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1. Executive SLPrmary 

The health effects  for  exposure t o  1,2-dichloroethane (ethylene d i c h l o r  ide,  

EDC) i n  t h e  anbient a i r  are assessed. Mverse health effects ,  such a s  sys- 

tenic and reproductive effects ,  are not expected t o  resul t  fran exposure t o  

mbient  levels of i n  California urban environnents. 

m, housver, is a carcinogen in both sexes of two animal species following 

oral  administration, and could thus be of concern a t  lw levels  of exposure. 

Although the chenical was not slmm t o  be carcinogenic by inhalation, s t a f f  

of t h e  Deparhent  of Health Seroices (DHS) believes t ha t  the negative fin- 

dings i n  i h  inhalation s t d y  do no t  negate the  pos i t i ve  f ind ings  i n  the  

gavage study. DHS s t a f f  agrees with the International Agency for  Research 

in Cancer (IAIIC) that  there is suff ic ient  evidence that  E7X is carcinogenic 

i n  mice and r a t s  and that, i n  the absence of adequate d m  

reasonable, fo r  practical reasons, t o  regard E a s  i f  i t  presented a car-  

cinogenic r i sk  t o  hunans. 

DHS s t a f f  performed a r i sk  assessnent on henangiosarcanas of t h e  male r a t  

and hepatocel lular  carcincmas of the male mouse and der5ved hunan r i s k  es- 

timates (Table 1) using f ive  di f ferent  models f o r  exposure t o  EDC i n  a i r .  

These values represent the theoretical excess r i sk  of cancer above the back- 

ground accmulated over a 70-year l i fet ime with a continuous d a i l y  exposure 

f o r  a l l  70 years. DHS s t a f f  recamends the use of a l i fet ime excess r i s k  

value between 53 and 88 per mil l ion f o r  canmunity exposure t o  1 ppb EDC. 

This  recamnendation is based on the maximun likelihood estimate (MLE) ard 



the  95% upper confid$nce l i m i t  (UCL) estimate from t h e  Weibull (time- 

corrected) multistage vodel for  heinangiosarcmas i n  male rats.  

It should be noted that the range between the  maximum l ikel ihood est imate 

and the  95% upper cohfidence limit represents only the s t a t i s t i c a l  uncer- 

tainty introduced by t h e  t yp i ca l ly  small s i z e  of t he  animal s tud ie s  of 

carcinogenic effect.  Other perhaps more important uncertainties a r e  intro- 

duced by the choice ofsca l ing  factor between hunans and animals, the choice 

of extrapolation models, and the d i t i v e ,  synergistic, o r  antagonistic ef- 
I 

f e c t s  of  other chemicals. On the  other  hand, DNA r epa i r  mechanisms, 
I 

detoxifying enzymes, 1 and other factors might lower the r i sk  below what has 

been calculated. The& uncertainties a r e  particularly to  be noted in a case 

such a s  t h a t  of E X !  where the  ambient exposures a r e  a t  the low parts  per 

t r i l l i o n  level while the aninal experiments occurred a t  exposure levels more 

than a million times higher. 

The lifetime r i sk  valMs given abwe represent a range of conservative es- 

t imates  and a r e  unli) /ely t o  be exceeded by t h e  actual  risk. A lifetime 

excess r i sk  of 53-88 pBr million population m u s t  be viewed in the context of 

t h e  o v e r a l l  p robabi l i ty  of developing cancer which is i n  t h e  order of 

250,000 cases per milljon population (25%) wer a 70-year lifetime. 
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Table 1. Human Equivalent L i fe t ime Excess Cancer Risk for Ambient Exposure to,EDC . 

0.1 ppb 0.5 ppb 

MLE 95% UCL MLE 95% UCL 
Me I e Rat Hemang i osarcoma 2 - 
One-Hit Model 3.8 X loe6 6.9 X 1 9 . X 1 0 - ~  3 4 X 1 0 - ~  

Mult istage Model 4.3 X 1 0 ' ~  6.3 X 1 0 ' ~  21. X 1 0 ' ~  31 X 1 0 ' ~  

Mult istage Mode I 

(t ime corrected) 5.3 X lo-6 8.8 X 26. X ~ O - ~  4 4 X 1 0 - ~  

Prob i t  Model 8.3 X 1 0 ' ~  330. X 76. X 1 0 ' ~  2300 X 

G a m a  Mul t i h i t  b d e l  1800. X 1 0 ' ~  22000. X 3600. X 40000 X 

Male Mouse Hepatocel i u l a r  
Carc i ncma 

One-Hit Model 2.8 X loe6 38. X 14. X loe6 190. X 

Mult istage Model 1.6 X 10 '~  4.6 X 1 0 ' ~  6.3 X 23 X 1 0 ' ~  

Mult istage Model 

( t ime corrected) 2.9 X lom6 7.4 X lo-6 14. X 37. X 

Prob i t  Model 0.0 1.1 x 0.0 1.1 X 10'18 

Gammna M u l t i h i t  b d e l  4.6 X l o 4  94. X 1 0 ' ~  21. X 1 0 ' ~  370. X 10 -6 

........................................................................................ 
I 

The l i f e t i m e  e x c e s s  r i s k  f o r  a l i f e t i m e  TWA e x p o s u r e  t o  t h e  p rov ided  ambient 
3 concentrations f o r  a 60-kg person inhal ing 18 m /day. 

A l I hemang iosarcomas . 



2. Introduction 

This docrnrent asseTses the  heal th  e f f e c t s  from exposure t o  ethylene 

dichloride (mC) i r l  anbient a i r ,  with special attention given t o  analyz- 

ing and in t e rp re t iq  findings on the evaluation of EDC a s  a carcinogen 

in  hmans v i a  inhalat ion exposure. k r t i n e n t  information is presented 

and references a r e  we to relevant reviews where such exist. 

3. Chenical Properties 

The physical and c m i c a l  properties of EIX: have been smmarized by UFC 

(1979). 

4. Health Effects 

The primary advfrse heal th  e f f e c t s  of EDC a r e  l i v e r  t ox i c i t y  and 

central nervous sypten (CIS) depression. Immediate symptoms such a s  

n a r c o s i s  fo l lowing  acute  inha la t ion  exposure a r e  r e l a t ed  t o  CNS 

depression. Delayed effects  a r e  seen a s  histopathologic changes of the  

o rgans  such a s  oongestion and degenerative e f f e c t s  i n  t he  l i v e r ,  

spleen, kidneys, lbngs, and adrenals. ?he severity of e f f e c t s  is de- 

pendent upon t h e  dura t ion  and concentration of exposure. Subchronic 

and chronic exps*e to En: produced renal  and l i v e r  damage and af-  

fected survival. The dose levels associated with the effects  a r e  shown 

in the following subsections. Infonnation on the mechanism of a c t i o n  

is lacking. 



For the purpose of the present assessment, a l l  relevant heal th  e f f e c t s  

d a t a  a r e  evaluated but only findings associated with the  lowest levels 

showing an effect, 6r stdies identifying a no-observed-ef fect l e v e l ,  

a r e  sunnarized below. 

4.1 Animal 

The tox ic  e f f e c t s  o f  EM: are surmarized by IAEC (1979) a s  follcms. 1t 

has an acute oral  LDSO of 700 mg/kg and a 4-hr inhalation of 4,000 

3 mg/m (1,000 ppn) for rats.  Inhalation exposure of r a t s  t o  various con- 

cen t r a t i ons  of EM: r e su l t ed  i n  c e n t r a l  nervous system dep res s ion ,  

anaesthesia ,  and cana. Acute exposure caused disseainated hgaorrhagic 

lesions, particularly i n  the l iver.  Chronic exposure caused l i v e r  and 

kidney damage. 

Following acute inhalation exposure for 5-8 hours, signs of intoxication 

were seen i n  r a t s  a t  300 ppn but not  a t  200 ppn (Spencer et al., 1951). 

Inha la t ion  of EDC t o  concentrations a s  high a s  12,000 ppn fo r  0.1 hour 

had no adverse e f f e c t s .  Subchronic and chronic exposures (6  o r  7 

hr/day, 5 days/-k for  4 t o  36 weeks) prodwed toxic e f fec t s  i n  several 

species a t  200 ppn and above but  not a t  100 ppn (Heppel e t  al., 1946; 

Spencer et al., 1951). Death occurred af ter  one t o  several exposures a t  

concentrations of 200-1000 ppn. chronic exposure of 14-month-old r a t s  

t o  50 o r  150 ppn EDC showed an indicat ion of renal  and l iver  danage 

(Spreafico et el., 1980) but no a l t e r a t i o n s  i n  his tology (Maltoni e t  

a l . ,  1980) o r  c l i n i c a l  chemistry (Spreafico et al., 1980) i n  rats ex- 

posed to ED2 a t  5-50 ppn. Following administration by gavage, decreased 

- 5 - 



surv iva l  resul ted i n  r a t s  a t  47 -/day (XI, 1978), and inmunosup- 

pression occurred i n  mice a t  4.9 mg/kg/day (Munson e t  a l . ,  1982). 

Humoral and cellrmediated immunity was not affected following ad- 

ministration of i n  drinking water a t  3-189 mg/kg-day. 

Reported cases of Bcute hunan exposure t o  EIX: involved primarily occupa- 

t i ona l  exposures which were lacking in  quant i t a t ive  da t a  and often 

included poorly chgracterized mixtures of ED;: and other solvents. Signs 

and symptoms were of ten  ind i ca t ive  of cen t r a l  nervous sys ten  and 

gastrointestinal disturbances, c l i n i c a l  evidence of l i v e r  and kidney 

dysfunction, and i r r i t a t i o n  o f  the  respiratory tract and eyes (NIOSH, 

1976). Death was usual ly  ascr ibed  t o  respira tory and c i r c u l a t o r y  

f a i l u r e .  Autopsies frequently revealed pulmonary congestion, cellular 

degeneration, necrgsis, and hanorrhagic lesions of most internal organs. 

Resul ts  of an e x ~ r i m e n t a l  s t d y  with three or  four subjects suggested 

tha t  the threshold o f  l igh t  perception, depth of breathing, and mcmen- 

t a r y  vasoconstrict ion of t h e  finger increased w i t h  exposure t o  a t  

1.5 ppn and abwe but not a t  1 ppn (Borisova, 1957). 

Available informaltion on long-term exposure t o  EOC is also limited. 

Control and expsude data are lacking. Ihe lowest level  f o r  which in- 

creased morbidity ws reported was i n  the range of 10-15 ppn in a health 

survey of workers (Kozikr 1957). Typical symptoms and s igns  of a c u t e  

poisoning developed with exposure to concentrations in the range of 60 - 
200 ppn (Cetnarowjcz, 1959) . E f f e c t s  caused by o ra l  exposure were 



similar t o  those by inhalation exposure based on hunan case reprts of 

accidental or intentional irqestion. 

5. Metahlian and Phannacokinetics 

The metabolism and phamacokinet ics  o f  EDC have been tho rough ly  

reviewed by Davidson et a l .  (1982) and w i l l  be briefly described. 

EDC was r ap id ly  and v i r t u a l l y  c a a p l e t e l y  absorbed a f t e r  o r a l  ad- 

min i s t r a t i on  t o  r a t s  i n  either an o i l  o r  water carrier  with peak blood 

levels occurring within 15-20 minutes following gavage (Spreafico et  

a l . ,  1980; Rei tz ,  e t  al . ,  1982). The kinetics of the elimination of 

rn was dose-related which indicated t h a t  the elimination (metabolism) 

was saturable (nonlinear kinetics) a t  o r a l  doses above 25 mg/kg. 

rn was a lso  rapidly absorbed by inhalation, and blood leve ls  reached 

equi l ibr ium by 2-3 hours of cont inous  exposure. Elimination of  ED^ 

following inhala t ion exposure  was a l s o  r a p i d  and d o s e - r e l a t e d  

(e.g.,nonlinear kinetics) in accord with t he  abwe oral  stdies. 

Urine was t h e  major route of e x c r e t i o n  o f  inha led  o r  o r a l l y  ad- 

minis tered EDC, bu t  most of the HT i n  urine was in metabolites form. 

Sane EDC was eliminated by exhalation, and the percentage excreted by 

t h i s  route increased h e n  the metabolian was apparently saturated. 

The biotransfonnation of EIX: has been s t ld ied  -- i n  v i t ro  and in  vivo and -- 
a number of  m e t a b o l i t e s  have  been  i d e n t i f i e d .  T h e s e  include 
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c h lo roe thano l ,  ~ h l o r o a c e t i c  a c i d ,  5-carboxymethyl c y s t e i n e ,  
I 

t h iod iace t ic  ac ia ,  and th iod iace t ic  acid sulfoxide. Ihe metabolic 

pathays  include r k t i o n s  involving microsanal and cytosolic enzymes. 

React ive  i n t e r m 4 i a t e s  which can bind t o  c e l l u l a r  macromolecules 
I 

(e.g.,m) apparenltly can be f o e  by both pathays. Possible bioac- 

t i va t ion  reac t iohs  include the  formation of the 2-ch loroace ta lde~e  

and S- (2-chloroe41) -glutathione (and its episulfoniun ion) . 

Detailed k ine t i c  d i s t r i bu t ion  and binding studies have been corducted 

with r a t s  using vq ious  routes of administration and especially conpar- 

ing the oral versep inhalation routes (Spreafico et al., 1980: Reitz et 

al., 1982). The s,tudy by Reitz e t  a l .  (1982) showed t h a t  the  ad- 

minis t ra t ion of '+C-ED= a t  saturating doses (150 mg/kg orally; 150 ppn 

by inhalat ion) r4 su l t ed  i n  b ind ing  t o  c e l l u l a r  macromolecules 

(including DNA), Bnd purified DNA. Slightly more macranolecular bind- 

ing occurred v i a  i n h a l a t i o n  exposure, but increased  DNA binding  

occurred followihg oral h i n i s t r a t i o n .  mere  was no correlation t~+ 
i 

tween tissue level# of radioactivity o r  molecular binding and t i s s u e  
I 

carcinogenic suscehtibility. 

The DNA binding q tud ies  were conducted using 14c-labeled EDC ad- 

ministered t o  male Osborne-Mendel rats. Rats exposed via  inhalation 

(150 ppn) were te+nated imnediately following the  6-hour exposure, 

and those dosed by gavage were terminated 4 hours postdose. Selected 

t issues were r a w 9  and the DNA was isola ted and pur i f ied .  The ex- 

periments were c o d u c t d  using 3 r a t s  per group (inhalation and gavage) 



and each exposure was repeated. DNh alkylation was estimatd by deter- 

mining the specific ac t iv i ty  of the isolated CNA fran the tissue. This 

method does not d i f ferent ia te  between a lky la ted  DNA and biosynthet ic  

(endogenous) incorporation of ral ioactivi ty and thus the results shall  

be tenned wapparentqo DNA alkylation to  r e f l e c t  t h i s  ambiguity i n  t he  

results. 

DLSL binding in r a t s  was greater af ter  gavage exposure than a f t e r  in- 

ha la t ion  exposure f o r  a l l  se lected t i s s u e s  ( l i v e r ,  kidney, spleen, 

stanach) . There was a general agreanent i n  mount of  binding between 

the  rep1 i ca t e  groups, with the highest levels i n  the l iver  and kidney, 

s l ight ly  less i n  the stcmach, and the l e a s t  i n  the spleen. E'urther re- 

search needs t o  be canpleted i n  order t o  understand the relationship 

between DNA binding and tunor formation. In addit ion,  stu3ies should 

be canpleted which dif ferent ia te  between DNA alkylation and endogeneow 

incorporation. 

6.1 Animal 

kD2 did not produce any adverse reproductive e f fec t s  o r  abnolmalities i n  

mice when given in  drinking water in a multigeneration study a t  doses of 

0, 5, 15, o r  50 mg/kg/day (Lane et al., 1981). 'Ihe dose levels used, 

howver, were not high enough t o  prodwe any t o x i c  e f f e c t s ,  including 

maternal toxicity. Tkratology testing with rabbi t s  and rats expo& to  



Qlsonic 

ppn did 

inhalatioq exposure of male and fanale r a t s  t o  E#: for up t o  150 

not result in  adverse reproductive effects  over one generation 

(Rao e t  al . ,  1980). administered in d i e t  a t  250 and 500 ppn (10-35 

mg/kg body weight) did not adversely affect  the reprcductive act iv i ty  of 

the male and fenalk r a t s  (Alunot et al., 1976) . 

Several Russian $tudies have repor ted t h a t  EDC produced adve r se  

reproductive ef  fgc t s  i n  r a t s  exposed by inha la t ion  (Vozovaya, 1971, 

1974, 1976). mesh s tud ies  cons i s ten t ly  showed e f f e c t s  a t  exposure 

l e v e l s  lower thaq those employed by Lane et  a l .  (1981), Rao e t a l .  

(1980), and Alumqt et  a l .  (1976) but were lacking in  some d e t a i l s  

presented. ~ a s e d  on the s t d y  of Vozovaya (1974), Barlow and Sullivan 

(1982) concluded that  exposure of female r a t s  t o  1 4  ppn of ED2 by in- 

ha l a t i on  d a i l y  f o r  6 months produced same leng then iq  of the estrus 

cycle and reduction of l i t t e r  s ize  and pos tna ta l  survival  but d i d  not 

a f fec t  f e r t i l i t y .  

The Russian investigations provide sane suggestive but no t  conclusive 
I 

evidence of a reproductive e f f e c t  of EDC. Assuning that  the ef fec t s  

reported in  these 4tdies were caused by DX, then the laasst  l e v e l  f o r  
I 

an adverse e f f e c t  (disturbance of e s t r u s  cycle) was 0.7876 mg/kg/day 

(1.25 ppn for 4 hr$/day). %en canpared t o  an anbient E X  concentration 
I 

of 0.5 ppb, t h e  e f f e c t  l eve l  is still greater than one thousand t i m e s  

EOC by inhalationdid not produce adverse e f fec t s  on the developing con- 

ceptus (Rao e t  a;., 1980). Maternal toxicity was observed in rabbits  

exposed t o  100 or I300 ppn ED2 and in  r a t s  a t  300 ppn but not  100 ppn. 

- 



the level  received by a person exposed to the cbemical in the ccmmunity 

a i r .  

There  are no pub l i shed  s t u d i e s  on t h e  e f f e c t s  o f  EM) on h m a n  

reproduction. 

7. Genotoxicity 

According t o  the  evaluat ion of I A X  (1979) , EDC is mutagen ic  i n  

Salmonella typhimur ium, Drosophila melanogaster, and Hordeun vulgare. 

The review of mvidson et al. (1982) showed t h a t  i n  add i t i on  t o  t h e  

above, EDC e l i c i t e d  DNA r epa ra t ive  synthesis  i n  hunan lymphocytes i n  

vi t ro ,  gene mutation in  the Chinese hamster ovary cell/HGPRT c u l t u r e  

system, and a mitotic recanbinogenic effect in  Sacchazanyces cesevisiae. 

The mutagenic activi ty of EIX: appears to  be dependent upon the metabolic 

a c t i v i t y  of t he  test system, and the mutagenic enhancement appears t o  

occur largely by cytosolic enzymatic reactions. The half-mustard S- (2- 

chloroethy1)-GSH and chloroacetaldehyde are suggested t o  be l ike ly  

mutagenic metabolites of KC. The review of Rannug (1980) a l s o  indi-  

cated induction of DNA danage in  E. coli .  EIT also binds t o  protein and -- 
DNA (Banerjee et al., 1980: Reitz et al., 1982). 



8. Carcinogenicity 

8.1 Animal 

various routes o f  bdministration (NCI, 1978; m l t o n i  et a l . ,  1980; 

Spencer et a l . ,  1951; Van Duuren et a l . ,  1979; Thais8 et a l . ,  1977). 

However, only two s p 3 i e s  can appropriately be used for a quantitative 

evaluation of  r i s i  and t h i s  discussion w i l l  be limited to these two 



8.1.1 =I Bioassay 

Rat 

ECC (99% pure) i n  co rn  o i l  was administered by o r a l  i n tuba t ion  t o  

Osborm Mendel r a t s  s tar t ing a t  8 weeks of age. Fif ty  r a t s  of each sex 

were used f o r  each o f  t h e  two dose l e v e l s  of 47 and 95 mg/kg/day. 

Twenty animals of each sex served a s  untreated controls; an equal nunber 

ware given the vehicle by gavage. me i n i t i a l  doses administered to the 

test animals produced e a r l y  s i g n s  of t ox i c i t y ,  which necess i ta ted 

several changes i n  the dosages. Weight depression was observed i n  both 

groups. By 50 weeks, t h e  weight depression averaged 12% in high-dose 

rats.  Mortality was e a r l y  and w e r e  i n  dosed animals, especially those 

given the  highest  dose. The mean survival was approximately 55 weeks 

a f t e r  the start of t rea tment  f o r  high- dose males and females. The 

e a r l y  deaths  were usually not d m  t o  cancer; rather, the toxic effects  

of HX appeared to be responsible for these  deaths. Rats dying e a r l y  

had a va r i e ty  of l e s i o n s ,  including bronchopleunonia and endocardial 

thranbosis, which m y  have contributed t o  e a r l y  death.  The pnemonia 

may have been t h e  r e s u l t  of  a v i ra l ,  bacterial,  or mycoplama1 infec- 

tion, and the exposure t o  the chenical may have increased t h e  tendency 

t o  develap severe pqhonary lesions, which would lead t o  death. 

The results obtained on the survival of the animals are shom in Figures 

1 and 2.  or the high-dose male ra t s ,  50% (25/50j were a l ive  a t  week 55 

and 16% (8/50) were a l i ve  a t  week 75. Survival was higher in t he  other 



groups: 52% (26/5b) of the r a t s  in the lar-dose group lived a t  least 82 

weeks, and 50% (10)/20) in the vehicle-control group l ived a t  l e a s t  72 

weeks. In the h i g v o s e  fenale ra ts ,  50% (25/50) were alive a t  week 57; 

20% (10/50) of t h e  r a t s  i n  the low-dose group were a l i v e  a t  week 85. 
I 

Despite the sacr i f jce  of five females a t  week 57, 65% (13/22) of the un- 

treated control gJbup s u r v i v d  u n t i l  t h e  end o i  t h e  study. A gross  

necropey was p e r f o p  on each animal tha t  died during the experiment o r  

was kil led a t  the pnd. 

Squanous cell carcbn-s of the fores tanah were f i r s t  observed in high- 

d o s e  male r a t s  a t  5 1  weeks a f t e r  o r a l  i n t u b a t i o n  o f  EDC. 

Hemangiosarcanas were noted in saae treated r a t s  but not i n  any of the 

controls. L o w 4 9  males and fanales showed higher incidences of henan- 

giosarcana than qigh-dose animals. Tumors were observed in several 

sites, including sbleen, l iver,  adrenal g l a d s ,  pancreas, l a rge  intes-  

t ine,  subcutaneous tissue, and abdaninal cavity. In addition t o  stanach 

carcincmas and henangiosarcanas, EDC-treated female r a t s  showed sig- 

n i f i c a n t  increase? in the incidence of m r y  adenocarcinanas. mars 

were observed in  t h e  high-dose group a s  e a r l y  a s  20 weeks a f t e r  

treatment. An i creased incidence of fibromas of the  subcutaneous 4 
t i ssue was reporter$ in both high-dose and low-dose male r a t s  when com- 

I 

pared with the  poojd vehicle-control group. 

In surmary, a s ta t i s t i ca l ly  s i g n i f i c a n t  increase  i n  the incidence of 

squatnous cell ca4cinanas of the  forestomach, hemangiosarcanas of the 
I 

circulatory system+ and fibranas of the subcutaneous tissue occurred in  

male r a t s .  f herd was also a s t a t i s t i ca l ly  significant increase in the 



incidence of edenocarcinartas of the mannary gland and hemangiosarcanas 

of the circulatory system in fenale rats. These tunor incidences are 

shown in Table 2. 
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mble  2. Tumor lncidencee in O.borne-l(cndc1 kt. Treated uith QX: 

-- 

Squamua all a r c i n w a  of the foreatouch hmmnaioaareoum M e n o c 8 r c l ~ m  of the -ry dand  

h l e a  P V.1usa Fcple. 
a 

Croup P va lw k l e a  
a a 

P nlwa ~ c u ~ e w  P va,us ?emlea P va~oe 

Watched vchicle- 0120 (0%) 
control 

Pmled vehicle 0160 (0%) 
control 

Lou-dose 3/50 (6%) Ns 1/49 (PI 115 9/50 (18%) 0.003 4 l ) n  (ex) 0.041 1/50 (2%) llS 

H i g h - h s  9150 (18%) 0.001 0150 (OX) Ns 7/50 (14%) 0.016 1/50 (8%) 0.041 18/50 (36%) 0.0001 

a 
P raluea u lcu la ted  tawing the Plmher Cuct  h a t .  Tnated nrmua pooled vahicle-contrnl. 

NS - m t  wignificant uhen P n lwr are greater than 0.05. 

Incldencea are baed  on number of bmor-bearing ~ lma la /numkr  of EIlul~ n u d n c d  at  d t e  (proportion). 

Source: NCI. 1978 (modified). 



149 and 299 rrg/ky/day for fenale mice. W n t y  mice of each sex served 

depression in thelmean body weight of the high-dose female mice was a p  

en3 of the s t a y .  In a lcw-dose group, however, survival k s  low. By 

24 weeks, 52% (2(i/50) of the lawdose group and 55% (ll/20) of the un- 

treated control g+oup had d i d .  In the high-dose group, 72% (36/50) of . 

high i n  t h e  othdr  groups: 68% (35/50) of the low-dose and 80% (16/20) 
i 

of the untreated k n t r o l  groups survived unti l  the end of the s t d y .  A 



Results of the NCI study i n  B6C3P1 mice dmonstrated a statistically 

significant increase in incidences of hepatocellular carcinanas and 

alveolar/bronchiolar adenanas in male mice, and a statistically sig- 

nificant increase in incidences of alveolar/bronchiolar adenomas, 

mamxnary carcinomas, and endmetrial tunors in fenale mice. me tunor 

incidences are shown in Table 3. 
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Table 3. b o r  Fncidences in 86C3Pl Mce Reared vith UC - 
Hepatocellular u rc inoua  Nveolarlbronchiolar d e n m a  Menocarcinora# Endomctr i a l  

Of th -ry polyp or mdo- 
Rland a t r i a l  stroul urcamss 

Croup b l e a  P valuea Feulam P 9alnea h l e s  P valuea l e u l e a  P n l w  a i c u l e s  P n ~ w  i c u l e a  P "la* 

Hatched 1/19 (5%) 1/20 (51) 0119 (OX) 
vehicle 

1/20 (51) o/m (ox) 0120 (0.m) 

control. 

Pooled 4/59 (7X) 
vehicle 
controls 

0159 O X )  2/60 (3X) 0160 (OX) 0160 (0.W) 

Lou-done 6/47 (13x1 NS 0150 (OX) NS 1/47 (2x1 aS 71% (l4X) 0.046 9/50 ( l a )  0.0001 5/49 (10.02) 0.016 

'P raluen ulculated using tha FiBher S u c t  Teat (one-t.iled). Truted n r s u s  pooled mhicle-control. 

XS - not significant. 

Incidences are beed an mmber ot amor-br ing  n i u l * / n u b e r  of animals examined at sit. (proportion). 

Source: MI. 1978 (adi f ied)  
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i 
period, the anhalls were allowed t o  l i v e  unti l  spontaneous death. ~ l l  

of  age were 93.9% 27.3% respectively. lhe oveza l l  survival r a t e s  
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I 

The resul ts  of h i~opa tho log ic  analysis showed no s t a t i s t i c a l l y  s i g -  

nif icant  increase the incidence of any specific type of tunor i n  the 

treated r a t s  when (canpared with controls  except for  an'increased in- 

cidence of -4 fibranas and fibrodenanas in groups exposed to BE 
I 

a t  250-150 ppn, 501 ppn, and 5 ppn, when ccmpared t o  con t ro l s  i n  t h e  

chamber, but not significant  when canpared t o  controls outside of the  

chamber. The greipst difference in  incidence was found between t h e  

cont ro l  groups i d  the chamber, which had low survival rates, and the 

groups treated w i t f i  EX2 a t  5 ppn, which had high survival  ra tes .  The 

d i f f e r ence  i n  sudvival r a t e s  t hus  appears to be related t o  the dif-  

ference in inciden#e in the two control groups. 

Mouse I 

Four groups of &ibs mice (180 mice of both sexes per group) were ex- 

posed t o  EDC i n  doncentrat ions of 250-150 ppn, 50 ppn, 10 ppn, and 5 
I 

ppn, respectively,) 7 hours per day, 5 days per week, f o r  78 weeks. 

After  severa l  dads of 250 ppn exposure, t he  mice began t o  exhib i t  

severe toxic efeecb,  and t h e  concentra t ion was reduced t o  150 ppn. 
I 

One group of 249 mfce served as controls. 

A t  the end of the freatment period, t he  animals were allowed t o  l i v e  
I 

u n t i l  spontaneous death. The m e  procedures used for the r a t  s t d y  

were follcwed. ~u4vival data a r e  shown in Figures 7 and 8. The sur-  
I 

viva1 r a t e s  for  qenale mice were s l ight ly  l w r  in the group treated 
I 

with DX a t  250-159 ppn. Ihe overall survival rates for  mice a t  52 and 



. 
78 weeks of age were 82.4% and 45;9% respectively. The overall sur- 

vival -rates after 52 weeks fran the start of the experintent was 67.8%. ' 

The results  of histopthologic analysis of various tunors do not indi- 

cate a s ta t i s t i ca l ly  s ignif icant increase in the incidence of any 

specific type of tunor in the treated mice as canpared with controls. 



Swirt mio in cxprimenl 82 501. ( 0 )  Group vutcd  qith 250-!50 ppm 
(A) l0ppm: (c) 5 ppm; (-) unvuted conrrd poup. 
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The NCI and Maltoni e t  a l .  s t u d i e s  suffered fran sane shor t -wings  

many of &ich have been discussed i n  t h e  l i t e r a t u r e  (Hooper et a l . ,  

1980; Maltoni e t  a 1  ., 1980; Davidson et el., 1982). A major problen 

with these studies was the ear ly  and high mortality r a t e s .  Early in- 

d i ca t ions  of toxic i ty  i n  the NCI study necessitated several changes in 

the dosage lwels and the dosing schedule. Even a f t e r  resor t ing  t o  a 

c y c l i c a l  dosage regime in both the high-and low-dose treatment groups 

i n  order t o  lower the dosage lwels, the mortality r a t e  remained espe- 

c i a l l y  high i n  the  high-dose groups for male and fanale ra ts ,  and for 

female mice. 'Ihe early deaths, w i t h  the exception of male mice, were 

dose-related. Ihese deaths were attributed not to  carcinogenicity but 

t o  toxicity, which in  many cases may have increased the  animals sus- 

cep t ib i l i ty  t o  v i r a l ,  bacterial,  or mycoplasmal infection (ward, 1980). 

Although the high mortality was due in part  t o  an overestimate of t he  

maximum tolerated dosage (WID) in the high-dose group, early mortality 

was a l s o  observed in  the  vehicle-control groups f o r  male r a t s  and 

female mice, and in  the  untreated cont ro l  groups for male r a t s  and 

mice. 

Similar ly ,  i n i t i a l  indications of toxici ty required Ml ton i  et  a l .  t o  

reduce their 'high dosage level very ear ly  i n  the study. High mortality 

a l s o  occurred in  the  treahnent chamber-control groups. lhe mortality 

was especially significant  in rats and fenale mice. Ihe mortality ra te  

f o r  the  chamber-control group was greater than for a l l  of the treated 



i . . 
. .  , groups of femalq r a t s  throughout the  study period and f o r  t he  t rea ted  . . 

. . I . . 

male r a t s  approx~imately halfway through the study period. 

The high mor t a j i t y  seen in these two s tud ie s  is evident from t h e  

Kaplan-Meier s rv iva l  curves (Figures 1 t o  8). Ihe cause of the high u 
mortality i n  the control groups i n  both two s tud ie s  has not  been ad- 

I 

dressed by the briginal investigators nor has it been discussed in the 

l i terature.  '~hdse results  suggest significant "unexplained problemsn 
I 

with both studies. Additionally, the hX3I study was.criticized for al- 

lowing possible pposure to other chemicals because the animals were 

housed i n  t h e  same room whi l e  bioassays with other halogenated 

hydrocarbons werb conducted concurrently. 

For t o x i c o l c g i ~  purposes, a threshold dose is one below which a 

spec i f ied  outcdfne does not occur. 'Ihe self-propagating , clonal nature 

of tunor growth and dwelopnent f r m  a single dmaged ce l l  however sug- 

gests  t ha t  the dffective dose tor carcincgenesis may be so low a s  t o  be 

ind is t inguisha  l e  from zero. While t h r e s h o l d  models (based on Y 
d e t o x i f i c a t i o q  enzyme s a t u r a t i o n ,  t h e  ex is tence  of DNA repa i r  

I 

mechanisms, rec rent cytotoxicity) have been proposed, none has been P 
convincingly d-trated. 

An "epigenetic ~echanism" t h a t  could theo re t i ca l ly  embody threshold 

doses has been qnvoked to explain the carcinogenic action of substances 

t h a t  do not  d i i e c t l y  produce gene t ic  damage i n  short-term t e a t s .  



However, neither short-term tests nor non-linearities i n  dose-response 

curves fran animal bioassay can reliably distinguish between "genetic8' 

versus "epigenetic" carcinogenesis  primarily because of the limited 

sensi t iv i t ies  of the  experimental methodologies. DHS s t a f f  agrees with 

t he  conclusion of t h e  I?dC (1983) that there is insufficient evidence 

a t  present t o  jus t i fy  creating separate classes of carcinogens (based 

on mechanism) f o r  which d i f f e r e n t  r i s k  assessment methods would be 

used. In any case, i n  view o f  t h e  s t r o n g  ev idence  f o r  EDCts 

genotoxici ty,  it would be inappropriate t o  suggest t h a t  t h i s  sub- 

stance's carcinogenicity is due to  an epigenetic mechanism. 

Thus, in the absence of canpelling evidence to  the contrary,, DHS t rea t s  

carcinogenesis a non-threshold phenaoenon. 

10. Risks Estimates Based on the Oral Bioassay (*I) 
I 

The K I  study, demonstrated s t a t i s t i c a l l y  s i g n i f i c a n t  carcinogenic 

responses t o  EDC fo r  both sexes of r a t s  and mice (Tables 2,3). rxle to  

the high mortality rate, only those animals tha t  survived a t  l e a s t  SO 

weeks a r e  used as the  denominator of the  incidence r a t e  f o r  the 

dichotanous r i sk  assessment models. ?he time-to-death with tumor mul- 

t i s t a g e  ("Weibullized" or  time-corrected multistage) model d i rect ly  

corrects for  the 0bsem.d intercurrent mortality. 

The r e s u l t s  of t h e  the  human r i s k  es t imates  based on low-dose ex- 

t r a p l a t i o d  for both the male r a t  hemangiosarcanas and the  male mouse 

hepatocel lular  carcinanas a r e  shown in Table A. Five mcdels a re  used 



for these r isk dstimates. Ihe calculations for t h i s  table are provided 
I 

in Appendix IA. 

1 
Cnoice of data &t 

The tumor data  chosen for r isk assesmerit is based on the findings on 

the most sensitive site, sex, and species. The se l ec t ion  of the most 

s ens i t i ve  site) sex, and species for use in quantitative r isk assess- 
I 

ment often can qot be m d e  d i rect ly  £ran the crude incidence data. For 

example, the  d~ tables  and d e  data only provide the responses for 

the generic dose levels (e.g., high, intermediate, and low) for  each 
I sex and specie$. The actual dose levels (mg/kg-day) and the lifetime 

daily, surface drea corrected doses (mg/S. A. -day) w i l l  d i f f e r  sig- 

n i f i c a n t l y  by $ex and species. Even using the surface area corrected 
I 

dose levels it is still not possible t o  determine the  most s ens i t i ve  

site, sex, and I species by visual inspection. Ihe dose-response curve 

is s t a t i s t i ca l ly  f i t  to  the experimental da ta  by maximum likelihood,  

thus  its shape cannot  be predicted a priori. lhis is further canpli- 
I 

cated for a tenpp'al model. Although the crude tumor incidence r a t e s  

f o r  two d i f f e r e n t  sites may be identical , the time-to-death with and 

without tmor  w i l l  strongly influence the shape of t he  dose-response 
I 

curve. 

In selecting the most sensi t ive  site, the  s t a f f  of DHS is guided by 

p r i o r  r i s k  askessments and espec ia l ly  those from the  Carcinogen 

Assessment Group of the mvironnental Protection Agency. Additionally, 

t h e  s t a f f  of ted use the data  from d i f f e r e n t  tumor sites t o  verify 



others' selections of the most sensit ive sf te or t o  develop t h i s  infor- 

mation when it is not available in the l i terature.  Considerations for  

selection include the demonstration of a ~tatistical1~'significant in- 

c rease  i n  tumor incidence i n  the treated animals and a dose-response 

relationship. The f inal  selection is based on the resul ts  showing t h e  

highest r isk  obtained af ter  assessnent of the data using the model(s). 

In the case of HX: data in mice, the EPA identified the male hepatocel- 

l u l a r  carcinomas a s  a more sensit ive indicator of tmor  response than 

the female mmnary tunors. MS concurs with EPA's conclusions based on 

the following analysis. 

Although the crude (unadjusted) dosage and tumor incidences suggest 

t h a t  t he  fenale mouse mannary gland is a more sensitive site than male 

l ivers ,  t h i s  is true only before but not af ter  the cor rec t ion  f a c t o r s  

and the  model a r e  applied to the  data.  Before the dosages a r e  cor- 

rected f o r  s u r f a c e  a r e a ,  t h e  r e sponse  d a t a  a r e  c o r r e c t e d  f o r  

in te rcur ren t  mortality, and the model is used for r isk assessment, the 

observed adenocarcinana incidence in female mam\ary glands appears t o  

be grea te r  than the hepa toce l la r  carcinoma incidence in  male mice 

(Table 3). ?he highest crude incidence ra te  of 21% (adjusted for back- 

ground tmor  incidence) for  the male hepatocellular carcinanas occurred 

in the high-dose group administered BX: a t  195 -/kg-day, whereas t h e  

highest  incidence ra te  of 18% for the fenale mannary tmors  occured in 

the low-dose group administered ID2 a t  149 mg/kg-day. Therefore, t h e  

crude data  showed t h a t  f o r  comparable tmor  rates, the fanale tunors 

occurred a t  approximately 75% of the dosage required for the male l iver  



tumors. The r b t i o  of tb crude incidence ra tes  per unit  dose for the 

male t o  fenale tuoors is 0.89. 

A F i s h e r  exac~ t  t e s t  comparing the mamnary tumor incidence a t  a 

specified dose Jevel t o  t h a t  of the  cont ro l  was s t a t i s t i c a l l y  s ig -  

n i f i c a n t  for  each dose level; however, the t r d  test, with a P-value 

of only 0.128, @ not significant. This trend test is especia l ly  im- 

por tant  i n  es tabl ishing a dose-response relationship with only three 

points ( a con901 and two dose levels) .  Fqardless of the absence of 
l 

a dose-responge re la t ionsh ip ,  t he  female marnary tumor da ta  were 

modeled using + simple (non time-dependent) multistage model. The es- 

timated low-dose r i s k s  based on t h i s  tumor site using the model for  

low-dose extrap~lat ion were fran 2-to-2.5 fold lower than those r i s k s  

calcula ted usipg the incidences of male hepatocellular  carcinana. 

Thus, DHS concurs with EPAVs conclusion t h a t  the male l i v e r  showing 

hepatocel lular  carcinomas is the  most sensitive site for mice in the 

study. 

Choice of model 

Of the models i~ general use today, the mS agrees with the EPA (1984) 

i n  the  use of t h e  mul t is tage model. Ihe underlying principle behind 

the use of t k  multistage model is t h e  biologic  p l a u s i b i l i t y  of t h e  

theory t h a t  cqrcinogenesis is a multistage process. I t  is a f lexible  
I 

model in that +e form of t he  model is no t  determined a p r i o r i ,  and 

thus i t  may t i k e  on some of t h e  charac te r i s t i cs  of the other models 



depending on the nunber of stages &ed and the corresponding parameter 

values. 

When time-to-death with tunor data are  ava i lab le ,  DHS reccinmends the  

use of t he  time-dependent form of the multistage model (Weibullized- 

multistage model) and w i l l  ca lcu la te  r i s k s  using the  Crmp and Howe 

program Global 82. The Weibullized-multistage model has the same 

properties a s  the simple mul t is tage model and, i n  addit ion,  it uses 

time-to-death with tunor data and corrects for  intercurrent mortality. 

In the absence of adequate survival data, the DH.5 w i l l  p r e f e ren t i a l l y  

use either the quanta1 multistage model a s  calculated by the Watson and 

Howe canplter progran Global 79 or the Howe and Crmp program Global 

82. IXiS w i l l  provide both the maximun likelihood and the 95% upper con- 

fidence limit, using the linearized multistage confidence 1 i m i t s  from 

the above program.. 

In the case of EDC, the s ta f f  of assesses r i sks  using models other 

than the  simple or  t M @ e n t  multistage only for ccmparison. The 

values derived fran these other models a r e  n o t  Suggested for  use f o r  

regulatory purposes, and they only demonstrate the d'pendence of the 

low-dose r i sk  ex t rapola t ion  on the mathematical model. I t  w i l l  be 

noted t h a t  the low-dose r i sk  estimated by the gmma multihit model for 

the m a l e  hemangiosarcana is more than tuo orders of magnitude grea te r  

than t h a t  est imated by the simple or time-depeodent multistage mcdel. 

One reason that  the s taff  of DHS has re f ra ined  from using the gamma 

m u l t i h i t  model for  r isk  assessnent is t h a t  when the nunber of h i t s ,  k, 

is less than one, the mcdel w i l l  yield unrea l i s t i ca l ly  high r i s k s  fo r  
- 



. . 

. . 

low doses. This is because the 'slope befanes extrmely steep a t  low 
. . . . 

doses. Under @se corditions the shape of the dose-response curve a t  

low doses becanep coEave upward. In the case of male r a t  hemangiosar- 
I 

canas t h i s  ind+ is evident: the slope (shaps) parmeter, k ,  is 0.44. 

Additionally, tjhe model suggests a background tunor ra te  whereas the 

actual ra te  ente ed was zero. %is is a l so  one reason why t h e  g m a  +i 
multihit model is not recarmended for use. 

11. Discussion of Inhalation Bioassay (Maltoni e t  al.) 

The negative r e s u l t s  of the  (Maltoni et  al.) inhalation study a re  in 
I 

apparent confl ict  with the positive findings of the (XI) gavage study. 

These divergent  r e s u l t s  appear especially significant considering the 
I 

facts  that  &e idhalation study used (Maltoni et al.) four dose l e v e l s  

a s  canpared w i 4  the two used in the gavage bioassay, and that  the in- 

halation bioassad (Maltoni e t  al . ,  1978) used more animals per dose 

l e v e l  (180 versps 100 animals) per dose lwel. This section exmines 

possible explanaqions for these conflicting results. 

The highest  do- lwel for the male and fenale ra t s  in the two studies 

differed by apprqximately two fold. The highest dose l eve l  fo r  the  

male mice in  thy two studies were canparable (Table B). No s t a t i s t i -  
I 

c a l ly  significand increased maligancies were detected in the Maltoni et 

a 1  . study i n  e i i he r  sex of treated r a t s  or mice as  ccmpared with the 

controls whereas the =I bioassay r e su l t s  denonstrated p o s i t i v e  car-  

cinogenicity for poth sexes of mice and rats. lhis discrepancy between 

the two studies has been discussed in the l i t e r a t u r e .  Hooper et a l .  



(1980) suggested t h a t  these  condic t ing  results may be the result of 

the following: 

1. !The s t ra ins  of test animals d i f f e r  in responsiveness; 

2. The route of exposure does  make a d i f fe rence  concerning the  

carcinogenic action of HT; 

3. An a r t i fac t  has been introduce3 by intercurrent morta l i ty  t h a t  

would be corrected by l i fe- table  analysis. 

lhese authors concludd, 'We cannot choose anong these possibi l i t ies  on 

the  b a s i s  of the infonnation a t  hand." DHS s ta f f  believes t ha t  a l l  of - 
the possibi l i t ies  listed by Hooper et el. may be responsible  fox t h e  

nega t ive  resu l t s .  The following discussion addresses each of these 

points i n  turn. 

S t r a i n  Differences - Maltoni et al .  used the same s t ra ins  of r a t s  and 

mice i n  the  E X !  bioassay a s  were used i n  the bioassays of s eve ra l  

halogenated two-carbon canpounds (alkanes and alkenes) . It is pos- 

sible, however, that  these s t ra ins  may have quantitative differences i n  

t h e i r  carcinogenic suscep t ib i l i t y  since they were di f ferent  fran the 

s t r a i n s  used in  the  NCI b ioas say .  Comparison w i t h  o t h e r  c a r -  

c inogenic i ty  s tud ie s  conducted by Maltoni suggest t ha t  i f  there is a 

strain-related difference in response it is probably less than one or- 

der of magnitde. 



Route of Exposrng - The route of eXposure affects  the ~ n n a c o k i n e t i c s  

of a compound i n  a v a r i e t y  o f  ways and may influence the  car-  

cinogenicity of @ c a n p o d .  Gavage dosing resulted in a rapid increase 

i n  the EDC blood concentration, a bolus effect ,  and inhalation caused 
I 

mmh lower leve s. The t o t a l  a reas  under the blood concentrat ion i 
curves, however, were similar (i .e., approximately equal doses) . 

k i t z  et al. (1942) observed t h a t  a f t e r  s ing l e  exposures of EDC by 
I 

gavage and inhala t ion a t  the  same dose l eve l ,  t h a t  in vivo binding 

(apparent alkylaqion, See Appendix I1 A3) of radioactively labeled EDC 
I 

t o  r a t  DNA fol l lowing gavage was 2 t o  5 times higher than a f t e r  

inhalation. lhig binding, however, was not d i rect1  y re la ted  t o  car- 

cinogenic suscept/ibility of the target organs. I t  is believed that  DNA 

damage is a c-n denaninator in both mutagenesis and carcinogenesis, 
l 

and t h a t  the prbsence of an increased level of SNA danage in sanatic 

ce l l s  may resul t  !in an increased r i s k  of cancer. %is may suggest that  

the e f f ec t ive  "qNA dimnaging" dose by inhalation as  canpared to gavage 

may be only onejhalf  t o  one-f i f th  a s  g r e a t  and there fore  may have 

decreased the eipected number of tunors. lhis issue is discussed in 

PSpendix I1 A3. 
I 

Intercurrent  Moqtality - Hooper et al .  (1980) also suggested that  the 
I 

negative results  bf h l t o n i  et  al .  could be an introduction of an ar- 

t i f a c t  due t o  i q t e r cu r r en t  mortal i ty.  Life t ab l e  analysis of t h i s  

S t d y ,  a s  suggest+ by these authors, could not correct for the in te r -  

current mortalitylbeause no cancers were observed. 



An additional p i n t  implied by Hookr e t  a l .  (1980) is t h a t  the  two 

lower dose l e v e l s  used in t he  Maltoni et  al .  s tudy  a r e  too low t o  

provide a carcinogenic response for the nunber of animals a t  each dose. 

A f u r t h e r  d i s c u s s i o n  of t h e  inha la t ion  bioassay is contained in  

Appendix 11. Several conclusions can be reached fran these discussions 

and w i l l  be stated here (Note - These conclusions a r e  independent fran 

the "mexplained problems" connected with t h i s  bioassay) : 

." 
1. It  is concluded tha t  no tunors were expected a t  the two 1- dose levels 

and that s t a t i s t i ca l ly  significant tunor ra tes  would be expected only a t  

t h e  h i g h e s t  dose .  These c o n c l u s i o n s  a r e  based on the following 

assunptions: 

a. There is 100% absorption of the inhaled dose. 

b. The exposure dose is equal t o  the effective dose. 

c. The potency of EDC by inhalation is the same as by gavage and that 

response in  the inhalation study can be predicted fran the most 

s e n s i t i v e  site in  each sex and spec ies  (henangiosarccma in male 

r a t s  and beptatocellular carcinana in  male mice) from the gavage 

study. I t  is demonstrated t h a t  due t o  t he  low concentrat ions 

employed in  the bioassay no tunors a r e  projected for the lower two 

doses  l e v e l s  f o r  e i t h e r  the  mice or  r a t s  (Table E). Even i f  the 

projected nrpnber of tumors occurred a t  the two higher dose l e v e l s  

of t h e  male r a t  o r  male mouse bioassay, only the nunber of tunors 



I 

a t  the highesd dose level would be s t a t i s t i c a l l y  s ign i f i can t .  I t  
I 

is concluded, therefore, tha t  the nunbers of animals in the inhala- 

t i o n  study y r e  too low a t  t he  lower dosages to  provide fo r  a 

positive carcinogenic repsponse. 

2. If  the assunption i d  made that binding provides a surrogate  measure 
I 

of the effective ca~ '~ inogenic  dose (See Appendix I1 A21 and tunor latency 

is a function of do&, that  the time-to-death with tunor is a l so  a func- 

t i o n  of dosage (Drpckery relationship) , then calculation6 suggest that  , 
the expected n-r f twr s  in the high-dose r a t s  w i l l  range from 0 t o  P 
1, with t he  expecte$ mean nunber of tunors a s  0 .  lhese calculations in- 

I 

dicate that  a l l  the gosages were too low or that  there were insuf f ic ien t  
I 

nunbers of animals aF each dose level to obtain a positive response. 

3. Differences i n  car&inogenic s u s c e p t i b i l i t y  between t h e  s t r a i n s  of  

animals used in the &o studies may also explain why the inhalation st$y 

was negative. If t+ Osborne-Mendel r a t  s t r a i n  is only 2 fold  less 
I sensit ive than the qrague-Dawley (NCI bioassay) then the expected nunber 
I 

of tunors a t  the h i g p s t  dose level would range fran 0 t o  1, with the ex- 

, ,, of t i  as  0. 
I 

I t  is not possible1 t o  determine the influence, i f  any, t h a t  the d i f -  

ferences  i n  rout$ of exposure ard anknal s t ra in  had on the inhalation 

I 

bioassay. Zhe abTe calculations do demonstrate, however, t hab  e i t he r  

of these  f a c t o r s  )could resolve the differences between the bioassays, 

w i t b u t  the  need t l P  conclude that Fa: was not carcinogenic by the in- 

halation route. 1 



4. A s  with most negative studies, t h i s  bioassay a t  best can only provide an 

upper bound of t h e  r i s k  as determined by the statistical power of the 

study. %is study does not denonstrate that  EZC is not a carcinogen via 

inhalat ion.  Ca lcu la t ions  suggest t ha t  the one-sided upper confidence 

bound of the Maltoni et  a 1  (1980) strdy is cons i s t en t  wi th  q* = 2.4 x 

[mg/(kg) (day)]-' (the l i fe t ime excess carcinogenic r i sk  of 2.9 X 10- 

6 /  of EIX: in the aimosphere) . 

I t  must be stressed tha t  t h i s  upper bound is only valid in the absence 

of methodological problems, otherwise it could be significantly higher. 

The high mortality rate of the Maltoni et a1 chamber-controls suggests 

such a problem in the s t d y ,  and therefore U S  does not reccmnend using 

the  upper-bound es t imate  from the  inhalation studies t o  establish a 

dose-response relat ionship for  exposure t o  EDC i n  the  ambient abnos- 

phere. 

DHS s ta f f  does not believe tha t  the inhalation bioassay was s c i e n t i f  i- 

ca l ly  sufficient  to negate the use of the =I bioassay i n  quantiatative 

r i sk  estimation for the reasons outlined above and in lrppendix 11. 'Ihe 

DHS s taff  reccmnends, therefore, t ha t  the =I gavage bioassay of EW be 

used in the quantitative r i sk  estimation of inhalation exposure to EW. 

The s taff  also recognizes t h a t  the the data contained in the N=I bioas- 

say a r e  not strong (especially i n  l i gh t  of the high m o r t a l i t y  r a t e s )  

and caution that  the  uncertainty in th i s  evaluation may be qui te  large. 

The s taff  of DHS believes t ha t  the calculations given here demonstrate 

t h a t  the Maltoni e t  a 1  (1980) study did not employ suff ic ient ly  high 



concentrations o f  BX: t o  induce the expected t m o r  i n  e i t h e r  mice o r  
I 

r a t s .  The negaqive finding of the expected tumor incidence a t  the 

highest dose levet can be explained by a relatively small difference i n  

response (tm-folg) betwen the s t ra ins  used in the KI s t d y  and those 

in the b l t o n i  s t b y .  Ebr these reason, IM does not see the  need t o  

modify the gavage doses for projected inhalation doses. 

12. Conclusions 

1) & the bas i s  of the findings discussed in the preceeding sections, 

it can be c&lded that  adverse health effects,  such a s  systemic 

t o x i c i t y  o r  reproductive effects ,  a r e  not expected t o  result fran 

exposure to  pC in cannmity air. 

2) DHS concurs with the  IARC conclusion t h a t  there  is sufficient  

evidence thab is carcinogenic i n  mice and r a t s  and t h a t ,  i n  

t he  absence1 of adequate d a t a  i n  humans, it is reasonable, for  
I 

practical d p o s e s ,  t o  regard E X  a s  i f  it presents a carcinogenic 
I 

r isk  t o  h&s. 

3) I t  is a lx ,  opinion of the s ta f f  of DliS that is potentially 

carcinogenic via inhalation. 

4) There is no  evidence t o  demonstrate that  the carcinogenicity of 
I 

EDC has a thkeshold and EDC1s carcinogenic a c t i v i t y  should be 

treated as  Nving no threshold. 

I - 38 - 



5) The staff of MS recannend the use of the low-dose extrapolation 

value a s  provided from the "Weibellized" multistage model a s  

providing the best estimate of risk for anbient concentrations of 

. lhis model suggests a lifetime excess cancer risk of betwen 

53 and 88 per mill ion for lifetime exposures t o  EDB a t  a con- 

centration of 1 ppb. 



A. Calculation of Gavage Dosage 

The animals i n  the =I gavage study were dosed for f ive  consecutive days per 

week on a mg/kg basis .  time-weighted average ('IWA) doses, a s  provided 

by =I, a r e  47 ard 95 --day for ra ts ,  and 97 Md 195 mg/kg-day f o r  male 

mice, f o r  the treatment period. me male r a t  hemangiosarcanas and the male 

mouse hepatocellular carcinanas provided the highest incidence ra tes  and are 

used t o  calculate the equivalent hunan risk. lhe timesseighted average bcdy 

weights of the mice and a body weight of 0.5 kg f o r  the  r a t s  a r e  used t o  

c a l c u l a t e  the  r i sk .  These dosages were converted t o  equivalent  human 

dosages for a 60-kg person incorporating a surface area correction according 

t o  the following calculations. 

Ekle Ra t  Wmangiosa~canas 

Hman-equivalent dose, surface area corrected for a 60-kg person: 

High dose = (95 mg/kgilay) x ( 5 ~ )  x (78A04) x (0.5/60) 

= 10.3 mghg-day 



i 
i 

. . 
I i . . 

Male Mouse k p a t o c e l l ~ l a r  Carcinana 
i ~ 

Hman-equivalent dose, surface area corrected for a 60-kg person: 

1 

Low dose = '97 mg/kg-day) X (5/7) X (78/90) X (.0305/60)~/~ I = .79 mg/kg-day 

~ 
~ 

High dose = 195 mg/kg-day) X (5/7) X (78/90) X (0 .0292 /60 )~~  1 
= t.50 Wks-day 

I ~ ~ 
! 

B. Calculation of & Inhaled Dose f r m  Pmbient Exposure 

i 
i 

The assunption i&&C that  the average person wigh t s  60 kg ml inhales .ir 

3 a t  18.05 m /day. Iho l ifetime average daily dose f ro .  a continuous expsure 

is c l i l cu law as  f o l l b :  
1 
8 

I 

dose = @ X ( .047 X 10-~1rq /m~)  X (18.05 m3/day) X (1/60 kg) 4 I 

The lifetime average a i l y  doses in a i r  are: b i 

i 
i 
l0.l ppb = 1.22 X lo4  @(kg) (day) 
i 
! 

I 
i 
0.5 ppb = 6.09 X mg/(kg) (day) 
i 
i 
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C. Low-Dose Extrapolation Wels 

Dichotomous Models - data for the quantal models are  shorn in Table C. 

The Crunp and Watson progran "GLCBAL 79" is used t o  ca l cu l a t e  t he  quantal 

form of t h e  mul t is tage model. The War and Krewski progran 'RISK 8lu is 

used to calculate the probit and ganna mul t i h i t  models. The Howe program 

"GLOBAL 82" is used t o  ca l cu l a t e  the upper bound for the multistage mcdel 

for  the inhalation stodies. The one-hit m d e l  is calculated by l i n e a r i z i n g  

t h e  da ta  and f i t t i n g  the transfomed data to a linear regression. 'Ihe 95% 

UCL for  the one-hit model is calculated by dexiving the 95% UCL with the  bi- 

nomial expansion f o r  each da t a  point and then linearizing and f i t t i n g  the 

transformed data to  a linear regression. 

Time-Dependent Model - The Howe and Crunp progran "Wibull 8211 is used to 

f i t  the time-to-death with tunor data. Ihe 95% UCL was calculated by maxi- 

mizing bo th  t h e  dose  and t i m e  terms of t he  expression. The maximum 

likelihood estimate of r i sk  and the 95% UCI a re  calculated at 90 weeks. The 

model f i t s  the data very well up t o  90 weeks but poorly beyond t h i s  period. 

This seems reasonable because the median l i f e span  f o r  con t ro l  animals is 

a l s o  less than 90 weeks (Approximately 70% of t he  control  animals died 

before 90 weeks) . 



A. Inhalation Bioassay 

Al .  Risk Estimates 

S t a t i s t i ca l  Power of Study 

The 95% UCL for the l inear and multistage models are  calculated for the 

mice and r a t  inhalation s t a y .  lhese confidence limits provide an up- 

p r  bound of the r isk  consistent with the negative findings. The upper 

bounds fo r  these r i sk  estimates assume t h a t  the  Maltoni bioassay is 

unflawed. The calculat ions are made independent of pharmacokinetics, 

ef fect ive  dosage and dependence of tin~+to-tunor on the  dose, a s  d i s -  

cussed la ter .  

95% UCL fran the Wltistage Model: 

Male rats:  slope q* = 1.4 X 10'~ [mg/(kg-bw) (day) 1-' 

Male mice: slope q* = 2.4 X [mg/ (kg-bw) (day) ] 

The 95% UCL for the one-hit model is derived by considering each dosage 

point individually and calculating the r i sk  t ha t  is consisted with t h e  



I 
I 

observed respond for a one-sided 95% E L  using the binanial function. 
I 

A surface area co rectsd dosage for a 60- person is used. d 
l 
I 

I 

95% UCL fran the + H i t  mcdel: 

I 

Male rats:  1 slope q* = 7.3 X 10'~ [mg/ (kg-bw) (day) 1 'l 

I 

I 
Male mice: I slope q* = 3.8 X loc3 [*/(kg-bw) (day) 1 

I 

I 

I 

The Maltoni study Fan only denonstrate the upper bound of carcinogenic 

potency, i f  EDC i d  carcinogenic by inhalation. Ihe Maltoni results can 
I 

not danonstrate t E is not carcinogenic by t h i s  route of exposure. - vt 
The calcula ted b ien t  concentration corresponding to a hunan r i sk  of 9 
lod, based on d one-sided 95% upper confidence l i m i t  f o r  the male 

r a t  inhalation s t w y  using the multistage model, is 0.01 ppn. 

I 
I 
I 

A2. Expected l h o g  Rate, Uncorrected for Effective Dosage and Time-to- 
I 

Tmor - I 
I 

The calculated t r ra te  fo r  the Maltoni e t  a l .  s tudy assumes t h a t  

100% of the  inha ed dose is e f f ec t ive ly  retained. No adjusbnent is 7 
made for mor ta l id ,  and the administered dose is assumed equal t o  the 

e f f e c t i v e  dosage The calculations assune that  the average weight of I I 

I 
I - 44 - I 
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the rats is 0.5 kg ard that they inhale 0.1 Liter@ of air. The average 

weight of mice is assuned to be 0.035 kg with a respiratary rate of 0.03 

liter/min. The MTiE frun the multistage ncdel is used to esthmte the bnmr 

rate. The ME coefficients fran the mltistage rodel for both the rat anl 

muse .bioassays are used as follows: 



~ 
Rat - qo - q2 - 0.0 

1 q - 3.507 X [mg/ (kg-bw) (day )I-' 

Mouse bioasshy - qo - 5.4067 X 

The projected nqber of cancers f o r  each dose l e v e l  is shown i n  Table 

E. These c a l c u  a t i o n s  confirm t h a t  i n  t h e  absence of any additional i 
fac tors  (nonequi+lency of inhaled and gavage dosages and s t r a i n  d i f -  

f e r e n c e s  i n  carbinogenic  response)  the  two lower dose levels  i n  both 

t h e  r a t  and mou e s tudy would r e s u l t  i n  a n e g a t i v e  c a r c i n o g e n i c  i 
response.  A l t h  ugh the penultimate dose l eve l  is projected t o  r e s u l t  t 
i n  approximately4 tumors for  r a t s  and 2 tumors t o r  mice, these r e s u l t s  

I 

a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Thus, t h e  observed nega t ive  ~ 
response is conststant with the calculated projections f o r  a l l  but t h e  

I 

highest dosage. 1 

A3. Effect of ~Qcreased  Dosage on Projected Tumor Incidence (Corrected ~ 
fo r  Time-to-Tumo~) 

Only the h ighes tdose  level i n  the inhalat ion s tudy f o r  mice and r a t s  
I 

i s  p r o j e c t e d  t o r e s u l t  i n  a s t a t i s t i c a l l y  s i g n i f i c a t  n-mber of tumors. 

I 



This sect ion considers t he  projected differences i n  c a r c i n o g e n i c  

response due e i t h e r  t o  small differences in s t ra in  sens i t iv i ty  t o  EDC 

or t o  the nonequivalency of administered dose verses effective dose. 

S ta in  difference between the animals used i n  the inhalation and gavage 

studies could account f o r  t h e  observed carcinogenic response d i f -  

ferences i n  t he  gavage and inha l a t i on  s tudies .  A useful surrogate 

est imate of lower i n t e r spec i e s  carcinogenic r e sponse  i s  t h e  ad- 

ministered dose l eve l .  I f  t h e r e  is a 2-to-4 fold lower ca~cinogenic 

sensit ivi ty i n  the s t ra ins  used i n  the  inhalation study, t h i s  would be 

equivalent t o  a decrease i n  the administered dosage by th i s  amount. 

Although Rietz's DNA binding data suggest that the e f f e c t i v e  dose may 

be 2-to-5 fold lower than t h e  administered dose, i t  w i l l  be assumed 

that  the effective inhalation dosage is only one t h i r d  as  g rea t  a s  t h e  

administered dosage due t o  e i ther  s t r a in  differences or  the difference 

effective versus administered dose. 

Time-to-tumor is a funct ion of t h e  dosage. The latency period f o r  

tumor increases with decreasing dose. In order to  estimate t h e  e f f e c t  

of decreased dosage, i t  is necessary t o  correct for the tumor latency 

period. The relationship of t h e  tumor latency period t o  dosage is 

quantified by the Druckery (1967) relationship: 

n Constant - C = d t  



. . . . 

. . 
. The highest obsedved potency by gavage for is with the male rat  

. . ! . . 

henangiosarcrmas; th i s  most sensitive site, sex and species is used for 

the calculations t b  provide an upper estimate of projected carcinogenic 

response. The N=I~ data for time-to-death with tunor for the male r a t  
I 

hemangiosarcana a used to  estimate the constant, C, and the time fac- 

tor, n. 

. , . - 48 - 
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Let: 

t = mean time-tc-death with tunor, i n  weeks 

d = dosage i n  mg/kg-day ( sur face  a r e a  corrected f o r  a 60-kg 

%en: 

For the low dose group: C 5.109(88.8)" 

For the high dose group: C = 10.32C72.6)" 

Thus :' 

C = 1.59189 X 10' and n = 3.49028 

The binding of labeled E t o  DNA r e s u l t i n g  from gauage exposure a s  can- 

parred with an  equivalent  administered inhalation dose was 2 - t o  5-fold 

greater. If  the DElA binding data are  used a s  a surrogate measure of the ef- 

f e c t i v e  carcinogenic dose, i t  may be conservat ively  estimated tha t  the 

effect ive  dosage by inhalation is only one ha l f  of t h e  dosage by gavage. 

The ca l cu l a t ed  e f f ec t ive  dosage therefore, for  the  high-dose group for  the 

Maltoni e t  al., (1980) s t d y  has 2.62 mg/kg-day (Note - For consistency, 

throughout t h i s  docment t h i s  dose is i n  the surface over corrected fonnat). 

The mean time-to-death with tumor f o r  t h i s  dosage, from t h e  Druckery 



re la t ionship ,  is 10746 weeks. Similarly, the  time for the f i r s t  appearing 

tunor was calculated 4 be 88.6 weeks, a s  follows: 

Calculated t ime- thea th  for f i r s t  appearing tunor - 87 weeks 

C a l ~ l a t e d  " II " mean tunor appearance - 108 weeks 

The observed stam$ard error of the mean for the 1J=I law-dose male r a t s  

gavage group f o r  time-to-death with tunor - 12.5 weeks 

The presenta t ion of the Kaplan-Meier survival curves (Figures 5-8, Section 

8.1.2) by Maltoni et  a+. is sanewhat misleading because the authors used the 

t i m e  of  b i r t h  f o r  t f 0, a s  opposed to using the time £ran dosing. I t  is 

necessary t o  correct ti)e tkne axis for the 12 weeks of l i f e  for the  animals 

before t he  dosing i n  order t~ establish the expected appearance of tunors. 

The survival of the r a b  i n  high-dose group is canparable, i f  not  worse, 

with tha t  in the high 4ose group of the N=I stniy i f  the abwe correction is 

made. 

The percentage and ribber of surviving animals for  several time intervals 

using the time notatio of Maltoni et  a l .  and also by defining t = 0 a s  t h e  T 
s t a r t  of t he  dosing qeriod a r e  shown i n  Table D. The expected nunber of 

cancer cases for the high dose group of t he  Maltoni et  a l .  study is calcu- 

l a t ed  using the  potel/lcy derived frcnn the  mul t is tage model fo r  male r a t  

henangiosarcana in thegavage s t d y  and by assuning that  the ef fec t ive  dose 

f o r  t he  Maltoni h ighdose  group is 2.62 --day. The maximun likelihood 

estimate £ran the multistage model for male r a t  hanangiosarcanas is used for 



the projected cancer incidence. lhe MLE fo r  t h i s  data has only one value of 

9 r  q1 = 0.0351. Tlre projected hanangiosarcana r a t e  fo r  t he  r a t  i nha l a t i on  

study is: 

The calculated mean time-to-death with tunor is 108 weeks. A t  t h i s  t ime ,  a p  

proximately 1 animal was still a l ive  in the Maltoni et a l .  study. Thus i f  

a l l  of the cancers occurred a t  108 weeks, no cancers  would have been ob- 

served. Assuming t h a t  tkae-to-tunor is a Poisson distr ibution w i t h  a mean 

of 108 weeks, t h e  standard e r r o r  of  t h e  mean (Sm) is approximately 10 

weeks. The 95% UCL f o r  tumor appearance is then themean value for the 

+ 
time-to-death with tumor -1.96 SPZ, o r  86 t o  128 weeks. The e a r l i e s t  

projected t i m e -  to- tumor frcm the calculation f a l l s  within t h i s  calculated 

interval. The mean expected cancers fran the Wltoni et a l .  bioassay is 0, 

and t h e  range is 0-1. This calculation suggests t h a t  the r e su l t s  fran the 

Maltoni et a l .  s t d y  a r e  not incons i s ten t  with those  of t h e  NCI bioassay 

when the data a r e  adjusted for the effect ive  dosage by inhalation versus the 

dosage f o r  gavage and when t h e  s u r v i v a l  of  a n i m a l s  is cons ide red .  

Essentially, the  Maltoni et  a l .  study does not have the s t a t i s t i c a l  p e r  t o  

detect  the low carcinogenic potency of EIX: given the abwe assunptions t h a t  



between the  two s tud ids  t h e r e  is e i t h e r  a d i f f e r ence  i n  s ens i t i v i t y  of 
I 

s t ra ins  o r  t h a t  t he  e f f e c t i v e  dose by inha la t ion  is less than t h a t  ad- 

ministered dose by gavqe. 

Although the  differenceobserved in CNA binding has been sqgested a s  a pos- 

s i b l e  e x p l a n a t i o n  f g r  t h e  d i s p a r a t e  bioassay r e s u l t s  ( a  hypothesis  
I 

consistent with the sqdest ion tha t  the gavage verses inha la t ion  exposures 
I 

were not  equivalent)  , CHS s ta f f  believes that  these results have academic 

value and that  they a reusefu l  in discussions of these  bioassays,  bu t  DHS 

s t a f f  does not  believ4 tha t  the DNA binding data a r e  sufficiently complete 

to  be used in a quant iqt ive  r i sk  assessnent for the reasons outlined below. 

The DNA binding e x p e r b e n t s  a s  described above (Reitz et al., 1982) were 

adequately conducted 4 the data appear valid. DHS s taff  does not question 
I 

the  v a l i d i t y  of t he  dbta. The experiments, however, a r e  limited by the 

following: 

1) Only one dose was enployed for the inhalation (150 ppn) and gavage 

(150 rq/kg) raktes of exposure. It is unknown whether t h e  binding 

is doserela&. 

2) Cnly one sampl~ing time was used for the tissues fran which t h e  DNA 
I 

was i s o l a t e q .  Thus t h e r e  is no information, a s  t o  t h e  t i m e -  

dependence ( i f  ariy) of the DNA b ind iq .  

3) The study wa$ conducted in only one species, rats .  Moreover, the 

s t ra in  (OsborpMendel) used in the DML binding assay was n o t  the  



same as i n  the inha la t ion  bioassay (Sprague-Dawley). I t  is m- 

known, therefore ,  whether the  r o u t e  of exposure-dependent DNA 

b i n d i n g  s e e n  i n  Osborne-Mendel r a t s  would be s i m i l a r  

(e.g.,inhlation vs. gavage) i n  Sprague-Dawley r a t s ,  or Swiss- 

Webster mice, or othsr animal species o r  strains. 

4) The rn binding assay only detected "apparentn DNA a lky la t ion  a s  

discussed in a prior section on phannacokinetics (Section 5) . The 

assay could kt resolve between alkylated @@ and DNA radioactivity 

labeled through b iosynthe t ic  incorporation of radioactive label  

(i.e. via  single carbon pool). me differences observed in binding 

may n o t  have been due t o  differences i n  alkylation but due t o  in- 

creased dcgenous  incorporation i n  gavage dosed animals. T h i s  

i s sue  is c r i t i c a l  and needs experimental clarif icat ion before the 

data a r e  acceptable a s  an indication of alkylation. 

DHS s t a f f  does n o t  recamnend use of t h e  CNA binding data cited 

above i n  the formal q u a n t i t a t i v e  r i s k  est imation of EDC. The 

s t a f f  be l i eves  t h e  data  may be used for  academic and speculative 

purposes but conclude that  they a r e  not sufficiently canplete  f o r  

f u r h r  use. 



Table A. ~omparisbn of Human R i s k s  for  Five Dose-Response nodelsa 
fpom an Oral Dose of 1.0 ug/kg-day of EDC 

Risk/million 

KE 95% UCL 
I 

One-hit Model 34 56 

Multistage 

Multistage 
("Weibullizedn) 

Gamma M u l t i h i t  
I 

4,600 48,000 

Male Mice ~epatocel lular  
Carcinoma I 

Multistage 

Multistage 
(Weibullizedn) 

Gamma M u l t i h i t  I 
I 

'~ased on the NCI gava e bioassay, surface area corrected dosage for a 60-kg 
person. Liletime ris from a lifetime averaged daily dose. Oral dose of 1 

3 

d 
pg/kg-day is equivaleqt t o  0.82 ppb /EDB i n  a i r  assuming a respiratory rate 

of 18.05 m /day for a 6 0  kg person and 100% absorption and retention. 



Rats 

Table 8. Average l ifet ime daily doses i n  EDC experiments. 

gavage ( NCI ) Inhalation (Ma1 toni I' 

50.9 25.8 

................................................................................ 
'Dosage not surface area corrected. 

b~nimals dosed 5 days a week for  78 weeks. Lifetime daily dose assumed t o  be 104 
weeks for ra t s  and 90 weeks of the experimental period for mice. 

'~n imals  exposed f o r  7 hr/day for 78 week period; observed for  l i fet ime assumed 
t o  be 110 weeks for both r a t s  and mice. It is assumed that r a t s  inhale 0.1 l/min 
and weight 0.5 kg, and that  mice inhalation 0.03 l /min and the average weight of 
mice assumed t o  be 0.035 kg (Cold, L.S., 1984). 



Dose Level 

Matched-Vehicle 
Control 

Pooled-Vehicle 
Controls 

Low Dose 

High Dose 

Table C. Data for Quanta1 Models 

Male Rat Hemangiosarooma - 
Response P valuea 

Linear Trend tes t  P I -  0.001 

MaTe Mice Hepatocellular Carcinoma 

Vehicle Control I 1/19 --- 
I 

Pooled-Vehicle 
Control 

Low Dose 6/47 0.34 NS 

High Dose ' 12/48 0.009 

Linear Trend t e s t  P b 0.004 

a~ values calculated usFng the Fisher Exact Test (one-tailed). 
versus pooled-control. Cochran-Armitage Trend test .  

-------- 
Treated 



TABLE D. Survival of Male Rats i n  Maltoni High Dose Group 

Age from Birth Time f rm First Dosing Number 
(in weeks) ( i n  weeks) % Survival Surviving 

............................................................................ 
%slues provided by authors, a l l  others estimated from survival curves. 
b~ime for earliest  calculated time-to-death with tumor. 
C Calculated mean time-to-death with tumor. 



Table E. Projected tumor incidence rates for inhalation studies. a 

Male Sprague-Dawley Rats --- - Hemangiosarcomas in the Circulatory System. 

Surface Area Corrected b Survivors after Projected  umber' 
Concentration - Dosage (mg/kg-day ) 52 weeks - from start Number of Tumors P value d - - 

0 (chamber controls) 0.0 

Male Swiss Mice - Hepatocellular Carcinomas. 

a~ased on HLE slope for the multistage model from the NCI gavage studies; projected tumor incidence 

calculated for each dose group separately from the rat and mouse studies for the observed end point. 

b~ssuming: rats weigh 0.5 kg, inhale 0.10 l/min and have a 110 week lifetime; mice: weigh 0.035 kg, 

inhale 0.03 l/min and have a 110 week lifetime (Gold. L.S.. et al.. 1984). Dosage corrected for a 60-kg 

person. 

'NO allowance for animal life time or time-to-death with tumor. 

dp values calculated using the Fisher Exact Test (one-tailed). Treated versus combined controls. 

NS - not significant. - <a - 
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