;D (Xuzber of t i s s u e s  exazined a i c r c s c ~ p i c a l i ~ )  - 
I n t e r s t i t i a l  i n f l a m t i o n  

- f o c a l ,  s l i g h t  
- d i f f u s e ,  modera te  

Add i t i ona l  t i s s u e s  rxaz ined  n i z r o s c c p i c a l l y  m d  shcwin? no l i i s i 5 1 e  I e s i s n s  

ES5PX4G'JS 1 0  

ACRTA & 



TABLE 22 

G X S S  OZSEC:'ATICINS OX !MLE ;I:;D F C L I L E  ;L;TS 
EU?OSZD TO 'JAPO?S OF ETIIYLE.\:E DIGcO!!IDE ( 95-96 DAYS ON STUDY) 

:;s visible 1esicr.s 2 3 4 2 

Fiircu: ad!icsion; and conzraction of 
i e n r r . 1 1  p o r t i o r .  o f  c n e  kidriry 0 0 0 0 

Dara l i s r e a  a s  nunber of  r a t s  with t h e  l i s t e d  observation. 



TABLE 23 

Sex - > h l a s  
Dosc i n  pon 0 3 10 10 - - -  
Surbe r  of  r s c s  exanrnsd LO LO 10 10 

- - - ,  

Nasal  Turbinaces  (:;umber of t i s s u e s  
exan ized  r . i c r o s c o p i s a l P ~ )  10 1 0  10 1 0  

L o n k e r a t i n i z i n g  squamous a e c a p l a s i a  and 
h y p e r ? l a s i a  of t he  r e s p i r a e o r p  e p i t h e l i u m  

- f o c a l ,  ve ry  s l i g h t  t o  s l i g h t  
- d i f f u s e ,  v e r y  s l i g h t  co s l i g h t  

Hype rp la s i a  of t h e  r e s p i r a t o r y  ap i the l ium - i s o l a t e d ,  ve ry  s l i g h t  :o s l i g h t  - f o c z ? ,  very s l i g h t  t o  s l i g h t  
- s c a t :  -:cd, ve ry  s l i g h t  to  s l i g h t  - sul:;*:ccal, very  s l i g h t  t o  s l i g h t  

InaivFduaL . ; ? i t h e l i a l  c e l l  nec ros i s  o f  t h e  
r e s p i r a t a r y  epichel ium 

- f o c a l ,  very  s l i g h t  
E p i t h e l i a l  i n f l ~ m a t i o n  of t h e  r e s p i r a t o r y  

e p i t h e l i u m  
- f o c a l ,  ve ry  s l i g h t  

Subnucosai  i n f l m a t i o n  of t h e  r e s p i r a t o r y  
e p i t h e l i u m  - f o c a l ,  s l i g h t  - s c a t t e r e d ,  s l i g h c  - m u l t i f o c a l ,  s l i g h t  

S u b ~ . u c o s a l  i n f  l a m 2 t i o n  of the  o l f a c t o r f  
e p i t h e l i u m  

- Eoczl ,  s l i z h t  

re achea  ( S a b e r  of t i s s u e s  exmined -- 
u ~ c r c s c o p i s d l y )  10 10 1 0  1 0  

P e r i b r o n c h i o l a r  agg rega te s  of ~ o n o n u c l e a r  
c e l l s  

- f o c a l ,  s l i g h t  10  
S u b p l e u r a l  agg rega te s  of nononuclear c e l l s  

- f o c a l ,  s l i ~ h t  0  
Xzgrega te s  of a l v e o l x r  nscrophages 

- Eocal,  s l i g h t  0  
I n t e r s  t l t i a l  i n f l a m a c i o n  

- f o c a l ,  s i i g h t  0 
Hemorrhage 

- f o c z l ,  sli;ilt 0  
P e r i v a s c u l a r  aSgregat2s  o f  nononuclear c e l l s  

- f o c a l ,  s l i gh :  0 
Granuloma 

- f o c a l ,  ve ry  s l i g h t  1 
T l r c k e n i n g  of p l e u r a  

- f o c a l ,  s l i g n t  0 

Liver (>:unber of t i s s i l=s  e:cminad - 
i n i c roscsp ic3 i lp )  10 10 10 i 0 

A g g r e ~ a t e s  of nonunuclear  c e l l s  
- f o c a l ,  s l i g h t  10 9 6 d 

X%gregac?s o f  aononuclear  c e l l s  
- r u l c i f ~ c ~ i ,  s l i g h t  0 1 1 0 

Y e c i p o r e ~ L  a f i z r eqa t z s  of n o n o n u i l e ~ r  c e l l s  
- f o c a l  s l i y h t  0 0  2 1 

Data l i s t e d  a s  r.l:inber of r a t s  s.ir.h :he l i s t e d  cbser-/ , leion.  



TABLE 23 (cont  .) 

Sex Hales Females 
Dose i n  2-n  0  3 10 4 0  0  ---- 3 10 4 0  
Xumbrr or r z t s  *:.:a~(li:ilid 10  10 10 10 ---- ---- ---- 10 10 10 10 

Live r  (Co2c'd) - 
S i n g l e  focus of h e p a t o c e l l u l a r  n e c r o s i s  

and accc~.paning i n L i ~ m a t i o n  - s l i g h t  0  1 0  2 2 1 0  2 
Subcapsulzr  = i c rog ranu losa  

- f o c a l ,  s l i g h t  0  0  0  0 0  1 0  0  
Hepaco ie l lu l a r  cy:oplasnic v a c u o l a t i o n ,  

suggsz t ive  of I a t t y  change 
- d i f f u s e ,  s l i g h t  0 0  0  0  0  0 0  2 

LIVE?. - Ci? 9 4  0  S t a i n  
(Sunber of c~ssu:s exaine6) 

Sega t ive  
1+ 
2+ 
34. 

Kidneys (::uzher of t i s s u e s  e x m i n e d  - 
microscop ica l ly )  1 0  10  1 0  1 0  1 0  1 0  1 0  1 0  

Atrophy of r e z a l  t ubu le s  
- f o c a l ,  s l i g h t  8 8 9 9 2 1 1 2 

Aggregates  of nononl;clesr c e l l s  
- f o c a l ,  s l i s h t  2 1 2 2 2 0  1. 1 

I n t e r s  t i : iaL i n i l m a t i o n  
- f c c z l ,  s l i g h t  2 0  C 0  0 L 0  0  

D i l a t e d  :es;l tc5ule. x i r S  e c s i n o ? h i l i c  
Cas t  :O'v. La,,.¶ - " L-3n 

- f o c L ,  s E + t  C 0  0  1 0 0 0  0 
t l i n e r a l - i z s i  debrLs 

- f o c a l ,  sl igh: 0  0  0  (I 0  0 2 0  
Area of tuji:2sr x t ropky,  i n z s r s t i t i a l  f i b ro -  

sis ar:. i? . f la~1~d: lon,  ~ i g z e n e  accul -u lz t ioc ,  
f o c a l  i ; : f i sma to r j .  c e l l s  ir, c o l l e c t i n ;  
d u c t s  and h y p e q l a s i a  of r e n a l  p e l v i s  
e p i r h e l i u a  0  0  0  0  0 0  1 0 

L a c r i n a l  Glsnd (Surber o f  t i s s u e s  
examned  x i c r o s c o p i c a l l y )  2 0  0 0  0  0  0 0  

I n t e r s t i t i a l  i n f l a m a t i o n  
- f o c a l ,  s l i g h t  1 0  0  0  0  0  0  0  

Uterus  (Suzber of t i s s u e s  e x m i n e d  
mic roscop ica l ly )  - - - - 1 0  1 0  1 0  1 0  

D i l a t a r i o n  of lxmen - - - - 3 3 3 4 

Addi t ion21 t i s s u e s  e x m i n e d  z i c r s s c o o i -  - 
c a l l v  a::d sr.c;ri?.e no 7;isibie Lfs i3ns  

T e s t e s  1 0  10 
Ova-? ( i e s )  - - 
Oviducts  - - 
Esophagus 9 10 
Aor t a  4 4 
Large  > ' ed i a s r ina l  Ar:er::(ics) 
Thyrcid  
Pa r s t i i y ro l c  
Thorac i c  i::xph Sode 
Thyzus 
H a r d  Pa l ace  
S:cr,acll 
Ur inzrg  3ladder 

Data 1is:cd 2 s  n ~ z b e r  of  r a t s  w i th  t h e  l i s t e d  o b s e r v a t i o n .  



TABLE 24 

GROSS Phr i iOLCGIC 0BSERVXTIO::S OX YALE Xm FZLUE 9.4'5 ES7OSE3 3Y I?IHAWTIO!I 
TO VAPORS OF ETBYLEXE 3IBRO>! iDE (EDB) ( 94-95 3AYS O N  STL'DY) 

&W HELD FOR X RECOVERY ?"!-OD 0 7  88-89 DAYS 

Sex >!ales Fena le s  
Dose ~n  ppm 0  3 10 LO 0  3 1 0  40  ; 
Nuvber of r a t s  d y r n ~  spon :~nrous lv  0  0  0 0 0 1 1 0  ' 
Yumber of r a t s  i n  croup 10 10 LO 10 10 10 10 10 " 

No v i s i b l e  l e s i o n s  4 5 5 4 h 7 5 7 .  

G e n e r a l  

Inf lammatory  r e a c t i o n  a t  s i t e  of e a r  tag 1 1 
Tag of s t r a n g u l a t e d  omental  f a t  0 2 
S i i g h t  a l o p e c i a  of t h e  f a c i a l  region 0 0 
P c r i c e a ?  s o i l i n g  0  0  
S o i l i n g  around e x t e r n a l  n a r e s  and o ra l  c a v i t y  0 0 
Very s l i g h t  posmor t em a u t s l y s i s  0 9 

EYes 
F o c a l  c o r n e a l  c l o u d i n e s s  - u n i l a t e r a l  3 1 
F o c a l  l e n t i c u l a r  c l o u d i n e s s  - u n i l a t e r a l  0 1 
S l i g h t  enlargement  - u n i l a t e r a l  0  0  

L i v e r  - 
P a l e  ye l low a r e a  0 0 
P a l e  a r e a s  0  0  
Xoduln: p r o t r u s i o n  of l i v e r  into h e r n i a t e d  diaphragm C 0 
3 e r n i a t i o n  :3f diaphragm invoiving the  l i v e r  

s a ~ e L i m c s  g raduc lng  a  p a l e  a r ea  0  0  
Conges :ed 0 0 
S l i g h t  p a l e  s c c e n t u r t i o n  of :he l obu la r  p a t r w n  0 0 

Kidnevs --- 
C o n g e ~  ted 

Lui?qs 

Fev c l r c u x ~ s c r i b e d  f o c i  
Dark,  conges ted  and rdzmatous 

P i t u i t a r y  

I n c r e a s e d  size 

T h o r a c i c  Cavi ty  

Hydro tho rax  

Stca l l  s t r u c t u r e  fi.ee w i t k l : ~  Iucen U 0  
D i s t ended  wi th  f l u i d  c c n t a i z i n g  € 2 7  suspended 

, - a r t i c l e s  0 0  
1 n f l a m a : o i y  n a r c r i a l  i n  ho rns  0  0  

P e r i o v a r i m  c y s t  0  0  
I n c r e a s e d  s i z e  v i t h  acc.;-nula:ion ~f in t ' lanmatory  

n ' l t e r ~ a l  0  0 

Data l i s t * d  as  ilcxbtir o f  r a ~ s  vi:h the  l i s t s d  o b s e r v a t i o n .  



TABLE 25 

pose  (n?:.) - 
Nu:r.bcr of ra t ;  a v l n q  soci;r;neocslv - - - 
S u a b e r  of  r a t s  e:<a?ined 

E p i t h e l i a l  h y p e r p l a s i a  of r c s p i r a t o r y  e p i t h e l i u n  
- s i n g l e  Zocus 

E p i t h e l i a l  i n f l a c n a t i o n  of  r e s p i r a c o r y  e p i t h e l i u m  
- f o c s l ,  s l i g h t  

S u b o u c o s a l  i n f l a m a t i o n ,  r e s p i r a t o r y  e p i t h e l i u m  
- f o c a l ,  s l i g h t  

S u b a u c o s a l  i n f l a m o a t i o n ,  o l f a c t o r y  e p i t h e l i m  - f o c a l ,  s l i g h :  
~ n f l & n a c o r ;  c e l l s  i n  l u c e n  - f o c a l ,  s l i g h :  
F o c a l  f l a t t e n i n g  of  c i l i a t e d  r e s p i r a t o r y  

e p i t h e l i u m  - i s o l a t e d ,  v e r y  s l i g h t  

L ~ ~ ' S / E B O I . : C ~ I  (number of  t i s s u e s  examined) 

P e r i b r o n c h i o l a r  a g g r e g a t e s  o f  n o n o n u c l e a r  c e l l s  - f o c a l ,  . s l i g h t  
P e r i b r o n c h i o l a r  a g g r e g a t e s  o f  n o n o n n c i e a r  c e l l s  

- n u l t i f o c a l ,  s l . i g h t  
S u b p l e u r a l  a z g r e g a t e s  of  n o n o n u c l e a r  c e l l s  - f c c a l ,  s l i : h t  
S u b p l e u r a l  a g g r e g n t e s  of  noncnc ; lear  c e l l s  

- m l . t i f o c ; l ,  s L i g 5 t  
X g ~ r e g a t o s  of a l v e o l a r  n n c r c p h ~ g e s  

- f c c a l ,  s l . i ; ' n ~  
I n t c r s  t j  t i aJ .  i n f  l s n a t i o n  - f o ~ . a l ,  v e r y  s l i g h t  
1 n t e r : : c i t i z i  i n f l a a a t i c r :  - f c c ~ l ,  s l i ; ;h t  
Bcmobrhage .- focci, s l i g h t  
P e r i v a s c d a r  a g g r e g a t e s  o f  mcnonuclear  c c l l s  

- f o c a l ,  sli$-~t 
I n f l a m m a t i o n  and f i b r o s i s  of  p l e u r a  - f o c a l ,  s l i g h t  
A c u t e  p u l n o n a r y  e d m a  and c o n g e s t i o n  w i t h  s u l t i p l e  

b a c t e r i a l  c o l o n i e s  
A l v e o l a r  h y p e r p l a s i a  and i n t e r s t i t i a l  i n f l a m a t i o n  

- n u l t i f o c a l ,  s l i g h t  
A g g r e g a t e  o f  mononuclear  c e l l s  

- f o c a l ,  s l i g h t  

L I V E R  (number o f  t i s s u e s  e s a n i n e d )  - 10 10 10 10 10 10 1C 1 0  

A g g r e g a t e s  'of  mononuclear  c e l l s  
- f o c a l ,  s l i g h t  7 6 7 8 3 3 5 3 

A g g r e g a t e s  o f  c o n c n l ~ c l e a r  c e l l s  - m u l t i f o c a l ,  s l i g h t  3 1 2 1 3 0 0 1 
P e r i p o r t a l  a g g r e g a c e s  of n o n o n u c l e a r  c e l l s  - f o c a l ,  s l i g h t  5 0 2 2 2 3 5 5 
S i n 3 ? e  f o c u s  of h e p a t o c e l l u l a r  n e c s c s i s  and 

a c c c z p a n y l n g  i n f  13m.ac lcn  - s l i g h t  2 0 J. 7 0 0 0 0 0 
Subc.3;su?nr r ~ i c ~ o ~ r a n u i o - d  - f o c a l ,  s l i g h t  2 1 0 0 0 0 0 0 
C;'tcpl;snic v s c u s 1 i r s : i o n  - foccll ,  s l i g ! ~ t  3 3 L 4 0 0 0  0 

D a ~ a  l i s t e d  a s  t!ie nunbe:. of r a c s  w i t h  :he l i s t e d  o b s e w a t i o n .  

*OLservac ion  n c t e d  o a l y  i n  r a t  d y i n ~  d u r i n g  s t u d y .  



HISTGP.\T:-!OLCGIC OSSE?.!'.\TIO!;S OX ?!ALE .\!:D FDWLE li.\TS p : p 0 ~ ~ 3  3s I:::~.&~TiO:~ 
TO 'JMORS C F  E'I I iYLLX 319?.0:!i>Z (ED3) , 9'1-$33,\y~ s . j - ~ ~ y )  

A S D  XELJ FOR h ?.ECOTJERY P Z R I O D  dt: $3-89 DAYS 

Dcse ( ? a ? )  

N:~r?ber o f  r a t s  iv'-7- , -,.; soontanecus  i v  
?luzh?r s f  r a t s  ex.taa~inzd 

L I V E R  ( c o n t ' d )  - 
Cytoplasmic  v a c u o l i z a t i o n  - n u l c i f o s a l ,  s l i g h t  
B i l i a r y  h y p e r p l a s i a  - f o c a l ,  s l i g h c  
B i l i a r y  h y p e r p l a s i a  - r-ult iEoca1, s l i g h t  
R e t e n t i o n  c y s t  
P e r i p o r t n l  f i b r o s i s  - f s c a l ,  s l i g h t  
B a c c t r i a l  c o l o n i e s  p r e s e n t  i n  XE c e l l s  
F o c a l  h e p a t i c  n e c r o s i s  - very  s l i g h t  
Capsu la r  i n f  l-.ation and bacterial ccllcnies 

- f o c a l ,  s l i g h t  
Capsu la r  i n f l a m a t i c n  and f i b r o s i s  

- nodera ta  

KIDXEYS (number o f  t i s s u e s  exaqined)  

htrop11:i o f  r e n a l  t u b u l e s  - f o c a l ,  s l i g h t  
A t r o p h y  of r e n a l  t u b u l e s  - mul:ifacal ,  s l i g h t  
A g g r ? ~ a c e s  of nonocucLear c e l l s  

- f o c a l ,  s l i g h t  
I n t e r s  t . i . t i a l  i n f l a m a c i o n  - f o c a l ,  s l i g h t  
Ci lace: i  r e n a l  t u b u l e s  ~ L t h  ecs i i lcpbi ; ic  c a s t  

for - -~ ' ;F?n - f ~ c a l ,  s l i 2 h :  
> l i ; ~ . ? r a l  ized  d e b r i s  - foc;.i, s i igh:  
i)ilar.rr,l read L t ubu le s  - f3c21, s i i gh :  
Baci?rj.ai c o l o n i 2 s  i n  r e n a l  t u L . ~ l e s  

Subnucusal  ziggicgstes of c!onorxclezr c e ? l s  
- f o c s l ,  s l i g h t  

Subnucosa l  aggregazes  of o o n o n u c l a r  c e l l s  
- zu lc i foc31 ,  s l i g h t  

E p i t h s i i a l  h y p e r p l a s i a  - f o c a l ,  s l i g h t  

TESTPS (number of rl:sues examined) 

U n i l l t a r a l  dec reased  spemat3genesi .s  
- f o c a l ,  noderace 

S p e x  g r a n u l c a a  
M i n e r a L i z a t i o n  - f o a l ,  s l i 3 h t  

CVARY (number of t i s s u e s  exa9ined)  - 

Females 
0 3 10 4 0  
n i 7, 

Cats lisLcti at; t ha  r i ~ s b e r  of r a t s  ui:h t he  1is:s.i a b s ~ ~ a t i o n .  

- = !:st a??: icable .  

*Obse rvn t ion  noce~l  only  i n  r a t  d y i n ;  during scud:;. 










	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

