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1. Executive Summary 

The a d v e r s e  h e a l t h  e f f e c t s  i nd i ca t i ve  o f  systemic t o x i c i t y  o f  ethylene 

dibromide (EDB), and reproductive e f fec ts ,  occur a t  l e v e l  s t housands  o f  

t i m e s  h i g h e r  t h a n  t h e  g e n e r a l  a m b i e n t  l e v e l s  i n  C a l i f o r n i a  urban 

environments. Therefore, the ambient l eve l s  found i n  these e n v i r o n m e n t s  

are not expected to r e s u l t  i n  any o f  these e f fec ts .  

EDB, however, i s  a potent carcinogen i n  more than one animal species, and 

c o u l d  thus be of  concern a t  low l eve l s  i n  ambient a i r .  When administered 

t o  animals, ED0 caused ml ignanc ies  both a t  t h e  s i t e  o f  f i r s t  c o n t a c t  

( s k i n ,  f o r e s t o m a c h ,  and n a s a l  c a v i t y  I ,  as w e l l  as a t  remote s i t es  

( c i r c u l a t o r y  system, lung, and p i t u i t a r y ,  among others ). 

The one p u b l i s h e d  epidemiological study o f  161 workers f a i l e d  to show a 

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

~ a l ' i  f o r n i a  Depa r tmen t  of Health Services (DHS) agrees w i t h  i t s  authors 

t h a t  it can nei ther  r u l e  out  nor e s t a b l i s h  ED0 as a human c a r c i n o g e n  

because o f  t h e  s m a l l  size o f  the population studied. DHS s t a f f  agrees 

w i t h  the In te rna t iona l  Agency f o r  Research on Cancer (IARC) i n  consider ing 

t h a t  t h e r e  i s  s u f f i c i e n t  evidence i n  animals f o r  carcinogenic i ty.  DHS 

s t a f f  recommends tha t  it be considered p o t e n t i a l l y  carcinogenic i n  humns. 

EDB and i t s  metabol i tes  are genotoxic. There i s  no evidence to suggest 

t h a t  the carc inogenic i ty  of ED0 would have a t h r e s h o l d  ( a  l e v e l  b e l o w  

w h i c h  t h e r e  w o u l d  be no e f f e c t ) .  There i s  not  s u f f i c i e n t  i n f o r m t i o n  



about  human and animal m t a b o l i s m  o f  ED0 to a l l o w  pharnlacokinet ic model ing 

i n  r i s k  assessment. 

The Federal Occupational h f e t y  and H e a l t h  A d m i n i  s t r a t i  on  (OSHA) h a s  

r e c e n t l y  d i s c u s s e d  r i s k  assessments on EDB based on animal bioassays. 

OSHA s t a f f  accepted Brown's r i s k  assessment ( A p p e n d i x  A) i n  w h i c h  t h e  

m u l t i s t a g e  mode l  a n d  t h e  one -h i t  model were a p p l i e d  t o  combined nasal 

tumors and combined hemangiosarcomas o c c u r r i n g  i n  r a t s  i n  two i n h a l a t i o n  

b i  oa s s a y  s c a r r i e d  o u t  by the Nat iona l  Toxicology ProgramINational Cancer 

I n s t i t u t e  (NTPINCI) and the ididwest Research I n s t i t u t e I N a t i o n a l  I n s t i t u t e  

f o r  Occupational h f e t y  and Heal th (MRIINIOSH). 

DHS s t a f f  performed an i n d e p e n d e n t  r i s k  a s s e s i r n e n t  b a s e d  on n a s a l  

m d l i g n a n c i e s  (adenocarcinomas, carcinomas, and squanous c e l l  c a r c i n o m s )  

i n  m l e  r a t s  and hemangiosarcomas i n  female mice i n  the N C I  study. T a b l e  

A shows t h e  r i s k  e s t i m a t e s  f o r  occupat ional  exposure a t  20 p a r t s  per  

m i l l i o n  (ppm) and community exposure a t  10 p a r t s  per t r i l l i o n  ( p p t )  u s i n g  

t h e  p r o b i t  model, the r m l t i s t a g e  model, and the Weibu l l -mu l t i s tage model. 

The r i s k s  est imated us ing  these m d e l s  are n o t  g ross ly  i n c o m p a t i b l e  w i t h  

t h e  r e s u l t s  from the one pub1 i shed  ep idemio log ica l  study. DHS recommends 

t h e  use of. an excess l i f e t i m  r i s k  value between 1.02 and 5.53 per m i l l i o n  

I f o r  e a c h  10 p p t  o f  ED0 exposure. (Th i s  r e c o m n d a t i o n  i s  based on the 

1 maximum l i k e l i h o o d  est imate [MLEI f rom the simple m u l t i s t a g e  mode l  f o r  

I h e m a n g i o s a r c o m a s  i n  f e m a l e  mice and on the 95% upper conf idence l i m i t  

I [UCL] est imates from the Weibu l l -mu l t i s tage model f o r  nasal ma1 i g n a n c i e s  

I i n  m a l e  r a t s ) .  The v a l u e s  r e p r e s e n t  the  t h e o r e t i c a l  r i s k s  o f  cancer 



. 

accumulated over a  70-year l i f e t i m e  w i t h  a  c o n t i n u o u s  ave rage  d a i l y  

exposure for a l l  70 years. 

I t should be noted tha t  the range between the mximum l i k e l i h o o d  e s t i m a t e  

and  t h e  95% uppe r  c o n f i d e n c e  l i q i t  rep resen ts  only the s t a t i s t i c a l  

uncer ta in ty  introduced by the t y p i c a l l y  m a l l  s ize o f  the animal s t u d i e s  

o f  c a r  c i  n o g e n i  c  e f f ec t .  Other perhaps m r e  important uncer ta in t ies  are 

introduced by the choice o f  sca l ing fac to r  between humns and ani lmls,  the 

c h o i c e  of  e x t r a p o l a t i o n  models ,  and t h e  a d d i t i v e ,  synerg is t ic ,  or 

antagonis t ic  e f fec ts  o f  o t h e r  c h e m i c a l s .  I t s h o u l d  be n o t e d  t h a t  

synergism was demonstrated between ED8 and d i su l f i r am (Wong e t  a l . ,  1982). 

a  substance which i n te r fe res  wi th  D B ' s  metabolism. On t h e  o t h e r  hand, 

DNA r e p a i r  mchani  sms, de tox i fy ing  enzymes, and other factors  might lower 

the r i s k  below what has been c a l c u l a t e d .  These u n c e r t a i n t i e s  a r e  

p a r t i c u l a r l y  to be noted i n  a  case such as t ha t  o f  EDB where the ambient 

exposures are a t  the low p a r t s  p e r  t r i l l i o n  l e v e l  w h i l e  t h e  a n i m a l  

experiments occurred a t  exposure l eve l s  m r e  than a  m i l l i o n  times higher. 

A l i f e t i m e  r i s k  of 1.02-5.53 per m i l l i o n  population from a  10 ppt  exposure 

m u s t  be v iewed  i n  the  context o f  the overa l l  p robab i l i t y  o f  developing 

cancer, which i s  on the order o f  250,MO a s e s  p e r  m i l l i o n  p o p u l a t i o n  

( 2 5 % )  o v e r  a  70-year l i f e t ime .  



Table A 

Risk Assessment Est imates f o r  EDB 
Showing Number o f  Excess Cancer Cases 

, f rom L i f e t i m e  Exposure 1 

I 20 PPm 10 PPt 
Occupat ional  Community 

SpeciesITumor Model UCL*/MLE** Exposure Exposure 
(PEL I*** 

Male i lats 
Nasal Mal ignancies Wei b u l l  - 95% K L  98511000 5 . 5 3 l m i l l i o n  

Mu1 ti stage MLE 916/1000 2 .85 lm i l l i on  

M u l t i s t a g e  95% K L  70811000 3 . 1 5 l m i l l i o n  
MLE . 62711000 2 . 5 3 l m i l l i o n  

I Probi  t 95% E L  72111000 0'1mi 11 i o n  

MLE 6381 1000 § 0  / m i l l i o n  
Female Mice 
Hemangi osarcomas Weibul l -  95% UCL 73211000 3 . 2 3 l m i l l i o n  

Mu1 ti stage MLE 5491 1000 2 . 0 3 l m i l l i o n  

M u l t i s t a g e  95% UCL 40611000 1 . 3 4 l m i l l i o n  
MLE 328/1000 1 .02 /mi l l ion  

Prob i  t 95% K L  43811000 0'1mi 11 i o n  

MLE 35711000 5 0  / m i l l i o n  

* UCL - Upper conf idence l i m i t  
** MLE - Maximum l i k e l i h o o d  est imate 
***PEL - Permiss ib le Exposure L i m i t  (Proposed f o r  r e v i s i o n  by OSHA, 1983. 

See Appendix A. 1 
§= Pred ic t i ons  f o r  p r o b i t  model ranged from 0  - 
l ~ i v e n  t h a t  Sect ion 39650 o f  the Heal th and Safety Code s t i p u l a t e s  t h a t  DHS 
" s h a l l  u t i l i z e  s c i e n t i f i c  c r i t e r i a  which are p r o t e c t i v e  o f  p u b l i c  hea l th  
c o n s i s t e n t  w i t h  c u r r e n t  s c i e n t i f i c  d a t a " .  DHS s t a f f  does  n o t  p r o p o s e  t o  
r o u t i n e l y  p resent  the 95% lower confidence l i m i t  which has a  95% t h e o r e t i c a l  
p r o b a b i l i t y  o f  being an underest imate under the assumptions o f  the model used. 
I n  r e a l i t y ,  t h e  t r u e  r i s k  may be c o n s i d e r a b l y  below even the 95% lower 
conf idence l e v e l  bu t  there i s  no s c i e n t i f i c  bas is  fo r  l o c a t i n g  where t h i s  i s .  
F o r  t h i s  r e a s o n  we present  the naximum l i k e l i h o o d  and 95% upper conf idence 
l i m i t  est imates and e x p l a i n  t h a t  these l i f e t i m e  r i s k  values represent  a  r a n g e  
o f  conservat ive e s t i m t e s  and are u n l i k e l y  to be exceeded by the ac tua l  r i s k .  



2. In t roduc t ion  

T h i s  document p r o v i d e s  a  heal th  assessment f o r  exposure t o  ethylene 

dibromide (EDB) i n  a m b i e n t  a i r .  Due t o  t h e  t i m e  l ' m i t a t i o n s  on '  

p r e p a r i n g  t h i  s document and t h e  e x i s t e n c e  o f  a  rece:it, exce l len t  

document by the Federal Occupational Safety and Health Admin i  s t r a t i  on 

(OSHA, 1983; Append ix  A), frequent reference i s  nade to tha t  review. 

The Department of Health Services (DHS) s t a f f  has, however, c a r r i e d  o u t  

i t s  own e v a l  ua t i  on and assessments i n  the areas o f  pharmacokinetics, 

reproduct ive ef fects ,  cancer r i s k  assessment, and t h e  c o m p a t i  b i  1  i t y  

be tween r i s k  assessment and epidemiological evidence. The reader can 

ob ta in  the essent ia l  information about ambient exposure t o  a i rborne E D B  

by r e v i e w i n g  t h e  DHS document.  More d e t a i l  can be found i n  the 

appendices, p a r t i c u l a r l y  Appendix A, the OSHA review. 

3. Chemical Prooert ies 

Data on the p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  o f  EDB have been 

summar ized by OSHA and can be found i n  Appendix A, P.45957 under I1 

(A). Chemical I den t i f i ca t i on .  

4. Health Ef fects  

4.1 A n i w l  

The a c u t e  t o x i c i t y  of EDB has been reviewed and s u m r i z e d  by OSHA as 

provided i n  Appendix A, P.45960 under III ( A ) ,  Acute Tox ic i ty .  



EDB i s  very t o x i c  when app l i ed  i n  s ing le  doses. The red ian  l e t h a l  dose 

(LDSO) f o r  EDB i n  several animal species ranges from 55 m i l l i g r a m s  p e r  

k i l og ram (mglkg) i n  r a b b i t s  to 420 &kg i n  mice. Pa tho log ica l  changes 

were seen i n  the r e s p i r a t o r y  system, l i v e r ,  and k idneys f o l l o w i n g  ED0 

exposures o f  vary ing  durat ion.  EDB vapor i n  excess o f  200 ppm r e s u l t e d  

i n  & a t h  o f  r a t s  from r e s p i r a t o r y  o r  card iac f a i l u r e  w i t h i n  24 hours o f  

e x p o s u r e  a l o n g  w i t h  l i v e r  and kidney damage. I n  subchronic studies, 

h i s t o p a t h o l o g i c a l  e f f e c t s  on the nasal c a v i t y  were repor ted  i n  r a t s  and 

m i c e  exposed  to EDB a t  10 ppm and above b u t  n o t  a t  3 ppm. E f f e c t s  on 

r e l a t i v e  kidney weights were seen a t  a l l  exposed l e v e l s .  

I n  r a t s ,  r a b b i t s ,  g u i n e a  p i g s ,  and  monkeys, exposure to EDB was 

t o l e r a t e d  w i t h o u t  adverse e f f e c t s  a t  a  concent ra t ion  o f  25 ppm f o r  s i x  

m o n t h s ,  b u t  a  c o n c e n t r a t i o n  o f  50 ppm produced lung i r r i t a t i o n s  and 

damage to the l i v e r  and kidneys. 

4.2 Human 

ED6 causes sk in  i r r i t a t i o n ,  inf lammation, a n d  b l i s t e r i n g  f o l l o w i n g  

d e r m a l  e x p o s u r e .  Exposure to the vapor can cause r e s p i r a t o r y  t r a c t  

in f lammat ion,  anorexia, headache, and t h r o a t  a n d  e y e  i r r i t a t i o n  a s  

r e p o r t e d  i n  a  w o r k e r  f r o m  o c c u p a t i o n a l  e x p o s u r e  t o  unknown 

concent ra t ions .  Resp i ra tory  i r r i t a t i o n  was r e ~ o r t e d  i n  w o r k e r s  i n  a  

c h e m i c a l  p l a n t  a t  a b o u t  75 ppm, and g a s t r o i n t e s t i n a l  d i scomfo r t  and 

vomi t i ng  were probably induced by s h o r t  exposures a t  100-200 ppm f o r  up 

t o  1 h o u r ,  o r  by lower exposures over longer per iods o f  t ime (NIOSH, 

1977 I .  



5. Pharmacokinetics 

S t u d i e s  on t h e  pharmacokinet ics o f  EDB have been reviewed by Rannug 

(1980) and those studies which contain the r e s u l t s  used f o r  d i s c u s s i o n  

i n  t h i s  s e c t i o n  are c i t ed  there. Tissue d i s t r i b u t i o n  i n  mice showed 

t h a t  24 hours a f t e r  an in t raper i tonea l  ( i p )  i n j e c t i o n  o f  40 m g l k g  o f  

C ~ ~ C I - E D B ,  a1 1 t issues showed less than 1% re ten t ion  o f  r a d i o a c t i v i t y  

except f o r  the whole blood (6.2%). The i n tes t i nes  and kidneys had m s t  

o f  t h e  r a d i o a c t i v i t y  a t  one and three hours a f t e r  the i n j ec t i on .  I n  

the  guinea pigs, t issue samples c o l l e c t e d  4-72 h o u r s  a f t e r  an i p  

i n j e c t i  on o f  30 m g l k g  o f  C ~ ~ C I - E D B  showed t h a t  t h e  h i g h e s t  

concentrat ion of r a d i o a c t i v i t y  was i n  the kidneys, l i v e r ,  and  a d r e n a l  

g l a n d s ,  w i t h  t h e  f o r m e r  two showing the highest percentage o f  the 

administered dose. About 66% o f  the i n j ec ted  dose was excreted i n  t h e  

u r i n e  o f  the guinea pigs over the 72-hour pei iod,  and 40% was excreted 

as netabol i tes  i n  the ur ine o f  the mice. A f te r  o ra l  administrat ion.  S -  

( 2 - h y d r o x y e t h y l  )cysteine and N-acetyl-S-(2-hydroxyethyl Icyste ine and 

the corresponding S-oxides were i d e n t i f i e d  as u r i na ry  m e t a b o l i t e s  i n  

ra t s .  Bromoacetaldehyde was i d e n t i f i e d  as the rretabol i te formed by the 

p h e n o b a r b i t a l  - i n d u c e d  m ic rosoma l  enzymes i n  t h e  p r e s e n c e  o f  

n i  co t i n a m i  de a d e n i n e  dinucleot ide phosphate (reduced) (NADPH). The 

i d e n t i f i c a t i o n  o f  S-(2-hydroxyethyl )g lu ta th ione and S,S1-ethylene - b i  s - 
g l u t a t h i o n e  as m e t a b o l i t e s  suggested an a c t i v a t i o n  o f  ED0 through . 
con jugat ion w i th  glutathione, producing the S-(2-haloethyl )gluts t h i  one 



c o n  j u g a t e  and/or the corresponding cys te ine  conjugate as the mutagenic 

( m e t a b o l i t e  (See L c t i o n  7. b t a g e n i c i t y ) .  

T h e r e  i s  no  a v a i l a b l e  e v i d e n c e  t h a t  would demonstrate d i f f e rences  

i n  pharmacokinet ics o f  ED0 between the experimental  animals and humans 

a n d  t h a t  cou ld  be used f o r  corresponding ad justments i n  e x t r a p o l a t i n g  

f rom animals to humans. F o r  t h e  p u r p o s e  o f  t h e  p r e s e n t  h e a l t h  

a s s e s s m e n t ,  o b s e r v a t i o n s  nade in expertmental  animals are considered 

n o t  @I be s i g n i f i c a n t l y  d i f f e r e n t  from those expected i n  humans, unless 

o therwise  spec i f i ed .  

6. Reproduct ive E f f e c t s I T e r a t o g e n i c i  t y  

6.1 Animal 

Studies w i t h  bu l l s ,  rams, chickens, and rodents have shown t h a t  EDB m y  

c a u g e  a d v e r s e  rep roduc t i ve  e f f e c t s .  Most of the r e l e v a n t  s tud ies  i n  

p u b l i c a t i o n  have been reviewed by OSHA (P. 4 5 9 6 6  u n d e r  I 1 1  [ c ]  C21. 

Animal Studies. Appendix A). Th i s  sec t i on  prov ides  a b r i e f  overview o f  

t h e  f i n d i n g s  sumnarized by OSHA, and summarizes t w o  new s t u d i e s  n o t  

covered by them. 

I n  l u l l s  given o r a l  doses of 2 mglkglday, the e f f e c t s  seen were reduced 

s p e r m  d e n s i t y  and m o t i l i t y ,  abnormal sperm morphology, and changes i n  

t h e  h i s t o l o g y  o f  the tes tes  (Amir and Volcani, 1965). O t h e r  e f f e c t s  

w e r e  seen i n  t h e  s p e r m  o f  rams,  l i t t e r  s i ze  o f  r a t s  and mice, and 

r e p r o d u c t i v e  system o f  female chickens. Other s tud ies  w i t h  ED0 g i v e n  



a t  10 t o  150 m g l k g  t o  r a t s  o r  m ice  a l l  d i d  n o t  show e f fec t s  on 

f e r t i l i t y  or dominant l e t h a l  e f fects .  

I n  two teratology studies (Short e t  a1 ., 1976; 1978) i n  which r a t s  and 

mice were exposed to ED0 a t  a concentration ranging from 0 t o  80 ppm, 

t h e  f i n d i n g s  s u g g e s t  t h a t  t h e  e f f e c t s  seen could be secondary to 

maternal t ox i c i t y .  Barlow. and Su l l i van  (1952) concluded from the above 

studies tha t  ED0 does no t  appear to cause any increase i n  the incidence 

o f  m j o r  malformations i n  ra ts ,  bu t  they pointed out  t ha t  there was an 

o v e r a l l  increase i n  the types o f  anomalies seen a t  32 ppm and tha t  the 

p o s s i b i l i t y  of a d i r e c t  e f f e c t  o f  ED0 on a n o m a l i e s  seen r e m a i n s  

equivocal. 

Prenatal exposure to ED0 has a lso been reported to produce a1 te ra  t i  ons 

i n  t h e  b e h a v i o r  i n  t h e  o f f s p r i n g  o f  r a t s  (Smith and Goldman, 1983; 

Fanin i  e t  al., 1984). I n  the s t u d y  o f  S m i t h  and Goldman ( 1 9 8 3 ) .  

p r e g n a h t  ra t s  were exposed to ED0 f o r  4 hrslday, 3 dayslweek, from day 

3 to cBy 20 o f  gestat ion a t  an i nha la t i on  c o n c e n t r a t i o n  o f  0. 0.43, 

6.67. cr 66.67 ppm. A t  the brto higher l eve l s  o f  exposure, there was an 

increase i n  defecation during exposure, decreased g e s t a t i o n a l  w e i g h t  

g a i n ,  and enhanced r o t o r o d  p e r f o r m a n c e  and T-maze b r i g h t n e s s  

d isc r im ina t ion  acqu is i t ion  i n  the offspring, w i t h  a greater e f f e c t  seen 

i n the highest treatment group. The authors suggested t h a t  behavioral 

e f f ec t s  nay k secondary to stress react ions i n  the mthers .  

F a n i n i  e t  a l .  ( 1 9 8 4 )  s t u d i e d  t h e  e f f e c t s  o f  ED0 on the male ra t s  

through the behavioral assessment of t h e i r  F1 progeny. Groups o f  6 o r  



more m l e  r a t s  were t rea ted  i p  w i t h  a d a i l y  dose o f  1.25, 2.5. 5.0, or 

10.0 q l k g .  A f t e r  t h e  l a s t  i n j e c t i o n ,  t h e  m a l e s  w e r e  m a t e d  t o  

u n t r e a t e d  v i r g i n  f e m a l e s  a t  f o u r  and n ine weeks. The behaviora l  

development was assessed using a t e s t  b a t t e r y  i n c l u d i n g  the assessment  

o f  s i m p l e  r e f l e x e s ,  m o t o r  c o o r d i n a t i o n ,  and locomotor a c t i v i t y .  

Resu l ts  obtained showed s i g n i f i c a n t  impairment i n  swimming pe r fo rmance  

( d i r e c t i o n ,  head angle, l imb movement) o f  the o f f sp r ing  from paternal  

ED0 exposure, and the nan i fes ta t i on  o f  the i m p a i r m e n t  was d e p e n d e n t  

u p o n  t h e  t i m e  o f  b r e e d i n g  f o l l o w i n g  exposure  and the p a r t i c u l a r  

component o f  swimming behavior analyzed. The s i g n i f i c a n t  e f f e c t s  d i d  

n o t  a l w a y s  f o l l o w  a l i n e a r  dose-response funct ion,  an observat ion 

f r e q u e n t l y  encountered i n  behaviora l  te ra to logy .  The most c o n s i  s t e n  t 

b e h a v i o r a l  abnormal i t ies  were observed i n  the open f i e l d  a c t i v i t y  t e s t  

i n  which the amount o f  ambulation i n  the open f i e l d  was s i g n i f i c a n t l y  

s u p p r e s s e d  i n  the o f f s p r i n g  o f  EDB-treated males a t  dosages as low as 

1.25 q l k g l d a y .  

The m o s t  s e n s i t i v e  study f o r  which reproduct ive  t o x i c i t y  o f  ED8 has 

been observed i s  t h a t  o f  Fanin i  e t  a1 . (1984). The l o w e s t  l e v e l  a t  

w h i c h  a d v e r s e  b e h a v i o r a l  e f f e c t s  were observed i n  the o f f s p r i n g  o f  

t r e a t e d  male r a t s  was 1.25 q l k g l d a y .  S i m i l a r  e f f e c t  l e v e l s  w e r e  

r e p o r t e d  f o r  b u l l s  f o r  s p e r m  a b n o r m a l i t i e s  (2 mglkglday ). Other 

s t u d i e s  showed e f f e c t s  occur r ing  a t  l e v e l s  ranging f r o m  5 . 2  t o  133 .2  

mglkglday. 

. I  . 
For the purpose o f  t h i s  assessment, e f f e c t s  observed f o l l o w i n g  exposure 

t o  ED0 v i a  t h e  i n t r a p e r i  tonea l  or  o ra l  rou te  are n o t  considered to 



1 

d i f f e r  s i g n i f i c a n t l y  from those which might occur a f t e r  e x p o s u r e  v i a  

t h e  r e  sp i . ra tory  route, p a r t i c u l a r l y  a t  the r e l a t i v e l y  low l eve l s  used 

i n  the studies. Since ambient l eve l s  of around 7 ppt  are equivalent t o  

d a i l y  doses of 1.8 x 1 0 - ~ m ~ / k ~  (60-kg person), ambient l eve l s  provide 

doses about 70 thousand times less than t h e  l o w e s t - o b s e r v e d - e f  f e c t  

l e v e l  (LOEL ) o f  F a n i n i  e t  a1 . (1984) and one hundred thousand tirres 

below the LOEL of A m i r  and Volcani (1965). Since reproduct ive e f f e c t s  

a r e  l i k e l y  t o  have thresholds, the safety fac to r  obtained should be 

s u f f i c i e n t  to pro tec t  against  r e p r o d u c t i v e  e f f e c t s  o c c u r r i n g . f r o m  

ambient exposures to EDB. 

6.2 Human 

Human ep i . dem io log i  c a l  studies do not  show an e f f e c t  on reproduction 

r e s u l t i n g  from exposure to EDB. The f ind ings and l i m i t a t i o n s  o f  t h e  

s t u d i e s  have been discussed (P.45963 under 111 l c l  C11. Reproductive 

E f fec ts .  Appendix A). A t  the same t ime,  t h e s e  s t u d i e s ,  because o f  

t h e i r  l im i t a t i ons ,  do no t  r u l e  out  the p o s s i b i l i t y  t h a t  EOB m y  have an 

adverse e f f e c t  m the humans. Suggestions o f  a po ten t ia l  t o x i c  e f f e c t  

o f  EDB came from two studies.' The study o f  EDB-production workers a t  

the  Houston Chemical Company by NIOSH (1977) r e v e a l e d  a s i g n i f i c a n t  

i n c r e a s e  i n  l u t e i n l ' z f n g  hormone. There was, however, no overa l l  - 
s i g n i f i c a n t  ef fect  i n  sperm count or t e s t i c u l a r  t o x i c i t y .  Wong e t  a1 . 
(19791, who reported a s i g n i f i c a n t  decrease i n  standardized b i r t h  r a t i o  

i n  m e  (Harston Chemical) o f  the four p lants  studied, i n d i c a t e d  t h a t  

t h e  o b s e r v a t i o n s  made c o u l d  n o t  be a t t r i b u t e d ' t o  di f ferences i n  



exposure l e v e l s  because the average e x p o s u r e  l e v e l  t o  EDB was n o t  

h i g h e r  a t  t h i s  p l a n t  compared w i t h  o the r  p lan ts .  No exposure data were 

' a v a i l a b l e  on an i n d i v i d u a l  b a s i s  f o r  t h i s  p l a n t ,  a n d  a h i g h e r  

p e r c e n t a g e  (33%) of the couples from the Houston Chemical p l a n t  had a 

s t e r i l i z e d  par tner  when compared to the r a t i o n a l  survey (30%). 

Due to the lack  o f  adequate human data, the q u a n t i t a t i v e  assessment f o r  

t h e  p o t e n t i a l  human reproduct ive  e f f e c t s  of ED8 w i l l  r e l y  on the use o f  

animal  data. 

7. Genotoxi c i  t y  

S t u d i e s  on t h e  mutagenic p o t e n t i a l  o f  EDB have been reviewed by OSHA 

(P.45967 under I11 [Dl. Mutagenic and Cytogenic E f fec ts ,  A p p e n d i x  A ) ,  

IARC ( 1 9 7 7 .  1 9 8 2 ) .  a n d  Rannug ( 1 9 8 0 ) .  S p e c i f i c  re fe rences can be 

ob ta ined  from these reviews. 

ED8 was shown t o  have  g e n o t o x i c  a c t i v i t y  i n  i n  v i t r o  and i n  v i v o  

systems. It can induce gene n u t a t i o n  i n  b a c t e r i a ,  f u n g i ,  p l a n t s .  

i n s e c t s ,  and rrammalian ' c e l l  systems. Chromosomal e f f e c t s  were found i n  

p l a n t s  and DNA damage i n  mmmalian c e l l  s y s t e m s  t r e a t e d  w i t h  EDB. 

I n t e r a c t i o n s  w i t h  n u t l e i  ac ids  and/or p r o t e i n s  o f  v i r u s  and ~ m l s  

were observed. ED8 i s  a d i r e c t - a c t i n g  m u t a g e n  i n  m i c r o b i a l  t e s t  

s y s t e m s ,  b u t  i t  c a n  ' a l s o  be b i o a c t i v a t e d  i n  t h e  presence of a 

m e t a b o l i z i n g  system (Rannug. 1980). The corresponding mnohaloaldehyde 

and ha loe thy l  g lu ta th ione  conjugate de r i ved  from ED8 are b e l i e v e d  to be 



invo lved i n  the genotoxic e f f e c t  and racromolecular  b i n d i n g  o f  t h i s  

chemical. Bromoacetaldehyde i s  a mutagen and binds to a greater extent  

t o  CNA and p ro te in  than EDB i n  v i t r o .  The EDB-glutathione conjugate i s  

more m u t a g e n i c  than EDB i t s e l f  i n  the Ames test .  The conjugates m y  

a l s o  play a r o l e  i n  the "d i rec t "  mutagenic e f f e c t  o f  EDB on Sa lmone l la  

because the bacter ia e x h i b i t  gl utathione-S-transferase a c t i v i t y  but  no 

mixed-function oxygenase a c t i v i t y .  

The a b i l i t y  o f  DB to induce gene mutation and demonstrate genotox ic i ty  

i n  t e s t  systems i s  suggestive o f  i t s  po ten t ia l  to induce m u t a t i o n s  i n  

human p o p u l a t i o n s ,  b u t  there i s  no ava i lab le  evidence to provide' an 

adequate quant i ta t i ve  assessment o f  t h e  r e l a  t i  ve r i s k s  t o  humans. 

S t a f f  o f  DHS a g r e e s  w i th  the IARC (1982b) t ha t  the evidence fo r  the 

genotox ic i t y  of EDB i s  su f f i c i en t .  

8. Carci ncgeni c i  t y  

8.1 Animal 

EDB i s  an a n i m a l  carcinogen producing cancer i n  r a t s  and/or mice by 

inhalat ion.  oral.  and dermal routes (P.45960 under 111 [B]  [I]. Anima l  

S t u d i e s ,  Appendix A ) .  It produced tumors a t  the s i t e  o f  contact and 

a l so  a t  s i t es  remote from the i n i t a l  s i t e  of appl icat ion.  Contact-s i te 

tumors included forestomach tumors i n  the gavage study, nasal tumors i n  

the inha la t ion  studies, and sk in  tumors i n  the derma l  s t u d y .  O t h e r  



sy s t e m i  c t u m o r s ,  notably the hemangiosarcoms i n  both the gavage and 

i n h a l a t i o n  studies, were a l so  seen. There i s  no e v i d e n c e  t o  s u g g e s t  

t h a t  EDB has a th resho ld  f o r  i t s  carc inogen ic  a c t i v i t y ,  and i t should 

be t r e a t e d  as having no th resho ld  f o r  i t s  carc inogenic e f f e c t .  

8.2 Human 

The s tud ies  on the p o t e n t i a l  c a r c i n o g e n i c i t y  o f  EDB i n  humans a r e  

d iscussed i n  Sect ion 9. 

9. Epidemiology 

On1 y one peer-reviewed ep idemio log ica l  study o f  EDB-exposed humans has 

been publ ished ( O t t  e t  a1 ., 1979). The s t a f f  o f  the D H S  a g r e e s  w i t h  

t h e  ' a u t h o r s  o f  t h i s  study o f  161 workers when they say, "F indings o f  

t h i s  i n v e s t i g a t i o n  ne i the r  r u l e  o u t  nor e s t a b l i s h  EDB t o  be a human 

carcinogen." As mentioned by the s t a f f  who prepared the OSHA documnt, 

the  s t a t i s t i c a l  power o f  t h i s  study and  s e v e r a l  n o n - p e e r - r e v i e w e d  

s t u d i e s  i s  i n a d e q u a t e .  (See Pppendix B f o r  m r e  d e t a i l s . )  We must 

t h e r e f o r e  r e l y  on animal bioassays f o r  i d e n t i f i c a t i o n  o f  EOB a s  a 

p o t e n t i a l  human carcinogen and f o r  q u a n t i t a t i v e  r i s k  assessment. 



10. Thresholds 

For tox ico log ic  plrposes, a t h r e s h o l d  dose i s  one be low  w h i c h  a 

s p e c i f i e d  cutcome does not  occur. The self-propagating, c lonal  nature 

o f  tumor growth and development from a s i n g l e  damaged c e l l  however 

suggests tha t  the e f f e c t i v e  dose fo r  carcinogenesis m y  be so low as to 

be indist ingu/shable from zero. W h i l e  t h r e s h o l d  mode ls  ( b a s e d  on 

d e t o x i f i c a t i o n  enzyme s a t u r a t i o n ,  t h e  e x i s t e n c e  o f  DNA repa i r  

mechanisms, recurrent  c y t o t o x i c i t y )  have been proposed, none has been 

convincingly demonstrated. 

An "epigenetic mechanism" tha t  could t h e o r e t i c a l l y  embody t h r e s h 0 1  d 

doses k s  teen invoked to expla in  the carcinogenic act ion o f  substances 

t h a t  do not  d i r e c t l y  produce g e n e t i c  damage i n  s h o r t - t e r m  t e s t s .  

However, nei ther short- term tests  nor non- l inear i  t i e s  i n  dose-response 

curves from animal bioassay can r e l i a b l y  d is t ingu ish  between " g e n e t i c "  

v e r s u s  " e p i g e n e t i c "  carcinogenesis p r imar i l y  because o f  the l i m i t e d  

s e n s i t i v i t i e s  of the experimental methodologies. DHS s t a f f  agrees w i t h  

t h e  c o n c l u s i o n  of the IARC (1983) t h a t  there i s  i n s u f f i c i e n t  evidence 

a t  present to j u s t i f y  creat ing separate classes o f  carcinogens ( b a s e d  

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

used. I n  any case, i n  v i e w  o f  t h e  s t r o n g  e v i d e n c e  f o r  EDB's 

g e n o t o x i c i  t y ,  i t  wou ld  be i n a p p r o p r i a t e  t o  s u g g e s t  t h a t  t h i s  

substance's carcinogenic i ty i s  due to an epigenet ic mchanism. 



I Thus, i n  the absence o f  compel l ing evidence to the contrary,  DHS t r e a t s  

I carc inogenes is  as a 'non- threshold phenomenon. 

11. Cancer Risk Assessment 

OSHA prov ided the r e s u l t s  o f  e i g h t  r i s k  assessments p e r f  o r m e d  on EDB 

based on a ser ies  o f  d i f f e r e n t  m d e l s  and est imates f o r  worker exposure 

(P.45969 under I V .  a a n t i t a t i v e  Risk Assessment f o r  EDB, A p p e n d i x  A ) .  

OSHA's c o n c l u s i o n  was t h a t  i n  s p i t e  o f  v a r i a t i o n s  i n  the m d e l s  and 

methods used f o r  ana lyz ing  the data (combining studies,  d i f f e r e n t  tumor 

s i t e s ,  a n d  s c a l i n g  f a c t o r s ) ,  - a l l  r e s u l t s  i n d i c a t e  an extremely h igh  

excess r i s k  a t  the p e r m i s s i b l e  l e v e l  o f  20 ppm i n  t h e  w o r k p l a c e  

(Appendix A, P.45973, Table 4). 

A t  M ppm, the excess cancer r i s k  ( t he  r a t e  a t  which cancer would occur  

o v e r  the normal background l e v e l  o f  25%) i s  est imated to range f rom 70 

t o  999 cases per 1000 people exposed. The e s t i m a t e d  r i s k  d e p e n d s  

h e a v i l y  on the nude1 used and the choice o f  tumor data upon which the 

q u a n t i t a t i v e  r i s k  assessment i s  based. OSHA endorsed Brown's a p p r o a c h  

t o  t h e  q u a n t i t a t i v e  assessment o f  the r i s k  from exposure to EDB. Th i s  

assessment nrggested an est imate o f  725 excess deaths per 1000 based on 

t h e  n a s a l  tumors. "OSHA be l ieves  t h a t  the mu l t i s tage  model (and one- 

h i t  m d e l  as a spec ia l  q s e )  i s  the m s t  a p p r o p r i a t e  m o d e l  f o r  t h e  

p r e d i c t i o n  o f  excess cancer r i s k  from EDB." OSHA a l so  concluded t h a t  

"...expressing dose i n  p a r t s  per m i l l i o n  (ppm) or a s c a l i n g  f a c t o r  o f  

one  Mas t h e  ' b e s t  choice '  f o r  nasal tumors". OSHA a l s o  stated.  "The 



choice of kmangiosarcoma data f o r  the assessment  was p a r t i c u l a r l y  

prudent" . 

Although the s t a f f  of DilS bel ieves tha t  Brown's approach and document 

i s  w e l l  t h o u g h t  o u t ,  a c r i t i c a l  p o i n t  t h a t  DHS disagrees w i th  i s  

Brown's use of combined tumor data from s e v e r a l  d i f f e r e n t  s t u d i e s .  

T h i s  app roach  d i l u t e s  the calculated r i s k  and i s  no t  the m s t  heal th 

conservative me. The use of the m s t  sens i t i ve  s i te ,  sex, and species 

f o r  purposes o f  r i s k  assessment i s  based on the concept of the greater 

genet ic d i ve rs i t y  of humans as compared w i th  t ha t  of inbred l a b o r a t o r y  

a n i m a l s .  DHS d id  not  use the other r i s k  assessments presented i n  the 

OSHA cbcument but performed an i ndependen t  one because t h e  o t h e r s  

d i f f e r  f r o m  the DHS r i s k  assessment i n  the choice of tumor type (OSHA 

in-house), scal ing factor  (Cal-OSHA. SRI.  EPA-CAG), data s e t  f r o m  one 

o r  two s t u d i e s - ( ~ 2 1 ,  Brown), animal bioassay (EPA-CAG, 1980) and data 

base (bioassay vs. epidemiology; EPA-CAG, 1978). I n  a d d i t i o n ,  t h e s e  

r i s k  assessments d id  not use the Weibull ized-Mult istage m d e l  t h a t  DHS 

used. 

The s t a f f  o f  DHS p e r f o r m e d  i t s  w n  r i s k  assessment consistent w i t h  

p r i o r  OHS procedures incorporat ing mny of the recommended p o i n t s  i n  

t h e  OSHA review of p r i o r  r i s k  assessments. Risks were calculated f o r  

ambient concentrations & 10 ppt and fo r  occupational exposures o f  20 

ppm ( 3 . 9  ppm as a l i f e t ime  time-weighted average) f o r  comparison w i th  

those provided i n  the OSHA document. Three l ow-dose  e x t r a p o l a t i o n  

mode ls  were used:  t h e  mu1 t i s t a g e ,  the i.kibul1-multistage (t ime- 

dependent m u l t i s t a g e  w h i c h  was n o t  u t i l i z e d  i n  any p r i o r  r i s k  



assessment  cn EDB), and the p r o b i t  m d e l .  The Crump Global 79 program 

was used f o r  the n u l t i s t a g e  model. The Howe a n d  Crump Wei b u l l  82  

p r o g r a m  was used f o r  the time-dependent n u l t i s t a g e  model i n  which r i s k  

i s  considered a  f u n c t i o n  o f  both t ime and dose. T h i s  mode l  c o r r e c t s  

f o r  i n t e r c u r r e n t  m o r t a l i t y  by i n c o r p o r a t i n g  s u r v i v a l  times and 

c a l c u l a t e s  la tency  p r i o d s .  Data i n p u t  f o r  Weibul l  82 uses the time o f  

d e a t h  of each animal and considers whether the  a n i m l  had the tumor o f  

concern a t  necropsy. The Kovar and Krewski program Risk 81 i s  used f o r  

t h e  P r o b i t  m o d e l .  Th is  dichotomous response m d e l  assumes t h a t  the 

dose-response r e l a t i o n s h i p  i s  a  cumulat ive normal d i s t r i b u t i o n  and thus 

t h a t  t h e  l o g  o f  the dose versus the p r o b i t  (normal equ iva len t  deviate 

+ 5) i s  l i n e a r .  

C o n s i d e r a t i o n s  inc luded i n  the choice o f  low-dose e x t r a p o l a t i o n  m d e l s  

are :  s i m p l i c i t y .  i n t e r p r e t a b i l i t y ,  b i o l o g i c a l  p l a u s i b i l i t y ,  

s e n s i t i v i t y  to d i f f e rences  i n  the observable range, and a b i l i t y  t o  take 

i n t o  account t im ing  o f  exposure, l a tency  periods, and competing r i s k s .  

T h e  under l y ing  p r i n c i p l e  behind the use o f  the  mu l t i s tage  model i s  the 

b i o l o g i c  p l a u s i b i l i t y  o f  the theory t h a t  carcinogenesis i s  a  m u l t i s t a g e  

p r o c e s s .  A d d i t i o n a l l y  the d i r e c t  i n t e r p r e t a b i l i t y  o f  i t s  c o e f f i c i e n t s  

and the f a c t  t h a t  it i s  l i n e a r  a t  l o w  d o s e s  make i t  a  r e a s o n a b l e  

c h o i c e .  The ' k i b u l l - n u l t i s t a g e  m d e l  has these same p r o p e r t i e s  as the 

simple n u l t i s t a g e  model and, i n  add i t i on ,  it i n c o r p o r a t e s  a  l a t e n c y  

p e r i o d  and  u t i l i z e s  f u l l y  t h e  d a t a  on s u r v i v a l  t imes which are 

a v a i l a b l e  on the N C I  carcinogenesis bioassays. 



DHS s t a f f  examined risk e s t i m a t e s  fo r  a l l  three models for nasal 

malignancies (a s i t e  of f i r s t  contact i n  the NCI i nha l a t i on  s t u d y  of 

male r a t s )  and for hemangiosarcomas i n  the NCI study of female mice (a 

remote-site cancer which appeared i n  both gavage and i n h a l a  t i  on 

s tudies) .  The original bioassay cancer attack rates are shown i n  Table 

1. Appendix D provides calculations for interspecies scaling and dose 

u s i n g  time-weighted concentrations. 



Table 1 

Cancer At tack Rate i n  Two EDB I n h a l a t i o n  

Bioassays Car r fed  Out f o r  the Nat ional  Cancer I n s t i t u t e  

Experimental  Groups 

(50 animals i n  each) 

Cont ro l  10 ppm 40 P P ~  

Tumor/Species 

Nasal ;uhl i gnancies* 

Male Rat 

Hemangiosarcomas 

F e m l e  Mice 0% 24% 46 X 

* Adenocarcinomas, carcinomas, and squamous c e l l  carcinomas , The r e s u l t s  of t h e  r i s k  a s s e s s m e n t s  a r e  shown i n  T a b l e  2.  The 

t h e o r e t i c a l  e x c e s s  l i f e t i m e  r i s k s  f o r  the 1983 permiss ib le  exposure 

l i m i t  (PEL) o f  20 ppm are l i s t e d  to a l l o w  c o m p a r i s o n  w i t h  t h e  r i s k  

a s s e s s m e n t s  presented i n  the OSHA document. The t h e o r e t i c a l  r i s k s  i n  

t h e  OHS r i s k  assessmen t  a r e  s i m i l a r  t o  t h o s e  o f  t h e  o t h e r  r i s k  

a s s e s s m e n t s  (Appendix A. P.45973. Table 4) which are  i n  the range o f  



hundreds of cases p e r  t housand .  One e x c e p t i o n  i s  B rown ' s  r i s k  

e s t i m a t e s  based on hemangiosarcomas showing less than 200 cases per 

m i l l i o n .  It should be noted .that none o f  the w o r k e r s  s t u d i e d  have 

ever had consistent exposure as high as t h i s  so that, to our knowledge, 

there has been no opportuni ty to observe the human e f f e c t  o f  such h i g h  

e x p o s u r e s .  The same m d e l s  extended downward to ambient l eve l s  o f  10 

p p t  provide l i f e t i m e  r i s k  estimates ranging from 0 (zero) to 5.53 cases 

per m i l l i on .  



Table 2 
Risk Es t i t a t es  f o r  Cancer Death Rates 

Due to EOB Exposures 

I 20 P P ~  10 PPt 
Occupational Comnuni t y  

SpeciesITumor Mode 1 UCL*/MLE** Exposure Exposure 
(PEL I*** 

Male Rats 
Nasal Malignancies Wei b u l l  - 

Mu1 ti stage 

Mu1 t i s t a g e  

I Probi t 

Female IYice 
Hemngiosarcomas Weibul l-  

Mu1 t i s t age  

Mu1 ti stage 

95% K L  
MLE 

95% E L  
MLE 

95% K L  

MLE 

95% K L  
MLE 

95% E L  
MLE 

3.15lmi l l ion 
2.531mi 11 i o n  

3.23/mil l ion 
2.031mi 11 i o n  

1.34Imi l l i o n  
1.02lmi l l ion 

I Probi  t 95% K L  43811000 . 5 0 / m i l l i o n  

MLE 35711000 0'1mi 11 i o n  

* UCL - Upper confidence l i m i t  
** IieE - Maxi mum l i k e l i h o o d  estimate 
***PEL - Permissible Exposure L i m i t  (Proposed f o r  r ev i s i on  by OSHA, 1983. See 

Append1 x A. ) 

§= Predict ions f o r  p r o b i t  rode1 ranged from 0-10-~' 



12. Compatibi l ' i ty of Animal Risk Assessments and Epidemiological Results 

EDB i s  a potent  carcinogen i n  animals, causing contact  carcinogenesis 

f o r  skin, forestomach, and n a s a l  c a v i t y  i n  d e r m a l ,  gavage, and 

i n h a l a t i o n  studies, respect ively.  Cancers were found i n  s i tes  remote 

from the i n i t i a l  s i t e  of contact i n  a l l  three kinds o f  studies. As tns 

been seen above, ext rapolat ions from the animal cancers, both of f i r s t  

contact  and remote s i tes,  suggested high theore t i ca l  l i f e t i m e  r i s k s  f o r  

o c c u p a t i o n a l  exposures to EDB a t  the PEL of 20 ppm (PEL used f o r  r i s k  

assessments as presented by OSHA and proposed f o r  rev i s i on  i n  1983, See 

Appendix A). These ext rapolat ions prompted Ramsey e t  a l .  (1978) to see 

whether the m e - h i t  node1 used by the EPA provided estimates which were 

c o m p a t i b l e  w i th  the negative r e s u l t s  from O t t ' s  study o f  161 workers. 

They concluded tha t  the r i s k  assessment was not compa t i b l e  s i n c e  t h e  

r i s k  assessment  i n d i c a t e d  t h a t  85 o f  the workers instead o f  the 8 

observed would have been expected to develop cancer dur ing t h e  p e r i o d  

o f  observation. 

I n  Appendices C and D DHS s t a f f  reviewed the study by O t t  e t  a1 . and 

a p p l i e d  the nu l t i s t age  model estimates based on the forestomach cancer 

(gavage) and nasal tumors ( inhalat ion) .  This i s  .done t o  make sure t h a t  

t h e  DHS r i s k  assessments are no t  incompatible w i t h  the &idemiological  

data. The resu l ts  show tha t  the same nu l t i s t age  model which p r e d i c t s  

3.2 cases per i n i l l i o n  from a l i f e t ime  exposure to 10 pp t  predi'cts only 

a few extra cases o f  cancer i n  t h i s  small cohort o f  161 worke rs  whose 

e f f e c t i v e  time-weighted l i f e t i i r e  exposure was i n  the par ts  per b i l l i o n  



range. The p r e d i c t e d  added r i s k  as we l l  as the r e l a t i v e  r i  sk  i s  v e r y  

' c l o s e  t o  w h a t  was i n  f a c t  observed and i s  c e r t a i n l y  w i t h i n  the  95% 

conf idence i n t e r v a l  o f  t h i s  small study. 

F u r t h e r m o r e ,  t h e  Weibu l l -mu l t i s tage m d e l  o r  p rob i  t model a p p l i e d  t o  

nasal  nal ignancies,  or any  o f  t h e s e  t h r e e  m o d e l s  a p p l i e d  t o  t h e  

h e m a n g i o s a r c o m a  d a t a ,  w o u l d  a1  s o  y i e l d  p r e d i c t i o n s  which are  n o t  

d i s c r e p a n t  w i t h  the observed worker m r t a l i  t y .  

The r i s k  e s t i m a t e s  i n  Table 2 t h a t  are e x t r a p o l a t e d  from animal data 

u s i n g  three m d e l s  can the re fo re  be considered reasonable i n  t h a t  t h e y  

a r e  n o t  i n c o m p a t i b l e  w i t h  the hurmn ep idemio log ic  r e s u l t s ,  and DHS 

s t a f f  thus conc ludes  t h a t  t h e y  c a n  a l l  be  u s e d  w i t h  s c i e n t i f i c  

j u s t i f i c a t i o n .  The t h e o r e t i c a l  Sases f o r  the m l t i s t a g e  m d e l  and 

W e i b u l l - m l t i s t a g e  m d e l ,  however, a r e  s o u n d e r  t h a n  f o r  t h e  p r o b i t  

m o d e l ,  and  t h e  DHS recommends us ing  the est imates f rom both  these 

former two m d e l s .  

13. Conclusions 

On the basis  o f  the f i n d i n g s  discussed i n  the preceding s e c t i o n s ,  t h e  

f o l l o w i n g  can be concluded: 

1. No systemic t o x i c i t y  or rep roduc t i ve  e f f e c t s  would be e x p e c t e d  t o  

r e s u l t  f r o m  exposure to EDB a t  an ambient a i r  cqncent ra t ion  o f  7 

p p t  or less. 



2. The CHS s t a f f  agrees w i th  the IARC tha t  there i s  s u f f i c i e n t  evidence 

t o  show tha t  EDB i s  carcinogenic i n  animals and t h a t  i n  the absence 

o f  adequate da ta  i n  humans, i t  i s  r e a s o n a b l e ,  f o r  p r a c t i c a l  

p u r p o s e s ,  to regard the chemical as i f  i t presented a carcinogenic 

r i s k  to humans. 

3. EDB and i t s  metabolites are genotoxic. 

'4. There i s  no evidence to demonstrate t h a t  the carcinogenic i ty o f  EDB 

has a t h resho ld  and EOB's carcinogenic a c t i v i t y  should be treated 

as lav ing no threshold. 

5. An excess l i f e t i m e  r i s k  value between 1.02 and 5.53 per m i l l i o n  f o r  

exposure to an a i r  concentration o f  10 pp t  EDB i s  recommended. The 

c o r r e s p o n d i n g  t h e o r e t i c a l  l i f e t i m e  r i s k  values a t  the present 

ambient leve ls  of about 7 par ts  per t r i l l i o n  are estimated as being 

between 1 and 4 per m i l l i on .  
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hygiene practices. medical tweii lanw 
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aid to the reader. the following is an 
outline of the wntenta of this F e d 4  

- 
L Patb*nt lqsi Authority 
a cenenl: 
A Chemical IdentiliuUon 
E RoducUon and U u  

C ~ t s l u u i a r d  . . 
D. h*und 

: .. physical a p t  is hamful.(d. at 643. IL 
48. A &nificant rirk f i idiq, however. 

eRatiDlu f a a n E m ~ e n c y T ~ r ) .  doas not require mathematical precision sundad. 
IILH*dlhBRaar . or mythin appmaching scientific 
A Acuta Toxidty certahty d the  'best available 
B. C u d a o p n f ~  . . . " evidenw' d~ not w-t.that degree 
L Anirml Shtdisr: .. a " of p m t  id. at 855-BSB: 29 US.C 
1. krhdaUooBloawya . sss@1[51. Rather. the Agency may base 
b. Onl MminLhUw Sludiw 
rSldnP.htlrgSludla. . Ita &ding largely on palicy 
2 &ldemiolO@c InvmUgld0~ . co~laidorationa and has coosideable ' ' 
C Raproductivr EBaar leeway with the b d a  of assumptions it 
L H- Studlea .. . . :.: ' :..... appllw in interpreting the data 
f AntrmL Studlea . .N p o w  i t  I@ The Cowfa opinion 

: 
im!~caics that rirk auessments. which Muupnlc md ~~togimeha EBata . , 

I3 Condurloas . .. . m y  invalve mathematical estimates . 
N. Quatitmtlva Wr &mat farm& -. . Ivith w e  inherent uncertainties, am a 
A InhDduda . . -. , 
ETedoolog md LbBnlUana . .. 

muu of damonstmtlng the existence of 
' 8ig~i8mtdEk. CSllmmyofRlrk Auaumlncl . ... 

D. lX8auiac1 and Candwica A f h  OSHA has detsrminad that a 
V. S l e n a  of Rbk . . . : s ~ ~ t  riak.exlats and that sudr risk 
VL Summuy ot ~.gcll.taq ~mp.ct d ' can be reduced or eliminated by the 

Rgul.toq Flexibility A ~ I y r i a  . . propored i$ndud itmust set the 
'VL Envi~mmenul impact .. . . studard 'which most adequately 

of hfwmfia~ ~~~~ . .us- to the extent feasible on the . . 
. - Raq!hrnrnU . . 

' -. . *.: b a s t  of the beat available evidence. 
M S ~ d E x ~ L n ' u O n  Ofthe thlt no employees will suffer material RopoledSL.ndud . 
X'Codw(onr ' tmpalnuent of health ' ' '." (Section 
XL Public Partidpadon . - 8(b](Sjof the Act). The Suprrme Court 
)IIL Ropoud S h W  .nd A ~ ~ & &  :. : . . hU interprated thk section to mean that 

. I . -, w-AuthnitJ . ..= .. . -  . . .  .*OSHA must enact the most pmlective .. . 
. . . ,-, r .-standard possible to eliminate a ... - . :. 

', Authority forlbbuance of this i. .- . rlpii3-t risk of material health ' .. 
standard b found primarily in sectloru . ... Impatnnenl, wbiect to the conshints of 
8(b).:B(c]. and 8(g](2] of the Occupationd - tecboological and economic feasibility. 
Safety and Health Act of 1970 (the Act), American Textiie Monufactur~rs . 
a uac W(b]. M(c), and 857(g)(2). . h#&hrhk he V. D o ~ ~ v M ,  452 U S  480 
Sectton 8(b](5] govam the isauanw of. [IBBI). 'fie Cawt held that 'cast-benefit 
occupational safety and health . . d y s b  t o o t  requhd by the statute , 

s t a n d a d  d e d i q  with toxic mate- ,. .. b u s s  feasibility analysis Is." Id. at . ' 
or humtul physical agenta. Section 3(8] .Y& . . '. 
of the Act 29 U S C  65248). d e h c a  an ; ; Authority to Lsui this staddaidis 
occupational nfety and health standard .Lo found in xction a(c1 of the Act in 

The Supreme Court haa 'Ad that A t ion  
J(81 appllw t a d  permanent stmdards . 
pmmulgated under the Act and mu&w .. 
ihaSe&uy. before issuing any ' . 
s h a d a d  to determine that it ia 
msaanably newssuy and appmpriate 
toremedy a sigaincant risk of material 
health impairment hdusbiol Union 
Deportment T. d+mericM Putmleum 
Inatitule. YHI U.S 607 (1480). 

The '~(gnificant risk" datennlnation 
wlutitutes a findlng that absent the 
change in pmctiur mandated by the 
8tandard the workplaces in queition 
wouid be "unsafe" in the sense that 
workan would be heatenad with a , 

signifiunt riak of h a m  id. at 842 This 
finding i8 not unllke the threshold 
finding the1 a lubstance b toxic or a 

genaral M a  section empowen the 
Secrataty to require employen to make. 
keea and ureaerve reco& renardinn 
actiiitiet d a t e d  to the A& 6 
partldar. section B(cI(3) gives the 
Seaatary authority to pquira employen 
to 'maintain acnvste raw& of ' 

molovao e x w s u ~ s  to ootentiallv toxic 
maiedda or h d l  phi.aical ag&ta 
which an required to be monitored or 
mouund under sactlon 6." Rovisiona of 
OSHA ltmddamls whlch require the 
maldnn and maiotnwce of records of 
m e d i d  examinations. expasum 
monitoring. and the k e  ars issued 
punumt to section B(c] of the Act 

l l a  Sect tay ' s  authority to issue this 
pmpasd standard is further supported 
by the geneml rulemaking authonry 
p t e d  in section B(gj(2) of the Act This 
section empawen (ha Secretary "to 

F" cribs such rules and mgulrtioas as 
e may deem nscss8ary to carry out 

[&I mspoaribilitiw under the A c t w i n  
thk cnai as part of or ancilla y to, a , 
wctions(b1 standard The Secretary's 
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responsibilitie? under*qe Act are 
defined largely by'ita chumentea 
purposes. whiich include: 
. ' ' ' [Elncourosing employen and 
employees in their rffons to nducd the 
number of oc~pational ufety and health 
hazards at their ohces of im~lovmenL and to 
stimulate emplo~m and emploian IO , 

htttute new sad to oarfed - . - - - - - - - -- 
pmpruar for providing safe and healthful 
~ 0 r l d n g  ~ d l l l 0 ~  (29 U.9.C Ml(b)(l)]: 

' ' IAluthaidan the 5.crrtary of Labor 
to met mandatory oaipationd nfoq uul 
health atand.& applicable to bushdu . 
affecting inientata commeru and by 
mating an occupational Safety .ad Health 
Review Conmds#ion for cuyins out 
adllldiutoy function, under the W 129 

1)51(b)(3)1: ... [B]uildiq upon advances a h d y '  
mad? through empbyer and employee . .: 
initiative for providing ufa lad healthful ; 
war* condltionn SO USC 1)51(bJ(4)]: . .. . . . p]mvidlng 1 or the development and 
pmmulgation of occupational ufety and 
health standards It8 USC Ml(b)(S)); . . '  ' . . . tplmviding'for appmpriata rrpow 
p m e e d t ~  with mspsn to occnpithd. '. 
ufety and health which p d u r e s  will help 
achieve the objeetiva ot thia [Act] and . . 
accwately described the mtun of the 
occnprnonal safety and baslth pmbi.mi'(29 
US.C 1)5l(b)(lZ)h 

' ' @]xpioring wayn to dirmvv hteni 
dinaras eatsblishing cluul conrUR(on. 
between diseascr and work h 
envomnmental condiuom ' [a USC 
asl(a)(8tl: 
' ' ' IE)ncauia@rq loht hba- . . 

muu@mmt efforts to mdum hiurfes and 
diseaaer arising out of amployment[SO U3.C 
051(b1(13)h , .  

' ' [Alnd develdphg innovative 
' 

methods tcchniquer and hppmchee for 
dealing with occupatiolul u i e q  and heallb 
problem (29 U.S.C 6% @)($)I. ' ' ' . :. . ' 

Because the eth&ene dib'mddd .. . 
standard is realonably related tithese 
statutory goals. the Secretary fin& that 
this standard is necessay t i  carry w t  . 
his responsibilitio under the Act. In 
addition to Its status as a seccLon 6[b) 
standard It also falls within the broader 
class of section 8 regulations. 

, 

Ethylene dlbmmide [(aemlwl 
Absbact Services Registry Number 1- 
03-41 is a coiorless. non-flammable 
liquid at mom temperahur with a 
distinctive. mildly sweet odor detectable 
in air at levels ranging fmm 10-25 peM 
per million. It turns brown on exposure 
to light and reacts as anrlkvlstina 
agent. liberating bromine. Synonyks for 
ethylene dibromlde include EDB. 1.2- 
dibmmoethane. ethylene bromide. sym- 
dibmmoethane and glycol bromide. It 
has a cherncial formula of Br-Cbk-cX. 
Br. with a molecular weight of 187.9. 

B. Production and Uw 
Ethylene dibmmide IEDB] is a clear 

and colories~ liquid that has a number 
of applications. ED6 is pmduced 
commerdally by reactfng gaseous 
ethylene with llauid bra* Its 
p h r y  w e  in a i  a r a v e n  erin leaded 
gasoline to prevent the b & up of lead 
odder from tetraethyl lead in . 
automobile engines. EDB in also used as 
r peatidde. as an intermediate in the 
synthesis of dyes and pbannaceuticala 
and as  a solvent for resiaa xums. and 
waxes. Most potentially aig;rifiwnt 
exposures to EDB ocnv in the industries 
or- indwq aectom where it ia 
manufactured used in the 
manufacturing and blending of 
antiknock eompmds. formdated for ' 

w e  as a pesticide. or used as a fumigant 
rm ciWs (primarily Califomic Florida, 
and Texas], groin end papayas. EOB in 
-also wed in the fumigation of fiour 
milliq equipment. Same ERE is used ia 
the fumigation of mangoes, e t c  [See . 
Pnliminary Regulatory Impact . 
Assessment]. 

The fow Brnu that currently produce 
ED6 in the United States are PPG 
Industries (PPG] Ethyl Corporation 
(Ethyl), Great Lakes Chemicals 
Cornoration IGLCCI. end the Dow 

. Chemical ~oiporation pow]. As a result 
of the declining use of leaded nasoline. it 
is pmbable b a t  one or two 6 will 
ware pmduction of EDB by 10~0. 

The availdble information indicates 
that a total of 90 production worken a t  
all four ulanta am a w n e d  to EDB on 
daily basis continuo&ly, and &at up to 
400 industrial pmduction worken ue 
e m r e d  to El% on a oeriodic basis in - -- 

&nufactwing. ~ h e s d ~ ~ t o y e e s  ilsn 
include maintenance uerrmnel . 
pmvidiq maintenanfe sewices for 
plmt opentiona as  well as other 
k o ~ e l  who occasionally may be' 
.exposed for short periob of time. but 
not on a daily basis. 

Employeeiin the EDB manufacturing 
Induuy generally perform one of five 
diffmnt hctions. At the Ethyl 
Corpomtion. the h c t l o ~  ue divided 
into four iob wteaories which indude a 
u e w  leader, a cokrol mom operator. a 
loader, end surveillance tecbniciaa The 
uew leader Is reroonsi!de for the 
manufacturing en; i;r.r?r.ees ths7 
productJon of EDB. vr-.;i bromide. 
bromine. and sulfur. - ~ ~ ~ ~ ~ ~ . .  

EDB is used in the manufae tdg  of 
mutiknock additives for gaaolLnr'These 
addiUves vary in compos~uon with mom 
than l W  different blends being pmduced 
(Ex, 7-2 p.71. A typical gasoline.blend 
however. contains ethylene dibromide 

(17.86 percent), ethylene dichloride 
( l am percent), and various tetralkyl 
(methyl and ethyl) leads in a ratio of 
about 1:1:3. Aviation antiknock mixes 
contain 35.68 percent weight ED6 and no 
EDC In additioa some blenda may 
contain benzene and toluene. The 
plending process doer not invalve the 
chemical reaction of ethylene dibmrnide 
with the other compounds of the mix. 
but is a physical blending of the . 
constituents. 

Employees exposed to ED6 in the 
manufacturing of antiknock compounds 
and their blending, generally are 
exposed to EDB in the contml mom. 
production loading and peripheral 
operations. As of January 1.198% the 
following four BIDIS supplled antiknock 
packager: E L Dupont de Nemours m'd . 
Company In& @upontl. Ethyl 
Corporation (Ethyl), Nalco Chemical 
Company (Nalco). and PF'G Industxies 
PPG). At Nalco. for example. some of 
the jobs where employeesmay be 
exposed to ED6 indude shift 
nuperintendent a blend operator, a 
material handler. and a laboratory ' 

technician The followinn are some of 
the jobs and operations h a t  can result 
in exPosure to EDB: 

r Blend operato&doadi& all 
liquid raw ukterialr takes qua-lity' 
contml samples. blends products and 
loads taalc cam. 

b. Material handler-essists the blend 
operator Ln all duties. 
r Laboratory technid-onducts 

quriity contml teats on n w  materials 
and 6nished products. 

EDB is used witn other chemicals in 
tha formulation of pesticides. The 
consumption of ED6 for use in 
pesticides has increased from about 5 
milllon pounds in 1976 to an estimated 
12-15 million pounds in recent yean. A 
total of 18 h s  with !2tl olants formulate 
pastiddes containing m'B. induding 
three of the four EDB manufacturers 
identified earlier. These E m s  either 
formuiata pestiddes containing EDB or 
repackage EDB-containing pesticides 
that have been blended previously. The 
ED6 pesticide formulation umcess 
involves a batch operation'in which 
liquid ED6 is blended with other liauid 
active or inert ingredients and then 
packaged into containers. kmos t  
plan& thia is a partially dosed system. 
with coapletely dosed blending 
operati?ns and open packaging [or 
filling] c9erations. In addition to the 
EDB blending and filling operations 
described above, dan t  umduction 
worken nay  be exposed to EDB during 
meintenancc laboratory samplins and 
analysis. and warehouse actihtieii 

'.\ 
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Registration f pesti e 
pfO.ductr CO#&infIkg&B (42% 631341, 
under the Federal kuecticide, Fungicide 
and Rodenticide Act (FIFRA), ar 
amended (7 USC 138 el req.). EPA 
subaeauentlv ~moosed immediate 
cancedatioiof th'e EDB registration for 
stosed main and cancellation of the EDB 
regiseahon for post-harvest fumigation 
of dtm. tropical fruits and vegetables 
ar of July L 1983 [see u FR a n &  
December la 1980). EPA bar. thus far, 
taken no Bnal action on these proposed 
cancellations. 

In 1~77. The National Instituh for 
Occupational Safety and Health 
NOSH) secommended that the PEL for 
EDB be reduced to a ceiling limit of 0.13 
ppm [or 130 parka par billion [ppb)] (Ex. 
4-41. NIOSH recommended revising the 
standard end included novkemenb for 
envimnmentPl monitoring; medical 
swelllance. labelling. penonal 
pmtectiva equipment m d  clothin& 
employee hining, work practices. 
sanitation 0 r s c t l c e d a o d k ~ r d k e ~ ~ i M  
sequirrme&s. Tbis determination war" 
based an seven1 sdenLLfic nposu 
which indicated that chmnic exposun 
to EDB may lead to cancer. binh defeaa 
sterility. damage to genetic materid. and 
a number of otber systemic effectr. 
Following receipt of the NIOSH 
recoaunendations for a revised 
standard OSHA published o request for 
comments aod information in the 
Fedanl R e t e r  on MPrch 17.1978 (43 
FR urn). Tbe request asked for 
commenb on several genml end 
spedfic issues concerning the NIOSH 
recommendations for a revised stmdard 
for occupatiooal expasum to EDB. 
OSHA seceived SI comments bum 
individuals m d  companies mpsesentlng 
a bmad ranaa ofintemats. These 
submitted comments remain of the 
permanent record for EDB and will be 
considered in all segulatory dedsionr. 

In addition, RIB bzu been the sublect 
of b e  NlOSH Current Intelligence 
Bulletins. The first published in 1975. 
alened worken. employen and o h e n  
of the preliminary results of a Nadonal 
Cancer institute studv indicaUnn that 
ED0 is carcinogenic h labonto& 
rodents F 4-5). The second published 
in 1978. reported that a NIOSH study 
had found a serious toxic interaction 
between inhaledethylene dibmmide 
and ingested disulfiram in laboratory 
saki and recommended that no worker 
be exposed to both EDB and dirulfiram. 
(EX. C(I) The third dated October 28. 
1981. provides secent tnformadon on 
EDB'~  potential carcinogenic risk m d  
reaffirms the NIOSH 1977 recommended 
workplace exposure limit of 0.13 ppm 
[Ex 4-7). 
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...In 1977, the International Agency for 
Research on Cancer (IARC]conduded 
that suffident evidence exists that EDB' 
is m animal carcinogen and that it 
pmbably is a caninogen to humans 
based on lta evidenceas an animal 
carcinogen. IARC placed EDB is gmup 
28. In general, the gmup 2 designation 
signtaes that the chemicd gmup of 
chamicals. indwbial omcess or 
occupational expo& is pmbably 
cnrcin-enic to humans. The letter B 
added to the numerical designation is 
meant to indicate inadequate data b 
available in bumans but &dent 
evidence is available for animals. 

In 1978. the American Conference of 
Governmental Induahial Hygeniata 
(ACCM) added ethylene dibmmide to 
i u  list of induahial substances 
secognized to have urdnogenic 

G lentid for bumaru. The 19BI ACCM 
t of b s h o l d  limit values mq 

asaims no TLV for EDB mostre .  but 
stat& that "no exposum o; contact by 
mv mutc--nsDirstom, akin or oral u 
deiected by th; most iensitive 
methods-shalt be uedt ted"  IEx. -1. 

The Public ~ e a l t h  Service* Act 
mended in 1978 [Section 3C:!b11411 
requires the ~ec&tasy of the Depekent  
of Health and Human Services to 
publish a list annually of "dl substances 
which am either known to be 
carcinoaens or which mav reasonablv be 
antidpaced to be carcinogens and to. 
which a signtacant number of penons 
residing in the United States an 
exposed ' '" In December 1 9 a  the 
Secretary of Health and Human Sesvicea 
tbmugh the dapartment of Public Health 
Servik.  made a determination that 
EDB met ch(r criteria and included this 
substance in its Second Annual Remd 
on Caminogena. Ths report war 

' 

psepared by the National Toxicology 
Promam and i b  member astender-- 

July.lOB1. the potentid health sish 
of EDB drew nationsl anention .a a 
result of chi Slate of Calllornir 
D e p m e n t  of Indluaial Relations. 
Division of Occuontional Safatv and 
Health (C.IIOS~%) pmposing.an 
emernencv temoonw standardc CEISl 
for E h  d 130 ppb. @c. 4-3) d o m i ;  
war coocemad that tbe use of EDB to 
treat harvested fruit to psevent the 
spread of the Mediterranean h i t  fly 
wodd result in m inneased number of 
workem exposed to ED& 

The California Emergency ;tandad 
became effective September 23.1W 
(Ex. 4 4 ) .  California based its decision 
lo issue an CIS on h e  potential 
widspread use of EDB as a post-harvest 
hunigan~ the large number of worken 
who could be exposed and the fact that 
the present OSHA standard does not 

take into account recent data concerning - 
the czrdnbgenidty of EDB. The EX 
was adopted as a permanent standard 
oo January 14.1982 and became 
effective on March 22 IS2 The final 
California standard [General Industry) 
Sdety Order 5219 (Ex. 7 4 ) )  for EDB 
mceived Federal aoomval on Ma& 1. 
1883 (48 FR 8810). f i e  California 
standard reouims that worker sxoosure 
to ED8 sbabnot exceed 130 based on an 
bhour TWA and shall not exceed a 130 
ppb coilins limit based on a lbminute 
aample. It dao mquims nporting of EDB 
use~emegendes. ixposun monitorin& 
method, of compliance. penonal 
pmtective equipment mining and 
recordkeepisg. 
E Petitions for an Emeqency 
Tempomry Stondad 

On September 2 ig& the 
fntemaeloud Bmtherhood of Teamsten 
(W7 petitioned OSHA for an 
emergency temporary standard for EDB 
whicb would reduce the PEL to 15 ppb 
as an &hour TWA. (Ex. 4-11) m 
memben represent a large number of 
workers in the kult indusay, where EDB , 

may be used to control infestation by 
Mediterranean fruit fly. The IBT petition 
was later joined by the Food and 
Beverage Trades Deparkaent AFL-UO. 
in a letter to OSHA dated October 5. 
1981. Ex. 4-I21 and by the American 
~edent ioo of h b o r  &id Congress of 
Industrial Ogantations [AFGCIOI in a 
letter dated October 20,198l. Fx. 4-13) 
I h e  International Longahonmen's and 
Warehowemen's Union IILtVUI also 
mquested.that OSHA is& an ' 
emergency temporary atandad for EDB. 
In a letter dated October 16.19~i. the 
ILWU mommended an exposure limit 
both as an &hour TWA and a ceiling 
wncentmtion of 15 ppb (Ex. 4-14). Iii 
seswnse to these netitions. OSHA 
miawed the avaiable EDB exposuse . 
iaformati5n and recent scienti5c 
evidence. After careful conaideration, 
OSHA condude that although the 
available infomadoo indicated a 
potential health risk. it did not meet the 
statutorv criteria necessaiv for issuance 
of an El% within the meankg of section 
6(cI of the OSH Act Therefon it was 
not possible. based on the infonnation 
then at hand to establish the feasibility 
of. or necessity for an El3. 

OSHA acknowledged that the present . 
Pa for EDB may not be sufficiently 
pmtutive. and Iheseiore dedded to 
ptocced with demaking under section 
O(b) of the Occupational Safety and 
Health Act of 1970. An advance Notice 
of Roposed Rulemaking (ANPR) was 
published on December la 1981 (48 FR 
l67l). The notice asked interested 
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partied to submit comments on a number 
of i saaa  which would be mtid to the 

wwwn at lS mlkn but no fatalitier Thd National Todcolo~y Rogram 
[KIP] of the National CPncar Institute 
MCZI mnducted an inhalation 

or p a w e n t  seqGla; h m  ucporw to 
chfs levek and 131 death h m  inhalation development d a revised stnndard. 

OSHA aha  irrltieted l aerier of s o d a l  doses of rnnghiy.lma mg/b  
kxposusea at l o m r  dares h d d  

k i i o g e n s r k  bioaany for ED5 p 4- 
151. !dale and f a d e  Fiahar-344 rats 

toduty in e rm&c (KodmUm 1928). 
Thne  repam chuactcrLc the loxicity 
of ED6 to humpns but thev u. 

uid BBOF1 mice were -red to 10 
and 413 ppm of EDB for periods h m  is 
to 103 weeks. Each Uescnenl p u p  
coPdNd of YI male and 50 famals 

el sgriPllbml worksitar in T& 
nod& and California. 

huff idcnt  to atab1i.h s k h l  &as for 
dermal emorum or a d e c t  d o n  for animals The d m r i o ~  of umonvc m r e  
tnhalatiao'monl sxposllrr Tim delay in 
sppe- of tha moat srmn rydcmio 
toxic effcdr oamn with all thra doring 

80 w e e k  for40 ppm. 103 w e i b  for 10 
opm and 104 we& &u m k o k  The . E D B t a m y u . & ~ i m ' h l w i t i c h  

can ~codnce btisterine O r m w t i o d  hbsr 1ed.s wue sdsaed  based on a 
S k l a y  test in which (O oom was f m d  ~ t o ~ ~ i n & b a a b ; u r f o a n d  

to pmd- mm eye im'tiltia t h a t  
mutw. 

It may be m n d d d  that m B  is to ba ih. mdmum blcn'ted dose 
Mica mn hllad by intMerit~nasl irritation. hud.& dapmsdan m d  l o u  

of eppetltr (Clla T o r  lDIB). Nprol 
irritrtion is reported h m  cqmsnm d 
50 p m. Expasuns to LIhemely high 
leve L t h m ~ h  inhalatian i m ~ ~ t i m  or 

ecutely~toIdr Inhumma dora. h r n  is . 
l o 1 5 0 m g / L p E D B w i U p ~ b x i c  
e f f d  d death regsrdlas of rh. 
expoawa mu- inhalation or 
onL Absomtlan through ch. skh ia 

injestion oisodirun p&mbirbital and 
examined aaordins to stantiad 
histopathologid tichniquw. Three 
cmu rcniopc were taken lhmush me . 

skin contaciheve been rho& to 
produce a y s t d c  drmPPa ta m a n 1  

rapid on tha ordu  of & u t a  'Ihe ' 

lo?iaQ mported in the .cute a i m d  
n d  ~ v i k  in order to deb-nd 
hrmom The l e u g h  of exposme far tach 
s ~ e d a n  s a  md dora I d  wua U)3 ow. & Hdrw. ~~ spLap 

heart Uver. edrrasl stands a d  tea- 
studies k wn*atent with h e  
wndmionr  
B. c3miloguu'u'iry 

The wtential for EDB to indnca 

k e k r  for low dose mala rats (10 ppm). 
88 w e e k  for hiah dam ma& ral. 140 Although ahwnely 6igh Q.u pmdnca 

immediata mnkd -w aystem 
[CNSI depralion the onset oi othu 

. signs and rpnptomr may ba delayed for 
MV-1 h o w  eves a t  klhal do- Aftar 
the a i p u  -. the m e t  of q i r a t o y  
failure m d  d u l h  k rarp rapid. d~ 

ppm). 109 we& far low daae female 
rats (10 ppm). Bt wedu for high dam 
female rats (40 ppm). 78 week. for lase 
daw ma& nice (10 ppmL 78 '8 for 
high dose d e  mice (40 ppm) . IC~ 
w n k r  tor low dose f a d e  mice [I0 
ppm) ad 90 &far higir dase f d e  
mica (40ppml. . 

Survival ntw in the hiah do= male 

caocerinmiaandratshaabeen 
measwed in four d i R m t  hioarsly 
studies . . . 
t AnhaISauiiu 

a. ~ ~ u t t b r i  Bfoassap In respame 
to the Advana Notia of h p o a d  . 
Rulemaking. the Dow Qamical 
Company submittad rh. mul l s  of a 
study a f n t a e x p o s e d t o a Z i a m d c O  
ppm of EDB for rS w a h  (Exhibit 5JIL 
Epithaiiai hypaplaaix of the nasal 
tnrbinater wu o b a d  in ntr ugaMd 
to ma a t  10 ppm. ~ f t s r  a Ftuponus 
period of 86 dsyr reveraion to the 
n o d  stale had d At 40 ppm. 
hyparplaai. and n o n - L m w  
squamou. metP~Lsia of the nasaI 

in t e r m r o f ~ ~ h m b c ~ i n  
levels above the cmrmt OSHA s l a n d ~ ~ I  . 
of 20 ppm produea acute poisanii 
which indiseta that e i k  the oxnpamd and high dose female xu(; were 

aigai8cantly lur than in the contml or  
!ow dose gmupr lhis could have 
dacnraed the hrmar n t e  by shorteoina . 

or its eff- am cumdative 
Eyeirrihtiau h m  EDB has been 

evaluated in rabbits (Rowe s t  3. wz). 
Acute 7 p r o d u d  plin m d  ' 

conjuncbvd Lritariom which krted for 
about 24 holvh There wu slight 
aeaosu  of the mrnm but healing wu . 
rapid and mmplek Dilute EDB 

both the ~osurs tima and the time 
evri*bk f i r  tba hrmon to appear. 

S d  =tea in both the low daae 
male and female mica were sipIPlrjicantIy 
shortened camoared to the tonhots 

sdudow in pmpylcns glycol WM mare 
toxic than iba pure material, but hulina 

S i m i l q  thir &uld lead to l d n x a s e  in 
the hunorn ta  by shortening the . 
exporw time and tlme available for 
hlmon to eppru. The pathology =ports 
for nu m d  mica describe a van'etv of . 

was s t i l lmmnLt~  . . 
- 

hirbinata dcsrhued weight gaip m d  
incraesed kidney ad liver wagbir 
ocnurrd Mort of t h u s  eifcN lqp-&3aed 
after an 88 day pd-onm pariod. No 
~alwa104)OI .dtoEDBlarmam 
than 13 we&. and no .dnd was 
followed for mom than 6 IMUI& This 
study w u  not dsrigned lo evaluaca ch. 
polenblPl cardnogdc  &edt of duonic 
e x o m  to EDB and thus un d t h a r  

EDB is rapihly ehrorbsd duuagh the 
. s!& in in amounu Ilhomrs and Y v l t  

1927J. Human atudia &ow ~ m r s  t o ~ c  
injury due to dksct amtas+ ED6 . nwplum. which wua  i n a a a e d  cdavu 

the conrml -I% 
The mti&al ~ o ? i r n l o ~ ~  Fmgram and 

NU aDduded that EDB ws 
cudnogenic to rats  a w i n g  inoaoscd 
inrid- of -oms 

beopene &bar m d  plastic &wa 
Wows et at. 1952). Suiam injruy baa 
multed whm clochi;lg pimi&y 
shoa. which have been ma(aminslrd 
with EDB am worn for short ocriads of 

adm- m d  admomas of the 
m a l  cavity. bemangiosarmmas of chs codinn or deny il. cardnomaty. The 

investigaton. Nitschke et pL cwchrded 
~ - ~ - - -  - -  

time (hounl.The immekte  s i w  ~ U S  
in the canIra1 na- m t c m  and at the 

c h h t o y  ~systun (spleen). 
maaotheliomas of h e  tunics vagiualia 
(maln only), adenomatous po!ypa of the 
nasal cavity (males only). 
Bhmadmomas of the mammary gland 
lfenulea onlvl and aIvwlarlbmnchiolar 

that b&we of 'the la& of any laion 
subsequent to repeated exponva ta 3 
ppm EDB, a&rt-km repeated ~ u n  
to thme ~ncentcat low of ED6 would 
not be expected to d t  in MJT l o w  

site of exposure in h&n. who awviva 
the CNS d e p d o h  si8ua of lyslemic 
'toxicity -.delayed for up to 12 to 24 
.hours. The h e r  and kidney am mapr 

term imveraibla dfaerr upon the mhal 
hubinales or other h s u a  of thc body* 
tEx. 5-31. a 21. Basawe this waa not l 

idenonus a i d  carcinomas (iemsles 
only]. EOB ws  .Ira considered to ba 
cucinqenic for mica musing increased 
hddmcas of aIveolar/bmnchiolar 

Elficts 6 hurmns at vaiious do& have 
been reported. For axampls: (I) Death 
from ocal expoam in the 150 mdkg 
range: (2) ryrtemic u well as  local s i p s  
within 3 to 30 minutes of dermal 

8cisnlifidy iound bioassy OSHA 
do- aol feel chat ruch a mnclurion is mdenomsa and caninoman 

hemangiosercomas of the circulatory . supported by this data. 



Federal Register 1 71 

system (femalu only). 5bmsarcomas in 
the subcutaneous titsue, (females only). 
carcinomas of the n a d  cavity (females 
only), and adenocacinomas of the 
mammuy gland ( femda  only). 

Nonmalignant toxic effects of EDB 
hhahtion inciuded damape to the 
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EDB also showed slgai5canci~ high and 38 mglkglday for male nts. 39 and 
tumor incidences in the spleen 37 mg/kg/day for female rats, and 107 
(hemaogiosarcomal, adrinab and 
m ~ m m u y  glandr. Tumon were also . 
found in the liver" (k 4-la p. a). 

Inm& the previous NCI/NIP study 
reported nasal tumor incidencu of 0 out 
affi39ontof50and41 outof50fora 

and 82 mglkglday for male and female 
.mice respectively. 

Animal wen weighed weekly for the 
Brst 10 weeks and monthly thereafter. 
Doses were administered Rve days per 
week according to most cumnt body 
weight. AU animab fo one sex received 
the same dose. 

Survival ratas and body weight 
chansu in the rats indicated toxicity at 
both the high and low doenr These . 
effects wen sppmnt in males aod 
females after 10 weeks The toxic 
reswnses in the h i d  does male and 

kpira(ory systmu, Uvu. &&ay. tastia. 
eva and a d r e d  wrtar A dose . 
r i s p o ~  w u  a p p w t  for hepatic 
necmaib lo& oephmwthy. and and 4.0 ppm in famalea. fhc presencs of 

noui tumon was not pubilrhed in the 
origlnal NOSH publications. However. 
naael tumor data hom the study were 
made av&ble lo the nviewen for use 
in th. EDB risk uaeasmmts. (SIU l982 

c o n h k  I2  out of the 50 low dose 
rnale~mdPoutofth~4Shighdo~ 
malea. Some of the cam of testinrlu 
ahophy may have heen assodated with 
testicular lumon and muotheliomas 
rather than directly resulting h m  EDB 
exposum The increase In numbln of 

Ex.11) 
When diaul&am war included in ihe 

diet the toxicity of EDB wrs .nbnncsd 
by every measuremeat in tha study. Rats 
&haling 20 ppm of EDB did not hava 
Increased incidence of tes t ldm 
changa mmparrd to mntmls: howeyer, 
90% of the male rats inhaling 20 ppm of 
EDB combiaedwith Oa5% dh&am in 
the diet developed t ru t i a la~  atmphy. 
These 6ndhgs.are aunmarired in the 
,NIOSH R~OCC. (m 4-la ~ a b ~ e  7) 

In the NIOSH and N(3/NTP studies, 
four do$& l a 2 0  and 40 pp-M 
used for relatively long &OILY of time 
?ha uposure duration for the 20 ppm 
groups. (NIOSHI waa 18 month (78 
week). For the N C l I N I P  study at 10 
ppm and 40 ppm the exposure duration 
raqed  &om 7E weeks to 103 week. ha 
stmh of rats in the two studies dlffuad. 
Thus, two well-condtrcted inhalation 
studies demonamted that EDB k a 
pothnt carciaogen not only in two 
strain$ of the same a n i d  but also in 
two different spades at h e  different 
dosea. 
L ~mi~dminishrrtiunStudies NU 

f&le rats led to h e  suspension of the 
dosina at week 17 for 13 week. and a 
redudon of the doer to 40 mg/kg/day 
for the remainder of the study. The last 
weeks of the study used cy&c . 
edmiaiatmtioa (low weeks of EDB 
alternated with one week of no dosing]. 
The bioassay dearly utilized doses 
which exceeded the amximum tolerated 
does &ilD] and one.-&& MD. 

The results of this bioasray am 
tabulated in Exhibit I t  Table 11 C4 p 

testiettLar tumora was not statistically 
~ t ~ ~ ~ b a ~ h r ~ b k S 1  
and 2 

A chronic iddatfon bioassiy war ' 
conducted by NIOSH to evaluate the 
effect of d i s d b m  on carciaogenic and 
other toxic eftccr. of mR ex 4-18) The 

hOM bcm nportcd h S M C ~ ~  
publicatiolu @x 4-18] Plotnick at sL 
1829: U'ong et aL lasz: Ex. C7). lke 
study expaadfour -pa of 4 male 
pnd four groups of 4 female Sp- 
Dawley rats to room air or a~ ppm lXJB 
for 7 houri p a  day for 5 days pet week 
over an 18 month period Diets which 
contained 0.05% disd5am were givm 
to one set of conhuls and EDB exposed 
rats. . 

w. 
A stat ir t idy s i d c a n t  increase in ' 

squatnoua cell caminomas of the 
forestomach were obseivsd in male and 
female rala and in male and female mice 
dosed with EDR The female rats also 
has slatistically s i d c a n t  increases in 
hepatocellulm carcinomas. while the 
male rats had noluigaificant increases 
In hepatic lesions. Hemangiosarcnmns 
aur d o u d  in male and female rats and 
thc incidences were statistically 
sigarficant in the males. Male and 
female mice bad atatiatidy s i d c a n t  
incidences of alveolulbmncbiolar 

Rats were obamed for clinical signs 
Body weights were meordud weekly for 
tha fint 14 weeks and monthly 
thenafter. Both the EDB and diauWnm 
exuosures reduced smivel  rates. A 

rdenomu 
Based on these findings. NCI 

concluded that EDB is an animal 
carrinogea In addition. the 
International Agency for Reseanh on 
Cancer (IARC) concluded in 1 9 n  that 
EDB was carcinogenic to rats and mice. 
based solely on the N U  oral gavage 

hematological uaminaeion was 
perfomred and a complete n m a v  was 

published this study in March 191(1 as a 
&ul technical mpon ettltled 2iaasay 
of 12-dibmmoathana for wssible .- - - - -  

&d microscopic exak ina t io~  Finding. 
were atntiskiully evaluated and am 
djscn~~ed in the F h l  Rcpon (Ex 4-18). 
The numben of nka with tumon wem 
as follows: 15 out of96 conh ls  on the 

-oganidty". F 4-ljJ The, 
infornation had been released m 
pnikDinary reparts loben et aL ton: 
P o m n  at aL 1975: NOSH Cnkria 
Document. 1977 and a Cumnt 
Intelligence Bulleh on ED& 1975). 
Osbome-Mendel ratr and BsWfl mica 

diet. 13 out of 96 coneoh on the 
d i s u l h  dlat. 54 out of 96 EDB 

study. 
c Skin Peinfing SLudies. Van Duuren 

et al. (Ex. 4-19] included EDB in a 'exposed rats oa the contml diet. and 90 
Out of 96 EDB uposed rats on the 
diulliram diet. 

The report s t a ta  its findings as 
follows: "Male a t e  receiving EDB 
exposure has sicmiiiuntlv hinher hunor 

were edministemd either of the d o u  
lev& o f m ~  in corn oil by stomach 
tuba 5 dam per week and the ruporuu 

cbmnrc shin painting study in Ha:lCR 
Swiss mice. la the first experiment ED0 
was dissolved in acetone and 75 mn of it wen  eoip&divith two conhlgmups. 

of which one ~ i v e d  corn oil and the 
other bad no heatment. Cooannations 

were painted once on the shaved hicks 
of 30 mice. Starting 14 day. laler. 0.005 

incidences in spieem, a&& and 
subcursneous tissuu than either tha 
Coohol or d i s u l f i i  tnled rota. Aka a 
significant f i d i q  was the high 
incidence of hemangiosarcoma in che 
spleen of male rate smoscd to EDB. 

0t4% were wed in the rat bioassay and mg of a cancer pmmo&substance 
I-% in the mouse bioauay. (phorbol myristate acetate) dissolved in 

Groups included 50 males and 50 acetone was painted on the same'site 3 
females for each does and species h days per week Two mice developed 
addition, for each species, LO animals of papillomas. These findinga wem not 
each sex wen vehicle m n m k  and 20 statistically significant when cornpad 
animals of each sex m r e  unheated to-controls. 
conhuk. Time weighted avenges for the In a second ex~eriment rwo dose 

Tunon were also f o k d  in the Liver. 
kidneys. and lungs in thue  animals 
' ' Female rats exposed to 20 ppm high and the lowdoes groups were 41 levels of EDB [5dmg and 25 mg) were 
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upplied to the shaved becks of mice 3 Pow EDB manufactuine ulanrr. The - In Unit 2 92 worken were identified 
days per week. There were 30 mice repon of this study was-iublished in who bad been employed between 1940 
h a t e d  s t  each dose level The inaoase l s a ~  (E* 4-a). Workers at one plant and 1975. SIven malignancies wen  
in skin papillomas. carcinomas and lung (Unit 1). louted in Texas, w m  exposed obaerved Venus 28  death expected (p 
hrmon was statistically stgnificant in primarily to EDB. bmmlnr. ethylme. less than 0.0.S). Five workers from this 
the 50 ma mup.  Lunn nrmon were also sulnbur dioxide. and chlorine. Worken cohort had also been emosed to 
significantly idcreasgd in the 25 mg 
group. The doses were ntimated by SRJ 
(1982) to be 1875 mglkg in the 75mgl 
mouse: 1250 mg/kg in tha 50 mglmouse: 
and 825 mg/kg in the 28 mg/mouse. The 
'dirtant" tumors found in the luas 
indicate that &DB penetrates the skin 
and can pmduce & t o n  away fmm the 
site of ap Ucation 

OSHA teliwes that the studies 
described sbovr unequivocally 
demonsmte that EDB is a potent animal 
urcincgen EDB when administered by 
either inhalation. dermal skin paintlng 
or oral gavage induces carcinogenic 
msponses at multiple sites. Tumora were 
found at the site of exposure, I., the - 
site at which the highest concmmtion' 
would be expected The "contact-rite" 
tumon wen  specific for the dose mute 
and tumors were not seen at that site 
when the mute of exposun was 
changed For axamnie. the forestomach 
hrmok found in 8aGage studies were not 
observed in the iahalation studies: nor 
were the nand tumon that were f m d  ~~. 
in the inhalation studief observed in the 
oral administration or the sldn oaintlnn - 
studies. Tumon were also found in 
remote sites in each of the four studies. 
Moreover, certain orimam ceil tumors . ~-~ 

wen  common to 6 e  inhalation oral 
gavege and skin painting studies. 

2 Epidemo/ogico/ lnvestisotionr. 
Few epidemiological reporta am 
available concerninn the health status of 
persons exposed to -Ella. Those that a n  
available are conaidered inadequate for 
assessing the potential cainogenic risk 
of EDB to humans due to a number of 
limitations in study design and analysis. 
such as: The number of worken studied 

~ - - . . - . - 
was small: tha data on EDB exposun 
was missing or incomplete: and ohen 
the h e  since fin1 exposure to EDB was 
too short to observe possible long-tenn 
health effeitr. 

In response to an OSHA Requnt for 
Information on EOB in 1978 (43 FR 
11227-112291. both the Dow Chemical 
Company and Ethyl Corporation 
submitted reports of three studies which 
examined the frequency of death due to 
cancer among persons occupationally 
exposed to EDB [Ex. 2-23.2-11). In 
addition. a study of 53 Ethyl worken 
was later submhted [Ex. 7k). OSHA is 
not aware of any other studies which 
attempt to aasek the risk of cancer 
unong penons exposed to ED& 

In the Tist study. 011 and his 
colleagues investigated the mortality 
experience of workers employed in two 

at the second plant (Unit 2), located in 
Michigaa were exposed to EOB. as well 
as a variety of other chemicals. 
including several recognized human 
cardnogens such as menie  and 
benzene and several substances which 
ua urcinoeenic in pnlmds such as 
vinyl bmdda. urbon trtrachlorlde. and 
chiomform. Thr number of workm who 
died from suedflc cawas of death was 
compared tb the expected n u m b ~ n  of 
dea th  fmm those causer. E ~ e c t r d  
numbers of deaths were derived fmm 
age-specific and calendar psriod- 
soecific monali& rater for U.S. white 
&lea 

In Unit 1, a told of S9 employees wem 
identified who had been employed at 
any time between 1SZand 1889. Aa of 
Ianuarv L 1978. Zl of theae worken had 
&ed  ihis number did not dLRer 
substantially fmm the number of death . 
that would have been expected 1Q.S. but 
neither did it indicate the "healthy 
worker effect" commonlv observed in 
Mustrial populatioos. The "healthy 
worker effect" & the effect observed 
when compaiq  mort+ty rates in the 
general population. which includes both 
employed and unemployed penoar. to 
those of an employed population who 
by virtue of their abillty to work would 
be healthier. Consequently. occupational 
cohorts typically have substantially less 
mortality compared to the general 
population 

Examination of deaths due to cancer 
revealed that two worken died &om 
cancer compand lo the 3.8 expected 
However. the small number of worken 
W u d r d  Ln this cohon limited the 
study's power to detect relatively 
moderate excesses in cancer mortality. 
Statistical power & the ability of s study 
to detect an excess risk of mortality If 
such a risk is euly presrnt. Clnenlly it 
la conaidered desinbie for studies to 
have at least 80% power to detect the 
risk of I sueciflc mannitude. OSHA 
calculated that the siatistical power of 
th& study to detect a 1Sfold ha-eese in 
ail cancer deaths was 17.8%. A 1.5-fold 
Increase would comspond to an excess 
risk.of %%. Thus. this study'r power of 
178% was highly inadequaie ibr 
detection of an excess cancer risk of 
m. Since cancer is such e common 
cause of death in the U.S. OSHA 
calculates the power to detect increases 
in risk of50% or greater. (See OSHA 
Technical Submission =1 and a2 for a 
description of how statirtical power was 
calculated). 

urenicals: two subssqucntly died from 
lung cnacer. These two individuals had 
been exposed to amsnicala for 1.5 and 
20 months nspectively and to EDB for 
102 and 111 months mspectively. When 
the five workem exposed to arsenicals 
us included in the analysis, the lack of 
a "badthy worker effect" la noticeable. 
By January t wa the total number of 
workers who had died h m  all causes. 
18. war slightly but not significantly 
greater than the 13.6 expected number of 
deaths. Of the seven deaths from 
mallpancies. two wan  due to cancer of 
the digestive system. two wen  due to 
unc r r  of the respiratory system, and 
three wem due to cancer of other sites. 
Both luw -car deaths occurred in 
worken exposed to arsenicals as well .. ma 

Wben the five individuals who were 
r k o  axuosed to arsenicals were 
excluded h m  the analysis. 1 total of 15 
death were observed compared to 13.0 
amected five deaths fmmcaneer were 
obierved and were expected (p less 
than 0.07). Exwa  numbus of deaths 
fmm non-malignant respiratory disease 
wem observed in Unit 2 (3 observed 
venua 0.S expacud, p less than 0.05). ' 
This could indicate that EDB is 
aslodated with lunn disease: however, ~~-~~ 

the number of dea& fmm lung disease 
& too small to ~ermi t  conclusions to be 
drawp 

Althounh tha number of deaths due to 
cancer in- nit 2 appean to be 
somewhat elevated. s lamer number of 
observations as well as a-more detailed 
pmsentation by rite m d  lavei of 
amosun would be needed before 
miclwions could be d r a m  about the 
u n a r  risk s t  this plmr This study had 
11.7% stadstical wwer to detect al.5- 
fold incnaae in &car risk in Unit 2 For 
Units 1 and 2 combined the statistical 
power was US% to detect a 1.5-fold 
uncer  risk. 

On st a1  (Ex. 4-20, p. 167) concluded: 
"Ibe fludings of this observational study 
need to be interpreted cautiously owing 
to the llmitetions in the size of the study 
woulation and the variety of toxic 
;gents to which individuiis in Unit 2 
may have been exposed' * ' Finding9 
of &is investigation neither rule out nor 
enablish ELIB to be a human - 
carcinogen . 

The second and third studies were 
invertigatioiu of worken at two 
Associated Octel plants in Great Britain 
by Turner and Barry. The results of 
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gt these two stldies'wqe published in ,g$yi found EDB levels in various planta h'IOSH medical penomel evaluated 
1973 (Er 7-10]. In additiob Turner bas ivzich ranged horn "nondetected" to 4.5 22 worken potentially exposed to EDB 
furnished tables to OSHA which p p z  Of Of samples taken 88 were at the Ume of the m y .  2 workers with 
complete the follow-up of the worken at below 0.15 ppm. 8 were between 0.S and past exposure to the old EDB unit, and 9 
both olanu throu~~b l97Q IEr 7-111. No .I oom and 231 fell between 1.0 and 4 5  nor.-exposed worken at the plant No 
infD&ation concidag r i p o m  bvel. The one deathrh= this group was s i @ i e n t  differenca in tesiostemne 1 to EDB or other ch.micals in either plant h m  cancer of the kidney. lhis  study ia levria. follicle stlmulatkrg hormone . 
is availablr 

In the fimt plmt (Factory BL louted 
in &web the Mtal stahu was 

loo small to wohibute uhefd 
information on the human 
carcinonenidtv of EDB. 

levels. and soenn density wen observed 
in the expoaid worken &npared to the 
non-exoosed workera. However. 

determined for 273 worken with 
p o t e n u  exposum to EDB who had 

.- - " 
In nunmup. OSHA bellwu that the lutenidng honnone (LH) levels were 

sisni5cenUy i n m a a d  in EDB exposed cumndy av&lable epidemiologic 
studies of worken exposed to D B  
unnot unequivocally indict EDB as a 
human d o g e n  These studies ur 
inadequate for lhia prupsoe due to amall 
study popdationr. resulting in low 
staUatical power to d a M  mean cancar 
risk La additioa the studies by Turner 
and Bany failed to w e  standard 

been employed at m y  time between 
1952 and 1975. Of these P3 worken. 36 
were h o w n  to have died by the end of 
1919. Eleven of these 36 worken had 
died h m  a c e .  Turnsr and Bany 
concluded. "No widenu of any 
increase in the death ra tu  h m  mneu 
could be detected." 

The tachniaue wed to anal- the 

wirken compmd to non-exposed 
workera [p less than 0.02). 
LH is a pituitary gonadotropin that 

d a t e s  testostemne pmduction by 
Leydig cells in the testis. f i e  elevated 
LH level. in the EDB worken may 
indicate that the bydie cells require 
abnormal stfmulation 6 the 
norind amount of testoatemnu The data 
also indicated a difference in median 
rpenn count between the exposed . 
workan iS( million ceIla/ml) and the 

eoidenldionic technfaues to conhul for 
mortallty expanenu at the ~ i m w c h  
plant ia considemd crude b.uuw it 
inadequately conimlled for dUTere&s 
in -r morullty by a p  d cal& 
time oeriod. For axpmole. the study 

&anger in ;gaspe& cancer mortality 
rau over timk . - 
C Reproductha Effects 

m e  affect of EDB on male =[I. 
NIOSH concluded: 'The available 

data ind(cates that there ia a potential . 
toxic effect of ethylene dibmmide. as 
indicated by the LH levah but there 4 
no overall statist id^ s W c a n t  effect 

cohoks m o d i t y  d d n g  I~SCI& waa 
compared to local mortality rota dwing 

rep~duction b& been invatigated in 
animaL and bumam. The anfma 

1975; Because -car mortilitv rates studies c.euly establish the potentid for 
humm repmductlve toxidty. Although 
the human epidemiologic studies do not ' 

sbow M effect on repmduction due to 
the methodolodc limitations they do not 

bave risen over tlms thia cooiPalison 
would result in an ~derestimatlon of 
risk In addition thia study ir ro small 
that it bad low staltrtical power to on sperm count or e d h - c e  of testid82 

to xi at^ ' ' . It should be s i m d y  
detect excess cancer dsk-Hen= thb 
study's finding can b a  at most 
incondwive. 
In the second plant Factory A). 

located in Hayle, an Initial Ust war 
complied of 242 worken who bad been 

nrle out the po~rihiEty of.EDB hriving aa 
advure effect on the human 

amph&crLsd ' ' ' that thia studi on 
ethylene dibmmida does sbow some 

mpmducdw system. 
t Humm Studis* in 19i7. MOSH 

@G 7-7c] evaluated the repmductive 
health of EDB pmduction w o r h  at the 
Howton Chemical Company. Most the 
EDB pmdustion system at chir plant 
were antimly enclosed. The plant 
kutalle$a new EDB unit in 1977 to 
replace a deteriorating unit Of 25 
personal breathing ramplea and 8 
ganed  area samples. EDB was 

sigia of potential katicular toeaty and 
it should be mated u a toxic agent." 
IEx. 7-7c a lOL 

Uibmm~dmpmpane  [DBCP) is a 
chemical that is V ~ I Y  similar in structure empioyed during 1sV or latar. soma of 

these worken had been employed since 
194. Of these W worken. W were to ma DBCP c a d  e drsnutic 

increase in sterility amcng exposed 
male workers. OSHA pmmulgated a 
standard for D B B  in 1978 based on ita .. 
advene reomductive effects. NIOSH 

eliminated horn the analysis due to 
insuffldent idoruutioa and an 
additional 41 wen dmooed because 
they had been employed for fewer than 
4 years. Of the remafnlng 177 workers. 
39 bad died between 1947 and 1979. Five 

suggested [hat the difference in findiis 
between reomductive studiw of detectable odv ii a s i d e  senemi area 

ample [0& &/m a -6113 ppm). 
Ethylene dichiorida mother animal 

worken exposed to 
dibmmochlompmpane @BCP) and this 
studv of EDB worken mi& be due to 

of these death. were due to cancer. 
including two deaths h m  cancer of the 
bmnchua. The mortallty of the study 
cobort during 1940-1979 as c o n p a d  to 
local population mortality rated durlng 
1El and 1970. The authon concluded 
that no excess cancar risk was observed 
at this olant 

cakiuogen. war detectable ody in a 
aingle penonal breathing aample(1 nq/ 
m ' -0247 ppm]. Company rampling 
data indicated that EDB expoauras 
ranged ham leas that 1 to 53 mglm a 
[less than 0.130 to E.897 ppm) when the 
old EDB unit was in tua. . 

According to the MOSH Criteria 
Document for EDB pubiished in IS%'. tbe 
lower limit of detection for the . 
described rampling and analytical 
method O.OW2 ppm Hen- the levels of 
EDB exposun in the Houston Chemical 
Plant must have been extramely low h 
order to hew eacaoed detection. in (he 

 act acting by a differentmechanism on 
the testis or beinn a weaker toxic asent 
The difference Gy be due to non- - : 
epidemiological reasoat such as the i 
very low exposures to EDB. or the smell 
number of e6osed worken studied ; 

OSHA calculated that this study bad , 
kr ili the Almwch plant. lha analysis 

of the Hayle plant inadequately 
about 17% statistical power to deiect a i 
1.3-fold lisk of having a apem count ' 
below 25 million c e l l s / d  This was . 
based on the 21.1% of the non-exposed 
worken I1 of 91 that bad a soerm count 

coneolled for differencei in cancer 
mortality by age and calendar time 
period. Because of the methodolosic 
IimitaUons and the small numberof 
workers included in this study. no 
conclusioru can ba drawn concerning below &million cellslmL . 

Dr. Rfchani Levine surveved the the cancer risk at this ulant 
The mortality of fdG-Uuee Ethyl EDB 

production worken was studied in 1978 
one area when d B  waa detected by 
the MOSH survey. supplied-air 

reproductive experience ofi02 ED8 
exposed worken employed in 

iEx. 7-81. Their length of exposure to 
EDB ranged from 3 month. to 10 yean. 

respiraton m d  8iovu were required for 
workan. 

higating papaya or packing fumigated 
h i t  (EX. 5-36). The survey took placa in 
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Hawail in Much 1881. rnd consisted of among inun'ed female worken. However, the nonexposed category 
interviews to sscertain Live binhs. Accordlnn to his cdculations. tbis studv included onemolovment fenilitv which 
miscsrrlagas, stilbirtb. and early infant 

' 
deaths. Seventeen males and seven 

bad 40% power to detect a ~i~%- 
demasa in fertUitv. The s ~ d v  had 

nuy bav; beenkduced becaw; of 
mui td  stahu. Thus. if the exposed 
employees' fertility wen ceduwd it may 
not beve bean observed in thia analysis. 

Whan the muried male worken were 
classinrd by intensity of exposum. no 
gradient of mduced fertility wlth 
inmasing exposure wes apparent, 
except In the gseater than 3 year - ' 

exposum category. Lavine felt that 
because th(r reduction was not 
statistiully algniflcant and war 
unifodv dlstrlbutd between low and 

females hnd never been mamed and mughly BWI powei to detect i 70% 
decrease in fertility. Generally, a power 
of 89% or higher L, wmidamd dealnble 
In order to lessen the pmbabillty of a 
failure to observe a hue risk. Hence. 
EDB would have to e x a  an effect 
wmp~nble  to DBCP in order for thir 
study to htw sufficient shtlrtlcal 

themfom were not included in tha 
analysis. t v l n e  also excluded the 
mma(ning.18 male amployeea because 
he deemed the small number of 
~reemolownent birtbs for wives of male . 
imploj.eds to be innuffident for 
analysis. About 94% of the 82 female 
empioyees included in the analysla bed 
barn packm hmca thelr exposws to 
ED8 wen aulta low. 

~~ ~ - 

powir. Comment& on him statltical 
power ulclrletiow. Lavine stated: "Due 
io the r m d  number of b l h  upactad 
during w o w s .  howevrr. thr wlys i s  Expectednumbm of births wem 

derived tiom mtioaal birtb ~mbablllties 
high in&ity jobs. It could not be 
nlated to emorum dundon However. lacked tho p o 9 r  to detect a mild or 

moderate a f f e c F w  M E .  p. 8). 
hvina compued the inddencea of 

miaurriages, sUblrhs. and ruly  Infant 
draths per reported pregnandes during 
the preemploymmt pariod with the 
incidences during the employment 
wrtod of the exposad and nonaxposd 

specific for nutmu1 blrh cbhon for 
age, partly, m d  mca (white, all other). 
Standaldlrad FertUih Ratios ISFR'sI 

LNlne bad &ady stated that rmsU 
numbm of wected bklhs precluded 
veUd @fann&s about the pbsaible , .. 
effeda of chemical expoaum for the . : 
categogories "none."."EOB/VB."and "ama 
1"uaadIntheshrdy. . . .  . ..- 

war< computed by &&din Lba obseked 
numbera of ~ v e  b i i  by &e emectad 
numben of Uve births. bvine wmpamd 
the SFR's for the pmemployment m d  hvlne concluded that thia rmdy . 

" m e a l d  no evidence for l decrease in einployment periods in order to 
dotarmine whether EDB exposure bad 
reduced fertUly. . , 

Lwine 01 al. [19~l)'bad prevtowi; 
' 

tested this metbod by swaying f&ty 
amone DBCP worken. a h i d  umoortion 

k r k e n .  No cluitsring of these e k t r  
was apparent in mlationship to EDB fertility related to expoaum toethylene 

dibmmlde, vinyl bromide. or a 
mulHpUdty of chemicals which may .. 
tnolude ethylene dibmmide and vinyl 
bmmida" [U 5-320. p. 71. Also. Levine 

emor&. Thla a d v s i s  had such a 
s d  number of pr;gnendes that the 
power to datect an inaaaae in rlsk of 
these evenb.wes low. 

bvlne concluded rhat thls study " h a  
revealed oo evidence of a revere ' -- of whim baa saverly dep&dd G e m  

wunrp (12 of 30 mala workers). Tbey 
concluded that the Lmpai-ed ferUUty of 
the DBCP workrn could bave bwn 
detected by ~ e Y i a n  Uve blrrtu 

' 

found oo d d e n w  foimhssodetion 
k t w n n  c h d c a l  w s u m  and dwcase in fertUty related 0 low-level 

exposure" md that "them was no mircarrien.s. stillbirth. neonatal deaths 
or blrh d a m .  

Dr. lmr Dobbins of the Udvenltv of indication of an a b o o d  aggregation of 
mi&agn, stillblrha m d  euly infant 
deaths with me rxpows- ~ x .  5-51. p. 
01. 

However, ihry ,chkkerizcd this study 
method as "not a sensitive indicator" for 
risk of ldertllily. Th.k survey indiutad 
hat  ferUlly was mducad by 60% to &I% 
among worken axuosed to DBCP. 

~erar'criti~ued the studies of Dr. 
- 

IUchud Lwina IEz 5-56]. He dfsaanad 
witb W s  &clurioithat E3Jehoes 
not lead to l u v r n  deuesae in fertility, 

-.- 
Lavlne rho surveyed 16. mpmdudw 

exmdenca of emolovws of Ethvl 
staUq that "occupational exporura to- 
EDB muid bave a stmag effect on 
fartUitv and atill omducs the resulla 

Statishul power to detect decmaad 
f e d t y  would have been gmady 
reduced if DBCP bad been a lase severs 

Cdrpontion at th;! E ~ B  pmducion plant 
in Magnolia, A r h a s  fWbi ta  MID, 
5-38]. This hirlwey took place in April 
1881 and initially included 1134 obtainid by ~cvi ie"  (Ex. ~ 5 5 ,  p.1). 

Dobbins e n ~ l a n t a d  the following . 
&advantagor of M e ' s  use of SFR's . (11 The uwctad fedity rater for 

testicular toxin. 
For married tamale workan &th EDB 

exposure, the SFR wae 1.71 wmpamd to 
tbe combined SFR of 238 for married 
female worken prior to employment and 
marrlad fenula workam with no EDB 
urposum. Thie difference between the 
two SFR's (eaual to a o a ~ n t  

emolo~ees who wen interviewed -' 
wdce&g their repmducdva history.' 
Subsequently. lavine excluded $om &a 

womrn are dopendent onheir observed 
fvrllity (wityl. If a woman's fertility 

analvris 6 female smolovees. 10 never- 
m d e d  d e  emplo&i and = male 
employees who had previourly worked bu baiimduCnl by chemical expo& 

h.c aqected krUUty lloo wlll bave 
b.m held uMd.llv low. Hence, the 

at othir & m i d  plinu. L&e used 
the u m e  mrthod of uulysia for this 
study u for his study of the Haweiim 

reducdon ih fertility) wai not 
81~ti~ti~oUy sisnjfic~r. Unmarried 
female workan did no: exhibit any papiya worken. ~ h ~ ~ d u d i t e d  f d t y  ~ W W  be d o n  to ob**rv.d 
reduction in fartlllllty: however. the Ratlar (SFR'sl wen ulculatad for futlllw(Ex. S-56, PA). This would result 
expected number of blrchr for this p u p  pmeemployment and employment 

' 
in un+mthraUon of dsk of mduced 

war small (OJ] and thus unstable. periods lor all malrr. Expolum w m  f d l y .  
Eauuse of the effect of employment estimated by dwation of emosure md . (21 Dl5enncea between hi& fertility 
status on female worken' iertilltv. it i n t e ~ i t v  asiiwned to each &b title. and low f t i l i tv  oooulitionsars meater .. . 
would have been pmfmble to compare ~ertility of sa le  unploy;;s e&sd at older sgea Beuuse worken e k  
the exposure employed p u p  solely to ED8 wae not mduwd mlative to male younger during thr period preceding 
wlth the non-uxposed employed p u p .  amployeer not exposed to ED& The rmployment, a high frrtUity 
Udonuna*ely.the expected number of ratio of SFR's lor exposed workm to occupational cobon would bave e pre 
bvlhs was small (21 and unstable amonn non-ax~ord workan war 135. wlth m emosum f d t v  clone to emactation .. . . 
the nontlxpoaed p u p  of female .- ccmnfiddnw Umitr of0.W-1.18 Hence. F& a high f e r ~ b  occupatio~al cohort 
worken. them h l 99% chance that the hue m employmqnt pedod SFR would be 

hvtne calculated th; ataUsUul power fertlllty afP)E exposed workera in this based on an underestimate of expected 
of his method to detect aignilicant (p study h not mduced by mom than 15% fartfllty and hence comparing 
less lhsn 0.05) decreases in fertility compand to non-exposed workera. pmemployment and employment period 
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Wong et al. 1919 conducted a 
rrtmspecgve study of fenility among 
men exposed to EDB at four U.S. 
production planka (Ethyl Dow. Great 
Lakes and Houston Chemicall. The . 

ofrisk , 
(31 The S W s  of &ed f a b l e  

worken are derived hqm the national 
birth pmbabilities for both muried and 
unmarried women Because women who 

" 'Concerning the study of Ethyl , ' 

Corporation employeea in Magnolia. 
Arkansas. Dobbins stated that the study 
hid the fobwing problanr: small 
sample a h .  poor measwas of uposum, . 
inciusion of minimPllv exuosad nenonr 

, ---- 
authon used repro.'uctive histories of- 
the warken' wives as a swmnate m murled have higher blth rates, 

u 3 a c t d  fertllfty ia undarsstimated by ' measure of male fe~l i ty .  Th&umben 
of Uvr b k i h  to the wives of exposed 
workan were compared to expected . 
numbvs derived from national fertility 
rates for women edjustcdfot maternal 
age. puity. race. and ulendu year. . 
S h d d I d  birth ratios were 
dculated divldhg the observed number 
of b i i  for the married male worken 
by the expected number of live blrrhs. A 
tohi of 297 coudes with 1092 nenon- 

this ~ m a d w a .  Alao. fewer women 
- 

in the sample. and IU; of two-tailed 
'test ofsigniliunu Dobbins stat& 

b cpic. ;a n& of OM&UVI bi- 
In this amdy. upoddly d ymplo 8 i u  . 
~ d s ~ t o r ~ h v r L d r x p ~ n  

~ t b . n w u ~ m v i d ~ o f n p r o d u c U v ~  
hp.lrmcnt due lo u m m m  0 ED& MMY 01 

.wo*m m r e  murled durlng the 
preemployment mod and employed . ' 
women bad to h v e  Iowa femUty than 
unemployed women Compuirona 
between mscm~loment ~eriods and , 

th.nrulc .&qd~.ndth.shrdyb 
&uly not M indldmeut dm& On (h. 

(41 rh. SPR merhodology has low - 
statirticai power bemuse few woman 
(or men] have been exposed exclusive tb 
m y  single chemiMmd because total 
fectiUty in the US. ir now lesa t h o  2 

ocher h a d  thaw rarult. armot b. used in 
.oyway0aumwa(.eDB@%X.p.l7). 

OSHA kllevea that there m a 
number of ditlimltier with the L e a e  
studies which limit the extent to which 
th~uBndingsunb.genel i tedto~& 
exposed populatioar. Choosing an 
apprnprtate wmpuiron group that 
closely resembles the study y p  u 
d d  Katioast b l th  pkba &her may 
not b. appropriate for purposea of 
compuwn w i t h r m r l l l d  . - 
populahbnr. Another problem when 
stud#q male workera ir that they a m  ' 
in a sense. pmxy rwpond~nt. for their ' '- 
wives. Thl. wuld lead to under . , 
reporting of miscarxiages and stlllblths.. 
Yet another problem is tbat studies of 
bbtna need quite a h g a  cohort to detect 
toac effect4 on the rrpmdustive system 
if those toxic eff- m not as  
utasfrophic u those ofDB8. Poorly 
de.Sned expoma hiatodes add funhrr to 
the diRicultiea in the atudw'r 

For &we of the plants Ethyl DOW. , 

Great Lakes). the dank-snecffic . &mad; bobbins skated : . :. 
ot the ' :. . . . 

papaya packern;Dobbin. gmmcnted , . 
that most of the studied women w e n  . . 
Asian and'that HawallahAsle~ have . 
higher fertiuty thah US. whithi. HaSce.. '. 

using U S  blth pmbabiUtiea' would . ...., ':.. 
underdinate expected futility, . ,, 

. Dobbii a h  did not a m  with bvlna'i 
' ' baais for exciudian males &n tha 

standudieed b i d  ratioa'of the workan 
mn close to uaihr ria. were not 

" 

~ c a n t i y  high& or lower than. . ' . 
national f d t y  rater). One plant's 
(Houston Chemical] skd&ed  birth 
ratio w u  ligniftc~lldy d m a s e d  
com~amd to the notional fertili~ihr rated 

' 

(11 blrthr observed. ZZ.Z births &p&ed, 
P lesa than MSI.No axdoswa data wue 
ayailble for this pbnL:. . - . . .  . ..'. . . . . . 

' ' Wonn at aL characterised : :. . . 
repmd&tive performance of wiv& as a 
measure that could provide "onlv e study lnsuf~cient-nwnben of b i i  f ir  . analyaia among males. Dobbin, pointed 

out that the amall number of binha for 
mate employees may beve beei due to . 
EDB exposure. In addltioa Dobbin. wan 
concerned that including women who 
wen only potentially exposed to EDB 
would result in uaderestlnutioa of risk. 

Another problem mentioned by 
Dobbins w u  the low statfatiul wwer . 

limited as.eaammt 'ot the expoaid : 
worker's fedlty." @. 98) mentioning - 
that "reproduction performance is 
detennined by a complex interaction of. 
volitional and biological variables . . ... (p loll The authon reported that 
the amane wrponur3 level to FDB was 

A nproducilve ahdy w u  conducted 
by Ter H a u  (19801 among Ethyl 
Corporation wokem F&y-niue spmn . 
umplas wen collected in 19n. and 24 . 
in a follow-up study in 1978. The author 

not hfehdat the plant with decreased 
live b i c h  (Houston Chemical) 

of the study. which was axacerbated.by 
w e  of a twetalled teat of sipificanw.' 
Dobbin. stated that the employment . S R  would have to deetine W% in order 
to detect a statistically rignfficaut 
decrcwe in fertility. Dobbtnr duo 

compared to the other plank ao that the 
decreased births wuld not be ateibuted 
to differences in expoaun levels. The 
authors pointed out that about 33% of 
the wuples from the Houston Chemical 
plant had a sterilized pamer compared 
to 30% of wuples in a national survey 

reported that the s m  c o ~ t .  
compand fawrabiy with S b h h e d  
lweir in the ncneral nonulation The ~- ~ 

believed that it wda inconairtent of 
M e  to draw concluslonr about 

count. In wo&en r ~ i i h . ~ o s u n  below 
0.5 ppm wen compared with counts in conductedinlS7R . ' - 

For dl four plants combined. the uamaded employment period SFW8 
which were denried fmm very low 
expected valuw (O..%i), after stating that 
SR1's with expected vdues lea# than 3.0 
were "huffldmt for analysis." Dobbins 
also criticized Levin. for combining fetal 
lossea s t i l l b ~ a .  and Want death  in 
one measurs of advene re~roductive . 

w o r h  with rrposuras between 0.5 . 
and 5 ppm. Forty worken had expos- 
of leas than 0.8 Dam and 19 had 

statlatical power to detect a 20% 
decrease in fertility was reported by 
Won8 et sL to be 90%. Thia oower ucpoauna'in thi higher range. The 

, apparent trend lowarda lowe- sperm 
wunb in the 0.3 to 5 ppm rov.ce waa not 
co~ideced 8igUVi~ant by the .thorn 
Ter Hau did not specify the :.otocoi 
followed in obtaining and processing the 
specimens. Funhermom no concumnt 
compadson group was sampled. which 
precludes discovery of any utifact~ 
fmm laboratory pnctlces. Because of its 
methodologid limitations, this study . 
should he wluideml only aa an . 

ulcdation might not ~~~CO&C<OSHA 
calculated a power of 60% to detect a 
decrease of h a  magnitude. Moreover. 
the power of the study as determined by 

outcome. uncontrolled for maternal age 
and other pertinent variables. Dobbins 
described Lavine's flndinns for the 

the authon did not exclude person 
of exposun during pregnancy or 
rursidlv sterilized worken. Other ~~ - 

Hawaiian papala pack.& 
The& is evidenu of a decline in fertility 

asiodated wlth pot8nU.l low-level exposun 
to E08. but this declln* L not 8kaki~ti~lly 
cilpliflunt because of small umpl .  r i a  low 

- ~~~~ 

facion which limit interpretation of 
Wong et aL'r atudy iindinss include lack 
of consideraUon of other &productive 
indluton (miscarriages and stillbirths]. 
potential differences in birth rates observational report - 
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between the rrrrions in which the ~ l m u  parameten m d  reproducUon 
pararreterr were m e a d  at 3 months. 

sperm motility began to k observed at 
five weeks and wen maatest between 9 . w m  louted &&the US.  as a wb'ole. 

e t h i c  differences in plant populatlom 
which could affect the rater. m d  
difKculty in ded- expected numben 

Sexual development w u  not affected by 
EDB In those male chicks. Futility was 
also measured In mature cockerela fed 
lSOmd3WppmEDBindietrforf4.8 . 
or 10 week#. There males' fadl ty  war 
not dec ted  bit ED& 

to ilweeks. Spenn h id  returned to .. \ 

normal by week IS. 
A mitochondrial 'marker" enzyme 

was dso  altered Mitochondrial sheaths 
wen  alterad. eoosomes were abnormal 
m d  exunsive nuclear abnormalities 
wera saen. The effecu were dose related 
and slgrrifiwnt at the 7.8 mglkglday 
dam. The four weeh  dalav in m e t  of 

persons for compulron with matried 
penonr. F M Y .  the OXDONM utenories 
d o s m  seem Gbalm&d with no - . 
intermediate h v d  m d  no explloatioo 

Based on rhir series d studies. it was 
concluded that EDB in d e b  would 

by the authon of their masor& for 
cboos&g these categories. ' 

Equitable EnvLonmentpl Health 
IlBn). IUG shadid a BritLh EDB ' 

mducUan p h t  The authon compared E ve birtha for 41 m d e d  workan with - 
elthu oqur iood  regular or lrmgukr 
e m o s w r  to EDB in the work~lace lo 

nduce growth rate and egg pmducdon 
but wodd not J t e r  (he onset of egg 
la& in hrnr or spenn pmduction in 
d e  chickens. Other studios [Rmug,  
1980) demomtrabd &at EDB did not 
a l t u  foillcb sttmulaUng hormoru @SXj 
production and that the ED6 offacts 

rfi.cta nrggest that EDB's ictlanr at 
there dose lavela o c m  primarily in the 
meioais m d  mdtipllutlon stage rather 
than actinn directly on the 
dUfenntie-&q spLm oqlaelles. These 
Bndlngs are conairtent with an action on 

w e n  not altered by infedion of pituituy 
weact. These studfes show that EDB 

DNA  thesis m d  suggest that EDB is 
a chamid  mutagea eccordlnn to the tha Uve bir th for 41 married workers 

who wen  not expoled to ma me - - 
ruthon. l .  

Edwuda. laclrron l a d  loneb (1s;rOl u c p o m  levah wen not n p o r t d  Tb. 
birth n tes  w e n  sdlwted for putty m d  
age of the father. EDR ucposed worken 
did not have Iowa birth rates thrn nod- 
EDB workers. Interpratetion of thls 

chickear rad chit the a f f d  am specific 
lo the npmductive system rather t h  . 
the n s d t  ofgenenked s y s t d c  
morbidity. A dlffennw in uptake of 
ndio-labened albumin and globulins 
into the egg yolk m d  ovu tm foilldes 
was shown in EDB b a t e d  hem. Due to 

studled npmductive affiks Lu aa le  
hlstu n u  m d  male RFIHlrak mice. 
Flve daily dosas of SO ma/kg of EDB 
injected ininperitoneel ( P I  reduced. study la hampered by the vny  small 

smple siz% hcomplete exposun avuage Utter-sLcI fmm innlings which 
occumed 3 to 4wecics after dosing. This 
suxsestr m action on 8~em1atids. Tbe tbe biologic diBerences between human 

reproduction and fowl mpmductioa wing live b i n h r k  assess fedity, m d  
the unemlainad m d  unusud adirutment h o k e d  metabolite ~ [ ~ - h ~ d r o x y e i h ~ l ) -  

cysteine has po effect on mouse fertility. 
Thus. EDB or an rlkyiatlng metabolite is 
nsporuible for the diminished fertility 
eR.cir Tissue disrrtbution of the 

these studies have a somhwhetiidted 
for p a t a d  n t b a  then m a t m i l  age. 

2 .4mmalS&udiesI Repmductive 
torddty of EDB hra been studied in r a4  
mi-. chickens, nmr and bovine bulls. 
%era studies w a n  rummarired by 
NOSH In lW md reviewed by Ranaug 
in 1560. Thoaa studies which ue 
appropriate for quantitative uulysis of 
dose response nhtionrhips wiU be 
diacoraed An o r e d e w  of the m e M h  

uWty.for anal& human npmductive 
rlrk 

A ssrles of male mpmductlve studies 
wera d a d  out in bulla [Amir and 
Void 1m 196Z A&. 1973.1975: 
Amir m d  k v o a  1978: Amir et .L. lm, 
MOSK ion; Ronrmg. 1980). Theae 
studies demonatrated tordc e t iec t~  of 
EDB on spnmatogeoesia. Reproductive 

labelled mohnrle of EDB was measured 
In d c a .  At one hour and 24 hours there 
was rt and OM per cant and 1.1 m d  
ap percant of the administered doan in 
tbe mudo epididymis and tutes  
mp.cttvely. The highest coacenhstiana 
of EDB wen  found in the tmall intesuno 
at I hour (34%). in the large intasUne el 3 
hours (IS%] and in whole blood at 24 
b o w  (8.2%). IP edmtnistntion at a dose 
loval of 40 mg/kg was used in this . 
experiment. Only 5% of the dose was 
acretad in the bile. U in fact EDB 
coniugatea to giutathlone in the liver. l 
higher percentage of ED6 should be seen 
In the bile. S h w  ody S4% was excreted 
ch* m y  mean dther the EDB 
umjurtes  formed in the Uver am not 
-tad in the bile or that they us 
fornod in non hepatic tiuue md  e n  not 

on repmduction h a& pmvidad for. 
reference.. 

In 11155. ~ o n d l a t  al. showad that in 
benr fed pain which had been 
fumigated with EDB the weight of eggs 
m d  egg productioa n u s  wen reduced. 
EDB wncantntions on the p i n  m g e d  
between m d  270-320 ppm. When 
hem wen dven EDB in total feed 

8 inn density and momty-md spum 
a ! nonnalitier was found dtu two w 
more wwkr of exparun to 2 or 4 mg/kg 
EDB In the diet Studies in 1975 and 1977 
by Amir and colleaxues invertinated the 
a i d e  of repmducti~e toxidty 6 b d s  
dven EDB. The euthon concluded that 
the ecUons of EDB ocav in the teatea ~. ~~ --. - - ~ - -  

&.CUD~ the apennatqenesia end sperm 
maturatloa S~annetoros wlth deformed ranging hii 10 to 30 ppm. ED6 1iv.1~ of 

10 ppm. in total feed produced egg- 
weight mductiolu by the eighth week. 
The effecu w a n  nvenible for h a u  that 

heads and I d a  were pmduced. 
DwxVribonucleic acid IDNAI, amino 

laid smller e m  m d  did not caue  nported Ld apannatozoa. 
Eljack m d  h d k a  ( 1 % ~ )  nported 

dose mrponae data on the effects of 
EDB on the sperm of 18 Columbia nma. 

laying eggs. ~~1 at e l  (loe8) &ported 
that feeding of EDB hrmigatsd mssh to 
chick reduced egg site and number of 
qga but did not affect onaat of egg 
production. The chicka were smosed 

aveikble for biii$ exemtion. 
Short et a 1  (1879) studied the effect of 

Inhalation of EDB on mpmduction in 
Charier Rlver (CD] nls. Malea wem 
ucposed by Inhalation lo Q 19.38 or Bg , 
ppm EDB 7 hours per day, 5 days per 
week for 10 weeks. The rate of 

Four conhot  were studied. 
Subcuteneous doses in olive oil of?.& 
9.6 m d  13.S mg/kg/day of ED6 wem 
sdmuristered for LZ days so only (he , preceding lower dones were uaed. ' 

S y l t ~ m i ~  reactions wen men at 16.9 

fmm I day of age, fed dieb wil); 40 ppm 
ED0 or control feed m d  growth 
parameters w e n  measmd. mpmducdoh fertility, mortality and 

morbidity were measured. The effects of 
EDB wen  dose related. Rats exposed to 
0 end 10 ppm tud normal weight gain 
and food conrumption At ppm body 
weight g a b  ware nducted.(4&3 grams 
vs. 484 p a u  s t  expolurn week 10) 
whila deasasas in both body weight 

- In mother experimentl year old 
laying hens wen  exposed to 100 ppm 
EDB in feed m d  the fertilluaon rates . melkglday therefdm only the (hiwe' 

lower doses were uied. Spenn . . ,  . morphology a d  motility w e n  , 
. 

determined Normal fiddin s were aeea 
over the two exposure w e L  and for 
three weeks thereafter. Declines in 

measund EDB nducad the number of 
axas end the iertUizatlon rates Male 
chiclu, 3daya o ld  wen fed 0,80 and 
180 ppm EDB in the dial and gnw$ 





into the pedioneum of thd.nimd fhostk 
After a period of Ume tha bactert.'.n ' 
nmoved md ita v w z h  meanuad on 
the appmpdate media. Tnnrformad 
ah gmw to farm coloni r  uon-dectad 
wllr do not pow. 

9. Pof~mcmse Ar ro rTb ia  is a dtract 
msuur i  of damage tonuclear DNA 
bam cbemiul expos- When the DNA 
is damaged due ti chamid  interactions 
tha Injury la mpaimd by m enzyme 
known as DNA polymr*.rfhe mom 
chmnicd h p  to the DNA. the 
sea ter  the - in activitY.Thh talt 
ir mom of a general m a r u m  i f  thetmt ~ 

cbemiurs effects on DNA thm tha .. 
bactmal twta brutwe it will m u a m  
~ p e d p c  damage to the DNA 

4. Dom;nant hthd Mu(oti0.n Array-- 
Wben the damage to DNA is rufadmt 
(O pmduu a & a g e  in a gma'r 
acprarion a mutation ocnvr Ch.nger 
In n.olr a i t i u l  to rurvivd am lathd. 
wLian domimu 8m.r M mutatGby a 
c h a m i d  the cbange may ba hthrl to 
+a organism. Tbia is a highly dgnificant 
b~ologiul event m d  It is now 
lmbi@our In the dominant lethal teat 
male mt. are exposed to the test 
chamid  and thin mated wih n o d  
famalu  Li4 birth ue wunted and 
wmpusd to the number of c o m m a  
lutea (meraw of ggr mleased b a i  
wuyl. The diftmnu between live 
birthrrmd olpoma lutm is related to ' 

Iethd mutations. 
i Deierion Mulotion Assuy-T~ 

types of mutations (churrm in ON% are 
pouible A cbange in d d i w l  
component. of DNA wbich altan the 
genetic code. and the deletion of parts of 
DNA which also alten the code A 
deletion mutation asray ia only a 
meuum of the loss of puta of the 
0.netic Codk 
- The mutagenic effIactr of EDB have 
been nviewed in detail by NOSH 
(1s77l. Ranaw (laeo) m d  lARc [len). 
Muugcnlc actioar hew bean d e t a e d  
i n e v m ~ e t y o f l n n ~ t m ~ d i n  
r y r t a ~  A dkcct mutagenic action b u  
bnn found usin# SolmonefIu 
Qphimun'um by h a  in is?. 
&LI.lmaic in W2 m d  lm. B m  in 
S74. m d  MtCann in 1875 EDB waa &o 
politive in the host-mediated a u s y  in 
mica. with S typhrimununum Gm using 
the polymemsa assay unscheduled DNA 
mu& war incnaaed in owssum 
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Chamids can produce ddetlon 
mutauom without direct elkylation of 
the DNA msulting in mutagenic 
rerponres that us ualUtely to mdld 
amcer. In wntmat, EDB was a R own to 
produce mutationr but not ta pmduca 
&letloo mutation* Thia auwesta that -- ~ 

the mutagenic rnponsu  of EDB could 
ba Ur8dictivl Of - d c  

A 8paciEdQ for EDBa mnuganic 
actloo is ruggated by those t a u  wbich 
w u r  not uorttivr Thrv includs the 

~ W S  the a b n n u  of-muCation with 
S.mtrh morwscens a b r m a  of 
chmmoromd brealu in AIIium m u  or 
cultund buman lymphocyte* and 
absence of dominant lethal mutation in 
miw after IP or o d  adminisGtiod 
Further. tbeh t evidenm that EDB - 
nkyhtes DNA but doer not pmduw 
ems# linkha of DNA. Thlr fa conairtent 
with the mcidurion of nlatfve - 
spedfldty in the action of EDB an DNA 
Ia otherwords. EDB tested positively in 
testa which weigh cbangsr in DNA not 
in tn ta  which awluate m u  Unkinp in 
the DNA. Thia suggesta e matabaUta of 
ED6 is acring on the DNA mthar than 
the EDB molecule itaeIf. 

Mraet acUng mutagena may also be 
metebollzed in vim to chemtcal spades 
of maatat mutanenic actloa EDB is such 
a wmpound. ~ & v a t f m  of matabolltaa 
is tested by ad& Uver enzyme 
pmpuatiai (refa& to aa '&"I to tha 
Amor t m  system. A alight inossaa In 
the numberof mvanionii was pmduud 
in the Amas system with TA1535. but 
the action was not dependant on the 
pmrencl of the ~ c l e o t i d e  wrgy 
soure& NADPH and war rubsequently 
shown to be produced by soluble rather 
than membmnebound anzymas. 
(Rurnug. 1-1 Thir observation rota 
EDB a p u t  &om other mutagen. which 
us activated by SO. EDB was also 
'aqvated" to ughar mutageic aclivity 
by utmcu of csrtaio pianu and by Uve~ 
perfwion procedunr which yieldad 
highly muugmic bile when EDB w u  
added to the befirion fluid. Thu. the 
genotoxidty of EDB I, wmplax. It h a 
dimd acting mutagen and it 10 ' 

metabailzed to one or mom highly 
mutagenic compounds. 

Van'Bhdemn et aL 119811 datermlned 
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slutathione conjugate was hi&ly 
mutagenic in the Ames test and in fact is 
much mom mutagenic than EDB itself. 
Thlr study shows that at least one of the 
metabolites of ED& the glutathione 
conjugate, can inaesse the ganotoxic 
potential of EDB. further. ,in- the 
dfrtrlbution of ED6 and GSH 
(gl.utachionel coniugab may differ in 
vivo It is possible that ths target organs 
for the two mutagenic spades may differ 
,with onensponaible for contact tumon 
and the otharnsponaible for tumon in 
remote ogms. 

matt and Ashby [ISM) wed a 
mutewaic appmech to show the 
lynegimicmpo~ucof EDB and 
disub~lhsb abservatton is 
conslatent with the inueaae in . 
clrdnogndc response awn in the nt  
rtudy with &dRnm. Thismay mggest 
that rued5c urwucfons should be 
takedin a r b  where exposures 
occur wncwmntly with%ther Ulemicals 
(8.8. pwtiades) w-hi& act in tho name 
manner as dlmlfiram. 

Rsdicdn8 (hr potential of a 
compound to induce mutagenic aKects 
la humans is mom dlfflcult thm 
pndicthg other types of toaicities. but 
the Ionic can still be founded on 
astabfishins the mccbanism in 
appropriate non-human species. Valid 
atudira demonatrating mutagenic effects 

, - in experimental mimais. the 
medrninnr of those coupled wttb 
serlolu conaidention of phennacologic 

k" ciple8 m d  biodlstribution in 
um.na do estebiiah the fnmework for 

1 msumfng a mutagenic hazard to 
umanr. OSHA t h m f o n  believes that 

the evidence of mB'r mutagenic 
potential in non-human species can be 
used to p ~ d i c t  mutagenic potencia1 for 

lyiuphocglea and DNA damn* was the mletlve effects of &utaihione , n r r o n m m - u m  01.8 r u l ?  

shown m moue  lymphoma cells at the conjugation an the mutagenicity of a arnmrp l r -  
thymidine Kinere b c u r  Dmsophiio redas of vicinal dihalogen compounds. 

nr & cln _nulo 1150 -81m --.zsI~~ ...a, 
melamguster atmdles rbowed rn  n a y  found that n t  Uvar giutathion - 
i n m r e  in xchmmosomal mwssive tranrlense activity towards ED0 was *.nngl..l.rr- om 1 1 s  ".15lE4 

1Qwqm-m 

IethJ mutation8 for two consecutiw mlatively high compared to the other ,Elul% O'" '"50 

b d g s .  Thw ED8 is e dlmct-acrin~ viclnal dibaloaen s m t n  tested. Thw. w a  -+71u a141 
b l ~ l l l  m om ...,.I.. UY .. 

mutagen based on a wide venety of . the glutethioni conjugate is a I I I 

t e a k  predominant metabolite. The ED& ..-.4mt. -r-oor5. . , -om ..,-am +t.-ama. 
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ruu  =&an or mwNa -TION pmduad wodd have had rrktivdy low 
wv w me w wcm ~ T U U ) O  EXD~SW to ma T ~ W  pralmubiy 

low l a d  arponua~ Mode of action 
studiea have d e m m h t e d  the prerenca 
of EDB or l metabolite wrriari!~ bound 
in tLana 
haeadInddQcaofclllrarh.vs 

nocbreo dea~ons+mhd by e p i d d o l o ~  
rndfeaonrmkrn u p s e d t o E D B i n  
the chemied tudustty. 7h. stndia am of 
limited tdue  beeawe rmd nmbem of 
WQ&M rm studied limited expo- 
hformnUon nlsth to ED6 waa 
available and expoauu to a rariety of 

"Po- -P-- 
*+c401 +.-OM 

other possibly tokc &micab d 
. ' While the e k a d r u m o n t n c h s  

Bered on the d*nu.ion of the 
uienUfic evidence pnunted h m  
OSHA beiieves that EDB ir l potmt 
&d cdnopn. m B  pducar 
himon rt  the nte of dtnl m t a d  snd 
at sitn mmote th. site of 
rdmieiscr~tion. EDR and two of the 
principle metabolitcr 
(bmmoaceoldehyda and KPceQl 
qsteine] are positive in the AmP 
SaLnonell. assay. T h y  M qso paiuve 
in ochv in vilm aystems with and 

~ - - -  

~hakcoklne&~ah;die# dkusnd  in 
Bmwn's rtrk assessment show that EDB 
ia rapidly 8brorb.d metaboiirsd by - 
and urcrated in th. faces a n d l o r - ~ a  
The bioloeical U X a  of EDB in 

depedent on muta of expoauraa Olrl 
doses of 20 and 40 mg/kd&y pmduud 

studiar t noteable, tha stadia do not 
d ~ o l l t t h e p ~ i b i f i ~ o i l o w k r a l  
1 D d t g O f m I l ~ i n t b O ~  

Repductfw e%hcb of PIE in d 
animal @ea have been clearly 
atabbhed. ~ B I  eat00 r p s d n d ~  in 
e d y  stages of sperm d d o p m m t  ha8 
b s s n ~ D o s e s u l o r * u 8 0 p p m  
wead t w p m d ~ ~ e  todrily in male 
nta Tha lmatology hdiw s h o d  
mJfDrmetiona at d a e a  which prodwed 
matarnal tmddty. ~ o r r m t i o n t  m d  
auomPltr were prodncad in rat. and 
mi* These included: Run& akdetal 
a n o d e s  such as an rdkrged ocdpitPl 
fonlrna and o r s ~ t i o n  sfCsctr nhich 
am auuttcnt  nit4 delayed 
, development. Bued on tbi& it wu 
anc lued  th. EDB t not a poW 
hntogen. . 

Epidamiolog~ a& on the 
mpmducnva of EDB &la 
e q u i v d  Only o w  of the p u p  - 
ahowed l d-aa in family siu but the 
effecta w m  not d-latad. M a ,  
the duction in awn13 twnb with EDB 

10 end 40 ppm 6 houn pu dry p d u d  wen not at at is ti&^^ dgnifianL lhir 
nasal cavity hrmon. Doae~ of I S  4 stud, shorn that =Fa effcctr on male 
moubc/day p r o d u d  d ad& npmdaetlon r*.n marginal if w e n t  
tumors Dmer of W mglmowalby e t d L e t i h s i e v e l a o f ~ . u m i n t h e ~  
aoolied to the akin of &a n d u &  

. . 
..ark.m 
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IV. QuantltataUva Risk Assassment for 
m B  

Bmwn (lk II) provided a sucdnct 
axplanation of the rationale and basis 
for quu1titaUn risk arsesment it is 
~ m m t e d  hem M intmdnetion. . * 

Them ur + approads8 to th 
utimation of risk to low apann to airbone 
mmpounds. M8tbematid modela al+smpt to 
fit naa to dam poina observed at diffemat 
~ l n u L l a d h ~ ~ - u r  ' 

hn bean mi& h the s a M d  
.cmdpoinC (KnrIkl and VM R* rnl 

I p d l a a e a I t b d t h . t ( h .  
authematical naa m nWn of 

d k h  may play bpatmt mbr in lbe dak 
useameat we fl) dms of the r m W  at the 
d t l v l  (2) tha amitha h d r l  
1- (3) ch. ratum d Uie rrcponra(a): (41 
ntea d ribs af b i ~ s f m m t i o m  (51 . oxidn olmat.hUlaa (El chronidtv ol the 

In orda to quan* the potential risk 
of cancer to wo&va exuoaed to 
ethylene dibmmide. OSkA hae 
m i m e d  aevurl quantiteUvs rLk 

. . ----- - 
skin pappiomas and cudnbmu. OSHA believes that the total risk to 

am pdd tLuuedks the herlch d ern$- expored to ED6 remote from the rite of amtact in each ir rslult of the oompomded rLkr bioassay. ?bae  Lncluded rasphtMy bm t.rcioog.nidtl: mulaganidty. 
(lung) -On in the akin spe.-totoddQ. teratonenidty. and painting the cimdator$ rhldF system ha*@o.Prsoma ia rats in the of do-q. to tbe kidnqs. tvs .  rpieea , conrihd - - 

inhalation rbldia  and alveolar/ r a p  -tory tea& emhrl  -w OSHA and othen examinad reveal 
bmnehiolar carcinomas in the mica in "Inrus dmJ.w wtenr, and 
the inhalaUon studies h the -1 gavap =YQ 
study. heam%io-~s were .1.4 Therefon. &e totality of the a d v k  
pmduud in &s circulatory aystmr heeltb cffcctr a w d a t e d  with upoaun 

The times nmote boa  tbe site of to BJB w d  the teduction i. the PEL 

uacumuru rubmittad in ~ ~ p o n r e  to 
the h. M c U o n a  hared on both 
human data-and exhpolationa b m  
other specie+ m d  r e v d  different 
matbematied appro.eber wen  

possible exposure sce~larlos for lifetime 
oceuparbnal upoaue h d u b  NVA 
u p i a u m  ran& born20 to &L% ppm 
Tha folio* diacudsioo gives a brief 
dcwiption of u c h  of the rirk 

d i e t  contact in which t u m ~  wen . to a10  pa^ p u  million, essassmadtr aummarizar the result. 
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m d  offerr OSHA's preliminary modal may fi t  data observed at bl ar scaling factor of ona (1.0, ppm was an 
determlaation of the level of risk posed doles better than the onehit mode k" 1% aouivalent dose emression for rats and 
by exposure to EDB. 
B. Terminology a d  &P~tionS 

Ssvenl a ta t i r t lca l l te~cal  t e m  am 
defined ham for.mfamnce in mading thia 
section. . 

(11 MothematicdmodeL A well- 
deiined nuthamatical equation 
dasdbing the mlaUonship behveen 
dose (0.8. puts per d U o n  of EDB] and 
msponaa (0.8. oumbrr of huaor-bedug 
mlmala). The ucp.r im~tal  data am 
used m d&e the mlatlonahip: that iu a 
curve b "Rt" to the data. ' 

(2) Mathemotimlflt: A term wed to 
describe bow d w e  a predicted dose 
rrsuonae nw. la to the actual obaerved 

1L p. 1 ~ 1 0 2 ) .  
(4) f i t m p o l o t i o n / o I o t o n :  Once 

a ma~ematical model in fit to a net of 

min) for two maaoh.: (1) 
Mathematicallv, the use of porn as an 
upmuion of dose would pmduce 
median estimates of risk and (21 in s risk data poinb, one may wlsh to predict the 

risk at other poinu along the curve. 
P;iePpolation is the pmdlction of risk 
outride the range of thr observed data: 
inurpolation la the pmdlction of risk 
within the range of the observed data. 
Tha t a m  interarracles exhsoolation 

assessmmt haaad on nasal hunon. a 
contact tumor, dose expressed as air 
concmtntion Ippm) cai reanonably be 
cohsidimd the effecflve dose (the dose 
actuaUy cawing an effect). OSHA's 
choice of ppm ([.a. a # c a m  factor of 

m f m  to the pridictlon of riik in one 
spades (0.8. man) based on observations 
in mother spedes (rg. rats). 

C h o r y  of Risk Aaaeamcmta 
OSHA ~ m o u e d  an in-house dsk 

one1 for nasal M o t  risk extranolation 
h ~ b ~ p o r t s d  by EIUCII of NIOSH 
(Mamonndum to Director. lsazl and 
h @x. 11). 

Data for each r ~ d e s  were At to two 
dlfferant mathembtiial models: the 
onahit model and the multistage model. 
Thwe models wen chosen because of 
their biological plausibility in describing 
&.mid carcinogenads. Both models 
asruma no threshold that is. that there 

accaument (OSHA. 1981) based on the 
inddaace of nasal uvlty 
admocatdnoma in the 1881 N U  

points. Fit L often measured by a Chi- 
squared ~oodness-af-Rt statistic and its 
c o m s p o n ~  P value. The doser the P 
value is to one. the bettar the flt 

(3) Sevanl diRerent nuthemadcal' 
models us discussed in lhla pmambla. 
Most of the models am based on 

-. -~ 

.tnhalation bioauiy !yinnta p~ &is]. In 
tha study, m u  and m i u  w m  exposed 
to eitker 10 ppm or 40 ppm of EDB for 8 
houn per day. 5 days per week for78 to 
109 weeka. In r'sh of both saxas. EDB 

Ir no demonahtad safe level of 
exposure. For the pndlction of risk it is 
huther arsumed that workers are 
uposed to a given level of EDB for 8 
h o w  w r  day. S days per week 48 

theories of cancer dmvelopmcnt such as 
b e  onehit the multistaga. and the 
damma multihit The other modah am 

induced cancar at bo& exi&& ievels. 
aurinn binhlv alrmincant increases of 
natal &vi& ide~ocardaomas as well 

, u uncer at other rites In mice of both 
sexes. ED8 induced higbl~significant ' 
inemuas in lung cancer is well as . 

- cancer at other sites at the 40 ppm IeveL 
,The inddance data used for this risk 
eslssemants given in Tabh 3. Though 
EDB has h e n  shorn to induce unwu in 
n ta  by several different mutsr of. 

weekpar year. foi45yean during a 54 
y a u  working lifespan .. 

Using the nasal tumor data. the in- 
house OSHA quantitative risk 
meamant  predicted a range of la3 to 
437 excess cancer deaths per 1OOO . , 

worken at  ZO ppm and 0.M to 3 excess 
death per1000 at 0.1 ppm (100 ppb).' . 

WUUY applied to cancer studies but 
hava also been wed to pndict risk for 
other actions of to-. ' 

a. Onehit model:-& model auumes 
that the expected number of chemical- 
cell Intamdtfons is dimctiy related to 
do=. Tha curve pmducad is linear in the 
low dose nnne. It can not take into 

~~ - 

account mpak datoxiution n a c t i m  
m d  metabolic activation. 

b. Multistage mod& This ,modei 
assumes that the todc mspanaa ia the 
msult of M ordered series of bialomcai 

exposure (gava~a. sLiD appliueioa and 
tnhdation) the N U  Inhhtlon bioassay 
was chosen for the risk raaasnant 

l&ellhood estimates. 95% upper 
c o ~ d m c a  h i t s  on thse estimates 
range fmm~ZSl to 518 ucesa deaths per 
lW3 i t  20 ppm and l.4 to 3.8 excesa 
death per 1030 at 0.1 ppm (1W ppb) 
(Addendum, OSHA. 1981). 

since hblaUon ir the primary mute of 
occupational axposurs. This eliminates ~ - ~ - - -  

evenb and that the oaurnnci~of each 
event is llneuly relatad to the dose. 

'(Note: The onehit model may be 
coruidemd a special case of the 

a potential sour& of uncertainly, the 
wed to extrapolate fmm differing muter 

' of exposun. 
The OSHA in-howe &k assessment 

The EPA Carcinogen Aa8essmmt 
Cmup ICACI mooned an "Updated 

multi~tage model, w h m  than is simply r h o  included a discuaaion of chi impact ~uui&tlve~RIik knessment for 
one sta 0.1 of the choice of a ruling factor for docs Ethylene Dlbmmida" in 1979 which was 
c ~ o t i t  model: lhis  is a m i d  DOMS u e  often scaled as a means of undated in Mav 1980. The ~ a i v s i s  

sigmoid-shaped curve stmn&st in the 5 
to 95% response am.. Zero msponaes 

intmpecies "stmdardiution" in an 
attempt to account for intanpeaas 
variability in phannacokinatlc 
panmetam (such as metabolism. 
absorption. dlsrribution. as wall as other 
facton that can affect the axmpolation 
pmcess) (Hogan and Hoe1 1882). 

In a tabla of dose equivalencies 
(OSH4.1981, Table 4). conversion of 
animal doses to equivalent human 

pmdicis risk fdr dietary axpor& fmm 
consumution of hrminatad foods and . 

us anvmached very ranidlv a i  h a  dose aups &wn in fumigated soil and 
occupaUonal inhalation exposure. 

- . . ~ ~ 

deaidnes. 
d Logit model: This is also a aigmoid 

curve sMmetric about the Son rranan3a 
PO; the l e ~ &  dsk anessman~ the 

proup employed pmlImLnary data from - the MRllMOSH inhalation atudy of 
ethylene dibmmida and disulfiram (a 

~~ .~~ - - - ~ - -  
point l i  approaches zrm msponsa mom 
slowly than the pmbit model. 

a. WeibuU model: This is a ' 
nok in the risk assessment states the 
pathological data was final: therefore gananlizatlon of the onehit model which 

allows for non-linear resnonses in the u ~ o s u r a  leveh bv adlustins for bodv ihe datiwauld be the same as that 
found in Er 4-16). When Sprague- 
Dawlay n t s  we= exposed to ED6 ahne. 

low dose region. The response may be 
concave or convex.depending on 
estimates fmm the observed data sets. 

I. Gamma MultIhlt model: This also 
assumes that en expected number of 
chemiol-call htenctions is related to 
dare. but it further assumes that a 

suifau am0 (mg/m*l wouid"~ncreasd the 
astimates of lifetime risk in humans by 
h a  to five fold [for a onehit model): 
adlusting for body weight (mgjkg] would 
deaeasa estimates of nrk two to four 

statistiwliy significant incraases in 
spleen hemangiosrmomas and adrenal 
m o r a  w m  obmved in male and 
fenula nu and a significant increase in fold at low exposums (form onehit- 

model). These effects would be mom 
number of msponses is needed to 
pmduce the cellular response. Thus the 

substi~~dal with models of higher degree 
(qusdntic. cubic. etc.). OSHA chose a 

* A  nnwof ntinum o v a  bo~h r p c i n  and bolh 
U. w b i l  and muiliaan mod*lr 
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mammay tamon was observed in the Despite the hitations in the study NOSH outlined the major issues and 
female nts. Tbe,blmor incidence data renrlta. tha i&g simiiuity of risk uncertainlles involved in all qusntitahve 
fdthethmcyprsoftambninthe' rstimlmites pmduced h m  analysis of this risk assersment &farnorandurn to 
female n t  and dose (exprwmzd as mgl human data canpolation lo the Director. 1982). In partlcdu. be 
kgfday) were used to utlmate the astimates baaed on the mdmt inhaletlon addressed the two main sources of enor 
lifetime pmbabillty of uncar in humuu rtudy should be noted. in each predictionr: inaapedes 
Tables of tha hddencs data rm~loyed An even earlier CAC risk usessment extrapolation and intenpedu . 
in the riak useurnant wan not ' 

- 
pmvidad. 

The CAC emolovad a ona-hit modd 

(?demorandum to Edwln Johnaon. 
September. lsn] was bared on the N(3: 
'~ohtbalion study (Ex. 4171. Tba riak 

B& criilized the OSHA risk 
aisuament for not including con6dence 
limits to account for vsriPbUw in the adjusting for a h  i eu  work history d . N y e u  lifespan. Thia womn 

mnario i. sIlghtly diEfemt k n  that 
usually employed by OSHA: 232 daya 
par year for 4.3 yeus in a 54 y e u  
working lifaapan in a 74 year lifaapan 
Usins the CAG potrncy parametar (the 

assessment p d c t e d  a pdtcncp 
e d d e n t  (slope) 18 Umes p a c e r  than 
that from tbe rat fohrlatlon study. lhis 

test rnfrmt (Inaspadas 
exIra~olaUon1. h reswnw to this. 

risk aswslluut L reviewed in the 1979 
CAG rink aseuwent  

SRI h t e m t i o d  119821 ouformed a 

OSHA has indudd iad addendum to 
Ita in-bowa riak uusuncnt  which 
pmvides the 95% upper mn6dence limita 
on ita uUmalu (OSHA 1981). qulnahtioe risk ns'nr&t>or 

NOSH1 based on the nasal tmnon unit risk per d doaa-or dopa of tha 
cunte) determined h m  the model tha 
excess pmbabillty o t d u t h  from lifetime 
inhalation upom to EDB at u) ppm 
(735 mg/kg/&y] L 989 &atha par 1000 
workers. md 45 DU 1WO workam at 0.1 

Buach also included an analysis of the 
scallna of tha do- ouame!er found k two inhalation atudiw in mala 

nta, and malw and female rata [NCI- 
NTP. 1981. Er 74 .  MR[/Mos& 1960, 
Ex7-4) .Bycombi*dYrrmlb 

[intanieciu extradohtion). ~e 
concluded [u had OSHA1 that 
axpressing-dose in p u b  million 
(ppm) or a ruling factor of one was the 
' k t  'choica" for tha nasal tumor dab 

them w m  data ~ o i n t i  for a cone01 a d  
ppm (loo ppb]. 6 additioa, tha CAC rLk 
assessment a h  included upper bound8 

t h m  non-um dbse leveh ( l a  zu and 
uuml which rn wed for the h k  ~~- ~ ~ 

In addition, Bwch diaaused t h a w  
of the onehit and mdtimtage modela in 

rislw due to ingution of cm& grown in 
soil fuigatsd with ED& and foo&tu& . 
fumigated with ED& Tho& it L not tha 

.- - 
usurmcntDosa in ppm wen muled to 
mg/kg/day for the risk asrassmcnt and 
tho data w m  flt to the gamma mul&it 
and the multiataga model. Redidons bk. (A &-tive utlmate is defined 

u an wtimate which will tmd not to 
maj& ioww of occupatioial WOSU~O 
Ingestion of hrmisatad foodstd dnu wars made for worken both at mat and 

mdemtimata the riak.) B u d  pointed 
out that while &e onchit md multistage 

pore some oceupirtod drk. 
The GAG commented on the 

suitabUtv of the data for risk 

mder working conditions 
SRI ntimated the lifetime budDan ' 

cancer ciak from exposun (working 
conditions) to EDB s t  20 pprn to be L W  
by th. multistage modal and 98 by the 
gamma multibit modd (virtually 1000 
u n c u  deaths wr 1WO work-). Usins 

modah omducad conservative (too h i h l  - .  
&rimat& of risk at low doses. ihey 
aohally underesh'mars the risk wsed at 

assessmint It endonad thwe wtjmates 
of riak over previowly &rived estimates 
since 7his RUIRIIMOSHI report allows lweh which f d  within the ranga of 

doses of tha axpahmtll mimala. auch 
u 20 ppm. Busch wed a pmbit model to 
perform an allernetive interpolation'et 
23 oom EDB becswe he hit  the convu- 

us (CAC] to'makm a & eiUmata of 
the carcinogenic effect of himled EDB" the slopes andrcDting facton pmvided 

in the risk.uscmnrnt the riak at alo @. 31. 
- 

Lastly. the CAC risk aaaurment &o 
obsvved that the MRIlNIOSH report 

ppm (1m ppb) u 117 a c e s  deaths par 
1WO (mult*tage model]. Calculations 
baaed on other mmbimtions of the data 

upwads shape of the pmbit model' 
would pmbably b. more a c m t a  in the 
midrange than the linear or concave- 
upward multistage model He added: 
"The onehit model is obviously not 
credible for w e  in the midrange" (p. 101. 
The risk ntimatas derived from the 

demonsated that the carcinogdc 
affecta of EDB were'umriderably 
enhanced" when n t a  w m  axposed to 
dhl5ram in addition to thaEDR Tbe 
gmup estimated the potency of tha 

produed similar m u l b  
Tuu3..--s4aOwwI-m . 

mrsuM#ks 

85 Umes thec'wlth eDB do&. i n d i u G  
tbe potential for a highly menis t ic  

pmbit model exceed the OSHA in-house 
riak ntimates at ZO ppm by 12% to ZS%. 

effect with ED& lhii &n- ibr the 
. . 

Buacb concluded: 
potentiation of the toxic effecta of drugs 
and chemdala like di&m is achoed 
in the NOSH CIB IEx. 44). 

in an earlier (1978) risk uaassment 
[Carcinogen Assesamant Croup 1978). 
CAG estimated rish due to ' 

occupational inhaletion based on the 
negative epidemiology study reported by 
Ott et d (lSi7). Aa was noted eariler. - the results of the study muat ba 
examined carefully due to maU mampla 

'kqoaun (duriag-bbo& warlubrlul to 20 
ppm ED& the rirk (probability) Lkrt a w o k  
will develo~ the most common form of u n c v  

d d w c e  limit8 for tiair. to male md female 
nu ma .n i n d i a U o ~ l '  ' ' that he rIak 
ndnutcs for nh expond lo 20 ppm ED8 a n  
probably unde~rtluutw of tiaka to h u a w  
at the same exposun conwnmtioo size (and thus low7statisticnl power).-and. 

mixed exposures. Using the 
methodology recommended by CAC In 
this risk arseasment OSHA estimated a 
95% upper bound for the liferime rlrk .. 
from e x ~ o s w  to EDB at u) uom to be 

A detailed and iuformative risk 
assessment was pedormed by Bmwn 
under conact  to OSHA IEx. 11). He 
examined the mode of todcity of ED8 as 
a prelude to quantitatively estimating 
the cancer risk associated with In an interagency review of O S W s  

in-house risk asseaanent Bwch of 
999 deaihs per 1M)O workan'and 67 . 
deaths per IDOO et a1 ppm (1m ppb). occupational exposw. 
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Bmmr noted two types of tumon fmm inhalation studies may be mod astimates wen  those fmm the onehit 
associated with EDB exposurwite of ' ;~pplicable to hazard assessment for modal using nasal tumor data and the 
contact tumors and remote hrmon. The workem than data h m  oral or dermal onehft and multistage modela when 
tagat site of "hct"tumom was mutea of exposure. although significant using hemrngiosarcoma data. 
dependent on mute of exposum. Oral actionr am produced by skin contact ; . Baad on the Lmangiosareoma data 
doses of 20 and 40 mglkglday produced (4) Both EDB and ita major 
forestomach hMon (Er 4-17). @. 4-18, 4-18], Bmwn p d c t e d  a risk 

metsboutes conmbute to the hum- . of 70 to 10 axcess cancer deaths per IOOO 
Inhalation doses of 10 and 40 ppm 8 carcinogenic risk Tbh mlstiomhtp worken at 20 ppm with 95% upper 
h w n  per day produced nasal cavity 

' 

betwaan dose level of the exposure. mnfidrnce limits o i l %  to 148 excess 
tumon (Ex. CIS]. Doses of 25 ngl  ' 

dose absorbed ind the rink of spaciAc death per 10~): at the proposed OSHA 
mousslday applied to the sldn of d c e  - tumon diffa  for dlnct contact hlmon peL of 0.1 ppm (1W ppb), he produced skin papUoms and and tumon remote fmm tha, site of. 
t u d n o m u  @x. 4-19].. en excess risk of 0 3  to 0.8 excess deaths 

' contact per lOOO (95% confidence limits are .7 In addition, tumon were produced at (51 The exposure lave1 rnd dose on r 4 ,,,,, deaths per 1 ~ 1 .  ~~~h tluue sitm mmob h m  the site of 
contact in each bioassay. These ~ ~ ~ ~ ; ~ ~ ( i ' ~ ~ $ ; , " ~ ~ ~ ~ ~ i b l ~ ,  

tui the inhaletion studies. estimates of 
included mapintoy hact (lung) hrmon metaboUte(r] formed and the sib of 

risk aged on naed tumor incidence 
in d c e  in the rkin painting study (Ex. 4 action of ED& 

"b 
(md air concanmtion of EDB-ppml ' . 

19); hemangionmmas of the 
' 

wen 725 excera deaths per 1MO 
drculatory system i n n u  lo the 

The workere at 20 ppm and 6 excers deaths available am insufficient for per 11OOO at 0.1 ppm. with 95% upper Inhalation studies (Ex. 4-rs.418). and quantltativa riak assumptiom but an -&den- wta of78s (at 10 ppm) and : alvwlubronchiolar cardnomas in the useful for verifyiag pmdictions 
inhalation studlea in the mice (Ex. +IS). developed h m  models basad on the 8 (at 0.1 ppm) ucass deaths per 1WO. ! 

Aoother risk assessment kr the oral gavaga study. . '. &el data. , 
bemangiosarcomas w a n  alro pmduced Justieotion for thesa assumptio& &' demOnrhattng the risk associated with 
in the circulatory system ( ~ r  4-17). &tahd  in ~ ~ u m + s  rep* A ~ S ~ P ~ ~ O M  was given in the urnposed - 

The Usauas remote h m  the rite of 1-3 and 8 were aLd made by OSHA In Emergency Standard for "ylene .' 
direct contact in which tumon wan  in-house risk assasrmkt: the Dibmmide" for the State of California-: 
produced would have had mletively law OSHA in-bouse riak aaaes#ment was (Ex. Appendix This quantitative ' 
expoeums to EDB (that b. tba effective basad on nasal (site of contact) tumon ofriaku*zcd "' 

dose may be diEennt than the however. as~umpUo1m(4) end (51 were NU inhalation bioassay. Though data 
administered dose). They presumably not applicable. hom the N U  gavaga bioassay are 
responded because of uniquw . In en effort to make d l  &cussed in the submission. the . 
pharmacokinetic metabolic or other u ~ ~ o n  avaihble information eatlmates of llfatfma cancer risk wen 
biochemical facton. S h  these remota Bmwn chars to combine the nsdta  of .baaed On data inha'aUan 
site hunon may b. of particular concern two inhalation studies in rats in order to bioe"'~ "since lh" mute exposure i5 

with chmdc low level axposuma (due to atlmate the risk to worken, M was s f d a r  to what may be the major sourea 
metaboUte-EDB htemction). Bmwa . done in the SRI risk assssrment Data on Of exposure" be. g3). data 
recommended that risk to worken be specific tumon (1.0. nasal tumon or. inthe CAWoSHA risk is 
based on the inddenca of . hamu~gio~nomas)  fmm di8.mnt the nasal tumor data employad in the 
hemangiosareomai in mala rats he . sutdfes wem combined when it was felt OSHA in-house ri* assessment ( O S m  
rnggested that r riak assessment based that they resulted fmm similar biological 1981) giveninTabla3.This risk 
on nasal tumon may provide a "mom mechchurisma. The integrity of thia assessment wed a mglkglday dose- 
conservativa" alternative. procedum was borne oct by ih. . equivalency with a daily Ufatim. 

In making his quantitative estimates corn adson of predictiom using occupational exposure of 1 ppm 
of risk. Brown mFed on the following cornlined data with those fmm risk equivalent to 032 mg/kg/day. Using a 
assumptionr: . . usassmenta based on other data s o u  aim~le bar modeL the CALlOSHA 

(1) Rats and mlu can ha used to particularly estlmates based on single rldc usassmmt p e c t s  a lifetlme risk 
prsdict the quantitative risk of human data sets fmm singla exparimenu of uocer fmm occupational exposure to 
cancer. male repmductiva injury and Brown's p n b d  astlmates were bared EDB as 4GU par 1OOO at M ppm and 2 per 
acute toxiclty msultlng in man from on the combined data from the NU/NTP 1OOO at 0.1 ppm (100 ppb): uslng the 
upoaure to ED& vote: The m d  MRI/MOSH Inhalation bioassays. onehlt model the risk is greater than 9@3 
quantitative risk assnsmant waa basad Bmwa scaled the dam [or risk w I000 fmm e m u r e  at tO nom and 
solaiy on cancer. Though them wen 
dose-maponre relationships 
demonstrated for seven1 reproductive 
effecta in a variety of species. many of 
the endpoinu Ireducad enn ~roduction in 
hens. mduced average litiiisize in nta) 
maybe inappropriate for quantitative 
risk aasessment for bumansl. . 

(2) Cancer and other beaiih riaks at 
low doses are proportionally lowrr than 
risks at hinh doses. The iowdosa 
axtrapolsiion can ba accomplished by 
fitting a methametical dose-response 
modd to the experimental dat.. 

(31 Since the primary mute of 
expoauma in workem in mhaiation data 

- - -  ~ ~ - . ~  
ruessment based on the mmote hrmon 
(bemangimarcomas) in mglkglbody 
weight. However the risk wUmates 
baaed on nasal tumon used dosa in 
tenns of ppm (a scaling factor of one) 
einca he believed that when "tumon am 
to a high degree the result of a &ct 
action (Alkylation) by EDB, then the 
absolute concentration reaching the 
bsue would be e mom important . . . 
parameter than the dosa to the animal 
on a body wei ht basis." (p. 108). . 

Where poaskle. Bmwn fit sir 
~~ ~ 

different models (onahit multlstege. 
pmbit. logit gamma multihit and 
Weibul) lo the data. His prefemd 

hs per 1000 at 0.i ppm (IW ppb). 
D. ~iseusdiion and Con~fusions 

A summary of result, ham each of 
these quantitative risk assessments is . 
given in Table 4. Taken together, they 
estabibh that them is a lame excess risk 
of uncar death'fmm expo&e to EDB at 
p0 ppm and that lowerin8 the PEL lo 0.1 
p p i  will greatly mduca &at riak. 

Estimates oftha excess risk at 20 ppm . ~ 

magas fmm 70 to S!B per 1OOO and 
depend heavily on the model used and 
the choise of tumor data upon which the 
quantitative riak assessment is based. 
Mu uamining theae (eight) risk 
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useurnants. OSHA endones Brown's of risk hum a p o w e  to ED3 OSHA " mechanism between species and seem 
appmach to the qu.ntltative anessmant concludes that to be a more accurate characterization 

of dose for remote site turnon. As 
T u u 4 . ~ ~ o r L n m v l E x a o t C u r w R s c F R e u U P O ~ ) ~ ~ m E M I L O g  Bmwn notea w e  of actual concentration 

R M o V l o t .  - seema rearonable in a risk essessment - 
based on contact tumon. 

assasanant The models employed by . ' 

OSHA and 0 t h  auumed a nunulativ=' 
. . .  doswisk relatiomhip. Monovar. riak . . . 

atimatm whn based on results of . 
1- 

. . - .: : .  
cmnic -sure bioesaayr. 

. W T  . . ... In most indwtrId aettlngs and other , ' 

. . . . .  -. work eavimnmcnth employw 
I I I 

. . . . . . . . . . . . . . .  expos- to hanafui subs&cea are . . . . .  . . .  - . .  . _  2 . .  . . . .  . . . . : . .  - d u  and long t am in nahu& Based . . . . . .  ...-... 
~ m d ' s  risk istimates which.. . . .  

i incornrat. the combined. . . . . . . .  
b e ~ o s a r w m d a t a  and the . 

.' combined n d  tumor data am to be . . relied upon in m d d q  its prrlimin y . 
demmhation of rLk. Thw. at chlr tLnc. 
OSHA coneludes that the Ufe- 

. estimateofrisk6um(Illetlma) . 
o c ~ ~ a t i o d  amosure to EDB at a) oom 
b 7 o i o l m ~ d ~ t h S ~ 1 ~ m ( d j % .  
upper mn6denw h l b  of 134 to 148 . : 

. . ucsu death per 1000h t h  predicted .'. 
risk at 0.1 ppm (100 ppb) b therefon 2 to 
6 p a  10.000 with 9.5% upper corrfidance . 
limits of 7 and 8 par 10.000. The utimat. 
of 72.5 axctu b a t h  oar 1WO based on 
the n o d  tumors is wmidued a valid . 
but cownative eatimata of risk ihe 
rationale for ++ wndwiona b given . 

. below. ' . ' . . . . . . . . . . . .  
.OSHA belleves that the multltage. 

model (and the onehit model a8 e . . .  
swcial case1 is the most aoomoriate 
model for (b; prediction oi ;ncbsr rklr 
tmm exposum to ma The nuve &OW# 
good fit to the o b w m d  data md was . 
employd in h o s t  dl the quantitaliva 

' ~ o s a r c o a i s  wrt; o b r n e d  in dl 
of the bioessaya. The bioassaya indicate 
that regardless of mute of exposun 
(inhalation oral gavagc sldn painting). ' 
the @ l e u  md the dnulatoy system 
us spadec target ogaru for the adion 
of EDB and its metabollter EDB ts 
absorbed acmu biological m d n n e r  
and found in ckarlstfq blood as RIB. 
Thib EDB b available to dl pamucd 
k-  MY MY.^ .- .,,, .2 , 

As Bmwn pointed out T h e  tbsw 
ramota tmm the site of dLaa contact in 
which turnon were mducad would 
have had mlatively Y ow exposures to 
EDR lhey presumably responded 
beuw of unique pharoucokinetlc 
metabolic or othubio&emical . ' . facton ... These remote site hnnm 
may bo of oarti& concern with eronic 
lo& level akparunr [due to met.bollb 
EDB intendion)" 1% p MI. 

In additloa OSHA mcognizes the ' 
advantage of comb- data sets ot  
limilu G o o n  for risk issessmant u 
w u  done by SRI (19821 and B m m  @x. 
111. Not oalv do similu results tmm 

upon the W t e d  data presently 
aveilabla OHSA believes that the 
exposun pattun for many EDB-exposed 
employear may follow a different 
pattern and that a substautial number of 
employen may be exposed to EDB on a 
somewhat imgdu or intermittent 

' 
baais. The modela relied upon by OSHA 
and oth& to eaUmate the risk fmm 

. . ~ a t l d  exposun. to EDB assume: : 
regular long-term exposUR S i a r I y ,  :. : 

" the riak estimates were based on the... ; 
results of chmnic uposuce biowayr.  

. Therefora the risk.estlmates discussed 
herein may only ba imprecisely related.. 
to the portion of the population which is 
e q b d  to EDB on a l e u  than regular 
bast and may not offer e fully . . , . 

... representative description of these 
worken' riak. . .  . . . . . .  

A wide variety of facton makes it-. 
difRcult to a c m h t  for these highly 
intermittent exposum panem in a 
quantilatlve manner. Than is no widely 
accepted risk model presently in use 
which provides the ~ p p o ~ ~ t y  to 
comider the'affecta of intermittent 

risk asseasmenu submitdto  the s-&= the might e q o a m s  or periods of nondosing. .... ~ o r d  . . . . . .  o f  d d e m  of cardnogenidty. but the While it is possible to adjust the 
Busch's NOSHJ contention that ths combination of these data into a single mathematical modela to reflects 

nonsigmoid c w e s  tend to. . predlctlon of risk b resonoble and d m a s e  in total urposum time (which 
underestimate the risk in midnnge Is pmvides a wider data h e  (mom by dehition is alwais present with 

1 not borne out by Brown's data. . dqmn of freedom) ham which to make highiy intermittent exposum). the 
I ~stimates tmm the sirnoid cumen at the p d c t l o n  of risk mathematical models cannot evaluate or 

and 10 oum em rimoit identical to those ~ ~ ~ - ~ -  

a - dculaied for the onehit and mdtbtage 
models (n per 1000 for the pmbit . 
model]. fhis could be a result of the 
different tumor data used by Bmwn 
(hemallPICuurmasl or the-increase in 

~ ~~ 

degreer'bf hedom gained in the 
combination of data sets. The 
"consenetirm" of onehit and multistage 
models at low doses k stU evident with 
this data l~mbi t  estimate b M x 1 0  'a 
per 1000 1? 0.1 ppm). 

Tha choice of a &M aaaUng fa& for 
d c u l a t i ~  squfvdent doses w u  mixd 
unorq the submlui~~b.  Thr CAC. SRL 
and CALIOSHA aasessmsnts employed 

factor to convert to mdknldav for-& -. -. 
uscumant based on the inhalobon 
bioaraays and nasal tumor data. OSHA, 
Buach (NlOSHJ .ad B m m  employed 
ppm [scaling hcton of 1) for t h a e  
analyses. Bmwn recommending w e  of 
mg/kg/day ody for the systemic (non- 
wntactl tumors. OSHA concun with 

oredict the ranne of boiolomcal 
h t e r f m c a  wgich may t a h  place. 
between emowas. On the one hand ' . 
there may ba elimination or deactivation 
of ED6 to some extent when it is 
intmduced into the system in small 
quantities at hhquent  intervals. Such a 
&hly intermitteniexposure pattern 
may. at least thaoretica1ly. allow for the 
repair of damaged rysteiu or cells. Both 
of the facton then may result in l 
matar  reducdon of risk than a model 

The choice of the hemangiosarcoma this sppmach. The use of r mgtbody 
- 
simply adjusted for decreased exposure 

data for the risk sssessment was weight scaling factor adlusts in some time mieht reflect On the other hand 
particularly prudent way for diaefences in biologfcal very UtUe deactivation or repair may 
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ocnv in spite of nlataly sporadic 
U(D0sms. , ,. . 

the risks of intermittent uposum to EDB 
Is limitad That Is. Umitations in the 
avdable data and science in sucb that 
a oruntlfiable exm~olation of risk for 

O W  Act L "not a rnathemaUd 
imlnh~iackat." md that "OSH ir not nbvired 
l o m h k  ibhndlnps wlth Ulythlog . ' 
spprnaciun; 8danUflc cuiaurty." The Cowl 
d r d  that 'a mvlming cow (is\ to sve 
OSHA 8Ome intway when icr bdlnps must 

i h e  impact of intermittent or sporadio 
exposum to EDB is pamcularly diRicuit 
to waish k w e  of ihe lack o f - o d a a  inktnittenl expos& lo EDB k not 

possible at this time. OSHA requests 
~~ ~-~~~ 

kaowl;dge of he biological me&mism 
of urdnonenesls EDB has been shorn 

be made on the fmnliers of ldentiflc 
Imowledar lmd h t l "  ' ' the Agency is hfocmrtion and data spea8cdy 

addressing the question of intermittency: 
in pamcular. infornation is needed on 
the appropriate modelkg md the 
amdiction of risks due to intermittent 

to cause c incu in test anim& by every 
mute of e.sposum tumon bave been 

fma to UJ* consrmtive assumptions in 
tat.rpnkg the dats with reap- lo ' . 
arcbogens. riskltq error on the ride of 
ovsrprntection nther thm uuderpmectioa" 
4 4 U U S . l t ~ S J  , 

pmduced i t  the site of contact as well- 
as mmote sites. Experimental evidence 
shorn that EDB form vulow q o s u n  at high and low e.sposun 
metabolites o n u  It is inhoducad into 
the systwc wtda of there metabolites 
M active m u u g e a  Momover. EDB m d  
its matabolilu era potent &yla(ine 

Aa indluted in the health effect8 
wction above. EDB is en exuemely 
potent carcinogen in dm& cawing 
cancer by all routes of rxposurs. both at 

Ievelr. 
OSHA predicts that the fnaeaae in 

Utsdmsuncer risks attributable to 
exposure to EDB at the ~ m n t  PEL k 7 
to 11%. with possible upper limits as 
hi& as 79%. OSHA believes that mdr - 

the site of contact and at &mote sites. 
his been identified as the primary ahp 
in toxic iniuw to the wll In the u s e  of 

In the pmambla to this proposed . 
standard OSHA bar presented data 
ntablishirrg a dose msponae 
dationship with mgud to u n w r  in 
experimental .nima& as well as hepatic 
oecmsia toxtc nephmpathy m d  ., 
cepmductiw tobdty induding embryo 
toxicity. Mutagenic affects have also ., 

been astabhhed in order to determine 
whether the risk from expoaure to EDB . 
ia "sirmiiicant" the saencv examinad.tha 

ri;ks warrant and compel a new ' 

s t a n d d  (qnd lowar PEL) for 
occupational exposum to ED& Ihe  
impact of there eattmater of riak and 
their role in sett(ng the new PEL ls 
dlsnrssed in the following section 

reactive molecules. Conraquently it may 
ba inappmpriata to assume that repair 
or datoLrtnutlon play a signiEcant mle 
In spite of intermittent exposure. 

Momover. tha only saendfic awdknu 
spapsdRc to EDB which k pnrently 
available suggest3 that the risk of M c e r  
Is not aigni8untly reduced in apita of m 
intermittent dosing pattern. In the NW 
oral gavege study u r t  animals wen 
subiectad to 13 weeks at high dotes 
followed by appmAu~ately 71 weeks at 
a lowu d o n  on a cvcllc basis ithe 

OSHA's overall haiytie appAa& for 
satring worker health atandardr k a four 
step pmrass consistent with  cant court 
interpretntioar of the OSH Act and 
rational objecttve policy formulation In 
the &rt step, quantitatfve risk 

risk fkm cmcar from su& exposum No 
aumtlflcation of risks based on tb 
uumuous other adverae health affecls 
uspdated with EDB expows was . 
anemped. V i ~ a l l y  all of the risk . 
assessments performed (see discusion 
below) demonsmte that the risk of 
u n w r  kom EDB ia so high at such low 
levels of exposum that any i u d e r  
qumtitatiw inquiry is rendered 
superfluour. Howevar. OSHA believes 
that upenmanta1 data yields sufficient 
qunlltative evidenu to support the 
conclueion that EDB is a direct acdag 

animals wem q o & d  for 4 wdeka and' 
nstad for 1 week). Although the animal 

sssesamenti ak oerfonned where 
possible and cotL6idered with otber 
mlevant facton to datermine whether exuosures in this itudv could be - -.- 

dabmbed as incarminhnt, the tast , 
mim& daveloped cancan io the same 

the substance to be regulated poses a 
'dgpiRunt risk to workera. In the second 
step. OSHA comidsn which. if my, of 
the proposed atandads being 
considered for the substance will 

order of m*ktde as h other studies 
wbem the m i n d s  wen subjected to 
m q d u  exponuas. Coaquently. soy 
npair or deactivation that does ouvr 
may be extremely dependent on the 

substantidy nduw the risk in the third 
step. OSHA looks at the best available 
data to set the most protective exposun 
Umlt that is both technolcgically and 
economiullv feasible. In cb. fourth and 

spacing of the d&es .and them ir no 
mason to believe that in the case of ED6 mutagen which also metabolizes to one 

or mom highly mutagenic compounds. In expoaun them is a h e a r  mlatlonship 
between the repair ldechanirm and 
dore. ' . '  : 

Another faclot to be considered k 

addition libdmtowavidence sunnest3 
51aI step. OSHA considers the most 
cost.affsctive way to echleve the 

rh.1 FDB or UI &-&ing metabate of 
EDB is reswnsible for the sdvene 
mpmduc!ive eiTecta observed. . , 

& dlrnusad in detail earlier. OSHA 
rhat EDB is a pmvm syueqisrle agent 
In view of the fact that EDB may act in a 

-~ 
In the Benzene dedsloahe  Suprame 

Court indicated when a reasonable 
penon might comider the risk 
siwiflcant and take steps to decrsase It. 

has based its risk mstimates on a 
quentitalive riak ssaessment for EDB 
p e r f o d  by David Browa of 
Northeastun Univenity (Ex. 111. Brown 
b u d  his riak sssasament on the 
lnhalrtion studies conducted by the 
National cancer InstitutelNational , 

Toxicology Program (NCI/N?Pl and 
NIOSH/Midwest Research hrntute ' 

MIOSHIMRII. Brown's risk adaessment 

smer;ristic manner with other 
h b a ~ c e s  to wbich the workerie 
exuoscd the potential e5sct that f i e  Coon stated: inlennittant &posures to EDB may bave 
on the biOlopiul system must ba taken 
into account. This iactor is rs~eciallv 

It I8 ths Agency's nrponribillty to 
dacsnnina in ihe Flnl inrtsnca what It 
conliden to be e "srgnificanC nsk. Some 
risk8 an plainly ampcable and othen m 
plsrnly unaccapublr U for cumpie. he  
odd8 are one in s brUion that s penon rill 
dle lmm cancer by (.hug a drhk of 
chlonnetad warar. the nsk dauly wuld not 
be considered signiGunL On the other hand. 
U the odds a n  one in a thousand that 4 8 r  
inhalation of pasolina vspon that s n  2% 

important sinca woken sre often 
. 

exposed to other urcinosens in the 
work envimment as wail IFor 
example. grain elevator woikara who 
may be intermittently rxposed to EDB predicta'd a risk of 70 to 110 excess 

cancer deaths per IW worken exposed a~sometlmes also axooaed to carbon - -. . . . . 
tetrachlor!de. a we~dbcumentad 

. carcinogen). Consequently there may be 
no reduction of the risks or then may be 
m actual inaemse in risk even though 
h e  EDB exposures are intermittent. 

(20'ppml b a d  on (he bern&giosareorns 
data combined hum both studies. benzene will be blsl s nswnable penon 

might w d  wnsidar the nsk signitlunl a d  Fhtlmates of risk bared on nasal wnor 
incidence were 725 excess deaths per 

bh the aQpmpnal8 t l 8 p  I0 d#CCUau O I  
ellminata it. 1l.U.D. v . U L  4 4  U3. at -1. 

Based upon its present knowledge. 
OSHA feels that its ability lo quantify 

IOm worken dxposed at 20 ppm. These 
csk estimates assume employeer have 

Ihr Cowl indlotd. hownar. lbil ihe 
8ignifiunt risk determination required by the 
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regular ex&16um to &e EDB over their 
w o r h g  lifetime (45 yean). . 
nub estimates of risk for exposure . 

to EDB at the m n t  emosure limit 

was sufficient to iustVy lowerlre the will occur fmm regular ompational 
permissible exposure b i t  

- 
OSHA also evaluated the extent to 

exposure st 0.1 ppm over a working . 
iifetime. The upper d d e n c e  Umit of 
this assusmmt is 7 to 8 cases per lWlW 
worken. A mom conservative estimate 
b a e d  upon the nasal tumor data 
indicates that at tha pmposed . 
' permissible exponu. limit there will ba 
8 unur cams par im worken (with 
an upper confidmce Umit of 8 per 1WOJ. 

OSHA's prrliminay conclusion is that 
r*k la not allminatd at 0.1 ppm PEL. 
W e  the risk at thfr level ranges hrn 
appmxirrutely 2 to 6 a n c a n  par . 

which the risk would be reduced by 
adopting the pmwsed permissible gnatly exceed tha one p& thousand 

guideliar which the Supreme Court has 
charactnized in the beazene u s e  u 
presenting a r ip i5un t  & If wokem 
us exposed for Isan than. workin# , 

e*osUn i i  oi a1 Ppa ~ r ~ ~ m i n g  
urponva over a working lifetimh the 
risk wtlmates made fmm the combined 
hemiqlosumma data indicate risk 
would be reduced kum 70 to 110 exceu 
deatha pat 1WO at the c m ~ t  prpiasible 
ogonue Umit to 2 top excers dartha 
par 10.000 at the exposun Umit 
amtamplated in the pmwaed atandank 

liferima u may be the cane for dhvr '. 
workar hbe.risk might be somewhat- 
reducad. However. d this wint  OSHA ~~ - ~ -  

dma not know how to qdt l fy  MY , 

rnsible reductloo or risk r~ . , . . 
appmximstely a BU% riduction in risk 
Sf rhc risk ntlmatu predicted kUQI the 

t h d  woiken depending upon 
which laboratory resulb (tumor types) L i o i  blow). PUMC input IS . ; 

fenosrted on thlr isruk It should be and tumor data ui wed. the risk am d i e d  u w a  it is not nacessarv to ~~ - -  - -  

n o k  however, that the laborat6y 
avidenen indlcatea that the risk to would 5e reduced N exceaa 

deatha par 1- at the cumnt 
datumine which is the bast e s k t e  
Neither esrimste reduces the risk to the ~ - ~ ~ - -  -- 

&&en urpo* at the present 
permissible exposure level of 20 ppm Ls 
IO gnat that even Ka dcalififically valid 
methodology d d  be developed to 
account for intermittency, which mie t  
d t  in redudna the lifetime risk 

permisiible exposure Umit to 6 per 
thousand at the pmwaed wrmissible ' 

point of inrigniRcanw. ?he pmposed 
permissible exposure limit is bawd upon 
feasibility conaidustiona. In other 
words. after evaluating aU of the 
information which la m n U y  svaiiabla 

exposure kVeL iidiuting a 98% 
d u d o n  in rtrk. T%ereforr;il tppean ' 

that the - deatha fmm can& will 
b~ substantially reducad if thepmposed 
wrmiuibla exuamm lwei k a d o ~ t e b  

to i t  the a-6 ball&s thaiit is 
feaaible fw ocolwus to reduce utlmatea f i r  c e h  scgmenta of the 

populatiorr perhap wen by a factor of 
2 or 3. risk would nevsr(ha1ess sUU - OSiIA used ihe onehit and m&tage 

modelstodetumineriakatboththe 
n u ~ t  and proposed EDB pem'uible 
expowre Umib and concluded that the 
multistage model was the most 
appmpriate in this inrtanw. It should bo 

employw expdsurk to EDB to 0.1 ppm 
and it may not be feasible to d u c e  

mady exceed the one'wr thouand exposumbalow 0.1 p p a  
Congress paued the bcnrpational 

Safety and Health Act of 1970 because . 
of a detsrmination that occupational 
safety and &alth r i sk  were too high 
Based on this. iI is clear that C o w  
nave OSHA nuthorib to d u c e  risks of 

ivhich-the Supreme Cot& gave as  pa 
example of a signific~~~t risk (I.U.D. v. , - ASL 448 US. at a). ' . . ,  

Moreover. at least in the cam of nasal 
tumor, the rbk kum EDB exposure 

noted-that estimata calculated wing ; , 
the onehit model w e n  either the mna 

appear to be far greater (725 per I-) 
thaa for any o h  huard that OSHA 
has regulated in the part  w h m  the ' . 
rbb have beea quanriaed. In the 
d c  regulation. for axample. tha ripL 
of cancar s t  tha fonwr permiaaibla 
smoaure level wae estimated to be 400 

or higher than (hose generated by the . 
m u l ~ t a g e  model pMIsrily relied upon 
by OSHA. Bmmr 3ro calculated risk 
u s i q  other modefh including the pmbit 
lo& Weibull and summa modela when 

- 
avenge or above av;& magnitude 
when feasible. OSHA believes that the 
pmposed standard for EUB will reduce 
the vary rimiiicanCrisk h m  emosum 

th-&a wen enough-data poinu for these 
models to be used. Using the combinded 
inhaLtion sludy data. these various 
models astimated sxcesa risb at the 

to EDB-to &tween 2 to 6 per lOba - 
Therefore. the Agency is caning out the 

per 1OOa (sea supplcmentd statement of 
nav~u 4a FR 1901). which was found 
to bo signifIcanL in addition. OSHA's 
prsliminsry risk asnsment (which 
coneurn with &own'sl indiutu  that & 

wnprrasional mindite within tfie limits 
of f~asibility and irnot attempting to 
reduce hiiPniAosnt ridrs. w m n t  mlmksible amosun limit 

which wen eseurially consistent with 
those generated by tb. multistage 
model: orceu risk aarimaka generated 
by the other zitodelr (pmbit logit 
Weibull and gamma) at the proposed 
permissibla expoaum limit wem 
somewhat lower that'tbose calculated 

Under Gth tbe Congressional intent 
and che S u p m e  Court rationale. OSHA 
must if it is feasible. seek to reduce 
risks below those estimated by h e  risk 

rink of r a c e r  h m  Ed6 exposunit the 
wrmislible exoosure level luainn the 
& b i n d  hemhagiosarcom; dak)  ia s t  
lealt P. higb (70 to 110 per 1000) as rislu 
hum other hszardr, to which OSHA ha# 
u p o n d d  in thore c a m  when 
quantification has bean attempted. F a  
example the riak of cancer (usins the : 

asscasmant to penist at a P&of 0.1 
ppm. m e  pmpoaed rule as dmfted may 
be expected to reduce the r isk of EDB 
exposum below tbme estimated using by the multlmq. model (Ex. 11. pp. 111- 

1201..In any went. dImodeL indicate . !he mathematical models because the 
an e*milv hi& e x w s  risk at the . esrimstu of risk only conrider the PEL 

and do not take into acwunt other combined hemangig-mi dati) fiOm . 
FDB expo8u-e u mmaplnble to the risk 
of cancer from ethylene oxida emosun. 

m n t  pedssibla exposure limit and a .  
dramatiully d d  risk at the pmtective c l o b g  and work practices. 

Ad OSHA's wclsment of the risk pmpwed ~rminsible exposure limit 
This comborates OSHA's finding that ucimated at 83 to iO8 per 1OOa which 

OSHA prelimindly found to be 
inwmorated odv the estbates fmm the 

then la significant risk h m  exposun 
to EDB st the krmislible exposun Unit 
which will be slgntticantl~ reduced by 
adopblng the pmpold permissible 
exposw Umit and other proposed 

inhalation of  ED^ OSHA believes that 
these other protective pmvisiona may 
lead to furtber reductions in risk by 
. con tml l i  exporuns by other mutes. 
namely dermal exposure and hgestioa 
OSHA believu that exposures by thew 
other mutes may cwtributa substantial 

and to (he risk of bvssin&b fmm cotton ~ -~ ~ ~ ~ - . ~ ~ .  
drut exposum of a~pmximetely m per 
1m Fwthar. the risk fmm e m o s w  to provisions designed to d u i e  rvorket . 

exposw to EDB 
OSHA's risk aawaament oroiect. that 

the m m n t  pennlssible e x p o s k  limit 
for EOB is much gseater than the riak to 
coke oven worken (appmximately 10 
per 1000) which the Agency determined 

additional risk io worken. However, the 
decrease in risk that may be achieved a maximum U k e h d  ntimate of risk of 

2 to 6 cancer casu  per 10.000 workm by thase additional worker protection 
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mvisions has not been quatifled nsessmurt mlied upon in this pmposd continuously on a &fly basis as weU as 

{eyond a determination that they will nuratants the best o~entiflcltion of rlrk for those exoosed on m intannittent or i 1 
add to the protection provided by l 
lower PEL OSHA believes that 
M P ~ O Y ~ ~  who fulllll the ~mvisionr of 

aiailable at thls Umi. Moreover e 
'number of nonqu~titative factors lead 
OSHA to believe that in wile of the 
fntsrmittaat exposum p a n e m  of urrrln 

seasonal b u k  
The Agency beliews that while the 

~ m ~ o r e d  PEL mov be conservative for 
thastinderd as pmposrd.wU provide 
pmtedon for their mployeu &om the 

iome industry segments who am not 
exposed to EDB on a mgular basis. 
OSHA condudn that bared upon 
nurent knowledge there L support for 

cements of the m o s o d  oo~ulation.the 
huPrdr presented byboiupational 
axposum to EDB wall beyond those 
which would be indicated solely by the 
mductIon of ihs PEL . 
In daermfning the leva to wdich the 

d a i b l e  axparum Umit should b. 
P m d  8 e ~ d  dt~rnative &hour 
~ A ' s  (L OJ. 0.1 ppm) Were coruldarsd 
by the Agmcg. OSHA mmntly beUeves 
that complfanu with a 0.1 ppm TWAfs 
tedmologiully m d  cc~nomfcally 
feasible based on data dlscuraed 
ehewhere in this document and ths 
Regulatory Analysis. 

Aa discussed above. them may be a 

ri& &om these ax$onuai ;ay be close 
to that described in the rirk assessment 

It should be noted that tha N U  oral 
8eVO 6 study, the only h b 0 n t 0 y  study 
whid  m y  ba analonour to intermi- 

the pmporsl whG& applies thi~pmposed 
PEL of 0.1 ppm to dl coverademployees 
n n d w s b ; t  chair uwm oatt im 

axpostmi ahowed &can in the same 
order of mpnltude as olber studies that 

f i r  is aaprcidly hu; in view of b e  fact 
that the Apmcy bra Umtted imowledga 
as to the prrciae upotunpm6Ie within 
vuious rrgments of the industry. h 
other w o r k  while the avenge m g e  of 
exposures am lmom for various gmups. 
it la di&ult to say with any degree of 
cnrtaioty exactly what the exposure 
duration and pattern L (that ir. number 
of day. weeka and months. and 
hquency) for dl members of these 
exposed groups. Fenhamore. Lhe 
Supnme Court in the Benzene decision 
iodlcated that the Agency was Lee lo 
lue conservative assumptions in 

eppmxlmated d u  urponrm In 
addition, dermal exponvl m y  nuke a 
algnifiunt but unqwnti5able 
contribution to the toul ED6 exposum 
of some industry sexiaentl ouch n dhus 
h~d l i ag .  when t h r  osure to 
airborne EDB may be 3 mcterizsd as 
reaaonal. Althounh these derrml 

luqe sgment of the exposed population 
that 11 uporad to EDBmly 
inlnminently. lh i r  pattern of exposum' 
eppean to be mmt likely for d m  ' 

worken as well as thore in flow mills 

eXpO8-S 0; 1.k.n 1CCOUUt in 
m y  of the risk arsessmantr the 
possibility of d e m d  e osum even . 
when then an no spas ? er  or spills of 
EDB cannot be discounted For example. 
tesu of fnmigated dtrus 1x1 Texas 
mveahd a residual layer of ED6 on the 
rurfaw of the h i t  of appmxlmately 4.S 
ug l4 h o w  aher fumigatiolap t b  lava1 
wen substantiallv reduced to 08  un 40 

md  xrain elevators. In such cases. the 
interpretlag the data wiih respect to 
carcinogens, risking error on the side of 
ovemmtectfon rather than 

-~~ ~ 

risk if expasum to EDB may be 
~ m r n h . 1  lower than that mredlcted bv 
tba v&ous rirk assesuneni which - - 
asswe  regular axpoaum over a workiag 
Ufetlme. At thfa point however. OSHA 
is unable to quantify with any dogme of 
confidenu any possible reduction of 
rirk as a d t  of intemittent 
axposum.. .. . 

The Agency beUevn that it may be 
possible to describe the rl.k p a s d  by 
intermittent exposums in a mom 
quantit.tlve maom. Therefore, the r i ~ k  
estimating methodology employed aa 
well as the mtionde for the reliance . 

und&proteaIon (448 U.S. BSBJ and did 
not have to support ita Andings with h o w  after huniiation (OSHA ~e&cDi 

Submission a). - The extreme toddQ of &B is 
ydersared  by the laboratory nsdta. 
ED% and two of lta oriDd~al metaboliles 

anything appmaching scientific 
certainly. Tbis is of come  co~ i s t en t  
with the statutorv mandate to nrotect - 
rww working min and worn& insofar 
u oossible $om material imoairmant hive been shown Ld be pkitlve ' . 

mutagau. Vuioue m e s  of tumors were The Altmc~ will continue io seek a 
mom sciinth~ally precise method for 
accountlag for intermittency of 

pmdiced at tissue siies mmote fmm the 
rite of contact in each bioassay. These 
included res~iratory tract tumors. r%posum.ff such a method-can be found 

and if rcientific evidence supporn the hemangiolakmaiof the c t d a t o r y  
system and alveol~r/bronchiolsr upon specific data and asaunptionr is 

described in some detail (sea 
, Quantlhtive Risk Aasessmcnt 

discussion of the pnamble) aod advice 
is solicited fmm the s d ~ t i f i c  

pmposition that the risk fmm . 
intermittent exposum demases 
significantly, then OSHA may consider 
some adfustment in the proposed PEL 
for various industry regmenu. 

urninomas. In addition. amtact site ' 
tumors were induced in the fonstomach 
and nesal areas. Adverse repmductive 
affects of EDB in swerel a lmel  species 
have been dearly esteblisheb These 
adveme effects include intderenca in 

communlhr on how ti r e h e  the VL S u m m y  of Regulatory impact and 
Regulation Fhdbility Anaiyydb 

A. hcmductibn 
Executive Order (48 FR 13187. 

Februuy 1% 1Wl) requires that a 
rrnulatory alulvsis be conducted for 

techniqueio account for highly-sporadic 
as weU as seasonal axposum pettunr 
Ac noted above in the quantitative 

risk assessment discussion the Agency 
is mindful of the fact that them may be 

the early swges of sperm development 
and reduction of apacm CQUG 
malformation andanomaiin in offsorlnn 
wem also pmduwd Momow. the& ia - 
en indicaclon that some repmductive conridemblv more involved in - .. .- -. 

accountlag for intermittency then marly 
adlusttns (he total dose conaidered in 

effects mav be based on short term 
- 

an> rule havin~mejor economic 
consequences on the national economy. 
indlvldual industries. geographical 
regions. or levels of government The 
Regulatory Flexibility Act (5 U.S.C 601 
e t  sq.) similarly requires the 
Octupatlonel Safety urd Health 
Admininrntion (OSHA) to consider the 
impact of the proposed d a t i o n  on 

peaks. totilly unrelated to length of 
exposure (EL 11). 

OSHA believes that the tohl riak to 
the van& risk assesamant models. 
Therefom. OSHA Invites commenu 
addressing the issue of whether there 
ere acientiflcally valid and and wmll- 

' 

accepted techniques for accounting for 
intennittency in the extnpolation fmm 
labontory data to man when the 
labomtory studies themselves am based 

employcer upoaed to EDB & the resuit 
of the compounded risks fmm 
carcInogeniclly, mutagmicity. 
spermatoloxidty md damage to tha 
Iridnevs. Uver. sdetm. resmifatow m c t  
centril nervoua.system. sicin end e y n  
described in labomtory studies All of upon chrdnic and not Intennittent 

exposum. 
In spite of these conaiderationr the 

srmuauutlci - 
In accordance with thew these thhs tonether lend aualitive 

support to-0Sih'r quantititive risk 
aalesrment for thole exposed 

requimmmts. OSHA has prepued l 
Raliminery Regulatory Impact and Agency believes that the riak 

., ... 
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indurtrv indude Florida and T a u  of some industry remanta such os 

I :. Federal Register I V 
i ti 
I .  ReguIatoy n d ; d b ~ &  Assessment for 

the ethylmedibmmide (ED81 standud 
This anasmei t  demibes the industries ' geexed by the s h n d u d  the regulatory ! dtemathn. tha effects doon- 

huckeri. Texas pddnghouse daus hrr.dliag,-wh&a the uparure to 
employees. m d  Florida andTuas  aicbomr EDB may ba chuacterLed as 
longhoremen and wuchousemcn. Those seasonal. Although these dumd 
jurlrdictionr covered by the State of  expos^ ace not d e n  into account in 
C.lifamia's EDB standard ICALIOSHAI anv of the risk assrssmeaca there is a rrgdatlon. the mta of nrmpEsaw with 

the pmposed shmdarda. the 
technological hasibilftp of the pmposed 
provisions, and soma of h potential 
benefita that 4 occw lo am~loveea 

ire rxcluded h m  this d y u s  iwcauee 
UIW ue pre-bly 'm cam~lisace with 

pouibiliv that d e m d  exposue ' 
contributu to tutd urpowe even when 
there me no a p l d u  a of EDa the-shtipfsa standard .ad'the&ore 

they would inm no additional Moreow. OSHA bdim ba t  the 
huard to ~ d o m r  w a d  to ED8 is u p o l d  to EDB at their pl& d work. 

The Sac-- h a  determined that 
wmpiianrn cost 

Florida onnge production was d u e d  
atover!3lbfllionin&ehacmu 

not l i t e d  tduDcp but ret3uta the 
compounded r i s b  horn cudno812nidt): tbis action w d d  not be major as 

defiued by Seaion I@) of Btanrtive 
Qder U2SL The Suetan also d n  

season m d T u a r  grapefruit pmdudion 
w u  v d u d  at almost S S J  d o n  in the 

mutigcaidtg. spumatotoxidly and 
dam- to the kidneys fiva. spleer~ 

that this aetlon w u l d  not-hh.n a . m e  h e  paiod. Dm indusay usw 
ED8 h(6afumigatimafIlammin 
equipment Appmdmataiy 2?S 6mm 
with about BOO0 employns are arponed 
to ED8 priodically in thia indusay. 
Firms Hi& less than emdomes had 

s~gIlifiClOt imp& On 1 ~ b S h n d . 1  
number of s m d  entitin aa d e b e d  by 
the Regulato~ FldbUty Act l b e  
R e h i n a y  Regulatoy Impact and 
Regulatory F I d i l l t g  document ta 
available in the d a k a  oKa fm 

s y ~  sod eyes. While data a n  
not avrilohle to permit the frequency of 
these effecta to be precisely predict4 
together they support OSHA's 
determination to promulgate a 
regdation that pmtecta all cmployaes 
expwed to ED& 

T ~ E O ~ F & ~ ~ U ~ J  
OSWAhaa axaminad the 

tecbndo 'cal feasibility of the pmposal 
and con$uded thsr base# on arorlabk 
data; the pmpcual in techndogidy 
feasibi. amwa dl of the affected 
industries d e b  However. OSHA 
has not yet obtained comdete &ta to 

Mnud slles avemging n e a ' ~ - s s m , m  - 
(in 1972 dollan) sad Ein~ with m or . inspection and OopyinB ' . 
mom emolomi had enma1 d u  

OSHA wtimais tiat the  mood rump  bout 7.m corurGy a i m t o n  
rmployinD abooc UQw) employees am 
-ed lo ma on the averas% less 

- .  . 
ED6 standard would w v a .  . 
appmrimately 800 coatinuowly w e d  
imniovees aud a h (  M a  fnquendy than employees in-these other 

industria 
C Summum of BeneFitr employk are defined u (h& &paned 

onadai lybprbwfhuinthe  
manufasturing of EDE h tumiuendy 
exposad smployar a n  d&ed as chose 

. ex~osed on r ~ ~ ~ s l  or ~UiOdic basis 

- .  
h its evaluation of the canes 

potential of ZOB e.posur; OSHA &I& 
that far every LWO worken 
corrdnuously a x p o ~ d  o v a  a working 
lifetime. ED8 w d  cauae between 70 
sad 77.5 a n c a n  at exposurer of 20 ppm 
between l.7 and 82 casn at 1 LILUIL m d  

determiie the tedinologi&l feasibility 
of ensinnrinn coat~ls  for tho% firm 
that q & e d  in the manufacnrn of 
antiknock compounds a d  their 
blmdlnn. OSHA bu bindCentaur su& u those in the dtps-&!dusky. 

The employem c o v d b y  the i3sodaies ti iamplste thi~ assessment . 
and their hadinm will be available pmposed standad work in revan 
duing the participation period 
E ~ h n n m y o j ~ o t i r  

Based on'th? data nunrntiy avsitabl& 
OSHA admatea that the annual cvst of 

indbhy secton: EDB ~ n u f a c w  
pesticide formulating manufachxing oT 

 hum^ t o 6 ~ ~ 1 1 ~ ; ~ a t 0 1 ~ ~ ~ 0 n t h e  
basis dsumnt worm estimates for 

iasolinr sntiknock &mooun& and their t h a m l q l b l y ~ w d d c M w b o o n  
wntinuouslg w d  to EDB on a daily 
bask  tbeu riska indlcofa.that EDB 

Lien- handling of hr;nigated am 
grab and papaya and flour Oin 
equipment fumigation. Tbe ED8 
manufacturing Ladusky la comprised d 
4 lage h s  [om Brm recently ceased 
manufachuiag mB),  only 1 of whicb has 
annual sales under SI biiion. OSHA h u  
identifled 18 firma with ZU planta that 
blend and repadra a ED8 for peaticides 
No Arm had snnuaf sales l e n  than SD.3 
million Pour firms manufachvs 

wmpl).tng vtth the standard 
would not u c n d  S3S million. 

would U U ~  behr.+o i m d  8 in 
thi. group. Compliancs with (h. 
m w u d  standud would mduce &is Consequently. this regulation ia not a 

'major a le"  u d & d  by the aiteria of 
Executive W a r  I=. These annual 
costa indude SS1.SW for EDB 

;lumber to 0 to 3 clocsrr 
OSHAhas not yet estimated the 

number of cancers that EDB would 
uuse  rmow the appmximatdy SBJ~OO 
workers, ucpossd on a less then daily 
basis and is rdidtIng information horn 
the sdmdfic community on the 
appropriate means to quantify Lhe risks 
to rhne w r k m .  A number of hcton. ' 
however. lead OSHA to believe that the 
r t sh  multim from these lntnminent 

m s a u f a ~  WOO for ED8 pesticide 
fornulatom and SS7Sra) for those firma 
that handle fumigatad c i m  Tbe 
rrurud costa also include $3.05 million 
for flour mills andS!A4W for firms that 
handle fumigated papaw Cnin 
etevaton am likely to incur few wso 
because they +hould be able to 

antiknock compoonds that contain EDB. 
These finns all had annual sales of more 
than SO0 million. Six Hawaiian 
packinghouses handle fumigated 
papaya. Five oot of six of t h m  firms am 
reiativeiy smak ewragfng 24 proassing 
employees each. The average value of 
fresh utilized ~mduction for the 1% 

exposures a& sienifitant For example. discontinueibe use of ~ o n u  that 
the NU oral gevage study. which is the contain UIB and tq substitute 0th- 
only laboratdry s d y  that may be fumigants To supplemint chew findings. 
malogom to intennittent exposam. OSHA has conuactd with Centaur 
showed cameo in the same order of Associates to gather additional data to 
magnitude ar atodiea based on characterize the proposal's Mpact on 
continuous expo-. fa edditlon the compliance costa. technolonv. and 

I 1982 gmwing beason m a  about $11 
million 

OSHA has determined :hat 
approximately 2800 employees am 
exposed seasonally in the handling of 
fumigated dma. Oukide of Califmi& 
worken that are exposed to EDBin this 

dennal and oral e m s u r e  mavmdce a economic atatus of these indnrG - - -~ - -- - 

significant but unq&ntlliabl< secton. 61 addition Centaur is &thering 
contribution to the total EDB exposure similar data fur finna engaged in t k  
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manufacturina and blendinn of was solicited fmm the oublic oa a assodated with ED8 fumination and (31 
a n a 0 c k  compounds. Theh fmdings variety of Lsuas i n c l u h  the standard Is not likely h impact u&n . I 
will be made availabls during the public environmental imoacia of a vmvossd th. cue of leadrd nasolina' the lamest . I . . 
comment oeriod. ' revised standard.ihe w-eniperiod 

for this ANPR ended on May 31.1962 
outlet for EDB and related emissiins. In 
addition provisioru of the proposal such hledlcai surveillance and msplratwy 

prohlion acwunt for mpm than hvo- The information and comm&u 
Submitted in response to the ANPR have his& of the mud comdiance coat. information and h.krtng, higiine 

fadllties and omcticas. wamina eatinuted to be innund'by 6&s in 
these affected industries. Medlcal 
~ v v e l l l a n u  la expected to cost 
appmximataly ftd rmllioh or 41 percent 
of the annual complianu costs. and 
mpfratory protectton ia estimated to 
cost about 9P39.000 or 24 penent of the 
mnual compllum w s t r  The wsia to 
install edmer inn  control acwunta for 

been reviewed h acccordanm 4 t h  the 
rquimmenia of the National 
Environmental PoUcy Act (NPA) of 
19Bb) (42 US.C 432% s t  94.) the 
Cuideilnes of the Council on . - 
Envlmmental QuaUty (40 CFR Part 
1500). and OSHA'# DOL NEPA 
Procadurea (29 CFR Part 11). As a nsdt 
of this review, the Aasistmt Secrntary 
Ls determined that the pmposedde . 
wil l not have a significant Impact on the 
envlmnment axtunal to the wockulacs. 

information. &cordkeaping. and 
protective equipment and clothing am 
not anticipated to have a significant 

1 impact beyond tha w o ~ l a c a  
&thou& the removal bf increased 

unountc i f  EDB h m  the workplece air 
mi& s n m  to contribute to the pollution 
of ambient air surrounding EDB 
opantiona aod applications. Lhir Is not 
~ n d d ~ u t e d  b w w  the mount of ED6 
that h a t e s  to the &tc&al 
environment is not k l v  to increase. lmpacta onthe workplace rnvtonkent 

m dLcursed in other wrtioru of thir 
Thlr &tory useisment llso 

considen whether the industries 
dec ted  by the stPndud would remain 

Many operations occur butdoon and - 
conmla chat might be holemented 

EDB is wed in the manufacfilrs of 
anthocl addltlvw for gasoline. as a . 
apot fumlgant on cereal and grain 
handllng equipment as  a soil fumigant 
M a source of bromine in ornanic 

e a n o m i d y  viable after compliapcs 
with the pmvisionr of tho proposal. The 
a s ~ l c m e o t  mDcludes that compliance 
with the propwd EDB standard would 

under the propmarl prnbbbly would not 
c h a  the mount of emissions to the 
at!nos~h'ere. In cases where worker ~~- ~ ~ ~ ~ - -  

eqo& ir r e d u d b y  the rue of 
imvmved control metho&. such as ' bare no s i d c s n t  economic imdacta on 

EDB mandactumn and usem. ~vallable synthesis pmcaasea in the mmulecturs n4ative-pressure ventilation and purge 
data indicate that mmolianw cosu of vlnyl bmmide. as a catalytic agent. aystems in fumigation chamben. I 
would be no mom than a1 perecnt of 
told aa la  in any of tbe affected 
Induamm. in vtew of the relatively 
small magnitude of tbua c o s a  m y  
eRect on prices and output would be 
almost oegligibla WhUe data on the 
pmfltability of indlvidtul Rnna am not . 
yet available f o r d  the d e d  a 

industries, information regarding the - 
ma@tu& m d  distribution of . 
compliance cost. among the affected 
finna indicates chat the proposal should 
not adverselr affect &ere firms' 

and an a specialty solvent firmsiar 
gums. and waxer. 

ikuoapharic emissions of EDB would 
remain constant having an 

The Environmental Pmtection Agency 
lEPAl has the authoritv to r e d a t a  the 

inrianiacant impact onthe external . 
e n ~ ~ e n t .  TO hvther Ulushate. in 
cwca where e i h a u t  emissions Emm 
fumigation chamben are wntmlled by 
extanding the height of the s t a h .  the 

~ ~ 

iue ahd application o ~ E D B  ii a : : 

fumigant under the Federal Inaecttcide. 
Fungicide and Rodentidde Act [FIFRA) 
uamended (7 U3.C 138 et sq.). EF'A 

'mgdations on the domement  of FIFRA 
usfoundin40CFRPan1(12.&a . .  
fumlnanL the hsonnulatians of EDB 

gmund level concenhations, rather than 
the quantity of would be kduced. 

In G e s  where Uquid EDB is . 
hlaaoorted or s t o n d  &are may be 

pea~Ldes ere registered with EPA and 
am reauimd to be labelied ornveriv.as 

somipotential for spma or leaks. - 
k u s e  of tha nahm of FDB. however. 

competitive ibillties. 
&ant to the Regulatory RexibiUty 

Act of lsaO (Pub. L ssJsJ. 94 Stat 1164 
[S U S C  BOI at my.]) OSHA has given 
special condidemtion to the mitination . 

to theii toxicity to humans.'&& 
- 

particular bazardr, their mutes (81 of 
such ocnrrrancw would not be as a 
direct result of the proposal and would 
continue to come under the iurisdiction 

d e n  to avoid &dent injwy. or 
damage. Application of these pestlades 
may only be performed in-.ccordancs 
with tho precautions set forth on che 
IabeL Also. under the Clean Air Act I41 

of EF'A and DOT rqulationd. Although 
instlncas of waste diawsal have not 

of the economic impacu of the fmpdsed 
standard on small entities OSHA d m  

been presented to the kcord such 
dlsposal would also be covered by EPA 

not antldo.te that the omwsed . R & ~ M  Conservation and Recoverv 
8tPndud would adve&ljaffect small 
w t i t i a  Nevertheless OSHA soaka , 

U 9 C  1867 at seq.) and the National' 
Ambient Air Quallty Stand& for Total 
Suapendaf Particulates EPA t 
responsible for maintaining ambient air 
quallty by preventing or controlling ok 
pollution - 

Act m g u l a t i o m ~ ( ~ ~  B4-58R 90 Stat 5 5 .  
Ser uYn st sw.1 m d  hanawrtation 

additload dau on lhh hirbject aa few 
rwponm to OSHA's Advance Notice of 

would be m h i e d  by the i>epartxnent. 
of T ~ s w r r s t i o n  The reauiremenU of R u b r e d  Rulunaha  concerned the pmposed stmdard will not alter 
pnrmt  methods for waste disposd. economic impacts. ~;rcher attempu to 

design a standard to minimize the 
relative impact on small entitlea while 
ensuring safety and health in the ' ' 

workplace, will depend upon the 
iaformatlon obtained during the 
forthcoming public partldpatlon penod. 

- Under the proposed OSHA standard. 
the cumnt wrmiraible emmure limit 

banspottation, or cleanup of EDB. . . . . 
Although the l~rgsst  outlet for ED6 is 

as a suvengtr In leaded gasoline. the . 
. mount pruent ia less chan 0.1 percent 

(Pal of20 ppm would be kduced to 
.lW ppm as an bhour. the-weighted 
average (TWAI. with a ceiling of 0.S 
ppm. This reduction in tha exposum 

by w e i & ~  Exposum levels ore also low 
during service station oparations and 
during tho distribution storage. or bulk 
handling of leaded motor fuel. For this 

vn Envtorrmant.1 impact limit is not anticipated lo imp& 
significanUy oq the ex tma l  On Decemhr 18,1861. OSHA 

~ublished an Advance Notice of environment because i l l  anv resultant muon. hese  activities ua exemucad . .. 
Proposed Rulemaking (ANPR] (48 FR 

' 

emissions lo the external atk08~here @om the propod. Any impect. & the 
Bl87l-781 for occu~ationel ex~osure to would not represent a simificant urs of EDB in leaded easoline am most 
ethylenedibromide (EDBI. Information. Increase. (21 no solid waite is directly Ukaly to occur as a reiult of the 
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continued w e  eod demand far lea* w a d e s  . . . uudrr statutory these workplaces haw exposurea well 
nauaiine m d  the low mwth d.ovuail auhhority to prJcribe or eniooru - beiowlhe pmposed a d o n  IweL 
jatoline cow;mp(ioi not os i d i d  s m d d  or regalationr Geciql  
result dth. ropod. . oc~cpadond &tg ar herd&." The A. Wholsrde or Romil Food Slams 

Based oo %r dl tuuloa  m d d u r  E n ~ c n t a l  Protection A g u n y  P A )  Under certain cimmsnmar frrrh 
information pnructad in this Notiu omrntly r e g d a t a  the uzn a3 m~ i e  c i t w  shipped fmm one citrus gmwiq 
OSHA conduduihat rbrn WU bum esticide and the application pr- for e o n  to another must be fumigated 
dmific~t boa& ao th. nManl awlltv kmsmtion o f d a r ( h ~ a l  d u c k  with .€DB to prewnt the prowation of 
o f h e  human kvimamrp? uhmd to - 9 ~ 5  j u i i c < m  uisa A d a  tha cc-4-7 The pests &d.labae are 
the wo&bca d u l y  in terms of Federal Insecticide. Fungicide md & kLied by exposing the u h a  to wry high 
ambient a k  qu ty. walu quality. or Rodentidde Act (FFiU) (7 U.SC 196rt urborne wncmlrations of EDB for a 
solid worte dLposaL OSHA of wuma. r e ) .  EPA's acoiona in-y & a t  the spedied ~ l o d  of tima Dunng this time 
maervea ?heright to perform additbod wo<dng cMditiou of amployees who the d-&d iB &board packaging 
enimnnuntal a l w u  b u e d  on ih. apply EDB u a fumigant chur OSHA is material absarb RYB A h u  fumigation 
tnlormatlon end FOmmenta received in ~ n m o t e d  from axuddnaludrdktion the fruit benkD d w w b i i  lo&wsh)  
response to this Notics 

The collection of~khnuation 
requirementr amtahed in tbe pmposed 
rule ham been mbmined to the ORice 
of Manowent and Budget [OMel far . 
review qnder aactim 9501 11 of the ; 
P a p e d  R e d d m  Act of 1980. T h a e  
walleelion remhmmts  a n  not e R d w  
until OMB a h v d  has k e n  obhimd 
and the lublic 'm66ad to that affect 
cbmogh a t e r h h l  M- to dds 
d a t i o n .  Comments on his'matm ars 
invited and should b~ &r&d lm Ofiicn 
of krformation end Rqdatory Affah. 
O f i i ~  of Management and Budpt 
Amnuon: Desk ORicer ?or tabor. Rwm 
3 2 0 8 . N e u E x e c n ~ M t m B o l i .  
Washngtoh D.C ZOSOS. 

IX. SU-~IY and ~ n d t i o a  of& 
Rods-  . . 

The pmpoad &pinm+na set fmh 
in this pmposal ace those ubich besed 
upon ail k r i p  milable dahL the 
agency believes an ncanry and 
aoomorla2 lo & 8dwuata ' 

pimtection to e ip iogas  eqiored m 
EDB. OSHA has considered aU 
recomrnendationa in rapMse 
to the A V R  as wdl  aa amrrm~r 
reference work%foumd sdcleaand 
other data eccunulaled by OSHA s i n s  
the initiation of this nrkmPking. The 
followiq ~uiw diaa~sa the individual 
requirements of the proposed stendad . . 

I. Section 191O.lrXa P.magmph (ak 
Scope and Application . . 

This propoaed stendard for ethylene 
dibromide (EDB] h applif~ble to all 
places of unployment &era EDB ir 
omdueeb reicted. ralewed mixed 
blended, packaged, repacked. stomd 
hMsDOC(Cd. hmdled w distdbokd. . 

This ~IO00sed rrnulatfon does not . 
appty t i  thi.app1i&tion of &DB ea a 
pesticide. Section 4(bl(ll of the 

b v u  h e  applicators as  -Gvided by 
srction r(bl[l] of the OSHA& OSHA 
wilL how&& e x d s e  iurisdiction over 
occupational exposure.'which o a a r  
subseaucnt to or "downs-" kom the 
ap &on oiEDB .a a p t t i d d s  . 9" SXA has m i e v s d  EUB crposun 
6 o e  data for mraufact&ng, 
blending, formulatian and fumigation 
operatioas anddah submitled fn 
I88pOm ~ A ~ v M L I N ~ ~  b r  
Ropoied Rulemakjq (-4) fiu ED&. 
Resoorzrw to the A m  hve omvided 
e d d t i ~ ~ . d ~ c . m a t i o r r  about& , 

operations urd worker axpms . 
OSHA bas d d e d  that thn standard 

. rhouid apply m ail wurkphcea in 
mad- a d  neneral inddm. Th* 
decision is b&d opon ava i~b le  
emonrrr irknoation as d as  the - 

hondl; materiala & c&moditia which 
b a v e b e e n ~ t e d w i t h m B o r  
pmduca containing EDB since airborne 
concenE%thm dEDB d t  fmm 
o w  of h i g a t a d  mmmditiet 

Wholade md mnii foal 
automotiw service s a d a m  end the 
dlsaibuciorr stomee or bulk hndlinn of 
leaded M ue noiaubjed to the 

- 
nquhmenu  of thir proposed 
rr&latiop i h e  h s  not m v u  
&;re places d &u~loymmt bbcavrs 
OSHA's evaluation d the uposum date 
in these industria indiatea that the 
potenthl beard. addressed by the 
atandad pmbmbly do not exbt in h e '  
i n d w h i a  h additiop no hazard ot 
durad expaun axirta when hadixq 
fumigated citnu in food stores. 

It rtmuld benoted that although 
OSHA h plUpOSe to tRmpt the above 
diacassed operatiom fmm tha stnudud 
thwe opecations would still ham to 
comply with the new PEL This is 
co&stent with goad indluhid hygiene 
practice. I b e  agent). dues not 
wntennla& that thb d 01- anv 

ED8 mto th; rmundinim&ume&. 
lbia ofiaossha mntinuw for the nuct 
~ e w a l , & ~  d h h k b i q  o w  cirnr 

Most ofthe fumigated eima comes 
from Florida and T u u  and is sold in 
Califolnir OSHA coaduchd 
mvimamrntol monitoring of fumigated 
d h  shipmeam from T a w  to 
Caliiornk and h m  Florida to 
Celiforrda. flodda end Texas m w  dm 
h i g a t e  ahus shipped to lapen 
iG umplea ar&taka d&ng 

fumigation operatiom and durins the 
hnrwrt udoadinn and werehausinn of 
the &gated ci& in ~alifornia'Ttk 
resultr of OS7HA's envimnmental 
rampiingindieate that by the W e  
P i g a t e d  c i m  has bnn aamwrted to 
me &.rehouse or retail food a tom for 
marketing. very little potential for 
urpoym to EDB remains. Samplixq 
d t a  indicate the1 airborne lcveb of 
EDB in the wereholun Wore ahiornmt 
to fwd stom em below 15 ppb. V b l e  
OSHA did not mntlnae to monitor 
downa8mm axpomm in wholaale . . 
end retail food s t o m  the ndncuon ?II 
the l m l r  during shfpptng indicate that 
anvimnmanbl levels muat be axlmnely 
low at these destinadom. 

The data therefore indicatn that 
exposums in wholqxie and retail fwd 
stores ara w d  baow lhe proposed 
action leveL For this rewon, OSHA has 
deaded lo exclude thwe indw'sies h m  ~- ~ ~~~ 

chir pmpoaed standard 
a m &  

ED3 is naed M en additive in leaded 
gasoline. Mter blending the additive 
into the garolhe. the amount ofEDB 
p-t is l e u  ?hanO~% by weight (Ex. 
544' .  According to the Amerlcan 
Pep. urn  I ~ t i t u t e  [API). service 
sta. .- worken have potentia!for 

Fmm N0v.mb.r 1m lo krd, 1682 OSRA 

. .. . 
Occupational Ssiety and ~ a a l t h ' ~ c t  b u r d a n ; v h . ~ u a n  em&oym At ~~,~&~~;o-Lbo~dgB~O~;j, 
states "Pothing in this Ad shall apply to covered by tbb.pmposcd : . . awdy. S . m p l e a m n  m h n  at the hrmi@on st.6011 
workingconditio~ of employees~with comprehensive s t a n d d b e o a v ~  dl .I .di. tb. miler .. th. d m  ~(i~.ui~ 
respect to which othu federal available information indicetea that . m-pond loC.iifa 
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expoaum to ED6 fmm leaded asoline AUair samph result. w m  well below reasonably bb coddent  that the 
(Ex. 544). The multa fmm d nhlft air the pmposnd action level and in fact employee maynot Lm overexposed on 
rampllq show that lavals are very low. wem lesa than 10 ppb F. 554). While dnya when maasunment. are not taken 
ransing fmm O S J  ppb to 0.30.ppb. The than may be a pos8lbillty of spills or &side1 N S  et PL ISIS]. Therefore. 
highest individual sample reported was acddmtal release of leaded gasoline mqulring periodic employee avosure 
1.8 ppb. Standard Oil stated that the . va o n  containing EDB in air due to the meaaumment. to be@ at the action 
average EDB mnwntratians measured vofkne of material transported h e l  provides the employer with a 
at cartainAmo60 sewice 8tations were concentrations of EDB in such inrtances ' masonable d*pe.  of confidence in the 
less than 0.- rnglma (0.65 ppbl (Ex. 5- would vary in proportion to the amount ~ s u l t .  of tha measurement program. 
30). NIOH sampling resultr comborate spilled Slnw leaded gasdlne also Thir proposed standard incorporates 
&are Agum. Samples collected at contains TEL r*hlch has a greater acute a mom appropriate term for establishing 

.CIudnnrtl m a  s e d w  stations (which toxidty. precautions must be taken to . a Short T e m  expo- L i d :  ( a ] .  
q e d  in Umea between 7l to PO , .protect worken during dean up While OSHA has in many instances 
minutes) w e n  aU below the 0.003 uq . oprrstions or emergency s i h u t i o ~ .  The wed the word,"ceillng" to d e h a  a 15 
(0.- ppm] amlflcal limit of . :.,. ..: pcautionr requtrsd lor TEL d r o  would minute average me l swment  the 
detcctlon A d d  uposums may haw provide prot=Uon igrinrt any potantla1 ; A C G ~  d&m C- as -8. . 
been lower. borraver.'llmitations in the sxposure to ED& . . . . ' -sorrcantcadou that should not be 
lampllng and analflcd methoda.ursd m P h  &I. ~ ~ , q , , i b b ~  , . uceaded even instmtanwusly." Sinca 
did not allow a mom qqantitatlve. 
esseasmenL (NIQSH Memo. October 4.. 'IWa &on c o n t a h  a Ust.of . ; most of the ' w n q ' s  airborne exposure 

19nl. AU of NIOSH'a msultr wam P 
Ilmlta wen  adopted fmm ACGWs . . deflnitlons ap Ucable to this section Thrrrhbld mt Vb lea c o ~ l o p  below OSHA's pmposed PEL of loo pb. An 'action e v e r  of am parto per . 8 the &&ritions ara 

Opemtiom uaociltcd with leadec! d U 0 n  C P ~ ]  (a P a  per bilUr bpb1l s. .IUce (be *CGd( OSHA beUeV.l that g w h e  avrantly require s thgent  . &hour w e  weighted average ir ,, not a independent 
workar~pmtection because of the toxic provided in the Proposal The action veurs it supplemenu the 
ingredient tebsethyl lead m]. T h w  leva1 the point at which certain tfmbweighted average (TWA] limit 
operations require the use of dennal . . p m v i s l o ~  of the proposed standad then irp reme,, amla effecrr protection fmm TEL under the general must be Lnstitutad such u medical , hm a subs- dwe toxic egectr an hdwfxy standard ?g CFR 1910.133 and. surveillance. Itprovides a way of 
1810.1000. ' : . .. . . employee protection in primarily of a chmnic naturs. STELa are 

recommended oniy w b e a  toxic effsctr Cdifonia.s & & n e r d  ~k -tances whem expo-s .n ,,,,ve been repond hi& term 
and S&mq of Opposition Teatlmony possibly significant and minhhiqj 
Concelning the EDB Standard (Ex. 7-8. emplpyer obligations by d e w  the .. eithar Or animalr. 
Page a ]  alw indicatas that exposure., . point below which no action Is A definition of t a m  "emergency" 
levels fmm KMW station operatioru 

' newswy. Tba broad scope of the ir Included in the pmposed stan* - 
.For the purpose of the standard era low, t y p i d y  less than 7 ppb. The ; pmposal n-uily rrrmmpasres many emmendm us mnces such as, 

w d a  atandard exempta exposumr amployen whose e m p l o y ~ s  am 
fmm iaadedgasoliaa fmm dl p r o h i m  axposed to levels of EDB below the & ' to 'quipment failw. 
except the parmisslble.axposun l imi~.  . OSHA expect. that lhia action level .. Nphvs Of Or 
Ad the available data indicates that .: machankm will greatly Umit tho number coOhl equipment may in 
,airbema exposum levels an belowtha of workplaces mvemd by this proposed Muex~=ted Of.mB.Tha 
action lwei for ssrviw station , . standard  or -pie. medical ', at an^^ i m m  m m e n b t o  - 
attandants. Tbs agency has therefore . survaillanca only bas to be implemented Protect dw emegency 
decidad to exclude gasoline rervica . for employeas exposed to EDB s t  or . situauons, such perranged 
stations from coverage under thb. above the action level for a total of 30 or emergency plaW.nS and medical 
pmposed standard , mom day8 per year. If an emolover can -eiuance. . . .  
C Di~tnbution. Slomgc. orsulk 
Handling of b o d e d  Gasoline - . :. .. 

The age- decided to axduda fmm 
coverage thnt portioo of the leaded fuel 
industry involved in the dishibution 
atom@ or bulk handling of lsadod motw 
fuels as Iba avdable data demonstrate 
negligible exposum in tbla indurtrv. 
Thme ooerationa involve dosed .- ~ 

syatem;wham the percentage of EDB by 
weight Is 0.1%. AItu bendlnn the ED8 
into-the fuel, the oeed to co&l 
exposum lo another toxic ingredient 
tetraethyl lead adequately keeps 
EDB exposum well below 130 ppb @ 
5-331, ExPmInaUoo of the data 
subaiitted indicates all aampling results 
wem below OSHA's pmposed action 
level, Tbe API submitted sampling data 
for employees from one company 
engaged in terminal operations including 
loading and unloading of buck tankers. 

damonrtnie thit an employde 6as not 
been axposed to lhis level for the 
mquind duration, the employer does not 
have lo plan, ffiat employee in a 
medical swelllance pmsnm. Tbur the 
actlon level concept pmddas an 
objective meanr of tailoring different 
kction8 of the standard for those 
employeis wbo ua at the greatest risk 
of developing an illnasa h m  u rposw 

.to EDB. 
The statistical basls for determining 

the acUoo level bas been discussed in 
w ~ e c t i o n  with several other OSHA 
bealth standards. In brief. although all 
measurementa on a ven day may fall 
below the permisrib ? e exposure U m i ~  
soma possibility exista that on 
unmeasured days the employar'a agtual 
expoaw may exceed the permiscible 
Umit Where exposure measkmerits 
are above one-half the PEL 1.e. above 
the action level, the employer c a ~ o t  

E v w  svill or  leak does not 
auton&iully colutltute an emergency 
sltuaUoa Tba exposure to employees 
must be high mdrmarpected; - 
Emergency l t u a t l a u  hduda  dennal 
v s u r m  horn a splash or leak 

OSHA Is propsi& to reduce the 
wrmlssible e x ~ o s u n  limit PEL1 lo 0.1 

p p m a ~ a l w ~ w i l h a s h o r i t e &  . 
expgsure Umit (SIEl] of 0.5 ppm This 

.proposed PEL i i  based on the findings 
by OSHA that exposure to ED8 at the 
currant PEL presmta a rigniflcant risk to 
employees and thet the pmposed 
standard will suba(.ntially reduce,that 
hk. . . .  
h mddm a determination of . 

signincant halt, It ir appropriate for 
OSHA to conaider anumber of different 
hctorr The Supnme Court in the 



. 

Benzene dedsion provided soma general current 50 ppm &hour TWk stiU have protibit w a k e n  born eating, smoking. 
pidanca as to the process. stating that high employee exposures. drinking or applying cosmetiu in 
"while the agency must support its A short tenn exposure limit (-1 regualted amas. This is designed to 
finding that a csrtain lev~170f risk axiatl may be necessary to pmvlde adequate reduce the risk of inadvertent expoxposurs / with substantial eddence.we protection against possible repmductive to m B  via contaminated materials. 
that its detedaation that a puticulpr effects from acute exPosure for EDB Thi9 section also requires that 
level of risk is ' s w - t t  wiU ba b a e d  exposed workera. OSHA . W w S  h a t  whenever an employer at a muti- 
largely on policy wnsideratioru" [W in some bperetioa relatively hieh ampioyer works~te establishes a 
U.S at 855. bU) aiZ]. Camistent with acrurionsmay be encountered rquhted area. that employer must 
r?tioaal policy i u d p e n i  OSHA baa employees for short periob of h e .  The communicate to other employers at the 
recently identitied tb following factors assessment 11) worksite the location of the regulated 
as being among those which should be that a abort term exPo- area and its access restrfctions. &ch 
considered: [I] The quality of the level of 0.5 ppm be established. OSHA &ended w-unfcation would lwsen 

suPPom this remumendation and the possibility of prohibited work , - urrderfying daw the reasonableneM consequently proposed a STP. h i t  of p,ctfms and is intended to pRdude Ofthe risk asaassment: (31 the stati.ti* 65 p p a  OSHA solicits commenta on the inadvmnt exposure of not significance ofthe -8% (41 the type -tabfitbent ofa - limit for of risk presented. and (5) the involved in EDB related operations. 
significance of the numerical risk and 0.9- tefihnological has conaidered feasibility the economic of the 

OSHA believes that employers who 
relative to othar risk factors (47 FR have employee exposues to EDB at or 
15358 15385, April 9.1982). These 

g p o s e d  PEL On data pmvided above the action ievel have the 
facton have been evaluated with 

OSHA contractors and data responsibiUty to coordinatetheir work 
respect to the EDB risk assessment 

submitted to the rewrd io maponas to with whose 

performed (see gcction vl of thir 
ANPROSHA that achieving employees may be exposed because of 

1 preamble]. - 2 .  
compliance with a PEL of 0.1 ppm as an pm&tyto the worksite. A 

I 
eight hour h*wei&ted average SfEL a p e d c  method of communication is not 

I 
OSHA has determined that exposure and a of 0.s ppm as averaged war  a 15. ,qe (his alllws the employe the to EDB at the present standad of u) minute p d o d  during the workday is necersKy flexibility to the 

I 
ppm clearly poses a si&cant risk of both aconomically and te&olo@dy information to employen at the 

: 
material Impairment to employees. feasible. [See rcction VLU aad the 
Material Impairment meam employees Rkgulatory Analysis for further work site in the most effectfve way 

possible. 
I contracting cancer, suffering advene dlsmsion of this issue.) OSHA is aware that under some 1 

repmductive effects and other adverse ,. panr8mP,, M U I O ~ r l r e .  
effecta such as liver and kidney damage circumstances regulated areas may need 
due to exposure from EDB. Tha me pmpolal requhs employen to to be established in situations involving 

significance of this risk has akeady establish a regulated area where non-permanent worluites. For example i been infomally acknowledged by some d o m e  exP0-S to ED8 at or the shipboard loading of fumigated 

Induatrfes, who have reacted to the above the action leveL Accesa to the wmmodities may result in airborne 
I developine ~ o m a 6 0 n  rase the regulated area ia to ba restricted to concentrations of EDB in the cargo bolda 

potential health effectr of EDB by those persona required by thek job in ex- of the action level. In such 
lastances the ship's hold would become 

~ x p ' ' ~  dits ~ $ ~ ~ ~ , ~ ~ , " ~ ~ " , , " ~ o ,  by a m a t e d  area and access to and h m  employees. 
Data received in nspanae to the the employer. this propoaal or the OSH it must be limited until such time as 

Act EDB levles are reduced below the action 
ANPR indicate that all the major me purpoM of l m a t d  i, to leveL A similar situation may arise at 
pmducen maintain w o * ~  exPosure -that employen makc employees wehouse  facilities durine the time they 
levels at 0.5 PPm W A J  or ~~. Sadion aware ofthe presence of at levels house EDB fumigated commodities. 
6(b)(S) of the OSHA Act states approaching tha Pa in the work place OSHA is cognizant of the problems %metaw * . -shall mt the standard TMn may be accomplished by pas- a presented by these temporay worksites 
which must adequately as-s on the s i p  q e  establisbent of a and reeks comments regarding the 
basis of the best available evidence, regulated area ls an effective me- of establishment of such regulated areas. 
that no employer will d e r  material 
impairment of health or functional 

" risk Of bXPMun as lew d P a m p p h  (e.) Pxpo~um Monitorzng employew a; po~ible.  ia 
capacity even if such employee has wnaistent with good induatnal hygiene The monitoring requirements of the 
regular exposure to the hazard dealt practice when expoaure to a toxic standard are pmposed pursuant to 
mth by such standard for the period of subsace,  can cause sdous  chmnic section O(bJ(7) of the Act which 
his working life". The agency does not heal& effectk fhir wuksment bas mandates that standards dealing with 
feel that the 0.5 ppm level wUI other benefits in that where penond toxic materials pmmulgated under 
adequately protect employees and protective equipment (PPE] may be section 6@1 aha& whwe appropriate. 
therefore pmposes 10 establish a PEL at required in these areas. the addtional "provide for monitoring or measuring 
the 0.1 ppm IeveL Ethyl Corporation. obligations Imposed by the proposal employee expoaure at such locations 
which has the largest ED8 pmduction when PPE ls used ls also restricted to u and intervals. and in such manner as 
facility in the world stated that its few enom as possible. may be necessary for the protection of 
current internal exposure guideline ls 0.1 ASditionol protettive measures am employees." The primary purpose of 
ppm averaged over khoum Under necessary to restrict possible ingestion monitoring is to identify the sources of 
no~e.1  operations, engineering controls end absorption of EDB for workers EDM emisrion and to determine the 
maintain the exposure of the EDB within a regulated ana. EDB is readily extent of employee exposure to EDB. It 
operator at leaa than 0.1 ppm. Fx. -71 absorbed through the skin and can is vndcularlv imvortant with EDB since 
Conversely. formulation operations. produce systemic toxicity. Therefore the it b a colorlbss. odorless substance and 
while having exposures below the agency proposal requires employen to has been shown to cause adverse health 
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effects a t  low dosea. Once a OSHA believes that It is necassary in pmvlded that they meet the acwacy  
determination is made that wnhol of . thow workplacw whom EDB & present and confldenca Ieveir delineated in 
'employee exposum lo EDB Is nquimd. that each employer m s a s w  employee puirpapb (e1(51, to sathfy the 
moni1'oh will eaable the emnlover to exoosnm to EDB usinn a mllable and mouinments for conductinn initial - ~~-~~ - 
select p m k  wnhul metho&.and a&te sampling m<rhhbd ~ o & o & g  mdnitoring. . 
evaluate the effectiveness of the must at least be representative of each Csnoin uses of EDB an s e a s o ~ ~ l  in 
method# selected, Additionally. employee's full shift and short tenn ' 

nahm as  opposed to continuous. year- 
monitoring mablw employen to no&% exposun. Each emdovee's individual lone ooentions. One such melor 
enployeei when their ~ o r u n  leek 
u c n d  prmiraible Umits. as nquind 
by section 8(c)[31 of the Act Such 
 orm motion ir d m  necessary for the 
exmhiog physician in order to 
effectively implement a mediut 
turveiU.ncs program For purposes of 
the monitoring requiremenu. u well as 
other provirionr of the proposal. 
%xp&ure" meam Lhniwtii~h would 
result if mspiratory protection wem not 

*sun need not 'h keasund to fulfilt 
the monitoring mquimmenL as long as 
ruffldent sampling is done to allow the 
employer to determine each employee's 
expasun. This pmvidw some the 
ndbiUty tn mmplyinD with the intent 
of the initial monitorinn mouinmmt 
without hmdng unnGesiw costa 
fmm repetillve monitoring procedures. 

The employes bas the latitude of 
selectlnn the number of aamoles lpken 

no&htinuow use is the &don of 
citrus which w conducted after harvest 
but befom the dellvary of h i t  to the ' 

warehouse. Other wes  of ED6 are 
intarmittant fn luturs. An example of 
'inbrmittent use would be the Fumigation . 
of m i n  in grain e l m t o n  or the &val 
at elemton of fisshly fumigated w i n  
tbat may ocau many timwduring the 
calendar year. dbelt sporadically. A 
m d e l  definition of intermittent 

used. to rep&rnt full shift expos& for each & o s w  is desfnbed In the methods of 
The proposed stahdud rquku that job dassiflcadon on each shift For compllpoce aedon of this preamble 

-sum monitoring be conducted by those job dassiflcatioat with similar Employan wbo have operations 
t a k i n s r i r n m p ~ t h a t a n  u p o a w  on dl s h i i  only one set of whem employcu am exposed to EDB on 
representative of each amployea's fvll representative meorummcnta per job l seasonal or intennittent basis am 
rbin and shon tam axposure to ED& daasificadon & necessary. This wUI mquLnf to conduct exposure monitoring 
l%e standud mutra that for all minimue duolicative efforts and casts in while EDB la nruent in the warkalaek . ~- -- - r~~ - - ~ -  -~ - ~ - - -  
operatioma except those which ue ca&lyio~&th rhs monitoring . S e a s o d  or intermittent operatioat may 
seasonal or htarmilirr~ employen must reaulnments. ba utrrmelv awndlc  and vpriablr ~. 
conduct an initial modto& 4th W kthough hdividud mas-ant themfon. cb; dmpoaal requires 
days of the ikst lamduction of EDB into may be the ultimnte indicator of an ' monitoring at least annually mgardlns 
the work uar however.8 the intial employee's exposum. OSHA believes of tha results of. the laot monitoring 
monitoring or my  subsequent . the reauimment for individual - ~ V M L  The agency belleves lhis is 
monltoriag indlutw employee exposum 
to EDB above cha action level but below 
tha PEL theemployer Lh.n incun en  
obligation to continue to perform 
monitoring. The employer must wtablisb 
a cyde to noeat  tho manitorinn of each . - 
such emplo&eVr exposure at I& 
annually. A more kequant obligation 
o m  if employee exposw ia found to 
ba above the PEL The proposed 
standard establishu aramonitorin~ 
cydr of at least r v e ~ 6 ' m o &  wGn 
axposure is found to b. above the PEL 

in addition to the periodr specified for 
remonitoring c y c l i a n  employes must 
mmonitor md make a new . 
determination of employee a x p s w  
within 15 days (for other than seasonal 
exposures) if them L a  been &change in 
p m d u d o ~  pmcau or control m a a i m  
which may msult in new or additional 
employee u p o s u n  to EDB h is 
contemplatad tbat rhr employer may use 
the periodic moeitorina results to hrlfiU 
this additional monitoring requirement 
provided the periodic monitoriag u done 
W(hm 15 days of the chpnne in 
production pmcasr or con-kol measures. 

Employen em terminate the 

meas&ent m y  be too burdsluulme. 
Momover. m~maentativa measwmata  
will adequately reflect exposure . 
provided t h ~ t  npmsaa(~tive rpmplea 
indude wont u s e  axposw scenuior 
M e ~ w m e n t  of expontn nwd only be 
made once uaumion uw- are 
below the action ievA f i r  continuous 
expoawes. The determination need only 
be repeated if tbem u a cbange in 
operation such that it may m a t e  new or 
additional EDB -sun. The 

operailoh; below the a d o n  level so 
lollg u them is no change in production. 
prowas or conhol which could d t  h! 
new or 'addltiod axpmtm . 

Employen are not pncluded b m  
tokin# hdivldual exposum 
meaeiuementa for each em~lovee  
lndividusl measurements ceruinly 
coatidand to be representative: 
however. mptesmiative monltortng 
requirements merely establish the 
minimum Lhnl the employer mwt dIeeL 
la establlrhmenb having mom than one 
w o k  operation involving the use of 
EDB. for monitorinn to ba 

necessary I&& employee pmtution 
in viaw of the f a n  that It will be d l f 6 d t  
to ucaNin whethu con dido^ and .. 
rrpoauma rarnain &e aama horn year to , . 

in thesa situa&&are hvther 
complicated becausa E!lB is a colorlar 
odorlass substance at the PEL 

Employen with s e u o n d  operations 
am hvrher requimd to conduct 16s 
monitoring within 30 days of start up or 
w i h  30 davr of th. &st iotroduction 
of EDB into h e  workplace. I h e  pmposal 
doer not allow a L a ~ a t i o n  of 
monitoring for opantiona which an 
uasonnl or intermittent for the reasons 
that it dl be dUEnrlt to ascertain 
&&out -onit&q whether exposum 
an the a r m .  b m  m u  to year. No . 

a p d i c  psriod of the fa &en for 
nznonitorins after a change In operation 
under these-drcumstancei because the 
exposures may be very ahort or sporadic 
and mmonitorincl mavbave to be~done 
quickly to iftani"ade;luate protection to 
workers. OSHA is awan tbat seasonal 
and intermittent operations may have 
w a t e r  flumtaUoru in exposure than 
wntinuous ooerstioianr. Due 10 €DB's 

monitorkg if employee exposure is representative, nu& monitoring must b. extremely tokc pmpedes and in view 
found to be below the action level. performed for each type of employee of these fluctuations remonitoring must 
However. if there ie a reason to suspect exposw within each opentioa be conducted as  awn as  possible after 
Ulat new or additional exposum may Employen who have taken exposure lha fluctuation 
oeav because of a hang; in pmduction. meis&enb wi*in six monihs of the OSHA believu employees have a 
process or control the employer must effective date of the final reguladon may fundamental right to be apprised of the 
reinrtltuta the monitoring program. use the results of those maeaurements. - results of rnoniiortng whdther or not 
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they us above the PEL This Is a v o l q e  o'f air is drawn. Passive for monitoring exposure levels. OSHA 
consistent with the mandate of sectlon dorimeten may also be as effective in reqcests conmepts and suggestions for 
8(c)[3) of the Act which not only evaluating &how exposures. The we of monitoring seasonal and intermittent 
requim that -ate employee portable gas chromatograph may be of exposures and specificauy requests 
exposure records be kept when special we in evaluating peak or short comments on whether monitoring with 
monitoring is required but that term exposure on site. The MOSH direct reading inshuments should be 
employees be mven access to such analytical method [P&CAU 2801 ceauhd 
~ O N ~ O S ~ U  M&S. a n t i i m d  en A P P * ~ ~  D will detect (n. obse,,,olion of Althou& 29 C '  181020 requires that EDB in pasta per billion with the 
emoloveer have access to axoosure accuracy delineated in the ~ r o w s a l  Monitoring 
mbrd i  u on request, the pm~posal wing gds chmmatograpby &'electm* Section 8(c)(3) ofthe Act requires that I requires t a t  tha amployar noti& all capture detutioa Although thew employen provide employees and their 

I employees of the exposun *chniquu require cam. they ur readily representativw with the opportunity to 
measurements which ue representative available end should pose no special observe monitorfng of employee 
of their exposure. This exrrlidt dif5culties for un~ loven  covered by uaosuma to toxic substanecs or 
requimmeht to inform amployees ha8 
educational value and will encourage 
mom effective and anlinhtaned worker 
parUcipation io occupa~onal health . 
programs. Rewgnizing that for 
notification to be an efiectIve 
informational process it must oaxv in a 
tlmely manner. the pmposed standard 
requires an employer to notify each . 
employee of his 3s her exposure within 
fifteen [IS) days of obtaiaiug the result# 
of measurement OSHA believes that 1s 
davs is a reasonable period of time to 

1 implement this req&mm~ . 
I The employer is given the flexibilit~ to 

,3 communi&te monitorinn results in a 
manner that is judged 6 b e  most 
reasonable. Only in those instances 
where an nnploycda exposun is above 
the PEL is the employer required to 
notify the employee of the reaulta of 
monitoring in writlng--rtatlng that the 
PEL was exceeded and provide a 
desuiption of any rppmpriate j wmctive art la-  

OSHA is aware that in some 
circumstances. ~ c u l a r l v  in those 

i involving s tevd~rine  opentions, 
employees who am monitored for EDB 
exposure may not always work for the 
same employer or re ort to the lame 
work location each 'f av. Under these 
nnwnrtances. it may be dURcult to 
direcdy notify employees of thmk 

! expect. tba employer to make avey 
reasonable attempt to notify those 

1 - affected employees, the ~ 6 p o s e d  
I regulation allows the employer to notify 
1 the emoiovee's authorized - 
! representitive of the monitoring results. 

The available methodology for 

1 sampling and analysis of EDB 
demonatrates that it is possible to ' 

monitor employee exposures down to 
0.001 parts permillioi At these 
wncentrationa samplhg and analytical 

. - 
this proposal 

The pmposed standard d o w s  
oenonal samlinn =ins charcoal mbw 
br other absoibexit typimeasurrmcnt 
methods for monitoring. ?hir tvpe of 
sampling must be followed b y i  
quantitative chemical analysis that . 
.usually ocnvr offsite some days later. 
Traditionally. OSHA has used thia . 
method to' monitor employer compllpnce 
nith its health regulations. However. 
thtr approach may be completely . 
fna~oro~riate for monitorinn intermittent .. . 
operations under changing &nditiona. 
For example, the results &om monitoring 
stevedomiJoading holds in a ship, using 
chueoal tubes as a wUccrion media, 
later followed by fomal analvru in a 
chemical laboritoay. probablj. would. .. 
not be available unttt after the ship baa 
left the dock and the workers have left 
the workrite. 

A more a m w i a t e  and advantaueou. 
moDLtorfng G&que would be to - 
require that only direct reading 
inihmenta be used in these sCtuation* 
By direct r e a d i t  OSHA meana aome 
method of Lmmedletelv beinn able to 
determine employee ;xposG lweb. In 
this manner an employer would 
immediately know if the upomre levels 
ue above the PEL and the employer 
could initiate action to nduce those 
levels. In addition, dinct reading 
inshuments would indicate when the 
level was axceeded so that o h r  
protrctive measures might be instituted 
Another advantage of dLsci reading 
monitorinn uoebilitv would be the inre 
of info& dm loyies of their 
monitoring resJts while they ue stlll at 
the workrite. An apparent disadvantage 
is the lack of readily availabla testing 
equipmenL The only device OSHA is 
ewaie of that will'wnfom to the -. . . -. 
pmdaion and accuracy uimmenb of 
the omnosed standard an 7 se ldve lv  

-..-.. ~ --... ~- 

hunful physical agents. In accordance 
with t h i j  section, &e proposal contains 
provisions for such observation of 
monitorinn for EDB emosurer . 

l%e obirver, wbeth;r an employee or 
designated representative. mudt be 

provided with. and required to wear. 
-my personal protective equipment that 
is requked to be worn by those working 
tr! the area that is being monitored The 
observer must also comply with all other 
applicable safety and health pmcedws. 

I.  pamgmPh (g]. Methods of - 
CompIiancs 

The pmposed standard requires that 
except for a narrowly defined exception 
discussed below, the employer must 
(nstitute feasible engineering and work 
pracoce mntmis to reduce employee , 
EDB exposms to or below the 
permiasibla exposure Umit Whera 
engiueering conhols or work pcictices 
wmot  be instituted to reduce &~posure 
to or below the permissible level. these 
wnhols must nontheless be 
implemented to reduce exposures to the 
lowest feasible level. When engineering 
contmis do not reduce exposure below 
the PEL they mwt be supplemented by 
the we of respkaton to pmnde the 
aecessary protection 

The proposed rule's reliance on 
engineering contmls as the primary 
meaw of compliance is, m part. an 
achowledgment that a p d d a r l y  
effective method of conhlling employee 
exposure is to contml the emission of 
toxic rubatances at their source thmugh 
mechanical means combined with the 
use of work practices. Good engineering 
m d  work practice contmlr also 
minimize splashes and spills. An added 
benefit of thesecontrols is reducing , 

dennal exposun to employees. 
However. OSHA also recognizes that 

methodologies are available which have sc&n out other chemicals. is a gnr - respirston may provide a~c<~table 
m accuracy to r cod idmu level of 95 chromatograph [CC). Portable CCs cost protection when an employer 

! per cen; of not less than plus or minus more monev initiallv than ~ u m ~ e  and establishes s~incent orocedures and * 25 per cent. ' chucoal tubes and kqukexGerienced &en carefully s 6 e ~ s e a  their 
Samples may be collected by professional operaton to use. implementation on a continuous basis. 

( ~bsurption of EDB on C h a ~ a l  The FIorida Lkpartmenl of C i h s  has The agency recently published an ANPR 
: 
1 

containad in glass tubing thmugh which had some experience in the w e  of a CC (48 FR 7473) requesting comments on aU 
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relevant iuuer related to the 
drsumrtanus in which it might be 
appmpriata for OSHA to allow granter ' 

worken fmm cbe &our &borne . 
contamhanu npulated by OSHA. The 
agency ia particulaAy interested In * 

conjunction with (hot regulatory 
initiative. In receiving comments, 
information and data concerning the 
w e n t  m which m p i n t o n  may provide 
effdstlve proteedon against EDB 
exposum and may be mUed upon as  l 
substitute for engineering conevb 
bwond thou drcumrcmces d d b e d  

The engineering control mquimmenb 
contained In this proposal may not be 
technologiully or economically feasible 
in some opemtions. In recogntdng there 
dmmstancaa the omooral~aUowi an 
employer to demods&te'the : . 
infeasibilihr of sonineerina and work' 
practice cdnevls in a par&dar . . .. .,: 
operation and allows the me of . . : 
rispinton as supplementary protection 
in these ckcunutsnces. The burden of 
pmof is appropriately placed on thb .. 
employer to'sbow that engineering and 
work practice controls are not feasible. 
The amployu ls familiar wlth the 
workplace opentlon and is thamfora In 
the bet polition to evaluate various 
types of cootmlr as they sppiy to (hot 
p m u  yorkplace envLonment . 
There am many type# of engineering 
m d  work oractice controh available 10 - reduce e a u m .  For example. in a 
warehousa th. uw of spedally equipped 
forklift h e l u  employi~,such 
technology as the w e  of a downdraft . 
purified air flow mav omvida the 
protection n m - 4 .  k i l a r l y .  OSHA 
believes that tbe use of oortable blowen 
on the decka of ships biing loaded with 
EDB fumigated commodities may be 

~~- ~~~ 

exposurei.  hi potentiai tecGologid 
problems m d  eranomic d c a t i o ~  of 
installing various controls and 
implnnenting v ~ o w  o n d w s  m y  

In addition to penaitUng aIternative 
compliance merhoda upon a showing 
that engineering and work practice 
controls em not feasible.or bave not 
been installed this proposal allows the 
employer a measure of divretloo in . 
selecting the method of complying with 
the PEL in certain limited situations. 
Thus where an rmployer has a 
work~laca whsrs & b s m s  to EDB am 
not only intermittenibut am limikd to a 
few days per y e u  1301. the emolover 
may seleit &ons alternative meihods 
of complisnca. engrneering conhls. 
work practice conirolr. mapirator 

protection or any combination of these and assum their use. The use or . 
mntrola to comply with the PEL OSHA mspinton m y  be necessuy to reduce 
I. prowains to illow the use of these ' em~lovee am&w where &use of 
compiimw-allornatives w b m  urbe-ering wntmk or work practice 
utmmely apondic and intafmittent conkoh am not feasible. as 
urposure patterns m y  make effective supplemenury protection If such . 
engineering controls and work practice reduction controls wiU nondrfeve the 
controls impncticaL disruptive and' newssory nducYon while controt m 
Inconvenient For the purpose of this beiq implemented and dun'ng 
propo8aL Intermittent opendolu are ememencv situetiona. In additioa the 
defined as those which msult in 
rxposum orrurring for 1 or 2 days at 
m y  one the. A total of30 day# per year 
of workplace exposure I. meant to 
Qarribe days of operation involving the 
use of EDB in the workplace and not the 
number of daya an employae b exposed 
The agency bar chosen to d d a t e  this 
exposure rr workplece aum and 
not employee -sure X t t e r  
chamcieriie its intended application. 
The 30 day exemption proviaion is not 
intended ti o d t  tharwe of sm~lovee . 
rotation or short tenure amploy& in 
Ueu of compUance with (ha general ' 
requlmmenb of the standard 

The pmposd also indudm a provision 
muirinn an emolover who eithar ' 

cm.etes & baa w n k i  o v a  . b a a  a .: 
bUpld to institute WO* pmcdw . . , 
controls to reduce EDB exposum lo ':: 

downsmam employees of othsr 
emolo~em. The mouhment was added 
b&Ge in some shations Ehe previous 
employer (La. a trucker or ahiwer) may 
be in the h t  situation to takiaction 
b a u w  that em~loyar hasboth ihr 
knowldga of the barsrd m d  ability to 
aid in the m t m l  of amployw eapmue. 
The provision ls not Intended to ba 
dlWcult or burdmwme to the employer 
wbo could affect potential exposursr of 
downrmam panoanel to eD& For 
example. a hckermay be able to 
reduw 8igniRantIy exposums to 

by bp&ing the mar soon of the mitar 
and aeratina the load befom unloading. 

Admlrristiativa mntmla which 
dishibuta exposures over a large 
number of worken for Iesa time am not 
permitted in Ueu of engineering mntrola 
or limited mapirator usage. The w e  of 
lh& control oractica inuiaser the 
populational employees at rirk Imm 
exposum to ED& Therefore. its use a# l 
control sttategy befom tha use of 
reapintoy protection is not contained 
in this pmposaL 1 

OSHA reauesb comments on aU 
aspecta of tke compliance appmach 
taken in thia pmporal. 
& hmgmph fi]. Rnspimmy Pmtection 

The proposed standard requires that 
whenever resointon am no-arv to 

- - 
proposal giv- the employer the option 
of u s h  resointow omtaction to control 
workpkce ;xpoa&s to EDB which am 
LntermitlcDt and l e u  than 30 days oar 

Tha'propod contaiaa spec& : 
mquiremanta for the use. aelutioa' 
dntenance.  and.fitting of respintom. ' 
The propod contains a table lis- the 
types of respiratory pmtection to be 
provided basad on airborne . .. 
mncenttations of EDB in the worlcplaca 
The mplrator selection table b . 
coosiaht  with the American National 
SLsndd hmtiN(s's Z-BB?--l% . 
practlwa for mpiraton pmtsctioo 
factor tabla The table is also similar to 
that mcommended in the NlOSH ' 

Critar* Donunant except that OSHA 
pmpoaea to &w theus-e of negativs 
pressum mapicaton under certain - 
mnditionr Hirtoriullv. MOSH has not 
mcommandad the useof negative 
oresaure aiF-purifyinn rasviraton when 
h e  regulatad subitnice his poor 
wa.ming pmpertles and cannot be 
decacidby amell at concentrations 
which are half the PEL EDB ir 
m o s i d e d  to bave poor warning 
pmperriar the odor tbreabold of EDB in 
SO% of the population tested is 10 ppm. 
which Is one bundrad times greater ban  
the proposed PEL. of 0.1 ppm OSHA 
undentandr MOSHs concern and their 
fdk to approve negative prunvc air- 
purifying mspinton for materials which 
bave poor wPming pmpertics. Sinca it is 
not wasible for the mapintor w e m r  10 
det& leakaae or bmakthmunh within 
Lhe hcepieG until dearly nv;ruposed 
OSHA ia om~osinn to allow che w e  of 

&nenily. wbem negative p n s s w  
msointor uru b allowed OSHA 
requiras that the mapiretor be approved 
by MOSH/MSHA under the provisions 
o f 3 0 ~ P a r t l l f o r u s e w i t h a  
particular substance or a dass of 
aubstences. Aa noted above. NlOSH will 
not appmur a negative press& sir- 
purifying mapintor for use with 
8ub#tan~3 with poor warning properties 
such as  m& This proposal would allow 
their use at low cokcntmtionr whem 

reduce employee exposure to or b$ow spdfied Rt testing Is dons In this . 
the PEL the employer must omvide the Instance where nesative pressure air- . 
respirators at no cost to thdamployes purifying respiretoia are used the . ' - 
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I . nronod ranires that they must haw ead&L or canistcri Additional tlart test- not &wed to det tmhe 

1 ' 
- - 

hdS~ appkvai for- &th organic d.1, c&& t h i k r c d  use of air- protection iactongeater than 10. 
vawrr  a more xanerd deaimtioa nuriMnn reminton u m n a o d .  Therefore. there is some suntion as to 

I 
. . -  nihsr than foreioiog the a h v d  ~umemur>ther hcton.may .fie& the the adequacy of ming thdl.4~ 

requirements altogether. The NOSH performance of air-& respirPlon. qualitatiw fit test d e n  employees are 
. appmvai system hdpaasrum the Roper fit of the respirator ia m t i d  In 'lo be a-signed to work in ahnobphems 

n e c e u w  aualltv urnfml in the this ~YDE of remirator nexative uresaun of up to ltYJ times the PEL OSHA . 
mk~uf.&& d d b w i  the fa&pinx &hen the soliur, commenta on whether tbis - I . mlnLnLu the manufacaus and u l e  of we- breather ~ b i s  may'. in .. procedure. which has beeu proposed in 
pnorly designed or ine5oent 
m p i r a t o ~  

OSHA h u  determined that organic 
vapor umidges can adequalsly absorb 
&borne concenmtloionr of EDB up to 1, 
ppla OgPnlc vapor canisten can 
adeowtelv absorb airborne mB uu to 
10 ppm. &liA bas conducted Ltrniied 
testa of the coUecdon aflldcocy of half- 
mark Eamidp and full face oganlc 
vapor cantsten for a few rrrpinmn 
produced by ~4 m a n u f a k  at 
concantrations a h  the pmp~scd PEL 
I'Nelson. 18831. 'Ibe studv mtcd . 

workphw air e n k h g  the facepi- 
hn& gaps and l a a h  in ths hapicor 
r e d  inrtaad of pasdng h n g h  &e 
absorbent materid Obtlining a pmpcr 
mpkatm fit may mquh tha fit t e s m  
of a .mi- of diflumt mask &red from 
wvazd marmfacturrn to select the 
facepieca with the best fit maat leakage 
m d  tha iaaseail for uch employee. 

&cauae ofthe sxp- hazarbt &at 
may oram if a proper f a m e d  ia not . 
obtained wbildusk a n a t i v e  
presrun respirator &d G m S e  of 
EDB's poor waning propertie% t h  
proposal requim @Utm or 
aulntitative fit tesh ba conducted w h e  

wGker protection. S'ubmissiom 
recommending almnative fit test 
pmcedum & requested 

While OSHA has pmpoaed that 
respinton may be used to reduce 
amployee exposure, negative p s s u n  
.air-purifyhgregpkPtom may only ba 
used in concentrations of EDB bdow S 
ppm. 'Iheae respirators are more 
practical than those recommended by 
NlOSK they are generally lighter than 
self-contained breathing apparam 
(SCUBA] and &ow grrater employea 
mobility tban a i r b e  respirators: bop  of 
these factom may lead to greatu 

i demonshated tbet the anecboti media negative w s m s  respintun are uaed employee aceptiincsh ddiiJau 
was adequate to proside p m t d m  if Eithet qnabathrr or q~an~ta t in  Bt testa negative press- air pdfying 
the EDB conaclluadaa vaa mrinuined am rmnirad at the time of initial 5ttim resuiraton am less ~ e n a i v e  than the - 
at or below the Mtr d e s a i b e d i ~ ~ a b l a  and athaat  llmuani U. oth.&respiraton p d t t a d f o r  we with f 1. A. a m u l t  of thir tcnttna OSHA Thmfon. mucedum h~ w n d n c t h  EDB. OSHA believes that with 
believes (hat uruidge &&ad filten qualitatinfit testa ere contained in be additional safeguards suebaa ureful 
GOJI provide at least eight houra af mandatory Appendix A of th pmporlt qualitative nt -ti& air punFyiDs 
protection fotm airborne mncaomtions QuentltaCtpe fit tcscing is a pmcedw negative p r e u w  respiraton an ba 
of EDB up to 1 ppm and that unicien whereby the h l  of penetmtion of a ,used as softly u other rypes of 
can provide pmtectian for at least 16 t a t  agmt of a l r n m  wnaotration is rrspinton and can pronde adquate 
houn without breakthough for measured Insf& the taccpiem of the pmtKtion .gainstEDB in the 1-5 ppm 
m o r n s  of EDB uu to 10 PP= OSHA resnirafor. Ouantltetiva redrator fit eveu thou& Pla has poor 
k proposing to d o w  tha u i i  of hali 
mark e d g e  respitaton for up to b 
h o w  durim a mrt 3hiR lwhem the 
airbome EdB crmca~radoD b not 
meter  than 1 uuml and the w e  of full 
face aniata G i p k t o n  (where rh. 
airborne EDB mncmlntlon b not 
w a t e r  than S nmnl for two dhow work 
~witbinoh;4dhorvperiodorrhm 
comecutive d a m  The 4E hour limitation 
u n e c e s e  toprotact the incegriy of 
the absorbent material end to a s m  
that the coUection rfEdeacv ia not . ~~ ~ - - -  
compromised by water &&war IOI-t 
migration 

S i c a  EDB has poor w m  '. 
umucrtles and no end of s w i c e  life 
Hdicaton are ovadabla caraidpea and 
uoiaten must b. umueriy tamed with 

1 e $ ~ g  is gcn* * .stha 
ideal method fm detamininnhow wdl 
u rephtor fits any one &dual b 
that it a n o ~ ~  the emulover to continue 
testing irntil the uP&a& or b u t  fittiq 
respirator b idmtieed and tdeaed for 
tbe employas QuanJtative 51 testing 
rcquim the nae a£ a sophisticated 
monitodng d h w  and is mom 
expensive than qualitative Fit testtng to 
perform Moreover, quantitative fit 
urnmama haw limited anilabiKtv 
which mfnmiru their uaefulnws for 
many workitas. OSHA beliwu that 
while qnantltative fit tuting may be 
prefemd qualitative testbg which is 
Eoncinetad &I accordPaw with rha 
protocols described h Appendix A 
aceomtishes the intent of the standard 

levek of ED8 G a t u  than 5 ppm d 
respintor wage is pennitled. d o e o r  
poiitive pres&ro respirators mwt be 
used. A i r h e  and similar positiw 

i ir and do nbt haw the ptublemr 
associated with exceedinn the 
absorption media's c a p e a g  (which k 
the case with cartridges a d  canirteciL 
OSHA is only allowing rirtina or. 
SCBNa which operate in the positive 
umssun mode. Faceuiecs lsalune is 
minimized-with potiiive 
reapintors. Therefom they can be used 
in both hinh and low airborne 
concenbaiions of m ~ & ~ l o ~ e n  un 
always me a resuintar with a U u  

Informanon consMirig when%eir use to ass& that each employee recaivu pm:ection facaiin lower / begam A h b d  which indlcatar the date and wean the &tor vhish provides concentmtions of EDB. 

- 
and t h e  of r canlter'a inatallation in: 
the respirator Is rqulmd to assun it i~ 
not used beyond tha period snowed by 
the pmpoad. Additional testing may 
reveal that the conanion media could 
provide mfection for a lonner mod of 
hme. I1 ddditional canister & &midge 
testing demonsham that the absorption 
media can last longer. these data may . 
suppod less frequent replacement of the 

the greateat level ~f pmmziob - 
Qualitative fit testing h a teehniqw ' 

whereby a rrenon warinn a remirator 
la tested toiee whether a h s t  agent 
with a low odor t h h o l d  can be 
detectad inaids the respirator. 
Qualitative fit testing ia a more 
subjective test than quantitative testing 
because it depanda on the individuals 
ability lo detect the test agent. The IAA 

All employees who are required to' 
wear a respirator must be included in a 
medical aurveillanca progrPm This 
provision insrva those individuals who 
will be axposed to EDB above the PEL 
regardless oi the duraiion of exposure to 
be included ia the medical surveillance 
program. In addition. respkator usage 
presents an excess burden to the 
pulmonary system of the employee. This 



burden m y  m u l t  in xymptoms such as with m B .  OSHA believes that the acute absorption hazard it  poses. The 
shortnear of h a l h  chest pain. w tmt id  for dermal exoosm to mB omoosed standard also omvidss that I I 
d i d -  or fatigue. AU of'these 
symptoma will ba greatly exacerbated 
by pmxisting lung disease such as 
chmdc brwchith emphysema. asthma 
or pneumoconiosik It & therefore. 
Imperative that aU employees who will 
'be wearing m p i n t o n  be medically 
m n e d  to determine fitness for 
mpirator urage. OSHA belleves that 
the phyaidan can beat accomplish this 
through uLUizstion of i phyrical . examhation. including a p u l m o r r ~  
functlm tmt and r cbmt x-ray. 

The mnployw must be properly 
mined to wear the nsvirator. to know 
why the m p h t o r  b u&ad aad to 
u n d e n h d  the Urnitations of the 
mpinlor. An understanding of the 
hazard involved is nscarsarg to enable 

. e m ~ l o ~ e m  to take steoe for their own 
p m k h .  m a  msplrbtory protecti& 
program Implemented by the employer 

. n u t  d o r m  to that set forth in 29 
1810.134 whlcb contain. basic .' 
muiremanb for p r o m  MlectioIL usa 
cleaning and mai6tenanca of mpGatin. 

OSHA has determined that rir- 
p@fying ~ ~ p h t o r s  may be h e d  in a 
r@dy conhulled pmlpun of proper 
fitttne and sorbmt mulacement. Whm 
the pmtcctioo factmi in the respirator 
table ars followed omanic vapor 
camidges and canis& may 
adequah protection for employees. 
OSHA ba r  in two other health - 
mgulatioua [vinyl chloride m d  . 
aqioniki lel  allowed the aae of . 
negative reapinton for . ' 

substanas which exhibit poor warning 

. f i e  agency seelrs comments on the 
use of rap in ton .  the frequency of 
cartridee and caolabx moiacament and 
the fit latine procdd~;  

. . 8. Paragmph ti). P e m I  Rvtective 
Clothing and Equipment 
Thr proposed standard re~uires that 

the wployw m v i d e  and anaura that 
mnployem who are subiact to m y  . 
possibility of skin contact with Uquid 
EOB use eU the appropriate resistant 
pmtectlve dothing end equipment . 
n e c w  to prevent dermal exposum 
Redatant dothing and equipment ia that 
which does not allow EUB to penetrate 
thmugh the material being worn for 4p1 
minutes 
n~ agency does not contemplate h a t  

the pmlactive clothing and equipment 
pmvisiom d the propond regulauon 
would apply to those worlroleces where 

-~ ~ ~- 

kMle ~ad& mated& subsequent to 
hdgation la minimal and that apeclul 
protealve clothing would not be 
neeassoy. 

The employer b to provide protective 
clothing. such as doves. boots and neck 
 cove^ as  necessary and appropriate 
to protect whauver portion of tbe body 
may mme in contact with Iiouid EOB. 
Th; employu must also pmkde eye 
umtection sucb a s  face shielda. vented 
d e r  or other pmtectiva quipmmt 
when necessary to protect realart eye 
contact The D&W& of this amviaion is 
to protact chiaim aglinst &e-burning 
and bhterinn e E m  of EDB Uouid . 
axposunr Foi tho- operatiom w h s n  
ampbyees mtei  confined spaces such 
M reactor.vaawla or storage tanks. EDB 
resbtant full-body suits with supplied 
air hoods am requid.  

p e  proposal b suEidenUy . 
psrform~ncmrielrtcd to allow the 
employer suflident fiadbility to provide 
only the vrolectiva euuivment nacesaaw 
to pmteci emplogeuineacb particular- 
work operation h m  EDB exposum. 
Therefan mmollance c a i  bbs tailored to 
f i t tbeh~rarr~&medoaadaytoda~ 
b a s h  Many operations may not requka 
full body protective clothing. especially 
if very a d  amounts of EDB ara being 
.bandeb Howaver. the selection of the 
.mount of pmtecdva clot& and 
equipment mwt h adequate to prevent 
m y  exposun to liquid EDB wbem skis. 
or eye mnhct  may ocnu. 

I h e  toxldty associated with dermal 
absorption of liquid EDB rupportn the 
muiced lmmedtate mmoval o i  any 
nokriatant  protective clothing o; 
eqdpmmt m d  immediate drench- 
with water of all parts of the body 
whicb become wet with EDB or Uqui& 
conllining ED& Sadour Sssua 
dcgsnerauon o n  quickly ocnv from 
skin contact or dermal ahrorption 
Suitable facilltiu for ouick drencbinn or 
flushing of the syea odd body am - . 
muised in aU work amas for immediate 
eiergeacy rw. Emergency showers or 
qu id  drenching devicas am needed in 
theirnmedlate work area becawa EDB 
c a  cause bumr or blirtering of the skin 
within minutas afler contact. 

Tbe regulation requires the employee 
to remove my  clothing immediately 
after It becomes wet or damp with liquid 
ED& In LhL context "immedietely" 
meam as MOO as It b noticad b j the  
employee: in other words an employw 
shduld not wait or take the time-to 

~ I B  contaminated clothkg and 
equipment must not be reworn until the 
EDB has been removed-tmm the clothing 
or equipment Rotectlve clothing and 
equipment should not be worn or taken 
home after use because it  could increase 
the number of people exvosed to EDB. 
The proposed standard &quires 
employers to replace protective clothing 
and equipment aa necessary to a s a m  
its effectiveness but does not specify s 
@van replacement interval. Employers 
should make frequent hpections of 
d o U q  to a s r m  that it retaina its 
e5cctlvanesa. A viaual inspection meana 
a systematic examination of the 
equipment to ansum such equipment is 
not leaking or developing leaks. This 
requlmrnent la necessary to minimize 
exposum to employees. It b particularly 
necesrary wbem M here. the subrtancs 
b a colorless, odorha and extremely 
toxic ClothLtg and equipment 
contaminated with EDB or liquids 
contahing'EDB should not he worn into 
lunchmoms to prevent the 
contamination oleaUng areas and to 
minimize the potential exposum hazad 
to 0 t h  wolken. 
k noted above under certain 

drcumatances the pmpcsed standard 
wulm the rrse of ED6 resbtant 
'clothing and equipment whvs there b a 
oorsibiUW ofakAi~ contact with liquid 
b& 0nly a few materials are capable 
of mbting the penetration of EDB 
thmugh the material and subsequently 
to the skin. Viton "' elastomer and 
polyvinyl alcohol [PVA) are two such 
materids (NOSH 81-114 Shmpfer, 
1ee3). Polyvinyl alcohol can be used 
only in aituationa where EUB is not in 
~ i u t i o n  with water. Water attacks the 
PVA and aubetantlally d e a a s e s  itr 
eflectiv- In thi. situation, it must 
alao be und in conjunction with another 
material to p m s n t  contact with 
moishvs fmm the slda To assure 
adequate protection the pmtective 
aquipmmt provided must give 480 
minutes or mom of protection before 
bmakchmush. Thuh when such EDS 
kiistant clothing beeom" wet 4th 
EDB. them b no need for the employee 
to remove the do thin^ immediately 
because t h e s  no l&aUhood of slrin 
exposure. 

The employer b r a q u i d  by the 
p r o w ~ l  Lo atom all EDB contaminated . 

the potential for dermal exposure to . p r o d  to the change mom. This protectiva clothing and equipment in. 
EDB results solely h m  the handinn of proviaion is necesray because of the containen bearing the following 1 I 
materialr or mmmodiUes fumigated extremely ~ w U c  M ~ W  of EDB end the warning 
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DANCER required 16 wear pvronal pmtetiw 

These watainna muat be dosed to 

clothing, the employer provide Aoww 
and &an@ room facilities for. 
employees. Employees eue mqnhd to 
takeshowen at the end of the wdshi f t  
to minimize the potential for skin . 
absorption is a r e d t  of EDB 
cantamination of claw 
I t .  h+mph fi).'~ousekeepri,~ 

prevent tkbmne ap- b a u w e  The proposed standard requires that 
liquid EDB anvaporlze, increasing . whew there are operatiom involviq 
ai~+~orm e m u n .  OSHA belteves that Uauid EDB or nauids containinn PIE. 
the regular;fe.ning. maintenance and employen h t i k t e  a program ib detect 
replacement of protectin tlothtq md leaka and sp ih  which Includes viaual 
equipment is n8eassu-y in order to fnspectionr Whenleaks or spUa dEDB 
protect against the h a d  of dam81 us detected the proposal requires the 
expos-The proposal nquba that the employv to proniptly repair -all leaka 
employer ass- that employees . and dean up all spill. These work 
remove omtactive dothim and uracticas aid in m h i m k h  &e number 
equipm;nt in (be c!!ange &am lad  th.1 of employees e x p o ~ d  a s i d  ?.a tba 
only h s a  empiowes authorized to do extent of any potential for EDB DB 

ro mav run& mintaminatad dothins wosure. - 
and e~~ h m  the &ange.room-hr h e n t i o n  and removal of . 
the p w o f  laundering. maiotearnce a c c u m u l a t i ~  of liquid EDB on an 
or dicposal ma pmcdm lilni+s surfaces ue criticany Lmportant aspectt 
potential a p o s u n  ta thar. aped6ully of minimizing employee exposure. The 
hind lo handle contmmatsd . llquid if allowed to remain on the floor 
mat&& . . . . oiwork aurfaces will slowly cvaponte 

~ i n d v .  h a  p m m 4  m'& &at and contribute to a possible airborne 
employ& i d o ~ t h c u e  who handle the hazard or it map become a dermal 
cpntaminated pmtecUn do* and hazard through inadvertent skin contact. 
equipment of !he potenwy harmful RIEs low vapor prermra which results 
effecrr of EDB. This provision u in slaw awpordion wil l  mntsibute to 
designed to emphasize the need to use and prolow the husrd.  The 
proper cke in h a n d l i  ED2 r8q&men~ to clean up spUa and drips 
contaminated pmteuiva dotbing'cnd refen to the prevention and removal of 
eauiument vin%le accumulations of Uouid EDB en . - 
10. Pamgmph 67. &ime Foc'Iities and 
Pmctioer , 

f l  em~l- &veld by the 
pmposd'a- rrqnimd to that 
employees waah hands and face with 
soap and wataprior to eating. drhldq. 
m o h q  at a p p h  cosmetics. The 
pmpwai rp& the W m a  fadlltlw 
and pracdm rquimd far employa 
pmlection in all 0th- wofxplaas where 
emolo~eas are nowired lo wear 
pmicsb;ra dothing toprevent &in or 
eye contact wi& t 9 R  The renuiremenla 
of the rest of thin p a r s p p b  do oot 
apply to those wor)phcsr w h m  the 
potential lor exposure to EDB muit. 
solely h m  the handling of marnials or 
commo&ties fumigated with EDR As . 
noted above. OSHA believes that there 
is litlle potrntal for dcmral a p o s w  ' 
with LbTdd -B while handlins 
materids sub~eqoent to the fur;ligation 
Therefom OSHA d o n  not m t u n o l a b  
that this pmvision will providC a n j  
compliance burden whcn emdoye  
exposure r e d t a  solety from the . 
handling of materials or cammoditin 
fumigated withEDR , . .. . 

.- - - 

all d a m s .  
AIthorgh this pmpo_sal d o n  not 

contain a provision for lunchrooms the 
agency has eddmsed thc potential 
hazard of inadvertent bes t ion of ED6 
contaminated matuials.?~ minidm 
possible ingestfon hazards, good hygima 
i. even more ultical for employees who 
do not have lunchmom fidlirties. 
Therefom employees are q u i d  to 
wash hands and face prior to eatiiq and 
are prohibited from eating in d a t e d  

OSHA belie- that became of the 
chemical's highly nective and 
deshcfive propewin on maim organs 
of the body, pmvisioer addressing 
emergency StuatloM am necessary to 
prevent hrrmful&oployee e x p o r n  tu 
SDB. In the went of sldn or eye contact 
with liauid EDR the rm~loocr L . 
required to assure that &eked .. 
employees Lnmediatebwash or shower 
to kduce the danger oichemical b- 
and skin absorption Emergendn are . 
occurrences such a a  but not limited 1.. -- .-. 

Thi proposed standard requires that equipmmt failur~nsptru. of containen 
for aU workploccl where employees am or fallwe of conml quipmenf which is 
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likely to or do real! in unexpected high 
upasares Tha serious toxic edects of 
an acuteEDB exposure hazard may not 
be xunediatcly apparent to emplayen. 
Thdorc providing immediate medical 
atte?ltion to.those employees exposed 
duinq an emagsncy is of paramonnt 
w- 

The aopmuriate vmcedwes fur 
d e a k  Ath-emerg-rncy dtuatiom will 
vary amongworkplaces and opendons. 
Employers must ham a prr-arranged 
emergency plarr. thne  preestablished 
plam-am nicemay buause quick - 
eWcient ations during an EDB release 
are iinuortant to inaui that a minimum 
numb&.of employen are injured during 
emeraencv situations. Likewise such 
pxic;dmn may effectively reduce the 
extent to which any empioyee may be 
injured The proposed standard 
therefwe requires that at least the 
following be included: prearranged 
plans for immediate evacuation. 
hrmortatiun. end medical assistance 
for &d employees. designation of' 
medical receiving faditin and names 
of physicians to conma pmcedum for 
reentry. for c h  n a  decontamination 
and maintrnanrz of areas when then is 

. 
an EDB leak or spill and selection of 
appmpriate clodung and equipment for 
pemlvleL This pmvision is necessary to 
assure that =cue and kmbnent is 
achieved in a timely and &cieni 
manner. The o m s e d  standard rwuires 
that m y  mpi+ not-sarp tb 
mmct the emergency situation, lcapr 
the area of the emerg-enq. This , 
reshicticn keeps the number of 
employeas potentially exposed to EDB 
at a minimum The follow-up.pmcedures 
such as the m u l c m m t  that PPE be 

, furnished to employen for reintry and 
dean up. end that the collection of R I B  
waste be with an absorbent nonteacwe 
material also deuease the potential ior 
exposure. Because of EDFs pmperties 
and its off~ss ing potential. EDB 
contaminated waste. debris. canbinen 
or equipment am requhd to be . 
disposed of in sealed labeled containen 
to prevent dispersion of EDB outside the 
container and protect those who 
subsequently handle thii waste material 
during d i a l .  - 
13 P&O~ [mj M ~ ~ ~ ~ S U ~ Y ~ ~ I I M C B  

The p r o b e d  standard reauim that 
each employer institute a medical 
surveillance pmgram for all emuloyeer 
who are expGed at or above tb; level 
for 30 or more days per year or any 
employee who must wear a resoirato~ 
reiardliss of the exposun duitlon. The 
medical surveillance pmgram must be 
instituted urior to the emdovee's initial 
assignment to an area whe4 the 



45888 - . - Fedval Register /.VoL 48 No. 198 / Friday, ' ~c tober  7. 1983 / Roposed Rules 

exposam l m l  will be a t  or above the 
action level for 30 or mom days per 
year. or prior to the employee's wen* 
of e mapimtor nzgardlesa of the duration 
of the respirator wage and e ~ u a l l y  
themafter. Pmvldtnn medical 

changes which may occur in workm ! 

expoaed to ED& . 
. All examlnatiana and procadurrr brt 

mq&ed to be perfomad by or under the 
suoavlsion of a Uccnsed nhysidan 

\ 
wuible a d v a e  health e f i m  of any 
bther medication in conjunction with- 
EDB molum. The enencv a h  solidla 
iiiocmition ar 0 wh;the;the 
potentiatiag eflecta of Antabusa' with 
ED0 am seen only with concurrent wtihout cost to the emplojrsk W e  th; 

~hysician will usually be selected by tba nuveillance for em~loyeea who will be 
mxpaaed at or above the action level for 

. - 
employer. the pmpoied standard d& 
not ao mandate. leavinn the em~loyer ' 

-~ ~ . ~~ ~~- 

The content of the physical 
. 

exnmination b consistent with the a Lbta 30 days p a  year ia consisknt. 
wtth other baalth standards pmmulgated 
by OSHA. Sin- aame employees may. 
be u @ e d  to work uaar when they 
will &xpomd to EDB at or above the 
action level oo a tampony or a short- 
term b a s b  OSHA has instituted o cut: 
off period for tba duntion 0.1 e x p o ~ n a  
which m e n  the medical aurvalllanc. 

h e  to institute altemaiive p r & d k  
auch as joint selection with the 

idendflcation of the adverse health 
effectr that hrve been ouodatad with 

employw or selection by the employee. 
U e d y .  the appmpriate penon to 

axpoaun to ED& It should enpharizs 
the pulmonary, neumlogical; . 
gar&inurtiial genit&ary and 
d a d  system. In addition a complete llccnwd physidan: hokver.  certain 

parta of the rendred e..camlnation do not asscumant of pulmonary status is - 
mandatory when a mapirator is 
required Tbis arsessment b . 
accomplished thmugh a c~mplete 

buesrady ~ u i r e  a phpidan's 
expertise and may be conducted by program,& a rsault of the axpidmw 

minod by OSHA's in the inornanic anbtbar penon Gder  the aupedaion of 
the phyaidan 

The proposed stand& & q u i d  that 
the rmployv pmvide the exsmirring . 
pbyaidan with cuLpin idomration Thls 
includes (1) A copy of the regulation 
a d  arrnendlxes B and C 121 a 

d c  &d coke oven proce~ding. the 
agency baa determined that thia cut off uunlnation of the head eves. e m .  

ooac thmet tho& and l&s. in 
addition to a uulmonarv function test 
and a chest ;Ay (inidally and at 5 year 
intervPls1. 'Ihe frcouenw oi chest X-rays 

, 
In addition, OSHA ia Mggeritq the 

nudical swelllance pmaram for all was de te~khed toavoid any potentiai 
health h d  associated with frecuent employees who will 60 riquired to wear 

a mapirator. The program must be 
Instituted prior to the employee's actual 
wearing of a mapirator and annually 
thereafter. The purpow of thia provision 
h twofold FkSL 11 allows &OM - 
individuals who will be e m d  above 

de~&~t ion  otthe emplof~es duties as 
related to exposure. (31 idonnation mdiogrspha and at the name time 

provide a &dent time interval to .: mgardlng the use of p&onal pmtccdve 
equipment and (41 examination fmm - 

identify any patholog~ul changes which 
may b a n  ocnvrrd The purpose of the omvioua work i ie ted  medical exams 

bot otherwise available tothe phyridaa 
The ~ w o s e  of makinn this information p u h o ~  function test whidr include a 

forced vital capacity (FVC). and fomd  
qiimlory volume at one second mf,1 
h to aaaht the physidan in making a 
d e t e ~ t i o n  aa to whether the ' 

the PEL ylardlesa of the d.mlion of 
axposum to bs included in the medical 

mvaikbie to tha physiiian is to aid in the 
evaluation of the emdoyee'a.health in 

nuveiUmw program. Semnd mapimtor 
usage pmscnto M axcesa burden to the 

mlation to auigned dudes and' . . 
detvmine f i b e u  to wear p n o n d  employw is capable of wearins a . 

respintor. . .. :. . . .. .- - . . . 
, f i e  labomiory shidibs required by the 
pmpaul spsdfically address the 
biological changes that may occur with 
EDB exposum. These include a battery 
of blood taala performed to measure ' 
Uver.function ~umtein. albumih alkaline 

oulmoharv system of the emnlovw. This pmtective equipment when requimL . 
The medical nvveillanca bmenm in 

. .- 
burdenmiy msult in symptom such aa 
lhortnesa of b reak  chea pain 
*a or fatigue. All of thew - 
symptoms will be gmatly exacerbated 

the propored standard includes-a ; 
detailed work and medical history. 
mm~le te  ohvrical examination 

by p r k d s t h g  lung direass such aa 
chronic bmqchitla emphysema. asthma 

incl;din8 'pemnent kboratoy 
evaluation and aaaessm~nt of . 

' pulmonary atatru (when required). 
A complete work history including 

my  past owllpational exposure to 
chemicab or toxic substances b 

phosphatass i i ) ~  SCOT. SGPT. CGIP. 
and cholsrtomll and kidney function 

lm&mtive that all mmployees who will 
be wearing mapiraton be medically 

uldum. phosphoruh BUN.-US~C acid 
meatiniael and usinal~sir. . 

scrrtned tb determine fitness for 
- 

~~- ~-~ 

mpimtor  usage. OSHA believes that 
the phyaician can beg accomolish this The em;rnenw mdical surveillance medical krvaiu'mce ' 

Information rmardinn such past chmugh utilhtion ofphysicai . 
examination includlne a o u l m o w  

pmvlsiona ;fl&t OSHA's concern for 
tho- amployeea who. because oi 
equipment breakdown. container 
mphvs or other cawes. may be exposed 

ocnrpatiomi C x p o ~ G s  may alert the 
phy8id.n to potential advme  health function teat and a c h a t  x-ray. 

- 
EDB u e votential human cardnosen 

cauring e &ety of neoplasms ind;ding in condu&g the medical history. the tohigher doaes of EDR Tbese worlten 
stomach narc1 and lung cancem in phyridan must inquire as to any may br at a relatively high risk of 
experimental aninah. EDB ia also a medicalion that an employee la taking. developing delayed systemic or dermal 
potential human reproductive hazard Such information h imponant b e w e  effuta and am to mceive immediate I " 
cawins ~atholomcal channes in ~ ~ e n n  studin hava shown that same medical examination followed by a 

~ ~~ - -  ~~ ~- - 

and teiks as well as alter& the ienrlity medication disulRnm medical observatioo period of aileast n 
atatua in a variety of animal models. (htabuse*). may potentiate the houn. lhis  medical observation period 
Additionally in humans. ED0 has been carcinogenic effecu of EDB. OSHA ia uitlcal in that the revere and 
shown to be a potent toxin affecting the recornires the aendtivity of such. aomeUmes fmul toxic effects of EDB 
liver. kidney. akin. and nervous svstem info~kation end bellavsi that if ohen am not manifested at the time of - ~ 

Therefom. ii is extnmely importa'nt to carrfully written the examining uposum. Such oba&atlon should take 
incorpomte a detailed medical physician's written opinion will . plau  in a medical facility.preferably a 
suneillance program in the atandard. sefeguard physician-patient hospital when a licenssd physician wiU 
This will allow the physician to identify wniidentiality. OSHA aoiicita commenta be mponaible for the penonal . 1 
m y  adverae health effectr or biologieil and also seeks information regarding the supe&ision of aU medical care delivery. 
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For aaeh ucaminadon required under 
this secYoh the employer shall obtain a 

control of safety and health pmbless 
involve the cooperation of employees. 
and the success of a safety and health 
pmgram,ls highly dependent upon the 
employee's undentanding of the 
bazarda involved in the job. 
OSHA bellevea as a matter of policy. 

that employees should be given the 
opportunity to make informed deasions 
as to whether to work at a job under a 
particular set of worldng conditions. 
Before emulovees can make an informed 

pmblemr. Moreover. advene , 
repmducdve effects may be linked to 
short term oeaka. EDB is a conosive written opinion h m  h e  examining . 

physician which shall include: [I) fh. 
ohvsidan'r ooinion as to whether the 

matuial that may leak out of unsuitable 
'containm. In view of the fact that the 

kiployee hai any 2etected medical 
' 

conditiow or b takina any medication 
~ b s t a n w  is w l o d a s  Pdd odorless at 
levela that are many b e s  p e t e r  than 
the PEL and the substance is hermful'at 
axaemely low exposure level& 
employees should be mined in 
emergency mcadursr for handling EDB 
and s h o n i d L w  what tdlook for 

which would p l r a  rhi employee at . 
increased rirk of material impairment 
fmm expoaure to EDB (21 my 
recommended limitations on the 
emplwee's sxwmn to EDB or upon the 
uadofpersondl protection equipment bccaure under some circumatana decision to wbrk in area mth 
Thi. wil l  include an opinion as to the there may be unexpected and ~ ~ o t l c e d  uotendal b r d a .  the un~lovees must 
emulovw's ability to wear a resobator awsurar. Moreover. employees need to be infonned of any unsafi c&xlitiona 

This Is auedallv imoortant for a mobile whih it b mq&d and (31 l stitemant 
that the employee has been informed by 
the physician of the msulta of the 
medical axamhation and any m e d i d  
conditions resultha fmm EDB e m s u r e  

be-informed about increased 
risk of exposum to EDB that wn result or tempor& wdikfdtw. In addition. 

kbek on materiak or containera which kom tha b e  of aylurgirdc w. such 
as Antabuse'. even if exposures to g B  
are low. To be efiective. an employee 
education pmpam muat at UIR 
minimum. apprise the employee of the 
specific hazarda assodated with the 
work environment For this reesoa. the . . 
employer b required by the pmposed 
standard to inform employees of the ' 

netun of EDEs potential health effects. 

leave the work area must be labeled to 
alert thoae who come in contact mth 

which require huthiforpl~oatlo~ .. .. . or 
treafnwnl. ,:. .- :, . ;: ..:z .,..p w... . 

The emuloser ahall inotrud ths ': . 

such contaminated objects of the 
hazarda of ED& In light of the serious 
natun of the hazard of m o s u m  to WB. 

physldanhoi to reveal in the H U e n  
opinion given lo the amploper @c 
findings m diagnosk.gumlated to 
occupational &.cposura to EDB. The " 

employer shall provide a copy of the 
physician mitten opinlon to the lffsded 
amployoe within 1s days of its nceipt 
The reouimment rh.1 the emnlovea be 

OSHA does~notbelieve~that periodic 
mining alone will adequately apprise 
employees of the heal.& hazards of ECB. 
However. OSHA believes that the 

the uararsitv forkmosure wnhoL safe requirement to post wamiag signs and 
&warning labels when coupled wth work pracci&a emkency procedures: 

and the m e d i d  and industrial hygiene 
modtoring program. Additionally, the 
traiuing should be conducted relatjve to 

the training riquiraments dismissed . 
above will adequately inform pmvide'd with a copy of the 

written opinion wtll assum .siployeas. The we of warning signs 
and labels accomplishes both of these the employee's language and 

eduwt iod  capability. The content of 
h e  !Anin# pmgmm ia intended to 
apprise the employees of (1) the hazards 
to which they pn expose&(Z] the 
neceaaaw steoa to omtect themaelver 

employ& b informed of the results of 
Lhe medial d a t i o n  and may purposes as it alerts the employees to . 

hasards and pmmotea safer work 
practicer 

The,pmposed standard indydes a 
requirement that warnings b9 affixed to 
all containers containing QIB or 
pmducta containing ED& The warning 

&on.  hi pirpose for reqi&&g that 
specific findings or diagnosis unrelatd 
to oaupa t iod  * p u r e  be excluded 
fmm the written opidon b to encoungr- 

includini avoiding dine&psurea using . 
mpiratory protection and availing 
themaelvu of the opportunity for 
medical uuminations. (3) their mle in 

emdoy- to submit to medical 
proviaions of the pmposed sthndard aiso 
require the employer to asaura that 

. - 
examinations by nmoving the fear that 
employers may find out advem or redudng exposw and (4) the contents 

of the standard 
The employer i. rrquired ta provide to 

the Sewetarv and the Director. uwn 

warninn sinnr label8 or starnos are . embarkassinn hformaUon about their 
~ffixedio &y product wntaihing EDB ' 
which leaves the employer's workplace. 
lhls requirement ia designed to pmtect 
those employees outside the initial 

physical con&tion that may ba 
unrelated to occupadond exposures. . - 

request all materials relating to b e  
training program. Thia b intended as an 
objective check of compliance with the 
training requiremenls as well as m 
indicator as to the adequacy of the 

14. Pamgmph In). EmpIoyes hfomotion 
md Tmining 

The pmposed standard maws the 
workulace who handle. transuort or use 
this product When an emploj.er 
manufacture$. formulates or sells a employer io pmvide a train& program 

for em loyees who us axposed to EDB rdP m a  ass of the level of umosure. The 
pmduct containing a toxic substance. 
that employer's own employees and also 

. . 
contents of the o n w t a  ' 

Training reqube&enta imposed upon 
an employer with a constant workfom 
should not be too difficult to uerform. 

agency has decided it is n&easary to 
train all exposed employees for the 
following reasons. OSHA believes that 
an infonnation and aaining pmgram is 
essential for the pmtection of 
employees. beuuse employees can do 
much to pmtea themselves if Informed 
of the nature of the hazards in the 

the e m p l o ~ s .  of other emp;loyen 
involved in handling. transporting. or 

Training a mobile or ever changing 
workforce such as h c k  drivers and 
atevedorea may be very difficult. OSHA 
solicits commenta concerning how and 
by whom this training can best be 
ovformsd 

usinn the umduct aie exwsed toihat 
subl?ancd. This is espdally h e  where 
the manufacturer. formulator or seller 
wd4. in many cases. be the only 
employer upable. through unique 
knowledae of the substance. of 

workplace. Data from the risk . r- 
providing the information needed for 

assessment indicates that there is still a P"qmph sSlolcmenlP. protection of other employees. However. 
risk of cancer. albeit a reduced risk at Section 6@)[7) of the Act mandates OSHA recognizes that other labels 
the proposed PEL in addition. ED0 is that appropriate forms of warning be required by other regulatory bodies may 
highly absorptive through the skin Skin wed to assure that employees are satisfv the intent of this omvision. 
contact with liquid EDB may Increase an apprise$ of the hazard6 t6 which they Therifore. this pmposal 'ellows such 
employee's exposure in an unquantilied are exposed in the coune of their labels to be used as substitutes if they 
manner and may lead to serious health employment OSHA believes that the contain the requisite infonnation . 
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Dua tb the h e d o u s  n a b  dEDB mprasentativea. OSHA ntPiPr 
axpoaurr OSHA brliavu tbat Lmphuis 
~ b o u l d h  ploccdoa w a  Mployees 

tukrr i r ted  aceau to both ldDd. af 
records u wcll as reapirabr h trotiDg 
recarda. but iLI a- to prsonaky 
ldm&ble raordr is made subicct to 

Comments and data ere hereby 
reonestad in mnonse  to the specific and 0 t h  MMN &out th-danneri of- 

exposure. ?be pmposld r d  
rsgulns that vluning dgns b. readable 
and not be obstructed or dtminisbed in 

quertionr poeed-in the disnnhon above. 
in addftion. &~temsted p m m s  are 
invited to mbmit m y  other relsv~nt 
commmb end data on any ofthe anyway. . 

1aPmosmphlpJ -PW . 
m e d i d  c&a& which ham be& 
publlabed a t  29 CFR 191l1(1 An . 
axtenaive &wndm of &E pmrliaaa 
mi ratiauale for O 191020 r m ~  be found 
a t 4 S F R ~ t b e a L a d n n d  

pmvisirm. amteiaad &I the pmposal. 
X$ Pubk~Partkipaih 

b t a a t e d  P- m M e d  to 

Section @c] of tb. Aa q u t ~ s  that 
u c h  e m ~ l o ~ e r  ahdl  k e e ~  and m e h  
e v d a b l ~  a;eh r emds  ;a the Stcratarg 
may ureraibe 11 neussam or mmmmt oa ibn proposed rtandanf on 

or before November X.  Written 'eppmpo'ate for the enforc&ent of chir 
Act or for &velaping bhmatfoo  

r a c o r d r m n d a r d u e ~ d c ~ i n  
0- - d r  (45 

FR 3SZu.L The pmposed EDB naodaad 
may be  &.bed hy any dunem rrfiich 

dam. vim aad ugvmsnb canceming 
the pmposst must be mbmitted in 
qnadruplfcate to cbe Docket O6icer. 
Docket If-111. U S  Department of 
Labor. Room N-Jaim. 2W Constitution 

r e g d h q  occupa~ond auidenta and 
ilhesses. The pmposal would muln , 
emloven to maintain rrrittsn recads 
of i l l  ;*ponuc masswamenb. -' 

respirator Et teat arrd m e a d  IZ P& Cq.L qf&F-ve Dalq ' 

As pmpoaad all s d m a  dthe - - 
ataDdard - = p t  psmlpapb (81 UQOM 

- 
bemaw df-aixty (60) day* . 
foUowkyrpublica~n of the fiml mle in 
the Federal Register. WIII give 
&acted employen and employees time 
to familiarize tbemsdvea with'the 
ragulstron end ih m n t m t  . 

A m m r  NW, Washington D.C mZlO 
(Telepboae mzlsp-scns]. Wriaen 
mbmissioar must clearly IdentiFy ihe 
pmvirbrrs of (he pmposal addressed 

. m d  the position Laken with respect to 
each such pmvisioo. The data. views 
and arnumant wilt be available for 

exposun monitoring recad be 
established far each empbyee or job 
claasificatim Suck rrcorb us 
o ~ t o  a d s t  the effntivs . 
evduatfon and mnbol o f m a  The 
rrc~rd must mntain a brief d e ~ ~ ~ t i o r r  

pubk~-hpectlonagd copying a t  the 
above address. AU mitten submissions 
d v e d  will be made a part of the 
r e w d  . 

Purnrsnt to 8 CFR 191~11 (b) and [cl, 

of the w o k  opmt io i  bekg -id. . : 
the methods. dates pml daratlon of ' . . The engineering and wark practilca 

. 
mnbols reqnired by p n g m p b  (8) shan 
ba Implemented as swn  as  possible but 
no later &en 2 yean fmm the date of the 
h.1 standard's oubUcadrm This tr to 

sampling: and two of . pcnonal . pmtcdhre equipment . . . . : .: .:. ' . , 
Because snnutorm of disease thpt 

interested penoru may in addition ka 
BLirrp written comment. as pmvided 

may bo relakd'ta exposure to ED6 ma). 
not appear for yean following m hitial 

aboie. file o b i d o n a  to the omoosd 
ellow effected employen &dent tkne 
to dwim and inatall nscassaw control 

m d  G u e s t  M intumal he& with . 
nawc t  thento. in aocordance witb the e m i k  the Dmnod ma& tbat 

q u l p n i m ~  The Agency dso ;oliatr 
Information and s u u w ~ n s  data on 

&or& of emplo& upaiuri 
maasmments bo r e t a h d  for a t  i tart 30 f m e  obieetfoar must be posb+ed 

on or before November 21,1983; 
- 

3. The abjecttva must specifywitb 
putlcularity the pmviaion of the 
pmposed nrle to which obfectlan it 

"atartup perfads-and deliyed 
imphmentation dates wbich may be 
nuunary  for other pmvCsfons of tha 
sbdard. 
X. Condvrion 

OSHA recognizu that some gaps 
u i r t  in tha available sdmtltlc evidence 
cancernlng h n i c  effectr on  WO- 
8xpa.d to EDB. OSHA b&wu . 
however. tbat in (his case we are 
deehg  with a chemical that k a 
potential human carcirurgcaTha 

yean. M e d i d  records must ba kept for 
at least the dwatimof unplo)ment plus 
30 man whjch is masktent with 29 CFR 
10iOm a c w u  to medial ceca& 

The pmposdr mcordhaping end must state the grounds 
thdrefor. 

4. Each objecffoa must be separately 
stated and numband: end 

examination .nd mpyin  ta the . 
S.srrluy. the DLnaor of NlOSK 
unployau. former rmployeesor their i The oblectiom must be 

accompanied by rdacail summary of the 
rviduud pmposed to h adduced d tho in"additiodtbe p m p d  sp.dfies tbat 

acfssa lo axwsure and medical rrrarda 
. ~~~~ - ~ - ~ -  

~ ~ r e & n u c t v a .  and OSHA r h d  be 
rcmrdance wilh 8 CFK IOULU). Ssction 
10IQn) b OSHA's rsctndy pmmulgated 
generic standard for asrrsr to ernployen, 
rmorure mdmedlul  mrda  145 FR 

a m a t  be permitted tn dd .y  the 
ngulncory proceu of establLhing a 

-...- 
WER hCD. a d  AMES. EN. 1W: Pas[tlvve 

d ~ o n o l m u t a n u  with delstlons of rtendard for pmtncting woJIen &pwed 
to ma. OSHA hoper that the p u b k  
parUdpatlon wbich is invited will help 

:J-CILI wai d ~ o n e t  chmrnosomve 
aa a e a u n i ~ ~  -dun for m u l a g r u  
b t  ow delsMn& J B.cteria 121159- 

35k1). By ip terms It applies tb = o h  
reauired by sneafic skandard*such a s  

io Ell wba~aver gapa may ui?rL 
Therefore. based uoon the available 

chi; EDB s k i d u d  ra w d  M to recards evidence and in view of the above ~ a r p u b l e  h c ~ l m U o r u  o€ Ethylene 
which are voluataaily created by considaratlona OSHA believes that Dibmmlde (1.2 d i b m ~ l h m s l  ANSI 

WJI-WO. employen. In gsneral. il pmvides for employee exposures to ED6 muat be 
AmdunNaLiadSlm- btllute. - umstrictnd employee a d  designated reduced ta the level of a1 ppm and that 

repnsentatlve aaeaa In eqmaure the orburquiremaat. to regulate PnctlCO# for b8pk l l~Cy  Rouctlnu. 
AWsTzsacleaa 

ncordr  A- to medical racords L exposw ta ED6 must be h p o n d  as sat - 68-  ~ , t ~ n :  ~b. dstestlon. o f c h e m i ~ ~  
also vmvided for employn. and if the f a d  in (he 0mposaL OSHA will . a,l~.nn. d l h  mtadc bmeteds In - .- .- . . . - -. . . . . . . . . . . . . . -. . . 
ampioyw bas given ;&c written . evaluate aU.Lhd evidence received and Hollamda A Id): Cherniul Muugns-  
cansent. for the employea'r designated entered it into the public record and Pnndpln and M*lhoda f0rTh.u 
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Decectlou New Yori  P l m m  VoL l, pp. 
zs;- w $ 

hLUMbi& NA&M& ~QMPPI~C 
Pm0,MNJDEtLSCHINDLmH.  
1- The effect of dy lene  dibmmide in 
fmd on the p w t h  saxual development 
Md fermtty of chlckenr mulL Sd 47: 
1- 

A p l d w l  intapnution chmugh 
meubolic studies ofthe mtlIrmllty 
affrctr of ethylene dimethmentlphonatd 
m d  wtbylene dibmmidk Biocbem 
Phumwl~0l1~17aylO. 

WACK AX and HRMKA. P. 1m Rum 
and d p e m i u  of tantonpermi. indued 
in nm by p v r n t d  aearment mth 
ethylene dlbromidr 1. Utlrasmct Ran 

6- Publkrtion No. 78: 1338. Wib i t  
417. 

Nationd h d t u t e  for Occupational Safety 
m d  H d c h  197% Cumnt Intelligence 
Bulletin Reprintcgulletins 1s W u g h  
30. DHEW (NIOSW PvbUcation No. 79- 
146 p. 454% Exhibit 4-6 

National kutituta for Occupational Lfety 
a d  Health Ion: CAterie for a 
recummended standud. . . . 
Occuptlond q m u n  to ethylene 
dibmmide. DHEW [NIOSW Publicahon 
N a  77-P1. Exhibit 44. 

Nstiomt instttute for Occupational Safety 
end Health IsrS: Cumnt InteUlgence 
Bulletfa ): ELhplme Dibmmide (EDBI july 

' 7.197S. Ln: Curnnt IntaUigence Bulletm 
Reprinu 1 chnr la DHEW (MOSM 
PublicaUon No. 728-W. 1978 pp 19-tS. 
Exhibit c5. 

National lnatitute for Otcnpadonal Safety 
qnd Health 198% Technical report: 
Penneation of pmteeiive garment 
matend by Uquid balgenetd e t h m a  

. and apolychlorinated biphenyL U S  
Duoactment of HeaIth and Humrn 

AhaR R .nd LAVON U. ~ s m   buy^ in 
total llpopmteh UKI unIno 
.db in epididymd a d  aIacula1.d 
s p a m a t o w  ol bulb m a i d  mUy with 
d y l m  dibmmide. J. R a p d  Far. 5139. 

AMlR D. m d  R VOtCAM. 199. Ib. a8.a 
of d i e m  8thybn0 dibmdda a ib. 
-188 of b U h  P d W  ~d Sbdi ty  1k 

~~~~.~ 
m d  hn'm on ch. m.eh.nirm of the 
obwned 85ueq~tstlc c u c i q e n i c  
mponm. hdncqenes& 2 1MSlOS7. 

~ m ~ E N V l R o ~ A L H E A L S H  
INC IBn: A npmductlve study of 
i a f d  f&tg of murled men MU. C = A m .  1. ~.;od M 

COUROT. Ion: DNA m d  pmMu oaxpadolully exposed to athylenr 
h m i d a  0 0 ) .  Submimd to Ethyl cb.npu in the 8pamatoroc o f b d s  

hastad d y  with etbyism dibmmlde. I. 
Repmd Far. $1: 4% 

AMlR D, VOLeANL R loa5: of 
dletuy ethylene dlbmmide on bdJ 
~ e r l . N a t u r s ~ 1 m  . 

AMlR D. ion: I h e  i t -  of the rpcrmtddd 

Corpontion. Baton R o w  Louisism 
HOGAN. MD. ud HOEL D.G. lS62 

Exhpolation to nu. prfndplea m d  
Methods ofTo%lmlorar. h v m  Rau - 
w e  Y . . . % .- . . . 

IARC Ethylane Mbmmide 1h: h IARC 
manoma~hr an the -1mllon of the acUoa of athylanm dibmmide in bulk I. 

Reprod. F A  S4JleU. Erhiblt CLL 
D . 1 m  &diddud m d  8- dm- 

Ssiviea. Publiwdoi No. m-110. 
N a d o d  h t i tu t e  for Dcataatlonal Qhty mm.~r;nlgmrr ib. berbidda fa 

lad I S T  chloriiurcd d i b s n r a i i 0 b  
and i7,&ehcau indwtrid cilemi& 
Val IS. Wodd Haaith Organhdop 

in ih. rparm(ddal effect ofathylma 
dibmmida in bull.. I. R w d  P d  

- 
a d  Health C m t m  fa Dbease ConhuL 
YMJ: Survey =port of Ethyl Corporation. 
R u d c n e  Texas nm. Report *115.10. 

Nedond ht i tu te  for Occupational Safety 

. . 
ll:%45. 

ANONYMOUS I%% ~.rhnlerl  b . b d  
LYDS Pnheq  lBs-zog. 

KOCHMANN. M, 1- Possible indurtdd 
iafarmtioa rrport on --&is 
bimasay of U-dibmmwthane WE). 
Chid Todmlogg lk473478. 

BEAUMONT. I. C a d  BRESLQW. N. E 

m d  Health 197a ~ a a i t h  h u v d  
ml tudon  btamination sewn n-11% poisoning# with athyl.lu dibmmids 

M u &  ad W&a& 15:133446 (Co), 
KREWSKl D. and VAN RYZIN. I. lsB1: Don 

rsl. Houston Cbemical bm'psny. 
Besumoni T a r  W h i L  7-7. b a r  rn&idandonr in epidemiologic 

studin of vinyl chlorlde worken AM. 

--- - 

h'SSON. GO. 1W Car8idge m d  canister 
etbylme dibmmde dnorpdon 
parformanw i n u  MilleeNelwn 
R n s v s b  Inr OSHA Ruehasa Order 

rapom modeb for q u ~ t a l . ~ n r e  
toxicity data. Cumnt topia in 
RobabUlQ and Statistlo (No& 
Hollmd Amsterdam). 

LEDEL N E W N  A tm Exposlln 
Mewwww~nt Action lad m d  
Ocsup.tiaul Environmmtal V.riabUlw 

LEVINS RJ. SYMONS MI, SAMWR II& 
MILBY, Tx. .  AN0 WORTON. Ma 
lea; A oelbod for monitwiq the 
I&ty of worknr  Joluml of 
Ocsuptionel Medidne p: m-186 

Ul7lZ ARTHUR D. 1982 Pinal rewrt. An 

~ 0 u m r ~ o f E p ~ c m l o l ~  114: 72Z-734. 
BOND1 A- OLOMVW E a d  CNDERON 
U 1955: Fmblsmt m n n d  with 

*mP311255. 
GARY 0.1983: Camidge and 

aaiaarav(= life loelhviene dibmmide. 

ethylene dlbmmda fumigatiw of 
mreals-ll. PndLy urpvimcnu with . 
Ieymg h m r  J. Sd Food we a-t 

BREW. K STW. ROSENWUNZ HS 
l a &  The muupnidty and DNA- 
modifying effect d hioalkrnm C.ncJr 
Res Yz~&rp 

~ l s r N ~ b 0 0  Research &G'osHA 
Puschaw Mdn =89FZS%m and BOi%W?.S. 

KR K3CIBA. RI, ICFIES. D.C. 
and MENNA. 1.1, lacn: A lhirtean 

BROW. D, lw QumtiWva &k 
aucssment lor EDa P m p d  f a  ib. 
Occupational S la ty  and Health 
Adnunurntiom Contrsct Na 41 USC 
WQ. Exhlbli 11. 

BUS- W. ROKRBORN C, 
PROPPING P, 1O)L: [Rstldde 
muu8entidly inve~tigadaru by (ha host 
lo.df8l.d assay and tha d o ~ ~ ~ n ~ t  ietbal 
t ~ t  on m u . l  Biol h m l b l  Or: nl-zs 

4 rcpeeted inhaltion study ot 
ethylene dlbmmide in rater Fund s Appl 

aun.ment of the control tleh;lologg% 
~ U W  m B  exposum a8Wdlld  with the 
lhmigapon o f d m  produce. US. 
Dupubnent of A s i c u l h u ~ ~ P ~ ~ ~ .  
b n m a  Nos. FSIS sa 944-17 m d  , 
APMSSeJ2Pe2-S. . . 

Todml hw-uf Exhibit m.' 
OLSW. WA.. HABERMAMV. RT, 

WElSBURCER EK. WARD. 1 M  m d  

atom& ancerk n u  and mi& by 
iulgcnated aliphatic hunignnu I Nad 
C.nm Ins1 smm34s. MCCANN~ I. Q~OL PYAMASAKL L m 

AMES BN. 197& h t n i f o n  of 
~~ 

OCCLlPAIlONAL SAPEIY and HEALTH 
m m ~ m n o N .  1~1 :  E t h a l e l  01 
the Ufeclma r*k of devalopinn fpnur  . . 

(Carl.. 
W. ROHRBORN. G. a d  

PROPPLVC P. len: bmpul t iva  
Invntigedonr on the mutaganldty of 
wt iddea  in mammalian t n f  systems. 
Mutation m AS2a 

The Camnqen Asaesment Gmup's 
Quantitwtive Risk Asresemen1 for, 
Ethylene Dibmmidr (EDB). U.S 
EnvirOnmentaL Pmtocrlon Agency. April 
n. 

eudnws as mutagens in the 
S.lmonda/micm.oma test assay of 300 
chemialr Pmn NeL Au A d  
warhingtou D.C) 77SlW139 ' 

NaUonwl h e a r  h8Utute. 10~1: 
dibmmide. and Addendum. 

OSHA TECHNICAL SUBMlSSION n. 1982 
Power calculations under the Poisson 
di8aibut(oh 

FHA TECHNICAL SUBMISSION *z I=. 
h e r  u l c u l a t i o ~  for EDB epidemiology 

Cardnogenesis bioassay of% 2- 
dibrcmc-athene flnh.lotion rcudyLTR 
2 l O  fas. N a  1060--(). Cardnogenes& 
Tear o Rqp.m. DHHS Publication No. 
INLI~: -I1 a-17- 

NaUonui j l jcer  InsUlule.lOIO Report on 
urpnogmasis bioassay of L G 
dlbmmwthanr (EDBI. A Ind Hyg Asroc 1 
4a n a .  

. . -- . 
OSHA TECHNICAL SUBMISSION a. lssr 

Ethylene dibmmide field sample rrsulu 
Ol7. M.G, SCHARNWEBER. H.C and 

--. --. - 
The Cardnogen Assnsmenl Cmup's 

Quantitative Risk A8sesrment for 
thylene Dibmmide (EDB). Aprii 21 1 9 ~ 9 .  

DOAINS. I.G. 180Z Comments on Lvine's 
ethylene dibmmide studies. Exhibit C3O. 

mwms. K.. IACKSON. H, !ONES. A.R 
1910: Studiea with aLkylating nte&l. 

LANCER. RR lsao: Mortality 
experience of101 employees exposed to 
ethyiene dibmmide in two pmduct~on 
units. Br J ind Mad 37.185-68 Exhibit4 
m 

~at lonal  sneer Institute. 1m Bioassay of L 
Mibromwthane for possible 
urdnogenidty. TR48 (CAS Na 1- 
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W. LLG. -ER K C  and WOMAS. B.G.H. and Yant W 3 . 1 ~ 2 ~  Toxfc 
LANCW RR 1977: 'Iha monaUty mffm of mtbylmr dibmmiar PDWc 
apdma of la unployns ex- to Hedtb Rep013 4z37Q-m.  
ethyl- dibmmlda ia m pmductlon VAN BIADEREN. P.J- HOOCEImJ. 1.J.. 
units. UnpublLbd report rubmittad to BREIMER D.P. and VAN DER CPI. A 

.. MOSH by 16. br Chemical Company. ' : I s m  'lbe o f d l m l k  m d  
Dow Qamiul USA. Wdland MI. . 0 t h  inhiMtDn ofoxfbUw m.uboU.m 
M v h V p p .  . . oa tbe fowaUon of 2-bydmxy.thyl- 

PUSIMM. H a  W n C a  W.w, merslptndc.add born 12-dlbmmwtb~a 
RI-DHAND(3HEEVERKL by P.U Blochem P h u l r u k n l X @ m .  
107R'Ibe rffm 01 diemy dl.uULnnr 2811(L 
up= tbe Uuoa di8ebuUon m d  VAN BW-, P.). B R W Q R  DD. 
E X ~ U O U  of C1+13;dibmmoetb~m in the 
n L R . r C u n m i a ~ P a ( h o l m d  

R-8. W T T  De JONG 

w-126--..... . . RAW. W S .  W, VAN DER GW. A. 
md M O W  G& 19111. 'lbe d m  d 

POWWS. bCB VOEUCER RW. PACE N3. dutlthiona mniugathnin thm 
WFOiaURCWEK,MdKXAYBDLw. 
W% Q of e t h y l e ~  

mutlgwldQ of l.Z.dlbnrmwthk', 
Blahem Pbmmocol a?mssz 

dlbmml- u.dlbmm& VN mm. P.J. ~mumr. DD- 
eblolopropana (DBC?'] 8ftu o n l  
admbbo.Uon in n t r  md m l a  T o d a l  

R-S C.M.T.. DE m. 
~ p p l  w m ~  ntn P. MOHN. FJL VAN MEeTWEN- 

RANMIG. U. IDB~ to no toxic e i c n .  of la WALUIU & B W S  W. and VAN DER 
GEN, h Ih. rellUon &a 

dlbnwo.(h.na and lfdlshlorwtbanr 
Muht Rm m(sI(SIleeLPS, ' . , 

rhuchm of .idnJ d l h d q ~  c o r n p a d  
rod tilair mutlgenic acUviUoovL : 

R O W  V X ,  BPEh'CER H C  McCOUtSrPR : mnjugetb to g l u ~ w -  .. . . . 
D9- HOUPiCSWORIK Cafduqlcnalr Vol 2 No, MSS-SOS,' AD- EM, 1952 T d d Q  bf ec1*lena VC;14 D U U ~ ,  GOLD-. 

" dlbromide d.l&.d on expulmenhl . m-,=ART, C- 
.ninulrAMAArehladHysOccapMd 

;H-ZS. :.. . ' . . .  MELCHONNE S, S a w  L ~d 
SHORT. R 1OZO BR.N olithyfnu.. . . ROl% D. IPrB: Cucinogentltyof 

b d o g r u t d  olefhdc and dipbadc . dlbrad&oo mprodudloa in nulamd hydmurbo., i. f ~ n a T ~  AppIF%m+d . . 
. . cu(l)a-lm. w r  co. ma): 1433439. Exhtblt 619.' ..' ' 

S H O R T . R I ~ - ~ &  . WMI!.RLSNCUIU.JD.mdMXHURD. 
d i b d d a  d e  pshk by nh m d  UIILP, INC Undated Qudiub md 

- m i s r T o r d n r l A p p & ~  qnanUtaUw usemuan( oftha DJddy of 
4e41l)S&I(LL atbyima dibmmldr . . 

SHORT, RD, ~ r .  MMOL I'LFERUJS~ON. WONC. LCK. WSTON. J&'UONC. CB 
.ad R r n C  K lmz C.rdn*Q 

UNCERT'dmdLEe.CMS;T-ty a d  toxidQ o f l . 2 d b m m d h a  htbe 8lUdi.l of 8dECI.d & E d &  Twk L- 
n L  Tmdcol Appl ~ I c o r l  q q s s  T l n d w ~ t o x b u s d s t b y I a n e  . a 

d i b W h l u l d b y n b m d m b  durinp arsM- No. WONG LC~L WINSIUN. JJLHONC. ca 
S e O l c w b o l a U S E P A ~ d T ~  'md mCmBW, 1- l S m  Qmmlc 
Subat.nanll 9p.bMitCtC Inh.)etion (mddty at U d i b m o d b m a  

SIU h t m t i o d 1 p a 2 :  ~ ~ ~ h t i v .  opar I n n b m t b m d w f t h m t d i a ~ ~  
rlsk aurumm~t  be ~~l dlsulllnm. MOSH C U U ~ C I  No. 7.lD.)(C 
~ u n b u h y h d i ~ ~  0 1 3 L m i u d b ~ K R o ~ M Z X H . . .  
repott RepMd for p. Natloml hti tute p a  OK Un$lrh.d R h M  6 
for omp.Ud 4 H d h  . 

,,jONC. O- -IIAN. -. Pd &, 6nmd No. P1424mL 
ST- p- UrLEOP. ML Bhm M.R. V% la R- enhntton d 

. m p m d u c d w ~ d m r k m  
S.P. U d a h d  lh P-tim of ahyen upwed to achgfew dlbmzkh WBI. I : 
p m t d w  germrrl by org.nic Oeeup Mod 21SlrP 
d v m U &  M e d m  t o D r . ~ ~ Q . ~ k r , m  

State ofCPPlmzi& Ikpurrmrm d t J lu t r i a l  Rlchard Ha&. OcmbmC tSn! Etttytelu 
dlbmmid. w&omnrmt.l ak lmnpla G h d  G.nulJIndvtay S.*W 0d . r  p*. - a- S 2 I - k  Olbrnmida m. . 

Febnvr f I sg . rodFl~ICenad  Memoddtun to Ed& lohnroa from Roy B 
S t a t a a m u t d ~ d O p p o l i U o o  Albert Cuduogen Gmup 
T r n U ~ ~ n y  boceming rh EOB h l i m t n y r i s k  a-ant i b r e t b y h  
Standud. CIS0 5M. Jdnrvy 2. dlbrnmide m& U S  ~~ 
Exhtbil7-h - . h ~ ~ ~ . ~ p n m b u 7 . 1 ~ .  

TER HAUL G. l s m l  An bav&(lgatlon of Memon& to Pecv McCnth h m  iby a 
posrible atmUy and hnlth dlrccl h m  Albert C.telnogan -ant Cmup. 
a x p o ~  to ethylanr d i b m  in Rfsk a s W 1 .  utlking UI. nviud  am- 
Bonbnq Repd CZtfqims Mo)Io&ie- dletnry expasun tu d y i m a  & m d a  
A PotmmidHmlcb RisUCold S p d q  - (EDBI. US. Envfmammhl FmcecUcm 
H a r b a h t a n m y .  Cold Sp* Hahr.  A g m .  Marla  10m 
W. p. 1W-1mi Ex. 7-a Mmonndum to DLsaDr Diviaioa d . TERAMOTO, S 1- Dominant Inha1 Standards h l o p m e n t  and Tachlqy 
mutaclon Induced in mala nu by I f -  Tnrulu 6x1~. Kamelh A Wlh rslP 
dibmm&5-chlaopmpans Mutat R n  Stadstla1 nriew of OSHA'# , 

mlm-rn quanlitadve risk asmsrnmt for chronic 

1983 / Proposed Rules . 

npona lo W ppm of etbylena 
dibmmldr U S  Depubnmt olHadth 
md H u n  Suvlua (Nl0S-Q - 

l8b ~ U c a  w u  papared &r the 
direction of Thorns C. Aucht- . 
A d a t a n t  Senatary of Labor for 
Occupational Safeq aud Health. U.S. 
DapPrrment of Labar. a00 Constitution 
A V M U ~  NW, Waahipgtoa EC 20210. 
Purauaat to aecthnr @4bt and &of the. 

m e n d  Part lsio of 29 & b j  adding 
new i 1810.1W a s  sat for01 barow and 
dele- the dzy "20 ppm" TWA 'SO 
ppm" a c u p t a b b  c a h g  wncenhation 
m d  "SO ppm" ecuptabl.  maximum 
pa& and "S minuca' aux&mm duration 
fmm the ahyirne dibmmide Us- in 
Table 2-2 of section imalaoa. d 
inaertlne "0.1 oom" &I the TWA column 
mbw-pprn i in  the accqtabla  &ling 
column for tha ethylme dibmmide entry 
inTableZ-2af im(11Ma - .. 

In addition, punoant to s d o n  4@](2)  
of the Act OSHA haa d e t e ~ a  that 
this new standard would be more 
eKe&vr &an the comspondfng 
s tanauds now inSuhoart B of Panmo. 
and in Pam 19is and k 8 .  of Tide 29. 
Cod. of F t d d  R m h d o p . .  Therafom 
( h a  w m p o n d i n g  standards would be 
pre-rmpted by tht nsw f MO.lo4e. 
lli# detminetiooe and fhe rppEmUon 
of new standard to the madtfme. 
indwtrv, would ba &nnheuted by 
a d d h g i n e w  puasrabh (iJ to f 19ia19. 

L t ( ~ f S u b j ~ i a Z s C F R i ? a c t ~  

~ t b y l e n e  dibmmldc Cbemicak 
Caocer, Health. Haalth m~~rds. 
Occupational d*,d health. 
Respiratory pmtection KLsk Pueuunent. 
Sigru and a p b o k  
[Sea. 4.8 and b of (ha OearpUonal Safely 
and Health Aa d m  fZS U.SC 663. 

P m  1¶0 of Title 29 of lhe.Codc of 
Federal W a t l a n a  is omnosed to be 

1. By adding 1 new paragraph (h) to 
f 1810.19 to read o foilorus: 

~ l S l & l ¶  Sp.d.lplmwonsbx* - . I . . . . . .  
(h) Ethylene fibmmi'de. Section 

1810.1048 shall apply to the expoaure of 



/,,, aFedanL,Registsr / VoL 48.'No. 198 I Friday. October 7. 1983 / Proposed R d e s  45993 

evuyone employaa to ahyleae work envlm-t where employees put Average (TwA], The employer shall 
dibmmlda in .vuy employment and on dean clothing or protective assure that no employee ia m o s e d  to 
place of employment &vared by.. 
S O  isna13. mu or in 
lieu of any dUTemnt rtPndsrd on 
uposun to etbylen~ dfbmmida which 
would othrmin be aooliuble bv vkhu 

- z ~y removing the i t r y  YO ppm" 
TWA. "30 ppd' aceaptabl. tailing 
conwwmtion d " 5 0  ppm" accaptable 
maxihum peak and "S minute" 
maximum duretion h m  the ethykh;. j.:: 
&bromide hQg iuTrbli+Zof . .. , 

5 1810.1000 and Lnserdng "0.1 ppm" In 
the TWA column and"0.S oom" in the 

' - amptabla caiUng con&ntiition miumq 
for the ethylene dibmmide entry In -- , . 
Table 2-2 o f t  lmO.~Oa). .. ..a ;: . 8 . 

a By iddins a new 4 1810.10(8 to read 
isbU- ...: .--- . . -. . ..--. . . . . 
,. . ..- ... ..f. r j  ,, ..:,,.. : ..,.. . 
p tsfalou 1.2 obromoemYr(.mr*nr . ~ ~ . ' . ; ~ , ; ' . . - p  . :  ., ..; ,.... , , 

(a) Stop. &d&ph&f~h (1) 'Ibis. : 
d o n  i d f e s  to mch olaw of 
unploym;ht which ir &volved in the . . 
pmduaion react toadeess  midns; .'. 
blending. packaging. repackaging, 
riorage. hrsportation ban* 
diskibudon and use of etbviene . . 
dibromide (BIB) orpmdu& containing 
EDB. . .  . . . , I  . . 

(2) %is ~ n & o  applies to sac6 
p laa  of mrploynmnt where exposure to 
EDB may resulthm: (I] Off-gassing of 
hit vegetablea.gnh or packaging 
materials fumfgptdwith EDB. and 

(ii) The spot fumigation of mil!ing 
machin y and iumigudon of gmIn 
oroductr . - 

(3) Thissection dms not apply to (I) 
Tbe appliatlonof EDB as a pesticide 
 ha d i i o n a  of the 
E U * ~  Rdrc(ion Agency (40 
CFRPartlBLI; 

(ii) Wholeisle or ratall fwd stores: 
ri7 AutomociPe sewice stations: or 

h&& &leaded heL 
- 

b) Oofinilions. Ill "Action level." 

. . 
eqnipment . .. . . . 

(S) Tantaiicr.' meana my 
receptada excluding pip- and piping 
rustcms. in which EDB or a Uquid . 
containing EDB is placed or kept 

' 

inclgdiw reaction vnsek. stmge tanlu 
and blending tanks. . 

(61 ~ ~ t i o a O O  meanr 
&imant of EDB contambated 
materiels by waternshdown, 
ventllatiow~or &er means. to-asmm 
that the wnfamkmted metufals d not 
expose eployees  to skin contact with .' 

.:.: . -  ..::,:.:.- :..i-.-. : - 
(7) Pirrctor.'mrans the Director. 

Nationpl Inrdtutcfor Occupational 
Safely and Health. US. Dcpartmmc of 
Health and Human Sarvlcn. or . ' 
desiIpler : --.sC.!::, i - .. ' -. . 

(8) Z m c ~ ~ , 3 m c a ~  any -*C 

occumaca ~ c b  ~1 but not limited to 
equipment f d u n .  mphm of containers, 
or fa i lw of confml equipment which 
may ysult in an unexpeded release of 
EDB orlfquid conhMng EIIE '. :. 

(9) Zmployae cxpomm" meaw (be 
axoorun to EDB which would occnrtf 
'thi employ& rnre not ujing s .:I .; .'' 
rrapirator. '- -.: :--- Z" ..- . _.. - . . 

(101 -Ethylcnbdibmmfdk" (C,t~3&) 
.[CAS Regis* Number 108-93..1). maem 
1.2,dibmmoethane (EDB) o re  a t a m  of 
Uqui& con(ainirrgE9B.' - . . : 

(11) "htamitteW openlma'mamr 
those ooemtions which r e d  61 . 

EDB- - 
(UI d t a i  --me- u) - 

where entry and exit in reshided to 
authorized perwas. - 

(14) m i s t a n t  dotMng md 
equipment" mwns do- including 
glovu aprons or boob m ~ d e  of 
materials w W  e h % t  ED6 
breakrhough tfmes d lprsrer than w 
minutea. 

1151 ,'Short Ten8 Ltmit 

an airborne conc&&tion of mB in 
excen of 0.1 parts permillion parts of 
a k  @pm) [I00 parts per billion @pb)j as  
an &how tima-weigbnd a-gt: 

' (ii) Short Term !Zxposure Emit ( S E L ] .  
The employer shaD a s m  &a? no 
emplope ir exposed to an airborne 
concanIration of ED8 in excess of 0.5 
puts per d o n  paN of air @pmj [SOO 
partr per billion (ppbll as average over 
any IS-&ute variod durinn the work - . .  - shift: . : - .  ..:.. ..; . 1 .  . . .  . . 

121 DennaI &noaiira The emvhya . 
sbid take &;ate pnsautio& m 
insun that no em~ioyee i a  sxporld to 
skin or aye contattmth E D 5  

(d) Reguloladh& (1) The ~ p l o y e r  
s b d  establish a rtgulated area ' 
whenevar the airborne concentration of 
EDB is at or above the action IeveL . 

(2) Access to regulated areas shall be 
Itmit.d to antbmimd penooa . 

431 Ths emnlover shall armta that 
rmphyeet d6 not ea t  smoke. drlnic or 
apply cosmetics in a regulated area. 

(4) The emplogashell post regdated 
areas with signs containing the 
following informadon: . . -. 
DANCER. W E  NAIUa) CONTmS 

DlBROMIDE (m6j 
CANCER AND REPRODUCTIVE 
HAZARD. AUTHORIZED PEKSONNEL 
ONLY. -TOR MY BE 
REQUIRED 

regdaied area. that amployer shptl 
wmmaniate to other employera at that 

resmetloru to the regulated are& ' 

(el 5 p s u m  Morritarirrg. (1) GenvaL 
Ea& employer who hp. a workplace 
covmd by thia standard. shaU m e a m  
and aa&tely determine employee 
expo- fo E D 5  Detmdnadon of 
airborne e x p m  levels sball be made 
fmm air rampla that are nprumcltive 
of each amdww's  full shift and short 

~ 

m i a h  ekployee &+ore to an (&j," means ao drb- (2) Seasonal and lutermittmt 
airborne concmtracbn of- pPN EDB concanbstion to rkicb workers cxwad Exposurea (1) At least a n d b  eacb 
per million parts of air (ppm) (SO p a m  
per billion (ppb)) mraged ovs an 6- 
hour period (TWA). 

(ZJ "Asdstant Sccretary.-seanr the 
Assistant Secretary of Labor for 
Occupatfonal Safety md Healtb. a 
designee 

(31 ~ A u t h o M  psnwpsnw meaus any 
person mqubd by work duties to k 
p r e w t  in regulated areas and 

, authorized to do so by the employer. by 
this sectioh or by the 0% Act of lS70. 

(4) 'Clean chauge maa~.~ means an 
uncontaminated mom aapamte fmm the 

continnowly br a ACTI perid of dw 
annot  be e d d .  A SIEL in d&ed 
as a 1Sminwte timwreighted average 
expoawe wbkh shan net be exceeded at 
any one Uma don'ns R wgdc d a ~  wm if 
the &hour tima mGtd me& is 
within the Pn, 

I161 ' W d  maiw moahms.' 
me.& a wrina stamlkrd opnt ing  
procedure by which M employe is 
mined to perform a task in a aped& 
manner in order to minimize expoawe. 

(c) Permissible Erpsun Limit PEC]. 
(1) Inhalation (1) Time Weighted 

emvlopnwho has a WUIIC ooention 
cove& by &Is standard shhil monitor 
employee expomre to a-tely 
detemriDe t h e a ~ e c o n c m t r a d m  of 
ED8 to wkeb employees may k 

(A) For- dming rwsaal  
operations. mitid monitoring shall be 
performed wfthin 30dayr of the startup 
or the first introduction of EDB into a . 
work arra. 

(8) F a  intermittent exposures, the 
inidml monitoring shall be performed 
within 30 d a y  of tbe inhuduction of 
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EDB lnto the work m a  even if action being taken to reduce exposure to mduce exposum to EDB of the flrst h e  
axposures ere not daily. or below the PEL mcelven of fumigated commodities to or 

[ill If the monitoring mquimd by thir (ili) When employees do not rlwa below the PEL 
section reven& employee exposures to report to the ame work location au tX IlrspimLory ~mtection. [I] 
be in excess of the PEL the employer as in rtevedoring, m d  the employerb k e d  Wbem nsph to ry  protection h 
shall repeat meesummenta of tamplea unable lo notify the employee dinctly of re,@& the employer shell provide at 
mpresentntlve of each auch employee's the monitoring msultr. tha employer no cost to the employee and amsum the 
expoaum at least every six months shall provide the result. of the exposum w e  of raspinton which comply with the 

(iB] The employer s h d  promptly monitoring to the employee's authorized mquiruuenta of this paregraph to reduce 
monitor m d  redetarmine employee representative for dishibutlon to employee exposums to or below the 
u p o s u n  whenever them has been a a e c t a d  employeaa PEI- I. 
pmductlon pmwaa or contml change (51 Accauacy of Measunrnenk The 
which may mault in new or additional , employer shall use a method of 

[2) Ilrapintom shall ba uaed in the 

exposum to EDB or whenever the 
following cimmatancer (1) In work 

meaaunmant which has an accUMCY dtmtionr in enweering m d  
employer has any muon  to ruspect new [with a contldenu level of gS penmt] of uo* pta&w wntmls not feasible 
or addltiond EDB uposum. not 1-s than or mima Z!J P e m t  to d u c e  ewes- to or below the PEL: (3) Other Expoawa. [i] Initial for o r n t r a t i o n r  of EDB a t  the action ,d Monitorins. level. 

uposed to EDB at or above the ectlon. obsarve m y  monitoring of employee 
level :- . . . . - ,  axpoaun to EDB mquimd by thir 

(b] Initial expoaura monitoring s b d  standard, . 
ba dona within 60 days of an employer's (2) When observation of the 
k a t  inbduction of EDB into the work monitoring of employee u p o m  to EDB 
m a .  reauims entry into an area when the 

[A) h& employer who Sea a work M Obasmtion of m0~0rins. (11 The 1- r d w r u z o * ~  - = r o w  Y)R EDB 

[ill Frequency of monito 9 . us; of pmte&ve clothing or 
(A] If m y  monitoring mvea L mauimd the observer s h d  Tdpmant e 

operation covered by thi. rtmdard s h d  employer s h d  pmvlde rffacted 
monitor amplopa exposures to EDB to employees or their desigoated 
determine whather m y  employees m repmsentatlvaa m opportunity to 

employee exposum to be above the provided with and be required to ore 
action level but below the PEL the mch clothing and quipment and shJ1 
employer sbaU repeat aeaavementa of comnlv with all other aoolicable 

- 

aam lea repmsentative of each such P and h&dth ' 
ernp oyee's exposure at least annually. (8) Msl(rods of C o m p l i ~ e a  111 

(B] if my modtoring reveals C a n e d  [I] The employer s b d  institut. 
employee exposures toba in excess of eaginnring m d  work pmctiu conhol  . the PEL the employen 8h.U repeat to mdum m d  maintain emolovn 
measuremenu of h p l u  repriaentative nponum~ to EDB st or helowihe PPI 
of each such amployea's uposum at - u u p t  to the uttent that the employer 
least avery six m o n h  - estobhhes that such control m not - ~ ~ ~ ~ ~ -  ~-~ ~~~ ~~-~ 

(C) T h e k p l o y v  shall remonitor and feasible. Whem work practice mntmh 
d e t e r d u e  employ- a x p o r n  within m sufedent to aceomolish this nod 
15 days of any cbmga in pmductloa alone, eagiDesring conkoh m e d i o t  be 
pmuss. or w n m l  measuma wid& may implamented 
result h new or additional employee (ii] When engineering and work 
czposure to ED& pmctlu conmh ua not sufficient to 

(ilil Termination of modtoring. U the mduce exposums to or below the Pa. 
monitoring mvdal am~loyee & o m .  
to be below the actlon'lciel thd 
meaaurementa need not be repeated 
exceut when them h u  been 8 
pmductlon, pmcan or control change 
which may result in new or additional 
exposum ioED& . 

(41 Employas N o ~ c a t i o a  ({I Within 
IS working days after the mcaipt of 
exposure monitoring msulta, the 
emulover shall notify each emdoyee of 
t h e m ~ n i t o ~ g  resulk which rip&sent 
that employee's exposure to EDB. 

(ill Whenever monitoring results 
lndiule the1 employee exposure 
exceeda the PEL the emolo~er ahall . 

they shollionethelras be used to mduu 
o r u m  to the lowest levak 31 avebla by them conhols end r i d  

ba supplemeatad by rh. w of 
respirators Ln a c d o r d ~ n  with 

h a p i h i 0 4  pmtecdon may ba inslituted 
prior to Lhe imposition of employee 
mlation as l conhol strategy. 

(iii] Exception: When exposure to 
EDB in a workolace Is intennittent u d  
occm k s s  th& a total of 30 days per 
year the em~loyer may uae e n b e e r i m  
bntmls, work practice conhn& or 

- 
mspiratory pmtection to mduce 
amulovee exuosum to EDB in the 

(111 I)IPins the time period necessary 
to btln or itnplement feaeible 
eagiDeafng sod work practice controls: 
and 

(Ui] Where workpiace exposures to 
EDB an intermittent and EDB is uaed 
within tba workplace lass than a total of 
30 dam per yam m d  engineering and 

C o a n r r d  -ma- 
d- 

(rw-mu 
DPI !*a4 Rob 

m m p . l m w  
PPIBOIoaDC 

R r * r r r r m * W  
1 ~ l t 9 - m  

m w k l a o  
pp.a-w-u 
..rplCa- - 

. 

UbOlOll)rMndem 

assum that each such employee mceives w&kpiace td or below the PEL wodrprktiin mntmls & not uaed to 
r written notice idonning the employee (2) Speciflc Employers rhall institute n d u a  upo8um: m d  
of the monitoring raruita along with 8 work practic8 contmls (such as eemtlng (lv) In emergenciex 
statement that the PEL was exceeded or venting of tnrck trailers or chimney I21 R8ruhtor Selection. fil Where 

m m-' 

P . A H ~ ~ E U ~ &  --- 
* m a c e - - ~  

t m - w = ~  
am-- - 
r . r u b r + n + w n s n  

w a p o a s n r r :  
t m - -  
mu-hma 
- a  

am-b..ap 
- . m u -  

ATIPC-- 
mU--h 
- a -  
P.kp.Mn=4* 
d U - h . m ( W  
W-h-  
bumb 

9. A- - 
.rau-mrmc.p 
Pb.r - .uu  
-DD.ltdnF- 
-aO.rPoN 

n e a ~ d n w a  --- 
esnw.8- 
w 1 0 3 1 D . u . - 1  

LAd-sm8udblD.q~ 
g=u-.l\u-oD 
d h -  
m 

b-ran*b- 
.I.r). 

m r n g r r r - - w .  
d h -  
4 

l l g . 1 0 . - b h f r l l n r r r a a b *  

and a description of any corrective stackiig cartons) whenever teasib16 to mapiratoiy protection is reqdrad or 
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u d t o s o m p l y w f t h & ~ ~ t b a  antering m&ed spa- & rr (2) The employer ahan institute 8 
employerlhPll md assure that . storage tank oraaraoarvk program fordetectfng l e e k  and rp31s . 
amployacruas Lh..ppmpdale - . (iiil W psnod pmkdive sqmIpmcnt including regular visual inspectfoas of 
respirator IncPmrdPnrsa w+tJaTable L .provided ahall complywith ths .:.. opcntlonc inwMng Uquid EDB. 

(ii]ThacmpbyvrhdluLet ..-. .. p m v i s i o ~  of 29 C F R m 3 2  a d  , . . '(3J AU Lakr sirall be repakerf and 
rerpiraton kom among those approved 1810.133. . spills darned up gmmptry. 
tor wa organic v- or pesticidea ( iv~ W ~ C  M A'& s ~ a  
by the N a & d  Inrtitulo for ~ m a n c y h - L 1 1 I n +  
Occupational Safety aud b l t b  . we**sh.IIbaavithin wotkueas w h E D 8  is p e n f t h s  

~ O u q & 3 O ( T B h r t u .  
the woricuealorv*em- employer shall taka steps we. 

(3) RespftotDI amployu (21 Removal and S t r m g h  O W k  to enrum hat employets am inamcrcd 

shall inrtltut. a n s p h t o y  pmwsfm r a s i s l a n t ~ d & n g l t  rqldmf in andfdIOw 
pmgram in a e c o d u a  url& 29 CFR it shall be d a t  tha ad of d pmd-qm@atabuch 
1810.1~ @(bldh ( e ~  d m work shift &dl + - 4 ~ ~ ~ ~ ~ Y ~ m p t ~ a r . h o v e k t n  
with 1810.131(bJ(la) sh9 uunU d It haa been demnt ' 

those s p e c i 6 A  o&ad in tka (IiJFDBamtsmiated dothingand (2) Tha wntm emugmcp procodurss 
medical surud~nca d o 1 1  dthb p m t k e ( ~ ~  d& d d  b e d .  4 shall * Raarranscd $ans for 
standard they am decontaminated. In doe& immediate -tica hampwtatiorh 

(4) ~erpiratm 0'- [i]= 4 0 y e r  w n b h  8  ami ins * and mediQl arsistmce for affected 
shall p& rrcprd ih. mtJtr conieim tba fobw+ng employees 
either quslltllative or qualimtive El tssb DANGER (TRADE NAMq C ~ X A I N S  . Ffl E'=&nafh of m+dfcai mce- 
a t t h e U m e d i n l M ~ a a d a t ~  FIHYLENEDIBRaWDE(EDR . fad iUu  and names of physidms to 
a n n d y  thcruftuLucpchemployca CAN(3EBANDREPgODUm' ' uratactfnLfumatofmEDH,~,~ - .  . 
we-amvepr r rv ln -  HAZARD:AMlDINWLAXIONAND emngencg: . - 
The test ~ U b a t t s a d t a r e h d a  SICINOONrRCf 
msplrator 5 n p k  which &its 

[WpCantry pmcd- deanup. 
[iii)%ea&ysxrhnn-ttat~' ormatnt.nancainto-wherrEDB 

miaimom leakage and pmvirhr the e m p l o y ~ ~ b o m a E D B  . .. leeks or spi& hove auau& and - rquirrdpmtactlonaapnrm'bcdin . . . contaminated wodc a 
Table t  . . (iv] Sekti~eicstioo of the appmpriata 

qui- . . ... p d  protective q n ~ m e r r t  a d  l i i l i h a ~ p l n y e r & ~ w ~ ~  ~ 3 ) ~ a u d R s p k n m r P t @ ~ ? b c  c l o l h i n g , & i & t h s l l k & h y M  
. p m c c d w  outtInad h Aw*Aof employer ahail cleap larndg. EP& oc penomel during emeqaep. . . 

this datfou when p m .  ' - ' do* - (3) the event of s b  greys contact qualitative Et t eak  a d  equipment for each affected 
( i iwhmrt-ptuQ5~ChcmLal .  amploy= as n e c n s ~  0 - i h  - - with a- liquid that H)B affcst& the employershall 

e d g e  respiralon are used. the afr e f f d v a -  - . . . 
immediately weak or shower to . ' ~lvityins dd be =placed a t  (iil The employer &dl eaaure that rnirrimin he dangrr of* abporptfoa the completion of each shiR anlp troiDed pexmna remove protective 

(iv] W h m  rt-pdfy%ug ca16~t.s~ type dothina q u i p a h  -ge (41 m m q u i m  that 
mspiraton am wed. the & - p m  contoinla fa plrpow of ~ D P ~ ~ Y W  lmmediatrIy ram~ve my. 
canister shall be mpIacad at the mintenanca ordiapoul nonnaixmnt clothing which bacomu 
completion of two work rhiItr wi'hia . (d) fha rhril soan .ny Wet withEDBor Uquid+conlainins 
one &hour period A fobd shall ba pmon who fo\mden a d- Such cbthin8 be dosed 
attached to the d t e z  to trdicata the mnb* pmwve do-- . containera and shall not be reworn unU& 
data and tlme at vhich it was Rnt quip-t of the po-y it d a ~ t P r n i n a t e d  . 
btalladonthareapirator. . effectsof EDR . [51 M1 e m o l o w  u m ~ o t  those 

(v] Employoea who w e u  rsrpimton 01 H ~ ~ ~ ~ F O &  c m d h d  d & ~ d  io mmct th. ;ituation. shall 
shall be permitted to luw work arsu (11 The m o k d d  - rh.t - be evacuated born the area whem the 
to wash their hce  d rrsotalor 
facepiece whenever neceaiary IO 
pmvent skin LrlWou associated with 
respirator uaae. 

(1) hLecfiis Cfo~%in# m t d & n j j L  
(1) Roviaion and UH Whem thars L 
the possibility of eys or skin conhct 
wiu~ me or uquidr mlaining EDB: 
The employer shall provide at no cost to 
the emplGe  and &sun that the 
employee was appropriate d s t a o t  
clothing and equipment to protect the 
u c e  of the body whkb may coma into 
contact with llquid EDB such ar: 

(A1 Fdl body pmt'ective do(hing 
@I Clove* hook head and nadt 

covaings: . 
(C) F&e shields. w t e d  g o g g k  

other protective equipment 

&wd empi- weah hads .SUII 
face with soar, and water ~ r i o r  to atinn. 

wd& pro(.stfvs'ddthing to sk& 
or eye contact with EBD. d.an chtnm 

descrikd la zs CFR malu ba 
furnished by the haployax f m r w  bg 
affected employeafh .  dean change 
mom shall be o~oliguoua to m d  haveam 

(3j The employer shall a- that 
emplovcu wearins moteuive clochinrr . 
or iquipment to pmiect against r k b  - 
contact with liquid EDB shows  at the 
end of the w o k  shift 

(kl Housekeeping. 0) hlt surfaces * 
shall be maintained frrs of drios or . 

emcrg+ncg omMd rmtlt cleanup baa 
been com~letcd. ' 

(6) ~ e n b m e ~  reentering the s p i ~ ~  o r  
hdc m a  shall be furnished with 
appropn'ate wnonal wtecilve . c - -  

(7) Any spilled ot I& 'ED8 shall be 
collectedby wing vedcdlte.  dry aand 
e u t h  or other no&active matcri;LL 

18) RIB contamiualcd was& and 
dibrk shall be disposed of in sealed 
cootpinen which prevent dispersion 4 
EDB outside the container. (i] Such 
contaiaen .hall bsar a wa- 
coouinhg the following inform-ad= 
DANGER W E  NAME) C O W N S  

DBROMIDE b 8 )  ' 
CANCER AND REPRODUCfWE 

(ii) Resistant d d t h g  (suil.] and 
supplied-air hoob  ahall be worn when 

HAZARD Avom wmunoti AND 
SKIN CONTACT 
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[UI Sprnt or leaking conlainen ahall 
ba pmmptly nmovad h m  the 
workpiew.- ' 
[m) ~ e d i c ~ ~ u r v e ~ l l a n c a  (1) C a n e d  

(11 The employer dd make'rvaUable l 
medical aurvaillanca progrm for m y  
employw maulnd lo wear r n s o h t o r  
or by employee exposed to EDE a t  or 
ebovr the action level for r total of 30 or 
mom davs ner vaar. 

hndu ch. rup.rvlrion of 1 U t n w d  ~ 

physician, m d  ahd be provided without 
cost to the anp~oye* without 1oar of pay 
and r t  r muomble time m d  place. 

(2) Frequency m d  content. Befon m 
employer can w e u  r msphtor  or at the 
tlme of initial auignmant to an m e  
when the employee is likely to b. 
exposed r t  or above thr rctioo level for 
30 drys or mom per year m d  s t  least . 
urnuilly thereatier; ihe employer shell 
provide that employee a medical 
sxaminatton The m e d i d  examination 
shall include the f o l l o w  . 

' 

[I) A compnhenaiva work history with 
inquiry direitad t o w 4  pmviow Gork. 
related axposum to toxic aubstmcls. 

Iiil A com~reheusive medical histon . 

(4) Id~lmrt ion  pmvlded to the 
p h p i a n  The amployer abell pmvidp 
the fallowin# loiannalion to the "' ' ' 

axaddn# physidarz .. . . 
(I] A copy of this M a t i o n  and ' 

appendices B and O . . 
[ti) A description of tha dec@d 

employw's dn6m as  thry mlata to +he 
' employee's exposure to ED& 

[Ul) The level of EDB to which the 
em loyee b exposed; 

A 1  A dmxintion of an" wnonai  

rmploymentnlatad midlu l  , 
usmiaptiom of the dec t ed  amployw 
which b not otherwise avdehle to the 

' ' phy8idUL 
3 i d a n l s  written opiniod (I] For 

section the employ&ahall obtlin r 
written opinion from the e x a d d n u  
physidG which du l l  indude: - 

[A) The physician's opinion a i t o  
whethu the emulovee has MY detected 
medical condltionior b takL;g any 
medication whlch would plaw the . 
amployea at increased risk of materid, 
impairment fmm expoaure to ED& 

fB1 Any recommended llmltation on 

[iiil hahudtlonr to immediately report 
toihi  employer thr developmeniof . 
sign8 or aymptoma of EDB upoaurr: . . . 

(IV) r;ts w o k  pncticeS , , 
' 

rppmprIaU to each jab ytth EDB,. .. .. d .  ..... ! ....,.. . 
-m - 
- r---- 

[v) The p q o s e  for. pmprr use and 
Ilmitatlom of personal protective 
dothinn m d  eauiphab 

[vl) h t r u c t i o ~  for the handlihg of 
#pills, anagency m d  d e q n p  . ~ . 

pmcedirer. 
.. 

[w The pupapare for and 1 description ' 
of the medical rweil lanw p m w m  
mufnd bv this ntandkd: m d  

(viiil ~n~explanat ion of the 
Importmw of engineering and work 
pmctia wntroh for employse . . 
pmtection and any nwsr s ry  
irutmction fn the use of these controls. 

(4) Accer* to lA&g materials. (il 
The em loyer s h d  make madily . 
availeb P a, wlthout cost to dl affactad 
rmployeee all written materials ralathg 
to the employee trahiagpmgram. 

[ti] Tha employer h a l l  pmvide upon 
mqusat d information and kaining 
mat&* nlatlng to the employee 
information a d  training pmgram to the 

wirhapedd~emphrsia directed to - thi dmplisyw'a axpoaure to EDB or upon h i s t a n t  Seaetary m d  the Director. 
disorden of the Uvar. kidney, lungs m d  the ure of penonal pmtective lo] Wamhg Slo&n?enu (1) The - - 
reproductive system. wuinmeni Thts shall include an oninion emolovar ahdl asrum that ~~~ ~ ~- ~ ~- - ~ -  ~ -- 

~ 

iiiil A compiehensive physical 0; 16 the employee's abUlty to wear a , p n k a i t i o n ~  warnings am o f i e d  to 
eumlnetioa with pareidar emohrsir msoirrtor; and d containan of liaulb conuininn EDB 
given to the urdiovasctlIar. puhonery, 
neumlogi~ hepatio rsnrl m d  dermal 

- [lv) Lbontory axlminationi: Blood 
serum chemisfxy rtudier indudlag. 

.calcium. phosphonu, gluwae, blood 
uran nitrogen # e m  cmatlnlne. d c  
a d d  cholestamL total protein, db& 
alkaline phoaphataaa. LDH. SGOT. 
SCPT. an6 WIP: urinalysis. 

(v) A chest X-my, initially and at five 
year intervals unless indiuted mom 
hquently by the examIrring physidaa, 
md a pulmonary b c t i o n  test indudi' 
FVC m d  FEV,. if an employee & to . . 
wear a respirator: and : 

Ivil Any other test dwmed 
ap-pmpriatr by the euminini phyaich 

' after review of the above mcdlul 
infomation 

(31 Special Examinations. U m 
employee ia expoaed to EDB in an 
amergency dtuation or develops s i p  or 
symptom commonly rssodated with 
EDB exposure. the employer shall 
immediately pmvide the employee with 
e medical examination. Tbla 
examination ahall Include those 
elemenu conaidend appropriate by the 

(6 A ahtomant that the employee h.. 
b.m informed by the phyaldan of the 
ndlr of the m e d i d  uuminrtlon m d  
any m d c d  conditiom d t i n g  h m  
EDB uooaurm which muim furchar 
axplanition or osrtmedt. 

[ii) The employer s b d  h u h 1 3  the 
physician not to mved in the writtsn 
opinion given to the empioyer specific 
6ndIngs or diagnoaia unrelated to 
occupatlond -8W. 

[UlI The employer ahall provide r 
mpy of the physidm'a written opinion 
to the affected employee within 15 days 
ofllr meiot. . . ' . . 

(n) Emp/oyw Infonnotion and 
Zwininp. (1) The employer sh.U a u ~  
that d amolovsa wh. aasimed to 
workplrwi wvemd by thie &dud 
putlcipata'in l training pmgraa 

121 Trainha shall be omvided odor to . 
orai  the m i o f  initial issignmeit m d  
at least annually thsmaftar. , 

(3) The training p m p m  shaU ba . 
conducted in a manner which the 
emolo~w is able to underatand m d  
ahdl &elude: [I) A copy of thin 
mulation and diacuadon of it. conlent. 
a d  Aooendlx 8: 

witbin the workpl;w. 
- 

(2) 7%. employer s h d  asmrs that the 
prruotlonuy wvnlngl ue m e d  
whan the materids us dold distributed 
or othenrire leave the employer's 
warkplara ' . . 

(3) ~ubstituie WamQ Labels. (1) The 
employer may use warning labels 
no-& bv other statutes~rexulation.. 
or brdhan&s which impart the same 
inlornution 8s the wunine atatemenu 
nquImi by &a paragraph 

(Al Th. emuloyer shall a s m  that no 
rritmmrnt rppeak on or n e u  m y  
wvnine information rewid by this 
aecUonwhich conIradicta or dehacu 
h m  cb. m e w  of the mquirsd 
w e  
(B) The employer shall assura that 

mquimd wuning statements am readily 
visihb m d  l a b l e  

[ll) The wamiq  statement shall 
contain the following information: 

. , ~~~ 

examining phyaicin idd 72-houi [ii] The potential health eUecta @) R8wnfkecping. (1) Expo8um 
medlul observation period lo rsaum raaocirted with exposure to ED8 with monitorinn. I11 The emolo~er shall 
that the unexpected delayed systemic emphasls on the paanUal for serious establish &'maintain -m ~cmuate  
effects associated with enrte exposum internal injury befom experiencing overt mwrd of all monitorfns required by ' 
are minimized. symptoms: pangraph [a) of this eection. 
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(ill Thir record ?hall i n q d r  ' dodr [i) Exposun rewrdr shall be Appnd* &-TO SU&N 1na101ti 
IAl The datdsl."number. duntiom !cot for 30 yean. Qiuulrti..ntTw~RococoL 

loiation and e;db of each of the 
samoles taken. . 

(ii) ~ e d i u l  records shall be kept for 
tbe duration of emploment pllu 30 

This append& ipdAn the only aIlowaMe 
pwlitaave fit test p l o d s  prmissible for 
compl i~a  with 29 CFR 1ma1018(h)[4l[ii) pi m e  opention &VOI& a x p o r ~  

to ED0 d i c b  is beinn monitored: * (U) Respirator fit test m r d r  sball be 
kept for 1 year or until replaud with a 
mom recent record. 

(iv) Recorb wquired by this standard 
shall be mainta&ed in accordance witb 

(C) N.mr .odd &uity number and 
ibb daulfication of the amployea 
monitnmd m d  of all other &ploy.es 
whola expoatla th. meamrunant is 

. - 
L f ~ y I A a t l t a R o L o o d  
A. odor %ashahi Ssmaniag 

L lhrn 1-~ter 6 jm with metal U& . 
1- Mam o l & U  Jan) ui nquimd . . 
Z 0dor .k  water [kg d i d a d  or spring ' 

water) at appm&~tely 55. C 8h.U be used 
fOCthMhti0nr . 
b The h m y l  acewe (IAA) [dsohown 

u isopentyl acetat.) s(ock rolution 1s 
p n p ~ d b y a d d i n g l f f i o f p w I A A t o ~ ~ ~ ~ e c  
of odor fns water inr I-UIu jar and rh.klng 
for 30 sew& Zh* solution rh.11 be . 
mmnd new at least weaklv. 

mmmoa. 
(5) Avdability. (i] The employes shall 

a u u n  h t  dl raw& to be mrintrined 

intended to replaant 
@) w k a  ~ t a U W  rompIn am 

ored to dowmaIt a m o l m  exwnvb ' 
by tht lacrion ba nude available upon 
m e s t  to the M t t a n t  *tam and 

Dlndo,  for examhation and-- - 
cop* .-.-. . - . I " 

(ii) Employm apomrs monitoring 
nmrb rrqnfrod by this paragraph &all 
be pmvided upon q u e s t  for. - 
euminntion and copying to ~mployear ' 
employee repruantativaa and the 
Aaairtant S u e t a r y  in accordance with 
m CPR lSlOdD (aHr.1 and 

1%) Employes medical rec %. 
muired by thin oraraaoh shall be 

. - 
w -.- . 

(Ej The typm 6Traspintoy pmtectioa 
and other p u r o d  pmtrciive devisa 
wom.ifany;and + 

(FJ A description of the n m p G p d  - 
analytical metbods 4 and d d e a c a  
of their acnuPcg. ,- . , 

(2) Madied SuweiUanw. (i) The . 
ampioyer riull estabhh and maintain 

iThe s a e e n l ~  k t  ihallb. conducted in ~ ~ ~ ~ - ~ p ~  -.-- 
a t w m u p . n t . ~ t h a m o m w e d f o r  
actual Rt twtlng Ib. two rwrm shaU be well 
nntlle(.d but dull not k connected Io the auiurite n c o d  for eacb emp!oym 

subject to m d a l  swveiU.nu tcquksd &on riquistior exami~uon  
and copying to the aubje* employea. to 
anyone having the spadfic written 
consent of the subject anployac. and to 
the Aaaistaat Secretary. 

(81 Transfer of m r d r  (I) '%a 
employer shall comply with tbe~ 

ume n d r d r t i q  ventilation ayatem 
r The odor test solution ia prepared ia r 

second ju by placing a4 cs of the stock 
solution into SO0 a of odor h a  water usinn a 

. .. 
by &in s e d a r d .  .. - - 
(U) This mcod a&U incllidr ! . 
'(A) The numa loci01 accurlty number ' 

'and d d p t i o n  of the duties ofthe 
e m d o y r  ,..... . i " . .  " '  , .. . :. . . 

- 
dean dmn~cr m niwttk Shake for Y1 ' 

~ ~ - ~ .. ~~ -~ e ~ e ~  ~ ~.. .- 
umn& MU.UOW to ~land for two to chrra 
minuur M ch.1 the IAA conconuadon above 
lhe Uquld m y  nseb equilibrium. This . @) A copy of the physidan's .&itten 

opinbw. . . ! ' ... ' " . 
( q b t r . o f  Lployw', expo;- .& . . .. - ,  . .. -.. . . 

solution may be used for only one day. ' 

~ A ( a r t b 1 a n k u v r e ~ i a ~ r h i t d i u b ~  &orb set forth in 28-bR r(ns%b). 
Iiil If the emp1oyw ccasar to do 

. - 
adding YX) oc of o d k  &en water. 

7. The odor test and (art bLDL Ian shall be 
LbeUad 1 and 2 for jar identitiation. K the 
LbeL .n put on the Uda they a n  be 
pniodloUy peeled. drlsd 06 md iwitched m 
mint.ia tha tnt*pily of the test 

a fouo.*ing w - t t o ~  a m  be w 
on a urd and placed on the table in front of 
tba km test jan (La. 1 and 21: 'The purpose 
of this (art is to detvmiDe Kvou can smell 

-- 
- p] h y  e ip loy4  iahik 'coiiplalnd 
related to exposun to ED& ' . .:. . . 

Cif) The q l o y w  shall keep tba : , . ; 
followiq m d 4  records: . . . .. - : : :: , 

[AIA~yofthemedidical~ - '  . . 

bluineaa and th& in no suceeaser 
employer to receive and retain kbe 
morb for the prescribed period the ' 
employer shall transmit then I&& by 
mail to the Director.. - 
(9) Ed- mtcr. (1) Paragraph [a) 

though (g) of thi~ secttun &all become 
effective sixty (60) days following 
publicstion of the Bnd rut. unless noted 
below. 

o x h a t i & i  d t r  iududing the '. 
medical and wok history required by 

(BJ A copy oftbe test mulu . ' 

(31 Respirator Fit Test@, (1) The 
amployer shall establiab aod ms&t~& 
acnvsta raso& for eacb employw 
subject to negative pressure respirator 

.Rt tsrthg required by thin standard. 
(iil lh i r  record sbaU includa: 

b.aq oil at a low coaccnmtion The two 
bottlea h h t  of you conteh.wnter. One of 
t h w  bottlea .Lo a n W  a d l  mount of 
banana oil 8. nus the covw ua on tighr 
then shake each bottle for two seconds 
Ulucnw the Ud of each bottle. one at a time. 
and sdff at the mouth of the bottla. Indicate 

(21 Mnswemantr representative of 
employea a p o n v l  to ED0 taken in the 
orecadinn aix month mav be wed to. . 
hifill chainitid monito& quirement 
provided h a  aun~ilnn and malyticd 

iAj A copy of the.pmcocol ~ O I  either 
the quantitative or au9tstlve 

to the test cooduelor which bottle contains 
bmru  oil- 

PThemixluresdintheMAodor  
detntion t a t  shall be prepared in an an. 
lepuate from whom the test is performed in 
d e t  lo prevent olfectoy fatlgue in the ' 

svbica 

methodr turd m ~ t  Uie accuracy m d  
confidanu level. requimd by cbir 

pmchdw(s) select& for mapintor flt 
-w. 

p1 A cow of thi.rsaultr or A y  
quantitative flt test&# performed .; 

13iEig&eering and w b k  ptactia 
controls required by paragraph ig) of 
this section shpll be imolementd as - - ., - - - ((3 Tbe s i u  and manufachvv W soon as possible but nd later than 2 10. K the test subjs  la unable to comctly 

of ~ p h t o n  available for selection . yean after ths eEectlve dab of the h a 1  id*nUfy the ler containing be ador lest 
@I The type and faccpisce selected - d e .  solution the IM qwlitativa At mt may not - . . ~- . . .  for the amployia. 
(Ej The data.of the-most recent fit (rl information kI%e teat rut.* co-;ly identifils the 

t a t i i  
pmcedrms contained in Appendix iu containing *a odor test solution. the test A is mandatory. ' rubject l luy pocad to mphtor selection The nami. social s e n u i ~ . n u ~ b  (2) Tbe information con~slned in the . md tesw, , . . 

and a description of the duties of tested subwquent appendices B, C and D to 
employer . .. his section is not intended by itself, to a ~ p i ~ ~ ~ I . ~ f i o n  

(4) Record Retention. The employar m a t e  any additional obligations not I. The teat subia(.h.ll ba .Ilowed to pi& shall etain m r d s  required by thL otherwise imposed by (his standard nor the mast wmfortabls mpinta h m  e stands* for at least the following : . . . detract from any exirting obligations. .slation including nspinton of various 
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s i k  fmm dlffannt mmufaclumn. The 
u l d o n  ahall inrluda at I- t h m  aizm d 
alutom.ricbaK hap- and uaIu fmmu 
lam two nunufaarvsn - 

2-The u l d o n  promu ahdl be a o d u c t d  
i n s  mom i.p.n(I 6om the Eblnt  ehlmbu 
to p e n t  odor h t i p a  Rior to the selection 
p a r %  tha (Irt anbjet dull  b. ahown how 
to put an a naphtor, how It should be 
poaidond on &a hrr how lo ant a m p  
emion and how to d#t8nniar a. 
'amlorubla" nrpinlor. A mlmr ahd k 
availabla lo auist thr 8uhj.a in avduetng 
tha 51 m d  poddoming of (ha mphto r .  Th* 
Inrmlstlm m y  MI corualllu the mbjlbja. 
f o d ~ ~ ~ h l o r w u i t ~ o n l ~  
a nvlmw.' 
L The t u t  aubjlct rbollld UdenlMd ttut 

Ih*mploynIa ~ u k d l o d . s t t t u  
n s p h t o r  which pmdda  t iu  
amtonabla E ~ f i c b  r n p h m r  NpMm(I a 
d l f I a ~ t d r r d r h a  m d U E t m p r l y  
m d  4 pmdy J p m n b  adequate 
Dmt.Et(oa 

&The ( ~ s t  m b l m  h o h  .a& Iaupi.e..up 
lo the f a a  and aUm&atar thou which 
obviously do not $va a codonable BL 
N&y, d d o n  wiu b.gln with a hPlf-- 
m u k . n d U a p o d 5 t ~ o t k f o 1 m d r h .  
aublect will ba ulud la tart th. full h u p i e u  
m i n t o n .  ( A m d l  -tan* of wrs wlll 
not b. able lo w a u  MY M - & a t )  
L Tha mom comfortable h u o i r u r  ul. . .. 

n o t d  ttu mwt amfoNb1a L donned 
m d  m m  at lea* five minu& la l u a a  . 
comfort hsisunCI in aunsiag CnmlG on 
b. @van by dtmu.ing tb. poinu in w . . 
balow. U tha last subiecl h not M u  with 
~ i n :  a p d d u  &pintor. the t a t  subject 
s&U k d i n a d  la don the mask w.nl 
tlmn a d  lo adiwt &a amps @a& la 
become adwt at umD: pow maion on h a  
--- 

k r L a n s m n t  of wmfon h i ~  ~ u d a  . 
th8 fall- pdnU Vdth dU (Is1 

subjea and d.Llollinr the t n t  mbi.st 

r a p h t o q  
paidoaln, o f d  oa no8. 
Room for .y. pmUCtloP 
Rcam lo klk. 
Positioning m s k  m f a y  m d  chub 

7, m e  IoUomg drlarla 8b.U b. r u d  lo 
help detarmlna the a d q u y  ofthe napintor 

. ~ ~~~ . ~ . u - o b ~ . ~ ~ t i ~ ; r ~ i n  -?. 
8. Tha test m b i d  d d  mndua th. ~- ~~~ 

wnvantionel negative a d  poaitivcpmuun 
81 cheekr (a.9. m ANSI ZBbZ-18~31. Befan 
anduct iq  iha nqst ive  ar poritlv,pnssun 
!@a the a u b j a  dull be told to " ra t"  h e  
mask by npidly moving Le heed from s ide  . 
losida m d  UP and d o m  whila IaUm a f n r  
deepbnah. . - . - : ,  

- . . .  . 

R Tha t u i  subjut h w w  m d y  far 51 
let* , . . 
la Altar pas- the 51 I ~ L  the 1.11 subject 

shall b. quastionad again muding  h a  - . 
wmforl of lhn napinlor. Kit haw kcome . 
uncomfonabla. another model.of mpintor  
shall b. a i d  .,. . . . .. 

-ma inuraabgly 1pwmfmabla at m y  
Umr . . 
C Fit, rut 

~ ~ I b ; ~ t ~ t ; l t a m b a & l l k s i n i l u t o a ,  
dsu U 8.1 dxum Unu s ~ p o d a d  inwrud - 
o v u  a Z foot diametu f n m r  80 rh.1 th* lop 
of eh.mbar Labour 6 inch- abova tha.hat 
mbCct*a head. fba  h i d e  cop - of the 
h b u  shall haw a cud boak a l u c h d  
t &ch naphior  w d  for th. BRlq and 51 

(ntkl shall be equipped r l lh  orp.nit n p o r  
d d s n  a offer yottctlon 8- 

' n p o n T h . a a U d g u a m a s l u . h d l k  
c h u u d  a1 h u t  -- - 
k repamla fmm h a  uud for Dniu 
lhmhold rmdq md m p i n ~  u l d o n  
ma ahall be well rantthted u by m u h a w t  
f.n ar lab hood lo p e w e t  saurd mom 
mnlunirudoa 

T.pr Exmziiaa 
LBNalha,xumdy. . . 
U Brsattu deeply. 8. u r n i n  h r h r  .n 

dnp md mgvlm. 
UL rum haad dl the way hm'on.  dda 

the other. Inh.Ia an each d d r  & cuc.in 
mwamant b ampleu. Do rrct bump tha 
nsptntor agema the M d P L  

iv. Nod &ad u ~ n d d o w a .  W e  rh.n 
head h in tha W. ap paition (loolciq comrd 
oiuru). B. sruh modon. m mmpIe(I and 
mad* about rvw mad.  Do not h p  the 
rnpintor on the c h a  . 

V. R u d  th8 &bow puvpr 8. C&ti& 10 
n d  doud md slowly. 

v i h a i h a  n o d y .  

RainbowPotag. . 
Whm ttu audi&t aaiLa &p in iha 

w. t h v  aU Wn a prLm ud farm a rainbar. 
The ninbow 11 a division of whit. lighl inla 
auny b.auciful colon, The54 rJ;. tha &pa 
a i a l ~ m u o d u c h m t h i u p . t h h l g h  : 
abov* and iitr two mdsappmmly heyand 
the ha l r an  Thw k. a a a d q  la lqmd.  a 
bolllrq pol of gold at on. a n d  hapla look. ' 

but no on* w s  fIn& it. When a mm lwh 
for 80methlq kyond la& bb ?Am& aiys 
ha la IooIdn~ for the pot of goid at cba od of 
I h m  ninhaw. -- ~~. 
k L c h  t a t  s u b j k ~  8 h d  r e a r  the 

rnpintor fa at has1 10 mi~~tu ktDn 
slutirrp the fit LnL 

k Upon ancuing ttu cut h b u .  the IUI 
subiaa shall b. givan a 8 by 5 iacb pi- 
of papr  lowel or other porous abrorbent 
sinsla ply maluiaL fold4 in M m d  watld 

m a  1-1 auhlect shall b a g  &a & tor.ion 
Iha hook at h a  top ol ihr chambe. 

7. Mow t r n  minute8 far thm IAA 1-1 . -. . . . . . - . - - . . . . 
wncmmdon lab. n a d a d  W o n  
Iha fibtart exeman .  ihu would k .n 
.PPmPriata bma to Uk with the t a l  ~ b j m c L  

e w p n t i o n  h a  purpose for ihm head 

a Kn q tlma du- the tear rhe s o b j a  
d a t e  the b u u n d l k r  .ll- 4 1Ah the teat .---a -. 
h u  W d  the m b j m  s h d  quickly d l  from 
h a  t u t  cblmbrr m d  l u n  the test m a  to 
avoid oUaaofy fatlgua . . .  :. 

la If the bat h f d e d  lhe aubjea IIUU 
nnua la the ulaciion rwm and nmova the . 
nrphtor .  n p a t  ttu odor&avitu a r ~  
d m  m d  put on ~ ~ t h u n r p i r a t o u  nhu. to 
tha b S t  dumber. and again bgln the 

d 4 b . d  in tha c(4J through c[B) 
a b m r  i b a  muss a n t b u n  unUl a 
nrpiqlor that 5- weU b u  been hand 
Should the odor aauidvity t a t  be hiled h e  
8ubja-A .hall wilt abom S minutea before 
ntatia(C Odor rcmidvity nin uaudy have 
nnund by lhir Uma 

1% ! f a  puroll sannot pur the 61 t-l 
d u a i b d  above weuirrg a half-mask 
nrptnlor fmm h a  avdable selection full 
faapiou modah m w L k  d 

-IZ Whm a nspkator L f d  that p;s;a 
the tm the m b j m  breaks tha facereal and 
ulres a bna* k f o n  axltinp the &amber. 
Thi. L lo asrun that the mason the teal 

- 
aubj.st L no1 m e l l i i  the IM in the good lit 
of the iorptnmr f.esph seal and not 
0,KaaM 
l3. wh.n ttu tart d i e d  I a v u  the 

ciun~bu. tha mbj.a a h d  m o v e  rhe 
u n u r t d  t d  dnnua it to the puak 
wnducciirp the teat. To kaep ihe us. h m  
h w  mnlaminated the d lowda 
s b d  b. kept in a d-sealing b.8 w then i s  
w aimi5unt IM condnmtion buildup in 
tha t a t  Jlmk during aubsquent lust& 

I& Pvlonr who haw aumrrfi3ly paued 
lh ill hat  with a b.IIQask nrpintor ma). 
k the U. of the test rapintor in 
amosp en8  with up la 10 Umea the E L  of 
a h m a  ma h a+morpbwr gruter l o  

, U m u m d ~ ~ t h ~ l ~ ~ t ~ m n t h e W ( ~ l o  
10 ppmhthe subject must p u a  the IM to.( 
wing a full face ng.tIn p n w n  nrpinwr. 

a Losauis h l u a o .  A-I ~ r o c a o l  

1 C ~ m L w s . l ~  
Rcrphton rh.n b. ulntad  u dombrd  

In s d a n  IB (fapintor wl.Ooo) a&- 
u n p t  that aach rrrpinmr 8h.U b. q u i p p d  
with; pua&u Nio u r ~ i d g r  

a roru Thdaidscra* 
An m d o a u ~  about head m d  shoulden 

ahall k w d  for rhnrhoid aaeening [lo 
detarmiru U the Inbdidud u n  tu t e  
uah.rinl and for lit l n d w  The clld08Wm 
ahdl k applodmamly Ulachuin  diemetar 
by 14 in&- Id with at I d  lhe fmnt clear to 
d o w  bn movunaot d t h a  head wban a 
napintor la worn 

r The lest radoaun ,hall have i hrr 
g u n s  inch hala in front of the tn t  aubiecrs 
m e  md mouth an. lo,acsommodata tha 
nabakrnonle .  . ,. ,., 
t ne mlin 8anaing and luting 

pmudun 8haU be up la ind  lo ths teat 
subirn pr(m la conduclln( lha w n i n g  IesL 

4. Dwin: the lhrnhold 8unnina tuL tha 
test s u b i e  8haU don the teat enclosunmd 
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. b n a h  with open mouth Mth tongue t n t  m b i i  s b d  petform the d m  for short lrngth of tubing to one end of the s m o k i  
atended am minute ucb. tube;Att.ch the othw end of the smoke tube 

a u.tag a m r n ~ u  M O ~ I  40 L ~ ~ I S U O ~  L ~ n a t b .  no~matly. to a low pnrsun  .L pump set to de~ver  ZDO 
Medimtion Neb&m.or e q d v d m t  the test iL h a t b e  deeply. Be widn b a h  am millilium p u b u t k  
Conductor AaU spny tbe thrwhold chock deep m d  d m .  h Mvin the t u t  nrbjad that the smoke 

. wlntion into tbe d o s u m  Thfs aebaUwr ilLTum bead d the b m  one side to 6, k irrltaring to the eyes and m e t  the 
& d  k dauly  lauk.d to di8tiqdsh it 6rmn the other. Be csrtain movement is complete. ,,,&act U, kq tb. yt, ~hl l .  the test 
tba fit t n t  wlutim nebuUzef. Inhale on each rde. Do not bump the 

h ih. thebold  chock wlution m d b  of rslpiirtor apirrct tba shoulden. i r p d o l m d  

O a ) p u a d w d i u m u c c h . r k U S P h  . 7. The teat conductor &all dimt the - Lv'Nodhud ' 8- o f k r i l ~ t  #moka fmm the tubs . 
mtw. It uo k ppurd by putUng 1 ad  motion# m mmpletm. L h d e  wben h a d  1s h twrd. the the sublee the tat w h h  (m C8 k l w )  h im a of . the lull up pamition [wb- l w h  towad tba a - th. ,hu basin mta. 

~ ' D o n o t ~ b u m p t h a ~ m t o r o n ~  l i t h t h a t u k a t i e . s t 1 z i n c ~ ~ m t h e  7 . T o p m l . a ~ n r w A t h e n m ~  c h e s t .  
b & i r M y  i q ~ . s u d ~ U u t i t m U . p m  ,. ~~d the uh hmg.. 8. to h=p- m d  rnd-uy -WJ to *thin on* 
~ e ( d y . t h ~ i r n * l u d . n d & w a d t o  n~d.loud.nd8&..fi. lnch m v l q  d tbe whoh penmtar 0f 
wyrrrP.od . .. *1amach.nonMuyi . t h . d  

. h T m  queema of the aebullras bulb .n la Ih. R h b o u  Rmy as g[va M o w  a a t n t  r u b i d  sbd be hmretnf to do 
tepeabd rapidly .nd than the tMt ~ b / w  ir rhll k ~k. t .d  m l cud w tbe cart thm foUouing e a e d u a  while the msplntor b 
ukedwb.tha111.uabdnuoktut.d m a y m d i ~  - tetq dullengcd by the amka Each e x e w  

~UthellntmponuLncgatitrrlMmon Ao-& rh.1I k pdonned for one minute. 
qu&&--of the n e e  b d b  m np..trJ L Bnsthe nomuUy. 
npidly .ad tbe t a t  arbjmt ir qmin uked men tbs slvllisbt 88*8 nindmp* h th. if. Bruthe h p i y .  Bs e n ~ n  bnath. uo 
w b e t b e r t b e ~ u o b t a 8 t d  a L . I b s y m c t U u a ~ . n d f m n a n i n b m r .  ,+,.ad&-. 

la B the d n r p a n u  IS M g a W  1.n .' Ih. a b O W  h l division of w6ib ugh1 into UL Turn bud d th; wey fmm one side ts 
amn MPCB~~ am WM rapidly .nd tku WY bnuriful mlon. taka h h r p  tba o w .  B. sru(n mo-nt is tompi& 
t a t r u b i e c t i r ~ y J n w b w h ~ t b e  dekn(lmunduehnthitrp~thhish 

. u c c b u i n ~ k t u l s d  
h h d e  m eaob s i b  Do not bump the 

mbom .ad en& a ~ d y  byoad .g*( th. Add,,,,. 
~~Ih.tsn.amducmrrlllWlenotmdtba (heborkDoTbueLissonlingtolegawie. h.Nod~eeduplod.dowa,BsrrrtP,,, 

nvlnba of nguirad to atldt a t u U  b o w  pot d gold at one d People look one a. .urrBnb - l m ~ o -  =complete .nd ma). 
~ d ; k ~ n a t t u t . d . t t n 3 0  forwme~bqnadbisna&h*har& d-e-headi.inthehrll* '' 

q- (SLap 10' tbe uabub tit t n t  position Ooaklag tmm@ d i n g ) .  Do not u ~ k ~ l w l d n O f = ( h . p o t o f g o l d ~ t ~ h .  eadpthenspintor.gaiartthechssr 
clanot be pe t f~~med  en tbe h. subjlbicd d tben lnbar .  

l%Uamn.r~spo~1.tdldt.dtbete8t I L A t t b a ~ o l u e h a P d r t b e  6rmnlQ1 r. Slowly and diatlaaiy. count backwad 
ubi&c&aUkukadtotrlienotedtb. & m~lcaam(ion 8h.U k npkni.b.d 
( u t r f o r ~ i n t b a f i t t a t  ~ ~ t b ~ n ~ o f q u e Q u u  *L Reethe nmmmy. 

1 c ~ m s m d t h e n e h d L g m e . a r t h a t  idtirllyd..orlbedhCB . . P ' I b ( a i t ~ b @ ~ t r h l l i n d k . t e t o t h e k a i  
a ~ l d y l a o l l l q u i d i r d a t a ~  l Z l l u t u t ~ b j w h U f D d i u m t o t h .  awhclnrUth.kri(.ntanobi.da(ect.d.u 
h th. nebuUnr b+. - tat tx&au Kat MY time d m  the fit tnl an* ir detebd, the test conductor shell 

l & ? b e ~ s b d l b a t b o m ~ y r h v n i  . t b . t u t e d v c r M n i r d e t a t d  I(optbetntinihisase.thetated 
in rat-. dukm dry, Md mfiUed at kuc ~ l % U t b a u ~ i r d e M . d t b . t i t i r  ' nrpintorirrei&Ud.nd.notbarmpL.tor 
~ l a u h o c l n C R f T e e 4  dmwd tnur(Lf.q . n d a  d i f i q t  mtmukdectd 

~ ~ b m ~ t s l t u m t h e u m e . n ~ l o u n  r n p i n t o r s ~ x . ~ k b ~ d  . 10 ~ a c h  (art pusfne the smoke t n t  
d d b d  in IIB abom 14 SwguCul somphth d thm te8t (la. witbout deie&q the smoke) rbaU td 

f E.elrtat.IIW.Q.b.Uweutbe pm;ocd.h.Udmtbewolth.tntnl even 8 u ~ i t i v i t y  check 01 smoke b m  the 
nrplntor fa a Ins t  r0 minutea belm n r p h t o r  fn c o n t m l ~ t e d  a m ~ b m  rrp ulo. lube to &tombe il th. teat tub/& 
stutlng the tit t n L  ~ ~ ~ t h e ~ ~ ~ ~ ~ ~ r o ~  nacl.toLb..mok..FJluntoevoiua 

3. The temt sub* d m  the A may wd procclfoa f e o n  no mapmu mid the fit tnt. 
rbih rn* tbe r8spht.a n1ad.d in highah- 
vdimlBabaTldmmmpintorshUk ' =--- 1LSltpBCBPBlOoltbefitteatpmtoc~l 

plop& a d M  Md equipped wiib a 
rh.1I k &mead in a loution n t h  axbauat 

p u a d s t e  Eltar ad&% A Rapimron Sku& Ss1at.d u8 vatll.clon .utRdrnI to prevent 8 e n e d  ' 
C Tba (ut  rublad Umy no( uL- conhmhlion of tbe mtlng M. by the l a t  

Lbambad in Sntion IS A6a &wpt That 
( y m p t ~ m c . r L o r c h n , ~ o l . f o r l S  Lnh Ibtpinrlor S O U  & Gpippsd With 
~III- MIIC ibe md. W.ESQ'UYAQ~-G= OrpMic V- u. ~ a p k t o n  my t,, luad -fully in mot.minet& t ~ t e d  by the - 

a A vmnd D.VU~~SS MOM a w d p  
Mdiat ionNebul lnr i r~ tosprsytheM.  BPYftnr atmapbaaupto(.nlimesthePEL 
t a t  wtuaoaintothmd-rhir . . ' ~ppmdix B-TO sacaos loulom- 
l ub tdk~ s h . ~  ba d w t y  m u h i  to ~ ~ t e 8 t ~ b i e e t s h ~ b a . ~ 0 ~ ; O m ~ u  rd&=d~.t.hr~lhh~ii . dbMsubb it horn the teat mhllon a weak mnomlmtion of the Lrltlnt m o b  to 
nebuke.  b m ~ ~ ~ t h e ~ b i e c t r i t h t b a ~ . n c t . r l t i c  L ~ Y - A - D . ~ .  

aTh. tit tost du t ioa  irprrpu;d by odor. * 
.ddinl) 83 of d u r n  uahui~~ to'tm A Suiafauce Identificnfim 

2'lb.~~kcl.h.UP=W~d=cb.. mbromotumr 
a d w m m  water. rnpintnr ml.oM u a h  .ad *nu It f a  

7.- klmu the temt subject 8b.U hlh. at Ieut  r0 minutn befon tbe fit test. d m i d s  dibrometbne. ~ ~ d i b m m o e t h l w  
with mouth opm sad toque ex tandd  Z Tbe t n t  conductor shrll mnr this ~ b r o m a t b m n a  Dorhvnc PDB 

h Tb. n.bullro Is insertad into the bole 1. -(ad rib the t n t  subiect k fom t n u q  Dn&m MGZ Dowluw W d  Dowtums 
tbatrOntdtheado.undtbaEttnt CTh.tntrubikctIh.upufomtl~e W - B l . D o r r f u m s 4 a M  PDREDM 
wlukm b myd h to  (he d o s u n  wins m a a n t i d  pamitlw prruun and n q a t i n  E W  1- athyinw dibmmide. FumaC.n 
Um heme teduaiqw u for the mste thrahoid mun flt cbak. (sea NX?I 1Paol. dyml dibromids b b m m o  D. Kophma 
~ 8 u d ( h e u a u n u m b a r o f q u a r r  F . l l u n d a l t b u ~ & a U k a u u t o  Nefin P u d s t a .  Peamaster 
rmquind to &at a taste m p o n r  in the v l a d  M allenlate mpintor. Smnhyuurr So1lbn1m4& Sodkum4. 
scfmuns (See BY h u &  BlO above) 5. Bnak both ends d a  til la ti on smoke So~lhunr Unlfums 

P ARa g a m t i o n  of the armwl mad (he W k  mnts ln i i  a c l M l c  oxyeblonde. mch u f F-uL: ch&ci&. 
fdmng l ~ b u c n o n s  to the ( a t  subi- The *e MSA part O m  or q u ~ v a l m l  Attach a . J. .Holrcular W e b  183 
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Z Maltlog WOd. C (472 P). 
r swc CI.VI(~ (w~~u-I) ~ 1 s  

Vapor WQ [ALr-1.1 point of. 
me,: ar 

. 7. &pa- and odo. Colorless Uqnid or 
M l l d w i t h a d & m a t & . t h ~  , .- 
m n a n m t i o m  - 

A F i i  Not &ntb=tihIe 
RRbOciinn~ ' 
' I. Condition. mnHbuiQ to'hubillty: 

High t . m p n h u 2  athylena dibmmfds dowly 
d8ampaninthepnrmaofllghr 
i H d o w  d.mmpoaidon produck . Toxic g a m  and npm (mch ma hydrogn 

bmmldr, bm& and urban manoxid.) 
may ba n1ermlrh .n  athylene dibmmid. 
doampmrr  

' 3. ~ncomp.dhilid&~.ac& withchk&lly 
aaiva msulr, such u sodlam potasaim 
ulcilm pm*dand duminum, nupasi,"n 

' .ndnhcstmng.IL.ll.rand&dhq 
a m ( l : R U P l w i t h ~ m e L L L s u c h u  
Juminum mi-minm to f- . . 
comhdbla .nd exploriva og.nome(.ilic 
compounrl a d  Uquid ~mmonla. 

4 Spsd.l p n a u t h c  Uqdd rthylma 
dlbromib will alU& vrnn f m y  of phadz 
rubkr. m d  aw* 
r n s p i u L . . n l w ~ r s m a  
A Ifalhyhnm dibmmide I& orb spi'ud 

lhm following #taps ahodd & 
(1) Evaauta d no-tid p m d  

from tha mr 
(2) Vmdlau th. m a  of tha .pill or leak to 

m t  a d a C o n  of tha vapw. 
($1 U in Ilqald fornr coUn* spilled material 

for nrlumdon or a b ~ r b  in v d d l r .  dry 
uod e U h  m d m i h  nomacdve m a t a d  

8. P e n o ~ a I 8 n t a r i q  the spill at I d  ama 
sholl b. fumiahsd lha appmpnate p n o n d  
p m l e d w  aqnipmeni AU olhupwple sh?U 
b. acludsd fmm the ~a . 

C ED8 c o n l a m i ~ t d  wuta. debria, 
eonlaih8n orwipment s h d  & diaporsd of 
in aaald. l o k l d  mmin.n which pmwnt 
dispsnion of W8 oulaida the cvntaimr. 

N. Hul tb  iLnnl at. 
A Route of Entry 

Inhaladon b the moat common s o w  of 
ocnrpacdonal expoaura to athylma dlhmmidr 
m B  may a& k abs0rb.d &mu& the akh 
after dtncc mnun with eitbm the Uquid or 
vapor. It it a& readily aba0rb.d from thw 
rosaolnmtinal ma after being ingested It 
ih Ibmfom impoicant to nutntaln good 
p o n d  hyginu and housekstping p n c t l m  
whm ~ r l j m  r i th  ma 

Imm8diofa.-eDB b m brltmnt to the .yes. 
m p i n t o y  met and muma membraner: 

labahtion uponv. in h,"n.ar h a  b... 
d a t e d  with badache. W u d  
r p p a c r  lnabllltg to slnp. nausea and 

umidzation 
D.lapd.--Although th. a a m  symptom# 

may 8ubrida lms ofconrdaumwa and b a t h  
dun to Unr and kidnay f d m  hn'aanmd 
hvalva to uva~ty-hva horn dhr m am(. 
ape- to ma ramr- n ia vw . 
Impomnt to &m.dt.tdy npmt d a a t a  . 
apomu lo ED& 
ZQronLEEmcb 

m B  bas tha pot6ud.l for a- anar 
m d . d v a w n p m d u c d w ~ . d l h h ~  
nu dCn Iuva bnm dano~b .1 .d  in 
rulow animal expuhmt. which ahow EDB 
to be a pot.Dt u n u r  w m t  and numdncdve 

- - - - - . - . . . -. 
'p- of da-8 -PiaYN aponm 
~ d u  this d o n  mwt k ukan d d q  
p m o b o f m L P r n u m e x p c ( r d ~ e  
conunmtions of ms in the q l o g a . s  
h a k i n #  m n r  3h. umptlns dm* for STEL 

which hu M aosune). (with a d d a I a  
hl of=%) d m 1  *n th.. PIES O r e  25 
prunt for e 0 n c Q b . d ~  of= at the 
action l a d  of OcU nmlL - ~ ~~~ ~~ ~~ -. 

0. Smpling and z y s h  & chir 
W o n  moy b. p & d  by coUecihg 6DB 
an c h d  obavhbn  L u k  w'lh 
a u h q w n t  ch~auaucol d p b  b y p ~  
dmwtogrnph ib* Appmd* D conaiat a 
matimd for me d m i s  which haa ban 

A medial k i O a n a  8b.U ba 
providd by Iba employer It no 8xpmtn to all 
8mplo)m who m U D O S ~  to EDB at t~ 
abova~thm actlon levalior XI w mom day. p, 
year or tbose m p l o y m  mquind to w r  a 
mplnlor  tE#ardlW8 of the duntion of 
apona m a  m m  shell ba admin l t ad  
at the dm* of initial wignmaIt md lna~lrtly 
t h m a n k  

It ahall consist ofi 
(a1 A dauled work .nd m d a l  hirtoq. 
(b) A complatr phyaiul rumtnation 
(c) Rrdnant labantoy examulation to 

asanaln live. nIddne9 ~d ~ t h -  
abnormalitin aasodated r l th  5 l B  mxpomm 

Ln addtion for thou m p l o y m  nqldnd tm 

m m  shell indode an aesnament of 
pulmonary ata~ua which wUI induda a ehmt 
X-ny Wtially and every 3 yean (~mlesa 
lndluted more frequently by the examining 
phyddan) and a pulmonary fundon 1081. 

M d u l  nw.ill.acram play a var)r 
imporunl mla in p m t d r q  rmployas'a ' 

b d c h  AU a m ~ l o ~ e s a  am enaunned 

urpoaun: 
(2) the expwtrps lev* 
(31 a dmaipdon of tha pumnal pmtscriva 

quipmat th. unployem u n q e d  to n e w  
and 

(4) th. dtl of pdw m a '  
u e m I I u U 0 ~  Md OpfnioD, Gctncm@ tb 
anployem's had th  

Mu a d u l  exambation the physician 
must D m u n  a mltt.n noor( conidnine 

- - - -. - . . - - -. - 
whkh p&a that .mployn at an i n m u d  
I I S ~  d nutcrW Impairma~t to k d t h  horn 

(2) any m m h m d d  # p a d  protdYI 
meammu m ha pmvidedind - 
(Sl m y  noommandd limihdon on the tur 

of mpln(on.  

& Aawtiand 
M d d  mnrullation must k mad* - 

avalhbla u soon as pouibb if the unployn 
Is axpmmdig a i w  m aymptonu of EDB 
POLO* 
C LmelgaIcy 

In th. m t  thal M amployn is apcdd to 
EDB in an uu~gcnsl dhudon or develops 
s i g ~  or symptom amda tcd  with ram 
Wddty from mD upom the employu 
s i u U  ~ ~ t d y  provide th. amployn with 
a m d u l  -don ib* .rumination 

a(.blliu tha health of tks-alov& and ?Z 
~ - ~ -  -~ -- .- -~-, - -  - - 
h w m . d l a l  o b a a v a ~  pumd to a a s w  
that ths oftm unexpmld k o u r  ddsyed 

~ p p o d *  C-TO 5.s(b0 imsaD(wodtul 
S u r n i l b u  G u i d h  for U h g h  
Dl- 
Lirtmh& . 

Tb. prlnu). puspar 61tha Occrrpadolul 
Waly and Health M of 1Om ia to a u w .  w 
h r  a8 WS~ibb. Ufe Uld b.dfhW worldnn 
condidoar fw every man and woman mi 
o e n r ~ a d o d  hadth atandud for ethvlme 
dlbrdmida (EOB1 was pmm&1ed topmtn( 
workm h l v d  in th .  pmducdon nacrion. 
mlsaar d x i m  hlandlno. amdrrkine ---- ~---~- 
mpasluging atonga mnspmcadon 
hudllng. dlauibutloa. u d  uaa of EDB and 
pmducu containing ma Under the h a l  
nundud ocarpatiod 8xpoaura to 5 l B  is to 
k itmlted to a1 ppm h a r d  on &how h e  
wdghtd avrnse fWA1 with a Sm. of 0s 
pp& Employse-&p& must k crmaolled 
to or k l m  thaa  I n a h  tlm& a 
combinadon of r n @ n m i ~ ~ .  mrk pnccdm. 
a d  other adminiamtlve maoh 

l l ~ e  alutdud alw pmvidm for a m d u l  
lunsll luta n m m  for all emnlovsar 
n q u w  16 is.;. mpintar  or'Lm'p~oyecr 
n p o s d  to lnnls dEDB at or shove h e  
acdon lwal ofO.OS ppm avenged over an 6 
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~ p s r h d ( F N A ) f w 3 0 w m m d i ~ p r  
r n . l h . p u t p a 8 e ' a f l h i a d l r L t o  
o u k  (ha mrdlal  Blmdhna prwi.lmn of 
c h r c l c u k r d l o r ~ ~ h d t o M ~  
W m ~ t k e ~  to cb. phylld.n the 
~ t b s . o d m L u t l w d ~  
expand 0 ma 

S . c r t o o P ~ a d . r a t p H o n ~ t h .  
m d d  BWV~UMU notvierdoo 
M d r u ? o d w p h m q ~ k t b e  
. m p l o r r M d a d i w m a h d t h .  

h p u i a f t h r ~ u l m ~ a i l h a  
tb. pbywid.n mu81 uuu th. 

p u l m o ~ y  sUhu of as& employ.. who d 
b a w a u i n g a m p h t m . I b i c ~ r l l l  
fndh  a c h d  xt.y inftidy ~d addltiaul 
x-nm at least ny 6 n  pan m mon 
6aqumUy if indiutd by the 
phyaidas .ad ra d pdmumry fundm - 
l a t ~ d m i l e d b S . c a m M .  

p d u c d  by in l l t loncrponusl  u iow as 
lOrp~p~lDimJ&uiadimu(h.tEDe 
L a p o Y r U h l ~ ~ o g ~ A n  , 

r p i ~ ~ d y  . a f ~ m o ~ .  
tiorrib rvidmca ofexcer 
a r m  dm ucmd to ma but 

oat lo mirib th. rrlnm op& &a to 
Um cmploya r p d d c  dndlnpl or dLmorL 
~ t i d 0 ~ U o o J ~ l h r  

heeltb eK& b;esuu the two pathways 
involved in EDB mmbolirm an dtered by 
thitdms .' . - '- ,.. . - 
~ c p m t i A / ~ u t m g e m c  . - 
* PDB has basn r h o m  to be a mutagen 
tcnlop.nuweilnelertisul.rloxinin . . 
MWd lWdn of d a b  41 Lw& of - mponuc whicb ua well d a a u ~ ~ b a l  

HOW*. t o x i c i w i ~ h ~ ~ ~  4 u 
sudnq.nldt). m d d t J  and adveoa . 
mproduclltn atirP. bwb ba d u h d  hwn 
~~. ;.::-- .--. --.. ,- .* 

iobaLtlo6ugomnubwu1oppa --." 
AnUablehunun .pidrmi&@cai &u . . 
provide h a d m i w  N i b  that EDBauy 
affect fertility h ma& m r h  q o s e d  lo - 
EilB dualo meWologudI pmblema with the 

nprodudfn-&.dty A lba h.ofb@ngd - 
male or fern& u&m. - 
N.M.QulEv.tudw' - - 

npor. h m  (he gaaho inusM a c t  w b a  
~ b Y l n w r b . n d ( h m ~ t h . ~ . m  . 
dL.d &tad wi& t h .  Uqid form. . 

EDB ia an frrit.nt lo the e v a  m i n m r r  
bad and mumru mmmbnnL. &tion - 

~ t h o l o d d  &in B Q ~  t n t a  and 
- 

oc&d  followiq tGl,,.dwt",ITtnsgtio. 
a n d h h p L I L o o d E D a h a u r ~ m d  
inddmu.edd.o(.l~ILoodUmldmB 
p d u c n i  V e d a  dLrrbsr abdomid p14 
ad hiiun d dem& wichln Sbw. with 

WJmeIy hporuar far b exmhing 
p h w a n  t0 &A ch. ED- 
mrka a d d y  and wmptelely and to foclu 
tb. e d o n a ,  &are potentid hal th  
huznL 

ioumi, @C IiG&'aat:Tw- of tb. 
stsodud Md appendla  B u d  C a 

d o e r i p t i ~ d t b ~ p l o y d s d u t l ~ u  

T6. mcdiat &tian a h d d  M& a 
d e w i d  4* and mrdical hi-, a quipmcnt d Md d prior mi- d u l  

opinions. rn- the emdoma in th. . prrtinent mn'm d 8yalema. 1 mmplete 
phniml cudas t ion  and Ieboralorp s l u d i u  
In m&(arpolabrl bi&$sd cbnngea. 

'A camnleta .od delri ld work histow L 

empbyer's pwadon oredxJ. 
For each ruminib nqaind lrndar thia 

netion. (ha a w l o m  ahdl obtain a rrlm 
Rcsmtlr. while duniw a stone. tlnt - - -- 

(10 worfrm at a W o m i a  p n t i d b  a t m y  
utd fcmu*ILoo I.dliW wan apoud to an 
a i r c ~ n s r n h t l o o d m B i o u o u d 2 d p p m  

i m p m i i  in the initid evdua t io~~  A Uitfne of 
aU pmriow employment with infornution on 
work pmenrar  urporw to ED8 or other 
toxic subs- raspinlo* protdv. 
qu ipmat  used m d  pmriou d u l  
nuvsi0MU rharld dbi, induded in lbe 

d h d  contact mtb a JX w h t i m  of 
ma eoch rortan e a - d  in-unt 
k 8  of CoMdOuM--@~ao4 muur and 
d i h e r  dd whicb a p p d  to ba 
hnriml symptoms. Hmars at l?. and 77. 
borrn m-. poet aponvr both 
workm d i d  Autoaia d e d  danul  

wodier's rwxd hfomaUan cansuning om 
lh+b p u m d  hygiem B U d i q  or M l q  
h.bitainrorkuur LuDdryrmAuns, 
and w of m y  pokaivo clo&ing or 
nqinbry pmpoive equipmeat ahadd b. 
noted, 

(21 Any ncommmdd UmitaUms oo (b. 
e r n p ~ a c r p a ~ l o ~ B o r u p o a ~ ~  
d psnoDll pmWw .quipmuat lhb m U  
krdude m opinloo u to tb. employa'a 
abjlitJ lo- 8 lCBph(a. 

131 A .ua-! th.1 ha -piouar hu I- 
infonad by tb. pbyaid.n of (he d l a  of 
the d i d  examinations and any m.dk.1 
conditions nwlUng from EDB upowm 

'Bmaic health eE&a in &MUM .nd 
a n i h  a w d . t d  rib SIB u p w m  a n  
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r m a ~ b l r t o y  ~d dcohol W M I ~ & ~  
ahould n o d  

A m p l m  nv i iw  of ayrterm a b d d  k 
prfolmed to Urn8 both nc0piZ.d. 
amplainu .nd ~ b U a  or rlmrly acquind 
8ymptorm which (h. workrr might not 
a p p d a a  88 b.ins ai&unL The mim of 
s p p t o w  should indude (ha followbgi 

C l n a m k w Q h t  laah facigur m d d n .  
Head .~rr um n o n  h t 4 m a d . c h r  

dklnmas, .nd r*d &turban- wuL 
Irrltatlon 

p.in 
CuhoinIn l lnrCcunre i  v o & w  , . 

k a M d  appaat* pais .  . . 
jaundiu,dl&*.. . 

~ . n i ~ u y - - h i . t o ~  i t  W ~ Q .  
lmpo tma  I o n  of Ubida a b a o d  mrmlmd 

E do& Matoy of m k u d a g e h  tdll b k h ~  
dnay f d u m  oU@uri.. and llrticulu 

&sin. ,. . 
Skh-mabeh m l c l k  Md  bumh 
Newlogiul inromni& htiau. didneu, 

w&ioa m d  d e p ~ l o p  : 
Thr phyaid  uuminalion should 

aupberka lhe pulmonary, urdlac. . - 
~ u r r l q u l  ga8koinwduaL @lowIauy  
and &md ryatma. Induded in &la ' '. 
a rmha t ion  ahould be a wmpbte - .' . . 
un8rmeat  of the q l o y n ' 8  abillly to w e u  

. 1 m p h t o r  (if nquindl. This should indude 
a complete bead. ayu e u r  no- lbmal.' . 
thohonxdpulmoauy -cia O0 . . 

A wmplat. naumlogiul aumirutton 
ahodd Lasludr M adequate mentd a t a m  
waluUon lndudiag a vvch for k h v i o d  
m d  p.ycbolog[al & h r r b e n a  memory ' 

IntLy wduacioa for ldtablllty. huomnU 
U ~ t i o a  d.pnuios m t l a u a e u  and 
nwo- ' 

Th. 8bd0- . x ~ f n . ~ ~ ~ s h ~ d d ' h d U d ' ~  
ruult .Uon for bowd 8ounda m d  r b d o n h d  
bruit. and palpation for hepalome&. . . 
ma- m d  difhua abdomitul t e n d m e n  

Canitoculnuy uaminacion ahnuid Laduda 
uuminaclnn of u t t i d n  in nul. rmployea - 
md pdvlc 8 . u m i ~ U o n  !a I d a  amploynh 

Thr d a d  cumbacion rhould focus on 
widenu of I a d u  bunu or blltedng. 
Au part of thr m d u l  wdut lon*  th. 

s u n d u d  mqulnr Uut Uu follaukg . 
L b o n t o y  atudiea k p a f o l m d  

(1) Suum uldum,  pboaphonu. Jwma 
blood un. d m  una a d d  amaridnr 
cholartuol to(.! pmt& albumh r k d l w  
pho8phUn. DK SCOT. SCPT Md C W .  

(21 R o u ~ ~  Whdy8b with miPllSCOP(0 
Nminat lon  

FwIba. tho p h y i d ~  L authoriud to 
mommend ihy  additional labontoy or 
ah- t a t  which la d m m d  n m a a a y  In 
acsordrnu with ~ u n d  mod ld  p n c t l u  

In additloo. the 1cMdud r e q u k a  (h.1 thr 
following examirutiqtu k p r f o l m d  U the 
m p l o y n  la g o b  lo wear r m p i n l o a  

(31 Chert X-my (patledor.mtedor m d  
l a u n l  views) to k performed lnltidy and at 
S y e a  intenals (unlea8 indiwted mom 
h u e n U y  by the ruminlug phyaidanl. . 

(41 Fuhonuy hmctloo tnting: tncludlng 
N C  and FW, with intorpntation 

Thia laat allow8 &oar mdividuala who will 
b. upcud above the Pa mglrdb88 of ihe 
duntion of n p o a u n  to b. included in tha 
modlul sunaillmec program 

- 
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In addillon. n s o h t m  wag# oresent. M to b. lmonda r  b.uw the o u m ~  is 
ax- burden t o h e  pulmon"ay syatrm d the maUy  & b r a d  for one rube oily. 
mnolovn W a  burden mav m u l l  in l.Amn.mtun. . .-r ~ . - - ~  ..-. , -- r.--~--- 
8ymptomr lush 8a a h o m u s  of b n a t k  c h n t  , PI A u i lbn t rd  panoad armphg pump 
pk didneaa or fattgur. All of haam whotr flow un b. daerminrd w h  
cymptow wil l  k m a d y  u u u r b e l d  by p r ,  t S  WIWIII at  (ha mcommended flow ~. 

l u q  dirmll. meh as h d c  . ' nti . 
hronchitlr. empbyremr asthma or 3 2  C h d  W k r  Clara tub. with both 
~ n e u m o c ~ d o a i r  It L thmfom. immntlvr ' m& flame 7 cm lorn with e 6 

ii 0.0. end a bmm W. Gnteining 2 
d a m  at 2alM mah .aiv.rad - -- - - -. -, - - - - - - - - - - .- - 

dainmhr  ~rn-8 for &pin& nuw 08M c h a m d  n p m t d  by a Z-mm pomon of 
b.Uavr8 Uut tha pbyalrun un b a t  M(IW. foam p a  activated charcod h 
rccompUlh &la thou& utiliucioa of. u n o d  h c#rmut shallr and L Rrsd 
Phyaiul ~ u o i ~  b d u a  l P u l m W .  i t  dmDC a l o r  to orfidnn. The ad~orbinn 
Iboctiw WtMdaCbntx-my. - . d o n  abauia. im -if e h d  the- 

algm or rymptoiaa d u d  with a m i  
M d l y  from EDB apo r tu*  hr omploya 
ahLU Lmmdrelv  omnda tb. auolovn witb 

.bll insluda d the rtepe n a o u u y  to * 

a t a b l h  the b d t h  of the rmployre and 172 
how m e d u l  o b r r n ~ t l o a  p o d  to r u m  ' 
that the oftan unex-peeld. d o n a  dalayd 
ryrteda eE.331 h m  8orb  u p w w  m 
mlnldzed This obnrvatlon p d o d  ahould 
taka p L a  in. m d d  fadllv, p r fenhly  a 
hwpiW w h m  a lic8xued pbvr1a.n will b. 
~ ~ ~ i b h  for luPd8lDg.d M . . . &IIvary.- ..:..ak .. 5 .,,,: ., - 7 , :  6 

L o  Wrn 1m;ilUS-o~~~ 
Lbontorv Modisoh d MOSH Molhod 
P L C A M ~ ~ ~  . 
A d y t e  Llhylclu dibmmldr 
b * A L  
~oudun:  Adlorpuon 0 chusorl 

dnorpdon with 10% CSI in knwr CC 
L Pdndpla of wthod. ' 
LI ~ k a o w n v o ~ u m r o l . ~ ~ & a w i  

through a c b u m d  Db. lo h.p (ha 
organic vrpon -I. 
u I h r c h d I n h e N h r b L b u u f d  

lo r 4 s t o p p e d  umple vial and 
t h a ~ . i y c e L d ~ x i t h l 0 % C ( . i n  
baluw. 

- -  - - - -  ~ ~ ~~-~ - ~ -  -- 
iniA~nlnliiio a g u  c i m r m t o g n p ~ ~  

h 4 T h . ~ r 0 f t h ~ m u l k h # p l k L  . 
&l&d m d  w m p u u l  with mu 
o b u l n d  for s u n d u d r  

2 Adurnup8 Md dhdVl0llp.r of th. 

m&imlL and moatof t hou  which do . ' 
OCSUf C M  b. 8lhhllsd by dlrring 
chmmlognphlc CDUdilbM. The lUb.8 
ur mrlyred by m e w  of a quick. 
htzwnenul  method 

Li Tha mount of runplm'wblcb u n  k 
taken is limited bv lhe nvmba of 

c d o n  A plug of allluted glua wool 1. 
p i a d  tn b u t  ofthr adsorbing a d o %  
%r p m n r n  dmp 8crou (ha 6.b. muat 
k h t h . n o r u i n c h o f m e n y r a t 8  
flow n t r  of 1 Uter pu minute. . ' 

C81 ~ h m m a t ~ m p h  qUipp#d WI& M 
elaman u p h m  datestor. 

SA b lumn  (loft x W-in ttalirlass atal l  
p a & d  with 'e%rr Supeicoport coated 
wllh 10 percent SP lW0, 
U A. elsc8anlc inUgator of someother 

8111ablr method for measuring peak me 
sd TwomiIuUta llmpla viaL.with 

Teflon-had a p r  
W Mlmlilo syxbqes: l&miao&r. m d  

othw mnwdent  8Wa for mlldng 
'cundudr . . . ~ .  . 
3 4  Plptr  I&& ddlverg pipa- 
*D V o l m o ~ c  f l a a k  cunvenient rlzes for 

m d i q  s u n d u d  roimcioru. 
4.R.atooU. . 

4.1 QromoOp.pbl~ q d l l y  CS. and 
bmrrnr: - 
u E*I- dibromida ni8ent +do. 
4.3 Piltnnl m m p d  ah. . 
i 4  RniBddhugm. 

LPmc8dun. 
L1 Wellliag of qu lpmaL  All giaMware 

wed for the labontoy  .naiyria should 
b. pmpaly dund and bn ol orn.nia 

' 
which d d  inteafen in the d y a i r  

U W b n U o n  of p n o n d  pumps. Each 
pump mlut k a i l b n t d  with 8 
npnwnut ive  chumd tub. in the line 

S 3  ColkUon and 8hipplDg of amp le r  
UI b~o.d*l.iv brfore umoUnn, break 

.. -. .--. .- --,. 
Ib. Wa action of the & a d  

in turduthekJ; l lp~dsbouidb  
p l a d  thr llmplinp pump. 

5.34 I b e  chum4 8bould k placed in. 

l&CTak that th; Nb. hold b f o n  ~ 4 ~ 1 5  kinp 8ampl.d should no1 b. 
ovrrloadinp. Whrn thr umple v8lua p a u d  h g h  m y  b a n  or ~ b h s  br fon  
obtamd for the backup d o n  of th* mtrrla: thr c b d  tub.. EDB la nadlly 
c h . d t u k . x u n i ( 1 l ~ t o f t h a c  a b m  by ~ o n  ~ ~ n p .  Tbl8 will make 
found on the 6ont mtiop lhr poulbillty tha umpla mdta n a d  low. The p a  or 
of nmplr  l o u  &Is. 8taWras a t d  ntMlll rcU avoid 

23 Thepndaion ofthe method I8 Ilmltd pmblen 
by lha npmdudbillly of tha 554 A umplo 8 h D f  10 Uler i. 
b o p  a m 8 1  ihe ~ b e s .  This b o p  will --ended s m p l e  et 8 now n l e  of 
rflrcl (he flow n l e  and uurm the vdume appmaimalely 0.2 Ubn par minute. The 
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Pow rate should be h l w n  with an 
a a u n c y  of u har t  t s  perceni 

S.3.E 'Ib. rcmpenhln and pressure of the 
abnmphen being sampled should be 
rccarded. 

& l % . e h d  tubes should be 
capped with the nrppUed plactio u p s  
imn~ldlauly after umpling. Rubba a m  
ahoddnotbelud. ~ 

53.8 Submit at lesst one blank tube (a 
c h d  tube ~ b i e c t e d  to the sama 

, h d U q  pmudums. without having any 
air k.vn kou& it) wih  uch set of 
umplar 

SJP Take n-wy rhtpplng and 
pacldng pnuutlon. lo minlmiu 
breakage of ampla .  

4 h d y a i s  ofsamples. 
54.1 Pnpuetion of samples. in 

orroentlon for analvsi& each chcwl 
N& Is swmd with ; 61. in fmnt of the 
k t  d o n  of chuco.1 and bmkcn ~~ -~ - ~~-~ --  

&en. The g lu t  wool Is removed and 
dlscudd,Tbe c h u u ~ ~ l  in the Bnt 
Frpsrl d o n  Is ~ . a r f e d  t~ a 2-mL 

5 4 2  Duaorpfton of s&les. fflor to to . d y 8 h  U) mL of 10% C% in b e m ~  i l  
pipetted into each aampla eon(.insr. 
Dewrplion should be done for 10 minuta 
with o a s l i o ~ l  shrlrtng. Tbe wmple 
vials am r e u p p i  as  roan as the solvent 
Is added 

5.43 GC condifionr Tbe m i d  opera- 
cmdMnns for the s u  rhroma(ognph . 

. - - 
Pow. 

2 2So.C infector tempenlure. 
3. 3U)' C Detector tempamlure. 
c leQ C Column t e m p n h m  . 
S4.4 lnjcaton. Solvent Push khnIqua or 

equivdenl.. - 
S U  M ~ a ~ ~ m 8 I i t  of -& Th. M a  01 

the sample peak ia m e e d  by .a 
Jecaoaic i n t r n m r  or some other 
ruihble farm of uu meulvcmenl and 
pmllmlnvy resulrr en  mad ham a 
s t u f d u d n w . p n p . n d u ~ a e d  
below. 
U Determination of daapt lon 

e5derm.  
S l  &rtsau 01 d e ~ t i 0 1 ~  'Ib. 

desorpnon et8dency of a puciculr 
mmpoond can v u y  born one labontory 
lo another and abo hum one balch of 
BhIwal to qothu.  mu& it Is aecaslq 
a data- at l t u t  a n u  th. ~. -. 
puunupe  of th. s p d c  compound that 
I smmwrdh th .  ~~ P- 
prodded the same ha of ch.rmd Is 

U 2 - ' i i u r s  for brteminiq 
derorptlon effidancy. The nivma 
pordon of the c h m d  cub. Is removed. 
To the nrmining p o d o a  mounts 
r e p m s n w  03% LX. and ZX (X 
nprnenu PEL1 h a a d  on a 10 L sit 
aample a n  ini&ed onto mnl tnk. at  
u c h  level, DUution of c t b y l e ~  

l%ae kbes am then dowed to 
qullibmte st leesf ovamigh~ Followinp 
equilibntfon they en uulyred foUowinp 
the sun. omeed& u the &moles. The 
dnorp& e5d.nsj.. smoubt k w v c n d l  
uuoonf added, ia plonrd Venus the 
mDunt Of MdW fmd 1618 IXlVe b 

-- --- 

A ur(w of st.ndudr vvyinp in 
concannon  o v u  the rang. of interrst 
ia p n p l n d  and a n a l p d  under the same 
CC condiliom and dvMn the u m e  h e  ~ - - -  -- 

p&od u (he unkuowa ~ & p i n .  k e s  
ue pmpucd by piotUng conanmoon . 
nnW peak G i  

Nola--Sha no in& staddad is used 
in the method, sundud solutions mmt be 
mdyred 81 th. same h e  that the sample 
mdyais Is don& This will m i d m h  the effect 
of harm &).-today vuiadona m d  
ruLliom dwlag th. same bry of the 
dwknn cap- detector m p o m .  MulCiple 
W d O M  amneaaaq .  . 
7. C11aJations. 

mad (h. weipht mapond ing  lo u& 
peak uu from the sundard w e  
wrrrcl for the blank, mmct for the 
duorpdon efficiency. m d  make 
nrarug air volume comctiom. 



APPENDIX B 

EPIDEMIOLOGIC EVIDENCE ON CANCER R I S K  AND 

ETHYLENE DIBROMIDE (ED01 EXPOSURE. 

Several animal studies have suggested a strong 1 i n k  be tween e x p o s u r e  t o  

ethylene dibromide (ED81 -and increased cancer r i s k  (Olson e t  a1 . , 1973, NCI ,  

1978; NTP, 1980; Wong e t  a1 ., 1982). A bioassay i n  which both r a t s  and mice 

w e r e  exposed to U)B v ia  i nha la t i on  ind icated an associat ion w i t h  increased 

{ncidences of tumors i n  a wide range o f  s i tes,  inc lud ing  the nasa l  c a v i t y .  

c i  r c u l a t o r y  system, p i t u i t a r y ,  and lung (NTP. 1982). Female mice exhib i ted 

higher rates of fibrosarcomas of the subcutaneous t issue and adenocarcinomas 

o f  the  mmnary gland, whi le m l e  r a t s  developed mesotheliomas of the tunica 

vagina l is .  I n  a study conducted by Midwest Research I n s t i t u t e ,  (Wong e t  

a l . ,  1982) ra t s  rece iv ing 20 ppm o f  ED8 v ia  i nha la t i on  showed excess tumors 

o f  the spleen, l i v e r ,  kidney, mmmary gland, and subcutaneous t i s s u e .  The 

wide range o f  s i t es  a t  which carcinogenesis was induced by i nha la t i on  o f  ED0 

i s  s im i la r  to the gavage experiments i n  which tumors  o f  t h e  f o r e s t o m a c h  

predominated, but  again i n  which a wide range o f  systemic tumors was induced 

(NCI, 1978, Olson e t  a1 ., 1973). 

I n  t h e  l i g h t  o f  t h e  e x p e r i m e n t a l  evidence, three m r t a l i t y  studies o f  

workers occupationally exposed to ED0 have been conducted (one  pub1 i shed . 
t w o  u n p u b l i s h e d ) .  O t t  e t  a l .  (1980) examined m o r t a l i t y  o f  employees who 

worked i n  two U)B mnufactur ing p lants  i n  Texas and i n  M i c h i g a n  t o  a s s e s s  

w h e t h e r  excess  m o r t a l i t y  due t o  ma1 ignancy or resp i ra to ry  disease was 

associated w i th  ED8 exposure. Turner d i d  two s u r v e y s  o f  t h e  m o r t a l i t y  

exper ience  of employees of ED8 mnufac tu r ing  plants i n  Wales and England i n  

1976 and 1977. 



I. OCCUPATIONAL EXPOSURES I N  THE U.S. 

A t o t a l  of 161 employees const i tu ted the study p o p u l a t i o n  a t  t h e  two 

U.S. s i tes .  Table 1 compares the Wo plants.  The main di f ferences are 

1) that  the Texas p lan t  d id  no t  manufacture any other o rgan ic  b rom ide  

p r o d u c t s  while the Michigan p lan t  did, and 2) quant i ta t i ve  data on ED8 

exposure w s  cnly ava i lab le  f o r  the Michigan plant.  

O t t  e t  al.. conducted a  standardized m r t a l i t y  r a t i o  (SMR) analysis o f  

the employees a t  both s i tes.  No cont ro l  group of workers unexposed t o  

EDB was studied. Instead, the invest igators  re t rospect ive ly  looked a t  

the number of years i n  each age category contr ibuted by each exposed 

employee and calculated the expected numbers of deaths based on death 

s t a t i s t i c s  f o r  U.S. whi'te males o f  the same ages.  T h i s  p r o c e s s  o f  

standardiz ing was done for  each f ive-year per iod beginning i n  1940, and 

the expected values were summed. F ina l l y ,  expected numbers o f  d e a t h s  

o v e r a l l ,  and o f  neoplasm d e a t h s ,  were compared w i t h  the observed 

numbers. The d i f f e r e n c e s  were f o u n d  t o  be 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 ,  though i n  one p lan t  the di f ference fo r  cancer deaths was 

o f  border l ine s igni f icance. 

The f o l l o w i n g  s e c t i o n s  discuss the aspects o f  selection, m r t a l i t y  

ascertainment, exposure assessment, and s t a t i s t i c a l  analysis. 
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, The upper ha l f  of Figure 1 shows the se lect ion process o f  workers whose 

m o r t a l i t y  was s t u d i e d .  The m a g n i t u d e  o f  l o s s  from those whose 

employment was less than 12 months i s  unknown. I n  t he  f i n a l  c o h o r t ,  

20% o f  the workers had less than one year exposure, and almost 75% had 

l ess  than f i v e  years, i nd i ca t i ng  a high turnover i n  t h e  exposed  j o b  

c a t e g o r i e s .  I t  i s  p o s s i b l e  t h a t  r e a c t o r  operators w i t h  greater 

s e n i o r i t y  had lower leve ls  o f  exposure. Enter1 i ne and Marsh  ( 1 9 8 2 )  

f o u n d  t h a t  coppe r  smel t e r  workers  i n  high exposure jobs tended to 

terminate t h e i r  employment m r e  w i c k l y  t h a n  t h o s e  i n  l o w - e x p o s u r e  

c a t e g o r i e s .  I n  such  a case, durat ion o f  exposure i s  no t  an ideal  

measure of exposure leve l .  Thus any assoc ia t ion between "1 eve1 " o f  

exposure and r i s k  would be underestimated. 

A second loss was the group who l e f t  the company be fo re  1940. S i n c e  

t h e s e  employees were more l i k e l y  to be older and therefore to  have 

died, some loss of s t a t i s t i c a l  power may have r e s u l t e d  f r o m  t h e i r  

e x c l u s i o n .  However, there i s  no feas ib le  mans o f  thorough follow-up. 

The mthod  of follow-up used was the Social S e c u r i t y  A d m i n i s t r a t i o n  

(SSA) records, but  t h i s  could no t  be t o t a l l y  accurate because the SSA 

was establ ished i n  1937. The change from batch reactors to con t i nuous  

r e a c t o r s  i n  t he  e a r l y  1960s  was s a i d  t o  have reduced  exposure 

concentrations. Among those employed since 1940, some may have been 

exposed only or pr imar i l y  to the lower levels, whi le f o r  those employed 

previously,  higher exposure l eve l s  m y  have prevai led.  The o b s e r v e d  

r i s k  l e v e l s  may therefore underestimate r i s k  among those employed i n  

e a r l i e r  years. 
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A fu r ther  source of po ten t ia l  b ias i s  due to the mthod  o f  ascer ta in ing 

d e a t h s  among t h o s e  f o r  whom the company had no record. As seen i n  

Figure 1, for  the Michigan plant,  the SSA i d e n t i f i e d  f o u r  d e a t h s  and 

f o u r  persons  who were s t i l l  on the SSA r o l l s  and presumed a l i ve .  For 

the Texas plant, the SSA i d e n t i f i e d  e i g h t  deaths. 43 p e r s o n  s t i l l  on 

t h e  r o l l  s, and m e  person not  traced. This m thod  provides a  minimum 

number o f  deaths, bu t  the actual  number m y  be higher. Thus, f i r m  data 

e x i s t  f o r  a  higher proport ion o f  the Michigan cohort  than of the Texas 

group 6 3 / 5 7  vs. 5 5 / 9 9 ) .  

A n o t h e r  s o u r c e  o f  uncertainty stems from the truncated nature o f  the 

data. Since some employees m y  y e t  d ie  o f  cancer, add i t iona l  y e a r s  o f  

f o l l o w - u p  may i n c r e a s e  the  observed cancer deaths. This i s  n o t  i n  

i t s e l f  a  bias, since the ca lcu la t ion  f o r  e x p e c t e d  number o f  c a n c e r  

d e a t h s  i s  based on y e a r s  a t  r i s k ,  no t  fu tu re  years a t  r i s k ,  and i n  

fu ture years, bo th  e x p e c t e d  and o b s e r v e d  d e a t h s  w i l l  i n c r e a s e .  

However, among the Michigan employees. 21 had less  than 15 years since 

t h e i r  f i r s t  exposu re ,  an i n s u f f i c i e n t  p e r i o d  o f  t i m e  f o r  any 

ca rc inogen i c  e f fect  to be expressed. I n te res t i ng l y ,  t h i s  p lan t  i s  the 

one which shows the larger  m r t a l i t y  r a t i o  o f  observed to expected. 



EXPOSURE 

As a n  be seen i n  Table 1, one o f  the prominent d i f f e r e n c e s  between the 

t w o  p l a n t s  i s  t h e  much w i d e r  r a n g e  o f  chemical exposures a t  the 

Michigan p lan t .  Amng these chemica ls  a r e  t w o  w h i c h  a r e  known t o  

i n d u c e  c a n c e r  a n d  f o r  which there  i s  evidence o f  ca rc inogen ic i t y  i n  

humans as evaluated by the I n t e r n a t i o n a l  Agency f o r  Research on C a n c e r  

1979) : benzene (IARC, 1982) and carbon t e t r a c h l o r i d e  (IARC, 1979). No 

measurements were repor ted  ( i t  i s  n o t  c l e a r  i f  any  w e r e  t a k e n )  f o r  

t h e s e  exposures, l eav ing  open the p o s s i b i l i t y  t h a t  any observed excess 

of cancers a t  the Michigan p l a n t  my be due to e x p o s u r e s  o t h e r  t h a n  

EDB. On t h e  o t h e r  hand, such an excess could be due to ED8 a c t i n g  

s y n e r g i s t i c a l l y  w i t h  other carcinogens to e levate  r i s k .  

R e a c t o r  and d i s t i l l a t i o n  operat ions were conducted a t  both s i t e s .  As 

i n d i c a t e d  above, no masurements r e l a t i n g  to ED8 were m d e  a t  the Texas 

p l a n t  where  ED8 was t h e  on ly  bromide product  to which workers were 

p o t e n t i a l l y  exposed. I n  the ana lyses  ( b y  O t t  e t  a1  .. 1 9 8 0  a n d  b y  

Ramsey e t  a1 ., 1978). the exposures were assumed to be the same a t  both 

p l a n t s .  It i s  d i f f i c u l t  to assess the v a l i d i t y  o f  t h i s  assumption, and 

c a l c u l a t i o n s  m the Michigan cohor t  alone are i n  order. 

A t  the kl ichigan p lan t ,  work area samples o f  ED8 w e r e  t a k e n  i n  1943 ,  

1 9 5 2 ,  and  1971-72, b u t  the ac tua l  cumulat ive exposures to the workers 

a re  unknown. I f  exposure l e v e l s  were considerably l o w e r  f o r  some o f  

t h e s e  w o r k e r s  ( a n d l o r  f o r  w o r k e r s  a t  t h e  T e x a s  p l a n t ) ,  

n i s c l a s s i f i c a t i o n  would r e s u l t  i n  a b ias  underest imat ing the r i s k .  I n  



o t h e r  words,  t h e  o b s e r v e d  d e a t h s  w o u l d  r e p r e s e n t  the mor ta l i t y  

experience of both exposed workers and those only m i n i r a l l y  exposed. 

I n d u s t r i a l  hygiene reasurements of the breathing zone a t  the Nichigan 

p l a n t  b k e n  i n  1949 showed a  range o f  1-7.4 ppm f o r  reac to r  ope ra  t o r s  

and  2.2-10.6 ppm f o r  s t i l l  o p e r a t o r s .  A much w i d e r  range o f  

rneasurernents was iaken i n  subsequent y e a r s ,  t hough  o n l y  one o t h e r  

measurement was spec i f ied to be o f  the breathing zone, w i t h  a  range o f  

1.8-96 ppm f o r  reactor operators i n  1975. One question ra ised by these 

measurements i s  w h e t h e r  a  d iscrepancy ex i s t s  between the claim o f  

reduced exposure since We reactor  process change i n  the 1960s and t h e  

s e e m i n g l y  w i d e r  range  o f  i n d u s t r i a l  hygiene samples i n  m r e  recent 

years. 

A n o t h e r  i ssue  ar ises i n  the 1975 sampling where there appears to be a  

f i v e - f o l d  r e d u c t i o n . i n  g o i n g  f r o m  b r e a t h i n g  zone t o  p e r s o n n e l  

monitor ing.  I f  the personnel monitor ing o f f e r s  the best descr ip t ion o f  

dose r e c e i v e d ,  e x p o s u r e  l e v e l s  based on b r e a t h i n g  zones a r e  

overestimated. 

Some workers d id  receive an occasional acute exposu re  between 1954- 

1970.  O t t  e t  al., do no t  ind ica te  i f  these employees were among the 

cancer d a t h s .  Serum bromide concentrat ions t a k e n  s i n c e  1957 on a  

s m l l  number of nen were considered too dependent on d ie t ,  medications, 

and d r ink igg  water bromide to be o f  value. 



I n d u s t r i a l  hygiene measurements were no t  u t i l i z e d  i n  the analysis:  the 

l e v e l  o f  exposure was based purely on durat ion o f  employment i n  the job 

c a t e g o r i e s  o f  reactor  operator and s t i l l  operator i n  e i t h e r  p lant ,  and 

foreman and lead burner i n  the Texas plant .  I n  a l a t e r  a n a l y s i s  by 

Ramsey e t  a1 .. (1978), time-weighted averages from personnel moni tor ing 

(0.9 ppm) and from breathing zone samples (3.0 ppm) were used. 

: ANALYSIS 

The number of deaths from a l l  causes and from n a l i g n a n t  neop lasms  i s  

shown i n  the lower h a l f  o f  Figure 1. Those persons who were exposed t o  

both arsen ica ls  and EDB were e x c l u d e d  f r o m  t h e  a n a l y s i s  because  

a r s e n i c a l  exposure and resp i ra to ry  cancer were found to be associated 

i n  a previous study (Ot t  e t  a1 ., 1974). The two cancer deaths i n  t h i s  

g r o u p  h a d  1 112- and 20-month e x p o s u r e s  t o  a r s e n i c a l s ,  and 

respect ive ly ,  102 and 111 months exposures t o  EOB. G i ven  t h e  much 

l o n g e r  exposure to EDB, one cannot r u l e  ou t  the p o s s i b i l i t y  o f  an EDB 

e f f e c t ,  i nc lud ing  a po ten t i a l  synergism o f  the Wo chemical exposures.  

Thus, these deaths should be considered i n  the analysis.  

The overa l l  m r t a l i t y  experience o f  the r e m a i n i n g  156 emp loyees  i s  

c l o s e  t o  e x p e c t e d ,  r a t e s  (21 observed vs 19.5 expected f o r  the Texas 

plant ,  15 observed vs. 13.0 expected f o r  the Vichigan p l a n t ) .  N o t a b l y  

m i s s i n g  i s  any obvious "healthy worker" e f f ec t .  Even cardiovascular 

deaths are no t  low, as they o f ten are i n  w o r k i n g  p o p u l a t i o n s .  The 

number o f  c a n c e r  d e a t h s  i n  t h e  Texas p l a n t  was 2 where 3.6 were 

expected, a s t a t i s t i c a l l y  n o n s i g n i f i c a n t  d i f f e r e n c e ,  and  i n  t h e  



M i  c h i  gan p l a n t  5 were observed (7, inc lud ing  the arsenic-exposed), 

' where2.2wereexpected. T h e v a l u e o f f i v e d i f f e r s  f r o m  2 . 2 w i t h  a 

p r o b a b i  1 i t y  (p-value) of 0.06 meaning t h a t  under the assumption o f  no 

EDB e f f e c t  such a d i f ference could occur by chance 6X of the t ime .  The 

o t h e r  94% o f  t h e  t i m e  the  assumption i s  f a l se  and the EDB-exposed 

workers have a higher cancer r i sk .  Since we a r e  o n l y  i n t e r e s t e d  i n  

d i f f e r e n c e s  where the r i s k  i s  elevated (as seen i n  higher than usual 

numbers of deaths), the one t a i l e d  p r o b a b i l i t y  i s  0.03. For the v a l u e  

o f  seven deaths, the (one t a i l e d )  p-value i s  0.0006, meaning tha t  the 

chances are 9994 ou t  o f  10,000 tha t  the EDB-exposed have an e l e v a t e d  

cancer m r t a l i t y .  

Confidence i n t e r v a l s  have k e n  ca lcu la ted i n  three ways (see Table 2 ) .  

The incidence proport ion i s  defined as the number o f  deaths d iv ided by 

the rumber of persons, and does no t  take i n t o  account y e a r s  a t  r i s k ,  

w h i c h  v a r i e s  f r o m  one i n d i v i d u a l  to the next depending on how many 

years have passed since f i r s t  exposure. The i n c i d e n c e  r a t e  i s  t h e  

number of deaths d iv ided by the person-years a t  r i s k  and i s ,  therefore, 

a m r e  re f i ned  measurement. A f t e r  obtaining confidence l i m i t s  f o r  t h e  

r a t e  o r  p r o p o r t i o n ,  one r m l t i p l i e s  by the persons or person-years a t  

r i s k  to y i e l d  the wnf idence l i m i t s  f o r  the number of deaths. The SMR 

c o n f i d e n c e  i n t e r v a l  was der ived by the method o f  Ba i la r  and Ederer 

(1964) and n u l t i p l i e d  by' the expected number o f  d e a t h s  - t o  f i n d  t h e  

c o n f i d e n c e  i n t e r v a l  f o r  t h e  number o f  deaths. The three mthods 

provide very s im i l a r  resu l ts ,  and i n  a l l  cases the expected number o f  

d e a t h s  l i e s  w i t h i n  the 95% confidence i n te rva l ,  except when the t ~ o  

workers exposed to arsenic are included i n  the Michigan p lan t  deaths. 



I f  one e l i m i n a t e s  the 23 employees whose f i r s t  exposure was less  than 

15 years k f o r e  the study, the d i f f e r e n c e  b e t w e e n  t h e  s i x  o b s e r v e d  

d e a t h s  and the 4.3 expected i s  a l so  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  (p = 

0.23). The &ta i n d i c a t e  some degree o f  dose- response when dose  i s  

b a s e d  p u r e l y  on du ra t i on  o f  exposure, though s t a t i s t i c a l  s i g n i f i c a n c e  

was n o t  reached (see T a b l e  3 ) .  G i v e n  t h e  p r o b a b l e  i n a c c u r a c i e s  

i n h e r e n t  i n  t h i s  neasure o f  exposure and the small numbers, the lack  o f  

s t a t i s t i c a l  s i g n i f i c a n c e  could have k e n  an t i c ipa ted .  

11. OTHER STUDIES OF OCCUPATIONAL EXPOSURES 

M o r t a l i t y  s tud ies  o f  Wo o t h e r  c o h o r t s  o f  o c c u p a t i o n a l l y  e x p o s e d  

workers k v e  k e n  conducted b u t  n o t  publ ished.  These were submitted t o  

OSHA by Ow Chemical USA i n  1978 (OOL. 1 9 8 1 ) .  These  s t u d i e s  w e r e  

c o n d u c t e d  by 0. T u r n e r  i n  Cwynedd, Wales (Amlwch p l a n t )  and Hayle, 

England (Associated Oct 4). No data on exposure w e r e  a v a i l a b l e  f o r  

e i t h e r  p lan t .  ' 

The s e l e c t i o n  process f o r  i n d i v i d u a l s  a t  the Qynedd p l a n t  i s  shown i n  

F igu re  2a. I n  a c t u a l i t y  only those employed p r i o r  to 1960 were used i n  

the  a n a l y s i s .  The e m p l o y e e s  w e r e  m e d i c a l l y  e x a m i n e d  p r i o r  t o  

employment and represented a h e a l t h i e r  than usual group. A l l  employees 

were considered together; no d i s t i n c t i o n  was made b e t w e e n  t h o s e  who 

may have  had no exposure (e.g., m n a g e r i a l  or  c i e r i c a l  and those who 

may have had heavy exposures. 
,, . 
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Death ra tes  were calculated for the years 1960-75, but the denominator 

was calculated incorrectly:  the author counted each individual f o r  16 

years  without subtract ing for those who died during the in te rva l .  T h i s  

changes the ra tes  s l igh t ly :  instead of the reported 2.7 cancer d e a t h s  

p e r  1000 m a l e s ,  t h e r e  were 3.1. This is s t i l l  lower than the ra te  

reported for the local region of ikynedd, Wales, where males aged 45-64 

exper ienced  3.7 cancer deaths per 1OOO males, However, this ra te  (3.7 

per 1000 m l e s )  is 1) larger than the comparable r a t e  for  England and 

Wales  according to the local mdica l  o f f icer ,  and 2) based on an older 

age-grouping since the average age of the w o r k e r s  was 40-55 d u r i n g  

t h o s e  15 years.  I t  seems notable tha t  of the nine specified cancers, 

s i x  occurred i n  mn aged 40-49. Amng a1 1 t h e  d e a t h s ,  d u r a t i o n  of 

employment averaged 13 years. 

The selection of employees for study a t  the Hayle E D B  m a n u f a c t u r i n g  

p l a n t  i s  shown i n  Figure 2b. Records were apparently poor for those 

who were employed during t h e  war y e a r s  o n l y  ; however ,  f o r  t h o s e  

employed s i n c e  1947 i n f o r m a t i o n  on enployment (not follow-up) and 

potent ia l  exposure s ta tus  was v i r tua l ly  complete. T h i s  i n v e s t i g a t i o n  

excluded those for whom no EDB exposure could have occurred. 

The overall death ra te ,  and the r a t e  for cancer deaths, were computed 

f o r  t h e  age in te rva ls  25-44, 45-64. 65-74, and 75+. These ra tes  were 

not s t a t i s t i c a l l y  d i f f e r en t  from those of southwest England i n  e i t h e r  

1961 or 1970, for the same age intervals .  



In summary, the results  for these two plants cannot be meaningful ly  

evaluated since 1) no masurements of exposure levels were made, 2)  the 

numbers of workers involved i n  other jobs or production processes where 

no exposure would have been incurred is unknown, especially a t  Amlwch, 

3) no comparisons were mde wi th  the general British population of the  

same age,  'and 4 )  t he  l o s s  t o  follow-up of 35% of the Hayle plant 

. employees nay have biased the results.  

I1 I .  INTERPRETATION 

The results of the  t h r e e  s t u d i e s  n e i t h e r  prove nor p r ec lude  a 

c a r c i n o g e n i c  e f f e c t  from occupational EDB exposure. In support of a 

carcinogenic effect :  

1) the  e l e v a t i o n  of cancer  mor t a l i t y  occurs where exposure data 

exis ts  and where outcome data i s  the  f i r m e s t ,  t he  o n e - t a i l e d  

probability being p4.03 for the number of observed deaths, or p = 

0.0006 i f  an effect  of ED0 is assumed for the two employees who 

addi ti ona 1 1 y were exposed to ar seni c ; 

2) the evidence i s  suggestive of a dose response  a t  t he  two U . S .  

plants. 

For mny reasons, the lack of s t r o n g  ep idemio log ic  ev idence  f o r  

carcinogenesis Qes m t  carry rmch weight; 



1 )  The q u a l i t y  and quan t i t y  o f  exposure data i s  poor, even where  i t  

e x i s t s .  While area sampling was done i n  ~ i c h i g a n  on a continuous 

bas is  only duri'ng 1971-72, the range o f  reasurements was wide, and 

on ly  Wo measurements i nvo lved  personal moni to r ing .  

2) . The degree o f  m i s c l a s s i f i c a t i o n  o f  employees' exposure i s  unknown, 

s i n c e  a) a t  the U.S. p l a n t s  longer du ra t i on  o f  employment m y  n o t  

r e f l e c t  g reater  exposures, and the U r n o v e r  r a t e  may h a v e  been  

g r e a t e s t  f o r  t h o s e  w i t h  the h ighest  acute exposure, and b)  the 

Gwyedd p l a n t  cohor t  m y  have inc luded some employees w i t h  m i n i m a l  

o r  no exposure. 

3) The s e n s i t i v i t y  ( s t a t i s t i c a l  power) of the s tud ies  i s  l o w  due t o  

s m a l l  samp le  s i z e  and  t h e  l ack  o f  s u f f i c i e n t  fo l low-up f o r  23 

employees a t  the Michigan p lan t .  

On t h e  other  hand, i t i s  e n t i r e l y  poss ib le  t h a t  i n h a l a t i o n  o f  EDB does 

n o t  have a carc inogenic e f f e c t  on humans, or a t  l e a s t  n o t  a t  the d o s e s  

t o  h i c h  workers are occupat iona l ly  exposed. Any apparent e f f e c t  might  

be expla ined by exposures to other  known carc inogenic chemicals a t  t h e  

M i c h i g a n  p l a n t ,  w h i c h  inc luded benzene and carbon te t rach lo r ide ,  or  

o t h e r  lnknown carcinogens. 



TABLE 1 

COMPARISON OF TWO EDB MANUFACTURING PLANTS 

U n i t  1 - Texas 

1942 - 1969 

No quant i ta t i ve  data 

Un i t  2 - Michigan 

~ u a n t i . t a  ti ve data i n c l  uded: 
Area sampling (1950, '52, '71- 
'72. '751 o f  breathing zone, and 
a f t e r  s p i l l s .  
Personnel sampling (1975) 
Blood bromide concentrations since 
1957 

Ear ly  1960's change from batch 
continuous reactors 

No other crgani c k o m i  de products Other organic halogens used/ 
manufactured 

Chemical exposures were : 

EBB 
bromine 
ethylene 

s u l f u r  dioxide 
ch lo r ine  

Documented exposures to arsenic f o r  
some employees 

Chemical exposures f o r  reactor 
operators were: 

ED B ammonia 
bromine s i l i c a  
ethylene copper acetate 
hydrogen n icke l  acetate. 
iod ine  v i  ny 1 bromide 

D i r e c t  chemical exposures f o r  s t i l l  
operators were : 

tr imethylene chlorobromide 
propylene chlorobromide 
e t h y l  bromoacetate 
i sobu ty l  broinide 
acetylene tetrabromi de 

I n d i r e c t  exposures fo r  s t i l l  opera- 
t o r s  were: 

a l l  y l  ch lor ide ethy 1 bromi de 
benzene hydrogen bromide 
bromochloromethane rn thylene ch lor ide 
carbon te t rach lo r ide  methy lene d i  bromi de 
chloroform tert-bromobuty 1 phen 
v i  ny 1 bromide te r t -bu ty l  phenol 

Reactor & d i s t i l l a t i o n  operations 
i n  same bu i l d i ng  Reactor operation housed i n  a 

d i f f e r e n t  bu i l d i ng  from 
d i s t i l  l a t i on /d rum ing .  



TABLE 2 

95% ~NFIOENCE INTERVALS FOR ME NUMBER OF CANCER DEATHS 
AT THE 'IWO U.S. EDB PLANTS 

95% Confidence I n t e r v a l  

Using Using 
Incidence I Incidence 

Observed Proport ion Rate Using S.M.R? Expected5 

Texas (99) 2 ( .35. 7.73) ( .35, 8.05) ( .24, 7.22) 3.6 
33 ( .78, 9.151 ( .77, 9.54) ( .62, 8.77) 

Michigan (57) 5 (1.87, 11.42) (1.84, 12.36) (1.63, 11.68) 2.2 
7 4 (3.13. 13.85) (3.07. 15.07) (2.81, 14.43) 

T o t a l  7 (3.09. 14.65) (3.07, 15.10) (2.81, 14.43) 5.8 
10 (5.13, 18.42) (5.08, 19.03) ' (4.81, 18.38) 

1 C o n f i d e n c e  l i m i t s  f o r  s m a l l  p ( F l e i s s  1 9 8 1 )  m u l t i p l i e d  by persons ( inc idence 
p r o p o r t i o n )  or person-years ( incidence r a t e )  a t  r i s k .  

2 Confidence l i m i t s  of  an SMR ( B a i l a r  and Ederer 1964) n u l t i p l i e d  by the expected number 
o f  &aths. 

3 I n c l u d e s  1 a r t e r i o s c l e r o t i c  hear t  disease death i n  which carcinoma o f  lymph nodes was 
repor ted.  

4 Inc ludes 2 deaths of  workers exposed to both ED8 and arsenic.  

5 Age-speci f ic  whi te m i le  cancer mrta!ity rates.  



TABLE 3 

DURATION OF EXPOSURE 

CANCER INCIDENCE If4 TWO U.S. PLANTS 
AN0 LENGTH OF EXPOSURE TO ED8 

< 1 y e a r  (.5) 
1- 5 y e a r s  ( 3 )  
6-16 y e a r s  ( 1 0 )  

INCIDENCE PROPORTION INCIDENCE RATE 
Cancer dea ths  Cancer  dea ths  

Persons a t  r i s k  Person-years  a t  r i s k  



APPENDIX C 

COMPATIBILITY OF ANIMAL-BASED RISK ASSESSMENTS 

WITH EPIDEMIOLOGIC DATA 

Ramsey e t  a1  . (1978 )  a p p l i e d  one o f  the f i r s t  models used by the 

Carcinogen Assessment Group (CAG) of  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  

Agency (EPA, 1978 )  based on the NCI gavage bioassay data to p r e d i c t  

r i s k s  f o r  the cohort  studied by O t t  e t  a l .  The i r  r e s u l t s  s u g g e s t e d  a 

w i d e  discrepancy between the model p red ic t ions  from t h i s  rode1 and the 

workers' experience. The Department o f  Heal th Services (DHS) has r e -  

examined  t h e i r  f i g u r e s  and  conduated i t s  own analys is  i n  order to 

determine the imp l i ca t ions  f o r  human r i s k  assessment. 

I. The One-Hi t Model 

The model used by Ramsey e t  a l .  was a simple, o n e - h i  t, n o  t h r e s h 0 1  d 

model. The model assumptions were as fo l lows: 

1). "Simple" r e f e r s  to the f a c t  t h a t  the t im ing  o f  e x p o s u r e  i s  

i g n o r e d ;  t h a t  i s ,  t h e  model u t i l i z e s  t o t a l  l i f e t i m e  dose 

regardless o f  whether small exposures extended o v e r  a l o n g  

per iod  o r  acute doses were experienced i n  shor ter  in te rva ls .  

2). The one-hi t  model i s  based on the assumpt ion  t h a t  f o r  t h e  

i n d u c t i o n  o f  carc inogenesis ;  an agent need cause only one 

he r i t ab le  mutation i n  the DNA o f  a s ing le  c e l l .  



3 ) .  Risk was estimated by the equation: 

P = 1 - exp (-Ed) 

where B i s  a  parameter f o r  potency and d  represents the t o t a l  

l i f e t i m e  dose. 

4).  It i s  assumed t h a t  t h e  dose - response  c u r v e  e x h i b i t s  no 

th resho ld ,  i .e., any exposure car r ies  a  non-zero p robab i l i t y  

o f  I n i t i a t i n g  cancer. 

5 ) .  T h i s  model g i v e s  an estimate of r i s k  f o r  a  t o t a l  l i f e t i m e ;  

therefore another fac to r  was included t o  a c c o u n t  f o r  o n l y  

p a r t i a l  l i f e t i m e  o b s e r v a t i o n  o f  the workers. Since the 

p r o b a b i l i t y  o f  an agent induc ing c a n c e r  b e f o r e  t i m e  - t i s  

i n f l u e n c e d  by age, another parameter "g" was estimated fo r  

the age-dependency o f  cancer r i sk .  Thus the a d j u s t e d  equa- 

t i o n  f o r  r i s k  i s :  

P = 1 - exp [(-Ed)(age/701~1 

The two parameters were ca lcu la ted by CAG t o  be B = 31.73 and 

Ramsey e t  a l .  described the ca lcu la t ion  o f  i nd i v i dua l  w o r k e r  

r i sks .  The exposure assumptions were: 

a. Dose was calculated as mg/(kg x  day). 

C-2 



b. Weight was assumed to be 70 kg., 

c. A work-year o f  2501365 days. 
3 

d. I nsp i ra to ry  volume o f  14 m per &hour working day. 

e. Complete absorpt ion v i a  the lung. 

f. Two possible time-weighted-average (TWA) exposure l e v e l s  

based on i n d u s t r i a l  hygiene samples. ( I n  1971-72 and  

1975, area samples i n  one o f  the p lan ts  had TWA's rang- 

i n g  from 2.9 t o  5.0 ppm w h i l e  p e r s o n a l  m o n i t o r i n g  

y i e lded  TWA's o f  0.8 to 1.1 ppm.) 

By ca lcu la t ing  the r i s k  o f  an EDB-induced cancer death f o r  each worker, 

and summing these, the app l i ca t ion  o f  t h i s  one h i t  model p red ic ts  f o r  a 

populat ion o f  161 workers. 85 excess cancer deaths from an exposure o f  

3,O ppm, o r  54 excess deaths from 0.9 ppm exposure. A comparison o f  

observed deaths to expected d e a t h s  based on U.S'. w h i t e  male age- 

s p e c i f i c  r a t e s ,  and deaths predicted by t h i s  model i s  shown i n  Table 

l a .  The total pred ic ted deaths would be obtained by adding the U.S .A. 

e x p e c t e d  b a c k g r o u n d  r a t e  to the excess predicted from EDB exposure. 

Figure 1 graph ica l l y  represents the number o f  e x c e s s  d e a t h s  above  

U.S.A. expected leve ls .  Predic t ions are shown f o r  each p l a n t  f o r  each 

o f  the b o  assumed exposure levels'. 



KEY: 
+ OBSERVED 

I S S %  CONFIDENCE INTERVAL 

A EXPECTED (AGE ADJUSTED 
U.S. WHITE MALE RATE) 

PREDICTED AT 3.0 ppm 
o PREDICTED AT .gppm 

Figure 1 .  Observed cancer deaths compared to one-hit predictions. 
The one-hit model as employed by Ramsey e t  a1 predicts 
a number of cancer deaths so large that they l i e  above 
the upper 95% confidence l imit  for each of  the two 
small populations of EDB workers studied. 



I t  i s  c lear  from Table l a  and Figure 1 t h a t  the p red ic t ions  are 4 to 19 

times the observed deaths, very much beyond the 95% conf idence i n t e r -  

v a l s  based on t h e  o b s e r v e d  d e a t h s .  T a b l e  l b  p l a c e s  t h e  same 

in format ion i n  the form o f  a standardized m o r t a l i t y  r a t i o  (SMR). The 

usual SMR i s  def ined as: 

observed number o f  cancer deaths 
SMR* expected number o f  cancer deaths 

The "predicted SMR" i s  analogously defined: 

"Predicted" SMR = 

model-predicted number o f  excess cancer deaths + U.S.A. expected number 
U.S.A. expected number o f  cancer deaths 

A l s o  shown i n  t h i s  tab le  i s  a ca l cu la t i on  o f  minimum detectable SMR. 

Th is  measures o f  the s t a t i s t i c a l  power o f  the study by i n d i c a t i n g  how 

h i g h  t h e  m o r t a l i t y  would have to be elevated i n  order to have an 80% 

chance o f  seeing t h a t  degree o f  excess r i s k  w i t h  the actua l  sample s ize 

o f  workers. The i n t e r p r e t a t i o n  i s  as fol lows: i f  the model accurately 

represents the t rue  human cancer r i sk ,  and i f  the exposure l e v e l s  are a 

r e a s o n a b l e  e s t i m a t e  o f  t h e  a c t u a l  doses received, then, since the 

pred ic ted SMR was greater than the minimum detectable SMR, the s i z e  o f  

the exposed work force was i n  f a c t  large enough to de tec t  the predicted 

r i s e  i n  cancer mor ta l i t y .  Since no such e levat ion i n  cancer m o r t a l i t y  
. b  . 
was obse rved ,  t h i s  version o f  the one-hi t  model as used by Ramsey e t  

a l .  i s  therefore n o t  compatible w i t h  the m o r t a l i t y  e x p e r i e n c e  o f  t h e  

exposed workers. 



11. Mul t is tage and other models 

D H S  compared t h e  observed deaths o f  workers i n  the O t t  e t  a l .  study 

w i t h  pred ic t ions from the mul t is tage model. Model assumptions were as  

fo l lows: 

1) Cancer induct ion i s  represented as a mult i-stage p r o c e s s  i n  

w h i c h  a s e r i e s  o f  he r i t ab le  changes occur i n  the DNA, each 

change being a p re requ is i te  f o r  the next. Each change occurs 

a s  a l i n e a r  funct ion o f  dose and the r e s u l t  i s  a polynomial 

w i t h  coe f f i c i en t s  estimated from the animal data. 

21 As i n  the analys is  by Ramsey e t  al., the t o t a l  l i f e t i m e  dose 

determines the m g n i  tude o f  r i s k ,  i r respec t i ve  o f  the t i m i n g  

o f  the dose. 

3)  No threshold i s  assumed ( t h i s  need o n l y  be t r u e  f o r  one 

stage). 

4 )  The equation f o r  the model i s :  

The number o f  stages i s  mathemt ica l l y  l i m i  t e d  t o  one l e s s  

than the number o f  treatment groups i n  the experimental data. 



5 )  I n  t h i s  case, a crude cor rec t ion  f o r  p a r t i a l  l i f e t i m e  o b s e r -  

v a t i o n  was nade, i n  which cancer m o r t a l i t y  was assumed to be 

uni form throughout l i f e  and the mean age f o r  the c o h o r t  was 

a p p l i e d  t o  a l l  the workers. Thus pred ic ted r i s k  was (55170) 

x P. (Results both w i t h  and w i thou t  the c o r r e c t i o n  a r e  seen 

i n  Appendix D l .  

Exposure assumptions were the same a s  t h o s e  made by  Ramsey e t  a l .  

3 
e x c e p t  t h a t  (a)  the i n s p i r a t o r y  volume was estimated a t  9.6 m per 8- 

hour working day instead o f  14. (b) dose was c a l c u l a t e d  a s  a v e r a g e  

d a i l y  l i f e t i m e  ppm, and (c)  exposure durat ion was based on the grouped 

data taken from T a b l e  4 i n  t h e  r e p o r t  o f  O t t  e t  a l .  Subsequen t  

ca lcu la t ions  ( n o t  shown) u t i l i z i n g  i nd i v i dua l  worker data y ie lded  r i s k s  

t h a t  were essen t i a l l y  i d e n t i c a l  t o  those o b t a i n e d  w i t h  t h e  g rouped  

data. 

U s i n g  t h e  Global-79 software developed by K.S. Crump, r i s k s  were es- 

t imated based on nasal c a v i t y  malignancies i n  ma le  r a t s  i n  t h e  N C I  

I n h a l a  t i o n  bioassay. Calcu la t ions o f  total r i s k  based on i nd i v i dua l  

r i s k s  estimated by the model are shown i n  Appendix D. T a b l e  2 shows 

t h e  predfcted number o f  cancer deaths among the EDB-exposed workers i n  

the O t t  e t  a l .  study f o r  a p a r t i a l  l i f e t i m e  o f  observation. F i g u r e  2 

presents these f igures  graphical ly.  



Several po in ts  can be mde about these resul  ts. 

As can be seen i n  Appendix D, the time-weighted average d a i l y  l i f e t i m e  

exposure o f  workers p o t e n t i a l l y  ranged f rom an e s t i m a t e d  2 ppb f o r  

workers exposed to 0.9 ppm f o r  h a l f  a year, to an estimated 268 ppb f o r  

workers exposed to 3 ppm f o r  16 years. This average d a i l y  exposure o f  

w o r k e r s  o v e r  t h e i r  t o t a l  l i f e t i m e  i s  much lower than the work time 

exposure. The mult istage model uses the l i f e t i m e  d a i l y  a v e r a g e  ex -  

posure i n  p red ic t ing  r isks.  

The mult istage 95% UCL based on nasal malignancies p red ic ts  only a few 

c a s e s  among these 161 workers. The p red ic t ion  i s  n o t  much d i f f e r e n t  

from what was observed and f a l l s  we l l  w i t h i n  the confidence i n  t e r v a  1 s 

around the observations i n  t h i s  small study. 

The 95% UCL e x t r a p o l a t e d  from the NCI i nha la t ion  bioassay using the 

mult istage model and nasal m l i gnanc ies  i n  ma le  r a t s  i s  n o t  incom- 

p a t i b l e  w i t h  epidemiologic evidence and is ,  therefore, s c i e n t f i c a l l y  

defensible as an upper l i m i t  o f  r i s k  f o r  purposes o f  r i s k  assessment. 

The Weibull-mu1 t i s tage  model p red ic t ions  based on the nasal tumors are 

a lso  compatible w i t h  the epidemiologic resu l t s  i n  t h a t  t h e y  t o o  f a l l  

we1 1 w i t h i n  the confidence l i m i t s  o f  the observed mor ta l i t y ,  as would 

be any pred ic t ions based on the hemangiosarcomas, r e g a r d l e s s  o f  t h e  

three models we have used here. 



KEY: - 
+ OBSERVED 

I 95% CONFIDENCE I N T E R V A L  

A EXPECTED ( A G E  ADJUSTED 
U.S. WHITE MALE RATE)  

PREDICTED AT 3.0 ppm 
o PREDICTED AT .sppm 

Figure 2.  Observed cancer deaths conpared to multistage model predictions. 
The multistage model as based on nasal malignancies predicts 
relatively few added cases of cancer in the small cohorts, 
well within the confidence limit for each of the two populations 
o f  EDB workers studied. 
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111. Factors responsible f o r  the d i f ferences between DHS resu l t s  f o r  w o r k e r  

cancer r i s k s  and those published by Ramsey e t  a l .  

1. Choice o f  model 

The mu1 t i s t a g e  model al lows f o r  up to 2 stages given 3 dose leve ls  i n  

the animal bioassays, b u t  the best f i t  was given by a l i n e a r  f u n c t i o n  

o f  dose; thus the mu1 t i s tage  model i n  f a c t  reduced to a one-hit model 

when nasal w l i gnanc ies  i n  r a t s  o r  hemangio'sarcornas i n  mice were used. 

Hence t h e  c h o i c e  o f  model c a n n o t  exp la in  the di f ferences between 

Ramsey's conclusion and tha t  o f  DHS. 

2. Exposure assumptions 

3 
The DHS assumed insp i ra to ry  volume t o  be 9.6 m 18-hr working day, whi le  

3 Ramsey e t  a1 assumed i t to be 14 m 18-hr working day. The subs t i tu t ion  
3 of 14 m i n  the DHS m d e l  increases the predicted r i s k s  to w o r k e r s  by 

about 1.5 (Texas plant. 2.87 excess deaths; Michigan plant, 1.55 excess 

deaths, a t  the higher exposure leve l  1. These p r e d i c t i o n s  a r e  s t i  11  

we l l  w i t h i n  the confidence in te rva ls .  

3 . .  Gavage vs. inha la t ion  

A t  f i r s t  s i g h t  i t  appears t h a t  the d i f f e r e n c e  i s  due t o  t h e  use by 

Ramsey e t  a l .  o f  gavage bioassay data whi le DHS used the inha la t ion  

data. However, i f  the data on stomach tumors from the gavage study are 

used d i r e c t l y  (wi thout  ad just ing f o r  the early mrtali t y  as was done by 



CAG), the c o e f f i c i e n t  (slope) f i t  by the mult istage model i s  p r a c t i -  

.tally i d e n t i c a l  t o  t h e  c o e f f i c i e n t  f i t  by using the data on nasal 

malignancies from the i nha la t i on  study. Thus the pred ic ted r i s k s  based 

on t h e  u n a d j u s t e d  gavage data would be essen t i a l l y  the same as those 

based on the i nha la t i on  data. 

4. Adjustment f o r  e a r l y  m o r t a l i t y  

The severe ea r l y  m o r t a l i t y  i n  the gavage study requi red a d j u s t i n g  t h e  

d a t a  f r o m  t h e  b i o a s s a y  p r i o r  to est imat ing the model's parameters. 

Since surv iva l  was reasonably good i n  the inha la t ion  s t u d y ,  even  f o r  

t h e  h igh  dose group, t h i s  was n o t  necessary f o r  the analysts performed 

here. I t  appears, therefore, t h a t  the adjustment f o r  e a r l y  m o r t a l  i t y  . 
i n  t h e  gavage s t u d y  i s  r e s p o n s i b l e  f o r  the d i f ference bebeen the 

r e s u l t s  obtained by Ramsey e t  a l .  and those o f  the DHS. However, i t i s  

d i  f f i c u l  t to separate the e f f e c t s  o f  t h i s  adjustment from the e f f e c t s  

o f  the two d i f f e r e n t  routes o f  exposure. It i s  p o s s i b l e  t h a t  ED0 i s  

less  potent v i a  i nha la t i on  than i t  i s  v i a  gavage administrat ion.  

I V .  Conclusion 

DHS s t a f f  has confirmed the conclusion o f  Ramsey e t  a l .  t h a t  the use o f  

the one-hi t model, w i t h  b rameters  estimated from gavage data a d j u s t e d  

f o r  e a r l y  mor ta l i t y ,  to p r e d i c t  cancer m o r t a l i t y  i n  the study o f  O t t  e t  

a l .  produces resu l t s  which are n o t  compatible w i t h  the epidemiology i n  

t h a t  they are too high by far .  



S t a f f  of DHS appl ied the mu1 t i s tage  model (Crump Global 79) to the same 

s t u d y  o f  O t t  e t  a l .  u s i n g  t h e  n a s a l  carcinoma data from the N C I  

bioassay. The e s t i m t e d  excess r i s k  using t h i s  model w i t h  a l i f e t i m e -  

averaged exposure i s  only a few ex t ra  cases o f  cancer, we l l  w i t h i n  the. 

confidence l i m i t s  o f  the observed resu l ts .  Another way o f  saying t h i s  

i s  t h a t  the  mu1 t i s tage  model would p r e d i c t  an SMR close to t h a t  which 

was observed and t h a t  the power o f  O t t  e t  a1 . s t u d y  was n o t  g r e a t  

enough t o  d i s t i n g u i s h  t h i s  from an SMR which ind icated no e f f e c t  o f  

EDB, namely an SMR o f  1.00. 

The MLE and UCL estimates o f  the other m d e l s  presented i n  the body o f  

t h i s  document are also compatible w i t h  the study o f  O t t  e t  a l .  

I n  p o i n t i n g  t h i s  out, DHS i s  n o t  proposing t h a t  the Crump mult istage 

model i s  general ly superior to o the r  mode ls  b u t  s i m p l y  t h a t ,  when 

a p p l  i e d  t o  ep idemio log ica l  exposure data according to standard prac- 

t ice,  i t  does n o t  p red i c t  i m p l a u s i b l y  h i g h  numbers o f  cases  f r o m  

workp lace exposure. This i s  an important p o i n t  because the resu l t s  o f  

Ramsey e t  a l .  have a t  times been in te rp re ted  to mean t h a t  a l l  EDB r i s k  

assessments are incompatible w i t h  the epidemiological data and t h a t  the 

O t t  e t  a l .  study suggests t h a t  EDB poses no r i s k  t o  humans even a t  

o c c u p a t i o n a l  l eve l s .  The preceding analysis shows tha t  the study o f  

O t t  e t  a l .  cannot be used to r u l e  o u t  t h e  Crump mu1 ti s t age  o r  t h e  

Weibull-mult istage predict ions, mrch less  demonstrate the absence o f  an 

e f fec t .  



TABLE 1 

One-Hi t Model 
Prediction of Worker Cancers 

(Based on. Gavage Study) 

la .  Comparison of number of neoplasm deaths 

Number of neoplasm deaths 

Observed U.S.A. Excess Predicted 
2 

(95% CI) ~ x ~ e c t e d '  3.0 ppm .9 ppm 

Texas U n i t  1 3( .62-8.77) 3.6 53 35 
3 

Michigan U n i t  2 S(1.63-11.68) 2.2 32 19 

lb .  Comparison of Standard Mortality Ratios (SMRs) 

SMR 

Observed U.S.A. predicted5 Minimum 
(95%CI Expected 3.0 ppm 9 Detectable 

Texas U n i t  1 .83( .17-2.441~ 1.0 15.72 10.72 4.5 

Michigan U n i t  2 2.27(.74-5.31) 1.0 15.55 9.64 6.6 

1. From U.S. white mle age-specific mortal i ty  r a t e  
2. Predicted by CAG model due to EDB exposure 
3. Ramsey e t  a1 included one a r t e r i o s c l e r o t i c  hear t  d isease death with lymph node mlignancy 
4. Sample X z T h a s  80% power to d e t e c t  an SMR t h i s  large (see t e x t )  (Schlesselman) 
5. Predicted SMR = model predicted excess cases + USA expected cases 53 + 3.6 = 15.72 

UbA expected cases 3.6 



Table 2 

Mu1 t i s tage  Model Predic t ion 
o f  Worker Cancer 

(Based on nasal m l ignanc ies  i n  NTP inha la t i on  study) 

2a. Comparison o f  number o f  neoplasm deaths 

Number neoplasm deaths 

Observed U.S.A. Excess Predicted 
2 

(95% CI)  Expected 3.00 ppm 0.9 ppm 

Texas U n i t  1 
3 3(0.62-8.77 ) 3.6 2.15 0.57 

Michigan U n i t  2 S(1.63-11.68) 2.2 1.13 0.25 

2b. Comparison o f  SMR 

SMR 

Observed U.S.A. Predicted 
2 

Minimum 
(95% CI)  Expected 3.0 ppm 0.9 ppm Detectable 

Texas U n i t  1 0.83(0.17-2.44) 1.0 1.6 1.16 4.5 

Michigan U n i t  2 2.27(0.74-5.31) 1.0 1.51 1.11 6.6 

1. From U.S. white male age-specific m o r t a l i t y  ra tes 
2. Crump Global 79 mu1 t i s tage  model 
3. Ramsey e t  a1 included one a r t e r i o s c l e r o t i c  hear t  disease death w i t h  lymph node malignancy 
4. Sample T i r e h a s  80% power to detect  an SMR t h i s  large (see t e x t )  (Schlesselmen) 



APPENDIX D 
Estimated Tota l  Excess Cancer Risk To Workers 

Based on Nasal Cavi ty 
Malignancies using the Simple Mul t is tage Model 

I I. Interspec ies Scal ing 

The method o f  in terspec ies ex t rapo la t ion  for i nha la t i on  o f  l i p i d  soluble 

substances has been described prev ious ly  (Pa r t  B, "Health Ef fects  o f  

Benzene") and i s  provided i n  the f o l l ow ing  paragraphs. Simple exposure 

equivalency using a sca l ing f ac to r  o f  1 (ppm) was used. This i s  possible 

due to the assumption t h a t  surface area provides the bes t  sca l ing f ac to r  

between species. D i r e c t  exposure equivalency i s  derived from t h i s  

assumption since i nha la t i on  volume i s  a func t ion  o f  surface area. 

"The dose i n  mglkg o f  p a r t i a l l y  soluble vapors i s  propor t ional  to oxygen 

consumption, which i n  t u rn  i s  propor t ional  to u2I3 and i s  a l so  propor t ional  

t o  the s o l u b i l i t y  o f  the gas i n  body f lu ids,  which i n  turn can be expressed 

as an absorption coe f f i c i en t ,  r, f o r  the gas. Therefore, expressing the D2 

consumption as O2 = ( k )  ( ~ ~ ~ ~ 1 ,  where k i s  a constant independent o f  

species, i t  fo l lows  that:  

If: 

m - the average doselday i n  mg 
dur ing admin is t ra t ion o f  the agent. 

v - the average l i f e t i m e  concentration o f  
benzene i n  the i nha la t i on  chambers, 



then : 

dose = - =kvr 
w2/3 

I n  the absence o f  experimental i n f o r m t i o n  o r  a sound theoret ica l  

argument to the contrary, the absorption f ract ion,  r, i s  assumed to be 

the same f o r  a l l  species. Therefore, f o r  these substances a ce r ta in  

3 
concentration i n  ppm or i n  mg/m i n  experimental animals i s  equivalent , 

to the same concentration i n  humans (Par t  B, "Health E f fec ts  o f  

Benzene" 1 " . 



11. Calculations 

Step 1: Conversion of worker exposure of 0.9 and 3.0 ppm for  1 year to 

l i fe t ime time-weighted average (THAI equivalent.  

Assume: 
3 

9.6 m - a i r  breathed over 8 hours 
3 

20.0 m a i r  breathed over 24 hours 
5 work days per week 
46 work weeks per year 
55 as average age of worker 

(9.6 mJ)  (5  days) (46 weeks) 
3.0 ppm f o r  1 year = (3 ppm) x (=3) x ms) x T52 

(1 y r l  
weeks) (55) 

= (3  ppm) x (.00551) 

= ,0165 ppm 

= 16.5 ppb time weighted exposure over a l i fe t ime 

0.9 ppm f o r  1 year = (.9 ppm) (.00551) 

= .00496 ppm 

= 4.96 ppb time weighted exposure over a l i f e t ime  



Step 2: Estimating Risk From Animal Data 

The mult istage model was used to estimate r i s k  from a time-weighted l i f e t i m e  
exposure from 1 pb. N C I  i nha la t ion  data on male r a t s  were used. Risk from 
nasal cav i t y  ma1 ! gnancies: adenocarcinomas, squamous c e l l  carcinomas, and 
carcinomas (NOS). 

Though high and low dose r a t s  were exposed to 40 ppm, and 10 ppm 
respect ively,  t h i s  was only f o r  6 hours per day and 5 days per week. The 
time-weighted average ppm for both groups was calculated as fol lows. 

6 5 
10 ppm x Z-q x 7 = 1.79 ppm 

The mult istage model was then provided the fo l low ing  data ent ry  table. 

Dose Animals Ma1 ignancies 

Control 
Low 
High 

0 
1.79 ppm 
7.14 ppm 

The resu l t i ng  best  f i t  model was: 

-(O + 0.253 dose) 
r = l -  e 
where dose was entered as ppm 

The 95% UCL f o r  l i f e t i m e  r i s k  a t  1 ppb was 3.15 x loe4  

The 95% UCL o f  3.15 x 10 -4 was used to see i f  i t  was incompatible w i t h  the 
epidemiological data. This i s  the m u l t i p l i e r  i n  column D o f  the next  step. 



Step 3: Tota l  Excess Risk f o r  Workers a t  0.9 ppm TWA Exposure Estimated from Simple Mult istage d Model 
and Nasal Cavity Malignancies i n  Mice and Rats 

A - 8 - c1 
f;pb 
Equivalent 
L i fe t ime 

Assumed Exposure 

Worker Worker 
Years - Years - (Col. 8~4.96) 

D2 - 
95% UCL f o r  
MLE o f  Risk 
f o r  L i f e -  
time Exposure 
(3,15x10-~ 
x Col. C) 

UNIT l* 
Total  Tota l  
Workers Excess 

Risk 
(Col. D x E l  

UNIT 2* 
Tota l  Tota l  
Workers Excess 

Risk 
(Col. 0 x 6) 

16.0 16.0 79.42 2.5x10-' - 15 3 . 7 5 ~ 1 0 ~ ~  2 5. 00x10-~ 

Tota l  Excess Risk: 99 7.19~10-I 62 3.12x10-~ 

Tota l  Risk t o  age 55: 5.65~10-I 2.45~10-I 

1. (Assumed worker years) x (Time-weighted average from Step 1. Exposure f o r  1 year). 
2. (Equivalent L i fe t ime Exposure) x (Upper 95% CL a t  1 ppb) nasal cav i t y  malignancies a t  1 ppb. Simple Mul t is taqe 

Program, N C I  male ra ts .  
3. Number o f  workers by exposure durations from O t t  et. al.. Table 4. 
4. (Excess r i s k  per worker a t  exposure) x (Number o f  exposure years). 

* U n i t  1 = Texas p l a n t  
U n i t  2 = Michigan P lan t  



Step 4: Tota l  Excess Risk f o r  Workers a t  0.9 ppm TWA Exposure Estimated from Simple Mul t is tage Model and Nasal Cavi ty 
Malignancies 

A - B - c1 - O2 - E~ - F~ - G~ H~ 
FPB - 

95% UCL f o r  
Equivalent MLE o f  Risk UNIT l* UNIT 2* 
L i fe t ime f o r  l i f e -  Tota l  Tota l  Tota l  Tota l  

Assumed Exposure time Exposure Workers Excess Workers Excess 5 

Worker worker (3.15x10-~ Risk Risk 
Years - Years (Col. Bx16.5) x Col. C) (Col. 0 x E) ICol. D x G) 

Total  Excess Risk: 
Risk to age 55: 

1. (Assume worker years) x (Time-weighted average from Step 1. Exposure f o r  1 year). 
2. (Equivalent l i f e t i n e  exposure) x (Upper 95% CL a t  1 ppb) cav i t y  malignancies a t  1 pph. Simple Mu1 t i s tage  Program 

NCI  male rats.  
3.  umber o f  workers by exposure durations from O t t  et.  al.. Table 4. 
4. (Excess r i s k  per worker a t  exposure) x (Number o f  exposure years). 

* U n i t  1 = Texas p l a n t  
U n i t  2 = Michigan p l a n t  
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