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CORPORATE ENGINEERING 

September 1, 1989 

Air Resources- Board 
Toxic Air Contaminant Identification Branch 
P.O. BOX 2815 
Sacramento. California 95812 
ATTN: Vinyl Chloride 
Mr. Robert Barham, Chief 

Dear Mr Barham: 

The following comments are offered in response to the "Report to the 
Air Resources Board on Vinyl Chloride - Proposed Identification of 
Vinyl Chloride as a Toxic Air ContaminantH. 

Clarification is requested concerning the relationship between the 
California ambient air quality standard for vinyl chloride - 10 ppb, 
as it was discussed in the report, the level of concentration of 
vinyl chloride which poses "no significant riskU to the population - 
0.3 micrograms/day and the interaction of these two values in the 
regulation of toxic air contaminants. 

In the sampling and determination of the cancentration of vinyl 
chloride, the use of analytical techniques comparable to and as re- 
liable as the method outlined in the report should be permitted. 



An adequate- review- of t h e  medical s t u d i e s  of the  e f f e c t  of exposrare 
t o  vinyl chlor ide c a r n o t -  be  s a t i s f a c t o r i l y  completed before the  end 
of the  f i rs t  comment period., Therefore, a request  is- being made- f o r  . 
an extengion of t h e  i n i t i a l  comment period. 

If Y w  have questions, please c a l l  t h e  writer a t  216-796-2698. I 

CAS : cas 

Sincerely,  

C-9 jQL 

C A See 
Environmental Engineer 
Corp Environmental Engineering 



r m ~ C w n o c n r  
3925 ErnwnvPomMv. 
Akron. onio 4413 

September 6, 1989 

Mr. Robert Barham,. Chief 
Toxic Air: Contaminant Identification Branch 
Air Resourcesl Board. 
Attention: Vinyl Chloride 
P.O. Box 2815 
Sacramento, CA 95812 

Comments on Technical Support Document: 
Proposed Identification of Vinyl 
Chloride as a Toxic Air Contaminant 
part  A and Part B ReDOrtS 

Dear Mr. Barham: 

The BFGoodrich Company welcomes this opportunity to comment on the 

above-captioned documents and we would like to commend CARB for 

accurately assembling and summarizing the extensive data 

describing vinyl chloride's uses, emissions, physical properties 

and exposure in California. 

We have only two comments for your consideration. First, the 

primary deficiency of the CARB document on identifying VCM as an 

air toxic from landfills is that it fails to note these important 

epidemiology studies: 

1) Doll, Sir R., (1988) "Effects of Exposure to Vinyl 
Chloride: An Assessment of the Evidence1*, Scandinavian 
Journal of Work, Environment, and Health, 14(2):61-78. 



2 ) WU, W.:  Steetrland;. K;; Brown, D.: Wells,. V.; Jones, J.; 
Schulto, P. andzHalperin,. W. t@Cohort  and- c a s r - C o n t r u ~  
Analyses= o f -  Workers Expoeed~ to-  v iny l  Chlor ids  - An- 
Updata@*-. N r O W  Repor t  Draft-, Octobar, 1988. 

3 1 Won5 0. : Whortorr, M.D-; Ragland, D. ; Klassen; C. : S a m U d ,  
D . an& Chaxton-, K, " F i n a l  Report- - An- Update: o f  an 
Epidemiology-Study of Vinyl Chloride Workers, 1942-198Za. 
Prepared fo rChamica l  Manufacturex?~ Association, October  
17, 1986. 

The second area of concenrwi th  t h e  CARB document is more an i s sue  

of semantics: naverthelesa, w e  of f a r  i t  f o r  your consideration.. 

The PARTA Report  a t  pages- A-1, A-17 and A-27 accurate ly  s t a t e s  

t h e  fo l lowingfac t s ,  b u t  w e  would l i k e  t o  see c l a r i f y i n g  phrases 

added o r  sentences reordered as described below. 

* PVC is fabr ica ted  f o r  use  i n  several  products of 
which many a r e  used by t h e  construction industry .  
I n  Cal i fornia ,  t h e  i d e n t i f i e d  sources of v iny l  
chlor ide  emissions a r e  l a n d f i l l s ,  PVC production 
and fabr ica t ion  f a c i l i t i e s ,  and sewage treatment 
p l an t s ,  p o t  W C  fabr ica ted  ~ r o d u c t s  fox 
consumer o r  construct ion -st= USR. 

Paae A-17 t o  A .. 18 . 

* mstic Mater ia ls  and Consumer Products. P l a s t i c  
products made of PVC and o t h e r v i n y l  ch lor ide  polymers 
a r e  ubiquitous in most homes. Because v iny l  ch lo r ide  
monomer can remain in  t h e  PVC r e s in  f o r  an extended 
period of t i m e ,  an i n d i r e c t  source of indoor v iny l  
chlor ide  emissions may come from t h e  release of unreacted 
v iny l  chlor ide  monomerfromthese p l a s t i c  products.  
f imsa~x; emissions of  unreacted vinyl  ch lo r ide  monomer 
have beea s u b s t a n t i a l l y  reduced due t o  improvements i n  
monomer str ipping- technology (Wheeler, 19871 . Thu~, - - - - -  . - 
EPI1Sumerarodurts made of PVC rggins no lonuer c o n t ~  
a e v a t - d  r e s idua l  l e v e l s  of v i n v l e  monomer and. 

cont r ibu tor  of w o o r  levels oLyjt lvl  c h l e .  



I n  t h o  pas t ,  r e s i d u a l  v iny l  c h l o r i d a  concentrations.- i n  Pvc' 
res in= a t  t h a  time of shipment; we- as- high- as- 2000 ppr- 
Curently , PVC: resins contain: a b o u t  10- ppmz residual v i n y l  
c h l o r i d a  a t r  the t i m a  o f  shipment: an& may lose.. vinyl.  
c h l o t i d e  a t  a ra te  af- 20 t o  - 50 p e r c e n t  p e r  month. durfng- 
storage. In addition; m o s t  of the v iny l  chloride. w i l l  
v a p o r i z e  and= escape: during- the h i g k  tempsatrue processes- 
i n  which PVC-resins are melted and made.into f i n a l  products.. - 

Paae A - 27 

-Emissfons, 
Emissions of- v iny l  chloride. from- 

l a n d f i l l s  mainly o c c u r b y  two machanismsr 1) d i r e c t  
v iny l  c h l o r i d e  emission from disposed wastes whfch contain 
v inyl  ch lo r ida  (i. e. . chl-ted o m c  corn-) ; and.. 
and t h e  formation of v inv l  chloride.fromrthe biodesradatioxl 
of chlorinated. hydrocarbans. 

- 

It is hoped t h a t  by making t h e  previously described suggested 

changes, the readers  of Report A w i l l  more readi ly  understand that 

t h e  major source of VCK emissions i n  Cal i fornia  i n  l a n d f i l l s  is 

from chlor inated organic waste disposal ,  .no t  from t h e  d i sposa l  of 

PVC fabricated consumer and construction industry products. 

Thank you f o r  t h e  opporlunity t o  comment on t h e  P a r t A  and B 

Reports. Please f e e l  f r e e  t o  c a l l  m e  a t  (216)  374-2962 should you 

have any questions on our proposed addi t ions  t o  these documents. 

Sincerely,  

Kathleen E. St imler  
Manager, Government Relations 



September 8, 1989 

Mr. Robe* Barham; Chiet 
Toxic Air Contaminant Idmtilicati on: Branch 
Air Resources- Board 
Attn: Vinyl Chloride 
1102 Q Street 
Sacramento, California 95812 

Vinvl Ch- Re: Draft Reno* on 

Dear Mr. Barham 

On August 29th, the Vinyl Institute* received the preliminary draft 
report on vinyl chloride dated July 1989 being prepared by the 
California Air Resources Board (CARB). There has been, therefore, 
a limited amount of time for our membership to thoroughly review 
the documents prior to the comment.deadline. 

Nevertheless, after revievinq the document, there are at least two 
areas of discussion that are inadequately treated in tha California 
Air Resources Board (CARB) document, Therefore, most of the 
comments will be spent on those two areas. They are the phar- 
macokinetic knowledge of vinyl chloride in the risk assessment 
approach and a total inadequate treatment of the large number of 
epidemiology studies in tte published literature. These are very 
concisely dismissed by the Department of Bealth Services (DHS) as 
being unacceptable to be used in the risk assessment process for 
regulatory purposes. 

* The Vinyl Institute is an operating division of the Society 
of the Plastics Incastry, Inc. Its members include Air 
Products and Chemicals, Borden Chemicals & Plastics, Certain- 
Teed Corporation, 30W Chemical USA, BFGoodrich Company, 
Georgia Gulf Corporation, Occidental Chemical Corporation, PPG 
Industries, Shintech Inc., and Vista Chemical Company. 
Together, these com~anies account for more than 80% of t h e  
domestic production of both vinyl chloride and polyvinyl 
chloride. 

Wayne lnterchenge Plaza I/ 755 Route 46 West Wayne, NJ 07470 (207) 890-9299 



Point One: Phanuacokinetic. I nf ormafion.- There- are several 
publications in the- litetature not cited- in the DHSrdocurmsnt, that 
address the incorporation of pharrmacokinetics in low dose- risk 
estimation for - chemical carcinogeneria, One- suck artkcla Was- 
published as. far back as- 1980 in - 
pqy, authoreb. by Andersorr, Hoel. and- Kaplarr- Thatc document 
demonstrates- how to incorporate the phannacokinetic information on 
vinyl chloride into a risk asses- approacfr f o r  low- dose risk 
estimation. Theta- are numerous other puhUcations on. the phar- 
macokinetics of vinyl chloride as wall. Another such- document, 
published in 1981 in thd-ves of -10- authored by Bolt, 
Filser and Buchter, demonstrates signif icanr information that is 
relevant when extrapolating low level catcinogenic risk estimates- 
from the existing data base. The DHS documentzfaila to incorporate 
any of the established phannacokinetic information- in its treatment 
of theoretical risk for vinyl chloride, 

A number of studies indicate that probably a reactive metabolite, 
not vinyl chloride per se is responsible for its toxicity. 
Although some inhaled vinyl chloride is excreted unchanged, 
depending on dose, a varying amount is metabolized, The matabolism 
of vinyl chloride has been the subject of numeroukstudies and it 
is currently thought that vinyl chloride is metabolized by 
epoxidation with subsequent production of chloroacetaldehyde. The 
further oxidation and conjugation with glutathione are responsible 
for the metabolites found in the urine. Gehring, et al. analyzed- 
the metabolic and carcinogenic data from man and laboratory 
animals, and used several models to predict the incidence in man 
from the animal data. They found that all models over-predicted 
the risk to man unless corrections were made for the varying rates 
of metabolism and for the surface area differences of the different 
species. 

Point Two: Epidemiology. There have been many published epidemio- 
logical investigations of occupational workers exposed to vinyl 
chloride at a variety of occupational exposure levels. Vinyl 
chloride may, in fact, be one of the most epidemiologically-studied 
industrial chemicals in the literature. To dismiss that data and 
relegate it only for comparative purposes to animal data is 
unacceptable. DHS demonstrates a bias towards the utilization of 
animal experiments as a priority over human evidence in theix 
approach to risk assessment. This results in a dramatic over- 
estimate of likely human risk at the low environmental levels being 
addressed by the document. The DHS goes on to state that risk 
extrapolations based on the human data yield results they judge to 
be comparable. The practical aspect of responding to an order of 
magnitude or two in risk assessment can often be dramatic, 

J therefore risk estimates that yield order of magnitude different 
estimates of risk are extremely important. When adequate or 
substantial human evidence exists, that- data should be given 
preferential treatment in the risk assessment process. 



Many of the- epidemiology- studieol that have- been in the published 
1 iteraturs hava been- updated; irrrthraaut= vear o r  two .. One eramula . - - -. -. . - .--- a - - -  - 
is the study- m e  of Vinv authored by ~ahhr, 
et a* whickwar update& . a ! ! &  further demonstr-- 
ated a decreasing-cancer incidenca'rata~ in workera: as the latency 
period. h a s  been expande&auhatantfally. T h u  person. years in this 
one particular study h a s  beur expanded. from. only approximately 
4,000 person= yeautto. ovet 17,oOC pessorr yea-,. thus- a substantial 
increa8.a i a  sensitivity of t h e  study, as only ona example. ma 
Chemical Manufacturers AssocfatFaa (CMA) Vinyl Chloride Panel- 
sponsored epidemiology studywa&updatad- as. recently as 1986. It 
is a verycomprehensive epidemiologystudy consisting of a cohort- 
of over- 10,000 workers employed at 37 different plants belonging 
to 17 different companies. That study identified at that time, 
over 1,536 deaths, These- are, only several examples- of many 
epidemiology studies publishedzon vinyl chloride and DUS's approach 
to dismiss human epidemiology evidence in their risk assessment is 
inadequata. 

Many of the human epidemiological studies point out a statistical- 
ly-significant association betvean an increase in lung, liver and' 
brain cancer and exposure to vinyl chloride. For brain cancei-, 
three out of five studies demonstrate statistically-significant 
findings, although the results were somewhat variable. Positive 
findings occurred in studiea with the greatest statistical power. 
Most reasonable interpretation of the data is consistent with the 
causal association of vinyl chloride exposure and an excess of 
brain cancer, however, the relative risk calculation for brain 
cancer is much lower than that for liver cancer. Only two out: of 
eight studies on lung cancer yield statistically-significant 
results, and because studies with the higher power were negative, 
a causal association is unlikely. It is for these reasons, 
therefore, that the incidence rate on the angiosarcoma is the most 
suitable end-point for analysis of risk of exposure to vinyl 
chloride for a number of reasons: 

1. Vinyl chloride angiosarcoma. is a rare cancer in unexposed 
populations, thereby making the utilization of angiosarcoma 
as a demonstration of vinyl chloride exposure on the basis of 
work history truly a reasonable approach. 

2. Angiosarcoma has been demonstrated to occur both in animals 
and humans when exposed to vinyl chloride. 

3. It is therefore demonstrated unlikely that any other car- 
cinogenic result from vinyl chloride would incur lower 
exposures than those lowest exposures that would induce 
angiosarcoma. Recent publications entitled Vinvl Chloride. 
An Assessment of the Risk of Occu~ational Exrrosure, was 
published in 1987 in the rynPgmental4 of Chemical Toxicoloa~ 
Journal, Volume 25, pages 187 to 202, 1987, authored by 



Purchase; e t .  a l .  A very extmsive-  evaluation of t h e  a v a i l a b l e  
information a t  t h a t  t i m e  is- includeh- i n  t h i s -  a r t i c l e ,  and- a -  
vary- comprehansive 'examination: o t  risk assessment approaches= 
t o  v inyl  chlorida--is- ex&ed-- We-believe. t h a t  t h i s .  documen= 
demonstzatesa muck more s t u d i e d  and sc i en t i f i ca l l y  de fens ib l e  
appmachrto-assessing r i s k  of exposma to  vinyl  chloride. 

In  summary; t h e t a  are a t  l e a s t  twenty epidemioloqi cal  s t u d i e s  which- 
involve over45,OOO workers wharhave occupationally beea  expose& 
t o  vinyl chloride.. To dismiss this- body of epidemiological s t u d y  
i n  f a v o r  o f  basing- risk assessment on animal d a t a  is quest ionabla 
a t  bes t .  I n  the paper by Purchase, e t  a l . ,  information t h a t  is 
precisely t h e  issue being addressed by DHS is. present. In 
addition, an epidemiolagical study of populations l i v i n g  i n  t h e  
v ic in i ty  of VCM production f a c i l i t i e s  had. been conducted previousi- 
ly .  This- study, B a r ,  e t  a l .  1982, suggests- t h a t  100 ppb re- 
presented the  estimated dose representing a 1x10-6 l i f e t ime  risk 
in  man. That value is s imi la r  t o  t he  h ighes t  estimates derived 
from t h e  animal data when taking biotransfonnation da ta  in to  
account. The s tudies  discussed i n  the  paragraphs above, w i l l  be 
fowarded under separate cover. 

Finally, t he  Vinyl I n s t i t u t e  is extremely interested i n  reviewing 
the revised d r a f t  document before it is fowarded t o  t h e  S c i e n t i f i c  
Review Panel. Please add our organization t o  your d i s t r i bu t ion  
list. Materials should be forwarded to: 

Haredith N. Scheck 
Assis tant  Director 
The Vinyl I n s t i t u t e  

155 Route 46 West 
Wayne, New Jersey 07470 

Thank you fo r  your a t t en t ion  t o  t h i s  matter. 

Sincerely yours, 

Meredith. N. Scheck 
Assis tant  Director 

mS/pmb 
cc: M r .  Richard Forey 

Substance ~valuat ior . '  Section 
A i r  Resources Board . P.O. Box 2815 
Sacramento, California 95812. 



A DEviaimM The Society ol The Pl8Mcs Indusq Inc. 

Mr. Robe* Barham, Chief 
Toxic Air Contaminant Identification Branch 
Air Rssourcea Board. 
P.o. Box 2815 
Sacramento, California 95812 

Re:. W t  Renore on V i n v w o r i d e  

Dear Mr. Barham: 

The enclosed article was referenced in comments submitted on 
September 8th by The Vinyl Institute on the Air Resources Board's 
Draft Report on Vinyl Chloride. I would appreciate it if this 
report is appended to those comments. 

Sincerely yours, 

A A L c u u . t l c f R / J k L  
Meredith N. Scheck 
Assistant Director 

enc. : 
I.F.H. Purchase, 3. Stafford and G. M. Paddle, '*Vinyl chloride: 
An Assessment of the Risk of Occupational Exposure4*, 
Fundamental* of Chemical Toxicoloav J a w ,  Val. 25, No. 2, 
pp. 87-202 (1987). 

Myn8 Interchange Plaza I1 755 Route 46 West Wayne. NJ 07470 (207) 890-9299 
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Reuielr. Section ..- 
VIhTL CHLORIDE AN ASSESSMENT OF THE RISK 

OF OCCUPATIOSAL EXPOSURE* 

1. F. H. R % m r s e  
Cenul) Toxicolop labonton. 

1. SuFmro 
Phala md Perrochrnne.lr D~r>non 

and 

G. M. PADDLE 
Central Medid Group. Impn.1 C h m d  induuns plc. Aldn\e). Park. Macclnficlh Cherhrre. Englad 

(Rumrd I4 Drcr* 1983: reru~w rrcnrrd 13 J- 1986) 

Inrrodocrion riob. s i ne  in some plans openton beome faint 
Yiyl chloride monomer OfC.\f). more propat). 
named monochlomhanr k a colourlcrr gas normally 
handled t rndoprrrnm as a Liquid which boils rr - IP'C at norest m. Disco%md around 1835. 
VCWs c o m m e ~ a ~ t i o n  did not kgrn unril the 
1930s and did not reach high volumeuntil after 1945. 
P m c t  r a n u i ~ =  is s o u a d  I2 x 10' toraes per 
a r z m  nczrly +LI of whrch is used to make :he 
y l lmer  pol?-vu?.l etlorits iPVC). 

Until the 1960s. YCM was rcgr.cec 5 a 
of low human toxicity and tna main concerns were 
related to the compound's narcotic eSen. Indeed 
thna a:e ran?. repons of employus exposed to VCM 
monomer in y i ? % n  plants k:orr;zp c i q  and 
unconscious. Bcause VCM was cons~dcred to ik 
relatively innocuous. it had a rhreshold limit value 
(TL\') of j00ppm. 8-hr time-u.et$htcd average 
P A )  for man?. years IACGIH. 1974: Lester cr 01. 
1963: Torkelson rr al. 1.961). Slelrurrments of em- 
pl0yCC exPOSUrt u'ere infrequent. since n o n  mea- 
surement and u.amtnp sysums were deagned to 
c n y  that p!anr atmospheres were beyond the ex- 
ploslve limizs. iire and explosion being the main 
hazlrds o i  VCX. Retrospmive estimates (Barnes. 
1976) of t?pl=l W A  penonal exposures (in ppm) 
for pol?mrr;zation workers have hem citad as: IOM) 
in 194L19.'. A@3-300 in 1915-1960. 300-40 in 
1960-1970. 150 in mid-I973 and 5 in 1975. However. 
in some jobs. panicularly in the cleaning of ihe 
au t~ laves  in which VCM is pol>merizcd to PVC, 
very much higher exposures. in thousands of ppm. 
were undoubtedly experienced for shon;medium pe- 

and unconvlous from time to ume. 
The frnr clear indication of chronic health prob 

lcmr u ro~ ra t i d  uirh VCM arose in rhe 19& in me0 
who mtcrcd V M  pol>mer&auon rutoclavn to re- 
move build-up o i  p o l ~ n  irom the u.41~. Some of 
these men developed aco-osuolysis (AOL Cook rr 
d. 1971: Xzsis 6 . 4 C w .  196% Suciu n ol. 1963). 
\ idifiation o i  workins ~rzcdccs led to a redurion 

t~ in*=.-.- ...- of .40L cases in zuto2a~e cleaners. 
Although .4OL is oceasionaUy s e a  in peopie not 
ex- 10 YCXf (Irleyezor 6: M:i= 197:: Uilson 
er d. 1.967) it is a n r e  disease. in the iate 1965s. 
SIudies in :PIS izvol\in?. C X ~ O S U . ~  to ti@ coflan- 
tntions of VCM fcr lczp y-03 W c ! r  1969) :&& 

' to produce AOL but showed an incrcue in :ha 
incident: of tumours at various ntes. 

Funherstudies (Mritoni er d. 19806: !991: Maltori 
k Rondinella. 19801 showed the n r c  tumour an@- 
sarcoma of the liver (ASL) in exposec rau. and 
conrimed \:C!vl a5 an animal urnnop:n. T n r e c ~ S L  
cases m exployw at a PVC pol~mcrizzuon plant 
(Crecch b: Johnson, 19X) conii.zed YCM as a 
human camnopen. Other knoun aetiolomul agents 
for ASL in m m  were thorium dioxide. anenic and. 
possibly. anabolic steroids (Mritoni rr d. 1980). 

Since !g7*. the health hazards of \'CM have ken .  
the sub.im of many investigations. scie=e5c papers. 
sminatt  a-d other. pmenrations (Conkrace to 
Rm-aluate the Toxicity of Wnyl Chloride Monomer. 
Pol?fviayl Ckloridc) and Stnmunl Analogs, 1981: 
Gauwn. 1976: IARC Working Group. 1979: 
Selikoff, 1975: Srrdkowski & Leh3&% 1985: US 
D m .  1990). The plethora of iniornation (and 
misinformation) now available suggesrr~rhat an ob- 
jective historical case nudy of VCM would be of 

'A longer version of lhir paper h u  bern published in value. 
To~*olorir.d RLk A s s n n m r .  edited by D. 8. aapwn. 
D. Knwki a d  1. Munro and published by CRC Prro. 
l n ~  B- Faton n (19851. . - .~ 

*bb?Mr~om: AOL = acrwstmlysis: .4SL = mpio- &rPrr,,,,e,,,a~ ,r,,,,ir, 
I u e O M  of the lircrPVC - polyinyl chloride: TLV 
tbeshold I'nk raluc T I ' A  - wac.u.etghled avenger T e  principal ei?ect wen in the acute md subacute - w q i  cbionde monome rmdin k ~u'~*tdr wbich ocnvs u reiru~ely hi$.. 
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Tabk.1 L o m r ~ u o n r a d ~ ~ a l  vhrh I ulnlbeur-U r a n a n  
~um- t r m - m s  D- m nt urcmwymmr ~ t u d n ; .  

c o r n  D a  
Turnsv 

L!mblCyhnd urnnoma l0.m 
SIY~OUU~O~OL to.ma 
srplwm*uaru. :IQ lffm1kl 

' Iw trnakb. 

dobe (7-10%) in both rnimala and mm. The d o s e  sutistimlly significrnl findangr. lhc rcrulu were more 
responsible for acute toxic it^ arc about 1000.Told variable; ponuve findme occurnnt in the studin 
hipherthan the minimumdose for urdnogmiatg nith the g a t a t  r u t i n i d  power. The most reason- 
and there is frequently no sign of oven organ toxicity able i n~e rpmt ion  m u  that the dau were consistent 
prior to the developmar of the urcinosrmc re- n i b  a s l u u l  u r o b u a n  betwecnVCM exposure and 

an excess of bnin a n =  Infante (1981). in reaching 
vCM is mutagenic in a variety of test systems the same condwion, poinu out that the relative risk 

including Solmonrlla r!ghimurmm. (Rannup rr 91. for bnin u n a r  IS mush lower than that for liver 
1976). Saccharomyces (Lopneno er d. 1977) and unscr. Only two out of eifnt studies on lung u n w  
Drosophiia n'erburpc 6r Vogei. 1973, usually with (Buumont 6: Bresloa.. 1981) yeided s u U s t i ~ I 1 ~  
some form of nummaban wcrosomrl mcubolizinp si-pniriernr results a b  -use nudla  with a high 
sysum tc eonrerr VCM into iu anire mmboliter pawnwercaegrrivc. a uuul asocianoa was conad- 
chloraerh?lerre oxide and cbloraacculdehydr The e d  Wcely .  
dalo on the muuscnidty of W3.I pro\ide urefui ASL is rhe mon ~ i u b l e  endpoint for analyes of 
qu.liu1i~e infomadon on Its mode of aaion and the risk of exposure to V M  for a number of reasons. 
m e u b o l i .  but are not suiubie for the quanl;:ative It is a rare cancer in muposed populations. making 
estination of ask to =as. ant;bu:ion to \'a1 c q a t x r  on tie Sasrs oC work 

m e  zest ~ t f u l  expmnra-al lalo are dcrived hisrov a rrasonablc rzroacn. ASL occurs in borh 
from lonp-te% animal urnnog:nicit)q nudies. .An zaimais and humans exposed to VCM and it is 
ext:ni\'e of 17 itudies (>l&oni t r  d. 1951) ~ c i y  t i a r  w y  orherauaogewc :Cea of VCh1 
gives a useiul d a u b a s  for risk asresman Other niU k found to occur zt lover cxposures inan the 
studits IF::on rr a[. 1981: Lee er 01. 1978) tend to lom~ea exposures that ~ziucl: .4SL. For these rcrsonr. 
confirm the Rncings of \fahorn. most work on rbc qurxrauvr nsk assessmrm of 

C i ~ l i 0 ~ : n l ~  *em ucrc obse~cd ' in  mice. rats. chrontc exposure to VCM has used AS1 u the 
2nd hamnen. .4 compiication in rhe r e i a o n  of these e$dpoint to study. 
data for risk assessment is the variety of Imau r  t>9cs 
obsemed (Table I) .  Some of these occurred at vey  perYfCr 
high cxposwc levcis. bat mammaF acenocarctno~a The avulability of d r u  fro= a eomprehenstve case 
in females and ASL in both sexes of both nu  and repsrer of ASL uses nlth a hrstoT of accupalronai 
mice occurred at 50 ppm or less. exposures simtlar to exposu:e to VCM pro\?tes an oppomm~ty to tdcnttfy 
those believed to have occurred on rianulactunng hsk facton for the inductton of ASL. 
plants (Barnes. 1976). 

Prrsonr porenrially r.rpored ro r;n?/ chloride 
Epidemiological ~srudirs Current manufacture urd use of \'Chi and P\'C 

Several major epidemrologiol nudies on workers rerutts in the potcnlial exposure of four groups of the 
:%posed to VChf have ken  repaned (Table 21. population. The h i sha  exposure catesory coven the 
?atn orsans :hat have bnn  usoF.ared with higher workers involved in the mmufac~ure of VCSI. its 
lnddencn of cancer in *.orl;m exposed to VCM are pol>meriu~ion to W C  and cenaln other industrial 
the liver. lung and brarn. Inemres in the sundard- urn of VCM. Within &is -up. scnun occupations. 
ized monality ratios of cancers in the buccal u r i t y  prniorluly autoclaw duning. involve higha poten- 
and phaqnz of l!mphomas and of cancrn of the :ial exposure than othen. although all groups would 
I!mphalic and c a r d i o v a U .  systems have h r c -  now k expcled to haw exposures complying with 
poned in one or two studies. The analysis of cancer hypiene standards ol  l-S ppm. 
of the respirslory system is often confounded by The next category co rm those exposed as a result 
smoking. making quanutative analysis of the con- of using the PVC. Worken in the compounding and 
tnbution OI'VCM difficult. The ucess of liver cansen fabrication of PVC produm are exposed to residual 
is duc to an exccss of ASL in many of the studies. VCM released from PVC on herung (but PVC docs 

An analysis of the sutistial power of various nor decompose to YCN = h a  heated). In pen& the 
audies for auotiation beween. V M  cxposurc and exposure levels for t h e  r o r k m  am very low in 
uncer of the lung. liver 2nd. bnin (Beaumont 6 comparison to thore forPVCpol!me~tionworkers 
Bresiow. 1981) condudcd that ;he rcsulu for Liver .(from. 10 to IM) r inn  iowerL 
=ere c ~ a s k c a f  m i d  an aeuolodd role for VCM. Co--who a t  fwd m d  &ink k v m g n  b a t  
For bnin aacer. wbere I&= out of five nudin had have k packed in PVC z a y  tnpm -0cd \'Chi 
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of \'C>f rnetabuliurrm n l s  IS mvmm F i r  I .  On t h e  
baus of this uhcmcthe htphl?: rerctne ~ n t d u : -  
In thc.metabolic proms tpa.fllculrrl\ chloroctWlcne' 
ox~det rean ~ 7 t h  cellular macromoleculn. tncludtne- 
DSA to produce the m n a l  lesions leadrnt 10 mu- 

rx ? {GI ;  
: .! .; 
l t z  u . -'F = r z ' I . 8  ? . r J  I 

5.:3 .i a 

1 9 . i r  * < 5 %  
$31.3 - i i - 

- . g $ = - 
&?:$ 
:t: -x:,z - 
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C c =  r - - - z z  = -,. - - -  - i 

- - 
3 - - s 
? E - a -  .= - < %  %! . l- - - .  * z " - e s .I 

5 b r e  j 

tatson or the lnducclon of u n a r ;  
Studies on the quanuutlvt aspea of VC.4 metab- 

olism havc shoun that t h m l s  a dose dependencr ln 
the n t e  of metabolism: After. a d m m ~ t ~ l t ~ n  of 
"C.labeIled VCM by ~ a y q e  at do= between 0.5 and. 
100 ms lie to \Vistar.mtr the amount of "C exact& 
in the unne and f a ~ ~ t  and e n d  in the arass was 
estimated over 72 hourr (Watmabc- h. G e h r i n ~  
1976). AS the dose of VCM wu. . inacaseL~hc .  
proponion exhaled increased and that umcd in the- 
urirremd f a e a  denerub(fig. 1). The proponion 

3 rculned in the carcass. a h  d u c u u L  The same - g m m l  trend ocnr& ahc r  admininndon by in- 
$ hahion. althou@ the magnitude of the diiTercnas 

in retendon and excmion was leu p a u n a k  d: 
Gehrine; 1976). 

.- Studies of the amount of non-volalile.rnatcrial - retained in the carcasses of nu  exposed to variour. 

.- levels of "C-laklkd VCM for 6 hours dcmonnntcd - 
I that the meubal im of VCM appcYch to tc in 
E aao rdana  ~ 7 t h  Stichaelir-!+lcnuakinc~i~~ (Gehriug 
2, rr af- 19781 The conrunu for maximum velodty of 
" - mcubolLm F, in rg mcclbalizcd 6 hr) and h e  
: >fichaclis constant (1E. in rg V C M  litre air) aaord- 

$ 6  in? to the formulo: 
S l  - z vs s \' - - 
j L - s  

(when V - velocity of mer+holim; in pg.6 hr and - S = a::=~-uon of VCM bcbp i - k l d )  u,:~ - " 
z V- = 8558 rg mctabolitcd:6 hr and & = 560 pg 
I - ~ b 4 . 1 i t r c  arr. Thus there was a considerable cbrnge - in the ratio of administered dose to metabolized dose 2 as the exposure concentrrilon increased Cizkle 3). Ar - 
P the hisher doses a smaller proponion of \'C.M w;rs 
z = meuboliztd than at 10% doses. - - 
? 
I Rerka of  earlier calculartons o j  risk 
i : There havc been a number of a a q r s  to :alculate 

the risk of ASL derelopmrnt on the basis of extrap- 
n 
s d oiation from experimental daa.  These have been 
< u 
8 ': 2 s 

rexiewed by Barr (1982) and an adaptauon of tis 
x .z dam is pmrntcd in Table r. 
< .z The introduction of biouansfomauon data into 

L 
? the aumadon of risk increased the level of exposure 

calculated to cause a lo-' lifetime risk from pans per 
5 c billion to in excess of one pan p r  million. A funher 

5 refinnoem of the techniqueusing DSA binding u - 
i 

the measure of dosimelry (Anderson n af. 1980) 
provided a rimifafesumate of the exposure. ‘r A variety of mathematid models can k used for 
ennpolatinq Wow the upa imenul  dose nnge. and 
it is not possible to relea from anonp t  thew math- 
ematical modeis on the brds of goodness of fit to 
~Xperimenul d a t r  Anemprs to do so have shown 
that most of the models fit the d a u  equally well 
(Gehrinq el  af. 1979). It is equally di5cult to select 
among% the models on- t h e  basis of the assumed 
nekanism of r&on of VCM. Thw a comparison of 
&e lifelime risks calculated usins b e  A&.agc-DoU 



multiru~e model by tbe Fwd  Safety Cound1 (1980) 
and, by Gavlar 6. KodeU (1980) showed h a t  for rhe 
ume lo-' liferime n s t  rhe Food Safety Cound. 
~ h r c d  rbe d m  1( 2 x 10-:ppm wberru Cnylor 
~ : K ~ ~ ~ ~ ~ I ~ ~ o s c ~ ~ x I O - ~ T ~ ~  
ti8-e kmem thpe two .athats u-u dut to 
altcmative nmrmpuons on the vdue of rhc upanrion 
of the cxponentirl I- wed 
In gmrml. caJculauons based on the moun t  of 

=Lend rne:abolized or oa hum u t a  ha\.e ?ro- 
C u d  exporurs niues of about 1 ppm for a 10'' 
likume nrL ?UI b e  other siudicr have proauctd 

exposure vtlucr in tbe ppb range. A large vanable 
appurs to be rhe v l d o o  of tbc rmrhnnaucal model 
applied to ibc npnmmul &u 

In the foUoain~ &on mo modcls arc vsed to 
alculale rtle exporurc for r lo-* ak from a \-uicry 
of expnmmul  urimd.&u appl>inp rhe eonec~ion 
for mctzbolisrn used by Gei~rrng n 01. (1979). 

Cdnriarion of rxparrzt for lo-' rhir 
A rummsy of b e  m d c  ASL i n a d a s  rates for 

U d o o  studies in S~n~ue-3awley  nu is given in 
Table j. W u  t a x  for Uira rrrr exposed by 

Fwd YIV Co- 
(1910) 

Pat 
R.1 

&I 
Mm 
R.1 

MOW 
Maa 
Rat 

M o w  
Man 

.- --- 
U~Cibull 
mnd from Barn's neyurr .;ndmrolon 

~ l . p " b t  
Lol.pfab81 lnclvdnn# bommformluon &u lor m a  
%*bull 

Wetbull includ~nt bomlulomuuon lor nun 

ETA (1910) Rat 
NAS 0 9 M )  4 ul?d8y 

R.1 
hl.ra*. Fooda i.8- 

C-P & Gum (19M) 
3 = lO"rnr.~ydry Warn 

Man 0.7 ,#,>dry 
b t  

A P P ~ t  weer dlu to ",a 
0.5 "(dl" Cpm~P!'i c o d d m ~  h u  

.Urn BVrlIPI>L 



~ n h r h u o n  ( T a b W t  fo r  nu npos&onlly tTablc6) 
and for mroc e r p o d b y  mhalauon ~ T a b l c l  I arc also , 
presented. D a u  f r o m c x p n r m a m u ~ t h  vanous ex. 8 M-. 

posurc p n o d s  of shon durltron arr-pvm m Table & 8. For ulculat~ng thcamounts of the dose mctabo- 
lucd In nu an the mhshuon expmmmtr  the con- .ow 
slants ulnrlated (Gehnng rt al. 1978) hare km- 
a p p h d  For Wistar ntr the K. and V, values ' -' j i denvcd for Spngue-Dawleynu h a v r k r n u r e d .  . 
Tnere enlmatcr of m e u b o l ~ z d  dose have been m- I 
c~uded m the u b ~ e r  l w~ 

For the experiment in which V M  was d v m  by 5 j ..,,,,,.. I. 
p\-age. the data from Fig. 2 were urcd to mimare the %o* 0 %  3 o 

\ I "  
0 x 1  

m o u n t  of VCM exhiled unchanged As th i  t,, for vCM dou.(nq#aq) ' 
exhahuon of VCM u u  14 m i n u t a  t h e e  &u bueh ~i~ . 0 f d ~ d ~ l  wilur). and puhllonvr 
on a 72-hour period dvc. a good =uma= of the e x m u m ,  ehlonde monomaflCM). U-ME 
fnn ion  of VCM exluiai. in he: 24 houn marn- ti- (0 I rrprromv meubolita of v m ,  wu cony- 
do= It has bemurumed that the VCM not exhaled elimiasuon (A) i s  unchanged \ 'at .  [ ~ l m  w a u k  d: 
was mctabolid.  an assumation similar to the one Cehrinr 119761. 

~ ~ 

used for numaung m u a d o l & ~ ~ d o v  in the in- 
halation experimenu~ Gfmr & Hathway (1975 k 
1977) showed that VCM admininmd.by gavage to 
U'isur nu uxs exhaled and mnrbolizcd in a similar 
manna lo. chat in the S p n e c D a w l c y  ntr. and the 
V, and & values demed for Spn~c-Dawley  m u  
have brrn wed. In che e x p r i m m u  by F n o o  rt al. 
(1981). r h o  rued * - i  nu. che m e  w u m p d o m  
about V, and K. have beemmade. The quandry of 
VChl administered has b dcak a i th  as  ~f it had 
k:r. acminincrcd by gavage. 

For mi* the data have km combined in Table 7. 
The etunution of the dose mctabolizcdin miozhas.. 
h a l c u l a t c d  wing valuer for V, that have kcn- 
adjusxed on the basrs chaL for a chmsal m u i n n p  
rncubohnn to lu acuve C o n  ibc quanu? &cub& 
b?d  uiU be proponronrt to the body surface 
a d  muu be e x p h  m tcnnc of mMboiired 
dou.kg body mu This ~ a h u i q u e  has a h  bemuwd 
by Gcnnng rt al. (1978) for esumaung the now 
meubofiztd by man. 

Tab11 J. Vinyl chlade d m  md aaCence o i  hwauc snpomtorna nn male Msur 
a u u ~ c e ! C I v I r x  i m i l u i  

Amo~nl mn1~111cd 
C a m  *npa=mnu Fzpint 
low1 28  4 hl Y #  lmtJI mnd- I9.l no: 
l0.M ' --- -'I 1.4. 1 0 .  3.6 BT 7 

MOO .so3 1.4 . 10' 1I.S 
x00 

BT 7 
930 1.3. 10' 12.0 

$00 
BT 1 

3 1 3  6.6.  10' 10.7 
.4?. . - BT 7 

20 - .- 6.3 x Iff I. I BT 1 
0 :?9 1.9 x 10: 0 BT7 .- 

I I I c.; . l f f  0 BT 17 
0 0 0 0 B T l .  I* 

Table 6. Vinrl chlonde N O 0  d m  md mndn= of bnruc iapourmru m n u  orm VCM by pr*p a !ntnuon 

~ O U I  .+.mouac m r a w w  ~ p o ~ r c ~ a u  3mO.M I...) 
DeIe eah.1Cd. Grmt 
fat LC) I f i  of do-) us don* - 6  IIOYI) Mak Fmale MUD no. 
$0: S 6x0 :.6 a 1 0 .  20 . - a  - :I2 E i  I1 
16.65 Z5 1705 '.0. I O L  I0 15.1 
323 10 

I s  87 11 
3 0  20. 10. 0 0 0 BTll 

1 .o - 2::s -:6. Iff 1.3 2.7 
0.3 

2.0 BT:T 
1.7 74 :.I6. I f f  0 1.4 0.1 BT 37 

0.03 1.4 7.4 216.  1OJ 0 0 0 BT 27 - 0 0 0 0 0 
3001 80 

0 BTII.:? 
13.m 6 2  a too r9 $3 

14.17 32 2'90 . 1.65 x 10 .  49 16 
5.0 16.5 lW t.X r 1OJ 10 1 
1.7 . 410 2.9. I@ 0 
0 69 0 0 0 0 

O 0 

'C Ikuhd from d.u demd horn W a w h  li Cnhna( (1976) prrusMm Fi,. Z 
:Amnninr. m 
. S p n p D . W e ?  n u  d a d  by pnwnth VCM in e m  oJ 5 k n u k  f a  n w k .  
IBEY d o d  for 59.t 
!U'ibUI M M U mw2ak h F e c 6 e r  d l19l11 .X -fa Sf st; 
--a- nu r &= -.vM ewln~ PVC 

00OOa7- 
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T t h W  VnnO rhlmndrdmr8d #mdmr. d hrmw anmw-m nnrr 

* m a t  nUmrnklrOl 4npoun- ~ l a m r r r * . ,  
C a m  . -. - --- Ex- 

-- . .-.- -. - 
:)O 4 9 5 ~  7 4  m I 30.0 24.0 M.0 IT4 
:SO 49% 1.4 10 24.4 410 )bJ L.l #I .I.* 
Y) l10(. X.10' 1.1 0 1.7 IT 1 

I I .% 5.9 s 10' 10.3 0 3.2 L r n . L * .  
0 0 0 0 0 0 8TrL:L.l.t.I. 

.SFIS, mn. 6I.wk rspnmme d w d  f a  Nrk.  
'CD, mn. 32.wk rrpnnmc6ht d8y.mpmurrlLr rr d. 19781. Th~lm.luD.=.na ba 

l ~ l v d d  I. lhrokdbwu fa Tabk 9 bow Ur n B 0 u p  -md lwna 
hlk 

- 1?95pg,4hr 

i%c valuct of 0.045 m' and 0.01 1 m' arc the body 
surface ara of a RI and a m o w .  r c s p a i v e ~ .  S i n e  
t o x i a ~  IS a function of rbe cunsenvruon of the touc  
metaboli~e in the usruc the amount Iransiormed 
mwt k n o n n r l i d  for mass to estimate a n  eauiv- 
alent resjonsr Thus V, mun be adjusted on the basis 
of the bod). rerghts o i  a n t  10.25 kg) znd a mouse 
10.03 kg) by clriding by 0.03,0.3.2 = 0.12. 

The \I, for the mouse on a m a u - q u ~ ~ r l e a t  basts 
is iherciorc: 

Tnis raiue oiV, hns been wed in calculating the tau1 
aaount of VCM meubolizcd (Table 7). 

From the vuiet? of models (or r n a r b m a u u l  ex- 
rrapoiruon :=.'.mques) used for low-dose nsk extra- 
polation (Ta5ie 41. an a r b l l w  eholcc of moocls has 
been made ro ~es t  the robus:n:ss of the cxtnpola~ion 
irom the Ci5r~erear animal nudtes. 

.\ Iopproa~t analysis of the dose that would be 
expected to produce a lifeumc nsk of A S 1  of lo-* is 

pmvnted in Tabk 9. This crlarlrtion can be carried 
out on che basis of the sonan tnuon  inhaled. h e  
daily dose rncubolizcd or h e  toul  quanuty m e u b  
l i z d  during the whole upemnmt. n e r e  is a side 
r,ariauon in the aumrted dow depndiag on the 
d a u b  uud for tbe alcukuon. l l ~ e  largest van- 
auon betvnxrdow derived from t h e m  rxpenrnrnrr 
is jG1old (0.021 ppb r. 9.1 ppb) when exposure IU 
ppb is e o n s i d ~  but this dePPIcr lo la)-fold for 
o rbn  emmrfp of d o r  The rarlu from rma arc 
substu1rully lotre when e x p d  in ppb 
(3 x 10-':;pb) bur the diferencs IS less for other 
exprcrsiolu of dow. 

Si 'k  a Q u ! a t t o ~ ~  of the dose expmed to e r e  a 
10" K:L:--C 5sk of ASL have ten bawd on a 
Weibdl u a l y s i ~  irable 9). lhis is a more 'comes. 
rdve' r a ~ $ c a a u c a l  model and the a u m a t u  of dose 
a z ~  acardiagiy lower. ihc vuiauon m n-us o i  
d o n  i!. if myrbi:g, lug$? ~ that observed uxl? tho 
Io#.probit anrfysis (for exampie. a lo-' difference 
between the S valuu derived from Wstar  and 
Spngue-Dawley nu). me doses for mice are so 
much lower t k m  those d c u l a ~ e d  for nu or n.ur b a t  
the assmpuons used in their calculat~on must be 
suspect. 

4 fuAer calculauon to de%e the human dose 
likely to produce a risk of lo-* is pvcn in Table 9 t S  
calcuiated ior maai, Tnese dculauons  are based on 
a V, for rr~o of 1675 93.8 hr based on correcuons for 
body suriace aror and mass. R e  values are substan- 

Tabu I. Vmr'l cNondt (VCW don md h.;rauc 8ngloumm l m d e ~ l  tn Sp;.apucDa.rhy nu .a- 10 VCM by 
Inkslsuon 

A..oYD~ m m b a M :  AIIPMUCDW -a 1%) 
Conro KO. el bpml  
I Schdul*' d a n  u c 4 b r  rs (loul) \ a  Fmak Muo no. 
1C.W I :M .-- <,.I 1.4 r 10' 10 13.3 11.7 BT1 

'..I I O . ~  I I  IIJ .-- 4.7. ~ f f  o o BT 3 
'..I 

0 
1O.M 111 25 ..- 1.4. I f f  I.? 0 0.1 BTlO 
l0.M W 100 1379 1.4 # Iff 1.7 0 0.1 BT 10 
IO.mO V 23 !521 I I 0 1.7 0.8 BTlO 
MO I 264 . M 3  1.4. 10' 10.3 11.1 '20 BTI 
tQm I1 O .MI 3.3 1.1 BTI 4 6 i l O '  0 
am0 Ill 25 ,933 4 I 0 0 0 BT 10 
MOO IV IW 13% 1.4.10' 3.4 
Mm 

1.7 
v 

r( BT10 
25 .Wl l.4110' 0 1.7 0.1 BT I0 

'Mu Mahorn rt a!. (1981). 
'!chrounr: I--dhr day. 5 d a w r s  far $2 we: I I d b d a y .  5 &,.re fa I f  rc l l 1 ~ b I ~ d . y .  $ day;.k (a 5 rc: 

IT-I bI da". 4 4..,w,r (a :s rt: V.--bI,rd.y. I O.,.*. tm 2s .'. 
L ~ ~ ~ s n r m ~ l u l m a  b o u d m \ r a  f r w u . i - ~ V ( , g b . l - v .  .S*,-S rbcrV,ur6oith.6hr 
\uU. 
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m l l ~  h t 8 h u t h r ~ t h o r n ) ~ ~ f o r t h c n ~ a n d - :  r.bk-11 C l u w m r d  ASL -mhn 
m o u ~ e m h t h e m s  sttlla n n r r o f  ow-100-lold tn the Dm*-.- .- .I 

ra.". ." -. 
estlmat~denocd-kowth&d~liermtr~drnt e r m  no Covntn *SL w- 
mats.  Whewthls amountof vanabtl~ty occurs in the- 
exlnpolat~on of the nsk 01 loudorc.exposure to u - h r ,  

1 WntGmam- 10 
VCM based solelr on d~llemrex-en- ln the : U n t  CImunr d 

same. mrr the.khab111t~ and h e k - t h e  utthty o l  3 w r n ~ n r u w  
these prOCCdUm IS open ro q u u u o a  4 u.m m, 

Fnna 
The l m m l  r ~ l l ~ o l u b p  beweemhe doseadnnnrs- Fnna- 

ten& and the  m n d c n e o f  anmorucmnas dtnved I F n n n  
from 52-week exposum-doer no; apply to exposures 
of shorter duntron (Table 8). In all expenmats a 
toul  metabohzed dose in excess of 5 x 10?un was 
requtred to produce an t n d c n a o f  a n # t o u ~  In 
ex- of I-?%. This mlauoosh~owas seen ~n both 
nu and m i n a n d i n  n p r n n m k l n  which \'C>I was 
admrninercd by gavage or  by inhalation. In lone. 
lnm inhalation nudies. a. touLmeubolizcd dose01 
5 x 10? r g is qui \x lmt  to about 1W ppm adminis- 
wed  over 53 weeks and mpresmu a p n c u u l  rhmh- 
old for this wries of exprimmts. 

In coneludon there is a uide variation in the 
estimates of dose for a 10-' lifetime risk. This vari- 
ation is due to the t)pe of mathmrtical model that 
\s applied. to the assumptions that am made and to 
b e  panicular exgrnmclll -is used to pro\ide dru 
for the uvapolatioo A hi& ic\.cl of cnniidcncc 
-0% be p k h d  on low-dox auapolations ahn  
tariabla that would not be v c d  to ahcr the 
cxprcsslon of risk have a profound effect on the 
cnuna'd risk. In addition. the interspenes m 6 ~ p o -  
lition from e x p ~ r n r a l  a n t r s L  to 033 is \&-A? 
inmme. I; is :!ear ;bar nuraw of risk snouid take 
1% w o u m  ali ava~lable dna. 1nc1udir.g q i -  
d c u i o i o ~ .  toprovide a degree of retirbility. 

Risk aucLIment from human m d i n  

P.rpisur of AS1 ccse; 

Since 1974, lisu of reported .GL cases aaribuubie 
to VCM exposure in the \'CM.P\'C i n d u t y  nave 
been kept by NIOSH (Spinas k Kammski. 1978). 
by {.ARC and by the VCM C o m t t e t  of the 
.Asrocnuon of Plzsucs Manufacru:en m Ewope 
(.4?>1E). Dctuls of 99 cases in the .4F'>tE rcpsrer at 

sad- 
I c..ldu I0 
I USA I I 
: USA P 
3 USA & 

TauL.. 9 
R ~ d U w y .  

I J a w  
I Yu,c&m- 4 
I -. : 

b e  cnd of 19S2 b v e  bcen d v r d  bv counrr?. and 
by manufacrunng company add p k h r  n e  
have tern ~ e ~ r d e d  from all maior \'mi ?YC manu- 
fanuring countries (Table lOl.'but the incldefic has 
not ncrssiuily ken  in proponion to the PYC ?ro- 
C.flioa cqaci?  now orpiior to 1952. L? the absea:: 
af d a u  oa thenumber  of u o r i c n  empio)cd. T o -  
: m ~ o n  caancitv IS the only avaihble i b t a u o n  o i  
r ie  - ===bin oCpopie poti=ua!lv cxpowh 

1 ne maiontv o i  the ASL cares are PVC autociave 
c luncn  or  &en who hrvc worked in or around 
lii;odives. That am AS; cases amon$ r n s  who 
=andam-rd VCM a d  a :cs c a m  %err mVol\cd 
both uirh monomer and uiri, pol)mer ?rocuc30n. 
Only one case suRered from bath auo-osteol~s~s and 
.ASL. Tne .ASL u s  teaaed to occur in iarner 
numben in some plans tkzn ~n others (Tab!: I!) .  Of 
:he total of 39 .AS1 uses recorded ia Sonh   ma 
3 have occ.aned at four PVC piams. unrle me: 'O 

..-. .. 
COMIIV. ASL orn i?!: 1962 I P i 2  
USA :9 iP3 704 :WO .. 'X-I & m a y  :I - :t4 1\55 
F-r- I &  I I I76 &?'I 
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2 $1. SrL LXI. 112 '3 
1 G3: a. vs1. us3. us?) 
4 . a. G I  LW 0. US13 
J n. a. GZ GI. ~r l  US*. usg. ~ ~ 1 1 .  us16 
6 81. $4. F5. $6. $7. Sw3 US19. US= VSZ 
7 n. F). GIO. GII. GI% srr cia ~ ~ 2 1 .  ~ s l q  
8 FIO. Fll. G9. GI]. GIJ. 

GI& GI1  7:%7. US21 - . . . - . . - 
9 FIZ FIJ. LX4. LXJ. GI8 

1980 LXh LX:. C19. 5.5, G20. 
G21 CSI?. U m .  US?4 US52 

I 1 1 4  Fl4. LXL GI2 

-~ ~ -~~~ ~ ....- -. 
=fa@ r n a n  of P\'C ~ : L L  

*8 - %IF-%. G - u' b a r ? ? ?  S r  - 5 - e  C - G n a a  h - I-!): LX - Cn::ed kins:=;r.: C; - 
Clcslorromii.: Jan - Japin: Y - YI~~EIL.\u. F - F-. S - S o m y  CS - CSA i-.?;~ GP - 
no. 9 in Writ Omnan". Cam L X l  614. L'SI4. VSl l  ane US2 snr shes* no: U, be -*I& r x h  

Sonh . h e n o n  P\'C planu have not recorded an pounding or fabriczt~on where man?. more people 
.4SL care so far. have been exposed but to a much lower dose. 

The avnase latent =nod between nrrtinn work in ~. .... 
an occupation invol;ing VCM exposure 3.7d death 
(:om +,SL for the 09 cases is 21.9 years ,in F ~ ~ ~ ~ .  P~dif l ion offurarc .ASL rases CS 0 co-equmre 4 
Sweden and b e  CS.4 berwm 24 and 25 years. in prr-19i4 e~y~asure 

Germany about 18 wan). It is still too early to The cauul relatiozship k e e n  YCM and ASL is ~- ~ . ~ ~ .  
predn u.hnher the innu'al number of .4SL cases proved bqond doubl by the spccifrd~ of the m- 
among1 VCM workers has reached a peak. ASL mour. the high reiative indden:: of that tr;mour in 
cases appeared earlier in Sonh  Amtnca than in hichly exposed workers. the consistenn. of the excess 
Weirem Europe and while the o c ~ . . e n c  is tending in didcent pans of h e  world the ume reirtionsbip 
to decrease in Nonh A m m o  (Table 12). it is still bemeen exposure 2nd diagnosis and the dose- 
hiph in Wntmr Europe. response relationship h n  inacnsive analysis of Ihc 

On the bad5 of the data in this use register. it is prc-1974 cobonz should erubiisb. Ihe dose-response 
possible lo draw certain canelusions about risk fac- NM for ASL after VCM exposure and predict the 
tors arsociated uith ASL The large number of ASL lik+ ouuomc for the future 
c u u  in some faaoriu m d  the absence of ASL cases It uiU kimpouible  to eoUen a complere data set 
in o thm of similar age indicates &at variations in on which to calculate risks of .4SL for tbc whole 
manufaccurinp pn+= between faaones may be the world, but within a single compny there z a y  be 
cause. These variauons m y  nflen both diderrnces in closer definition of the cohon. the number of czses 
the t~~ ofjob Eurjcd out by individrul worken and and the pattern of exposure. Using thnc data and 
diRcrcncer in enginwing p n ~ c u .  The bulk of the aven@ns a a w  the worldwide population cxposcd 
cases h e  oaumO hownrrr in highly exposed to \'a; i t  is possible to calculate the future inci- 
autoclave c lunm;  uith re\aIively feu. in other PVC dence of ASL using relatikly crude. assumptions 
or VCM produeion jobs. So far no well- which &only k tcned intime.uaen tbe predicuon 
aurhendcarchcru have. -ned. in P \ T  com- car.& judgcdafrinrt b e  6.n&outcome. 
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'1101 is  not mnnnml rrth 0th- AIL caw the w.myy lumour my tars b m  d Lt pnnrdru, .  Tnr 
man m r u d d  PI'C u k r  

'For .ctw iq. Y iabie i l  
:Chol~pou~=u 
IL'S3t ir suU U v r  
:AUo(ol sm Uk. 

me uu ~ q u u e d  a r c  

induced by VChl. 

rnc dr.s under item (I)  arc r\,dlable in rhe UK u posure level for each ape group (on the basis of [he 
a result of the dau exuaaed from the -1sanr UK data and assuming that ~t is rcp=cntauve of the 
oentpauonrl records (Fox d: Collier, 19i7). Exposure u.orlduide popularion) and to we these ntes to 
&U for ilcm (1) u e  more diSculo lo obuin, but cut derive a simple model of dose-response l a ~ e n ~  chat 
be gleaned from ihc records that are wed to defme- can be applied to the population dau. Tne broad- 
the OaupaUonll population. The problem of oc- conclusions an that man  cares have a latency of 
cupation ehmm& which o a r r e d  frequently. h u  about 20 y u n  m d  pur will continue lo ocnv for 
been dul l  uith by using rhe prinaprl cmploymnn the nen  10 years. 
ulegory or the highest exposed emplo)menr a t e -  In the calculation used to numale the future 
gory. The numation of time-wcighted avenge ex- number of A S 1  cases (Table IS) an amription has 
PoSUrU for the lnrt exposed cdploym is straight- been made that when  expos^ were reduced to low 
iOwu& as ihe uposura  w m  nsmtirlly conunuous level% the f u t w  risk of A S 1  k a m e  negligible Two 
and constant, but f o r  autoclave clanerr; maiotc- darn ar which the negligible risk levels w e  a n r i n d  
nanec worken and laboratory work-. exposures, :have kep s c l a t &  19&, when levels were reduced. 
could v a q  i r o n r r ~ a  to n u r  -uclerek. In t h c .  to h u h &  of ppm-md. 197: woe. the levels w r ~  
~ c u l t u o n r  dc-kd below, n by t r s p o r n b l e  t o  &!xed lo below I0 p?m follouisg the diuovcv of 

Quoor& 
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TsbClr  4nn-L-01 ASL au. tau d dulht br p y n 0 l a c U a m .  

\io 01 A I L  urn onnrm- 
Unl- 40- R W O f  AMIU- CumvhW K T  

tu r  E u r o p  A m m u -  -oM LOW lDW rrcnO- 
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h e  arrocivion ktli'ecn ASL and VCM ex-. A 
h?'p~lh~tiCaf exp0rcl POpUkti0~ of 100.000 h a  been 
used. but this u unim?onant (see Ial below). An 
n - a z  of t h  age ~ s ~ + j z i o n  u~thin the b:porhet- 
ical ' r o d  ex;rosed pc?uia:ion of IO0.W has berrr 
b w d  on LX d a u  (Fex 6: Collier. 1977). For pmons 
A-trdy exposed d~+z ;  '3c  hole of h e  vzrious 
lztent periods. the ;r&r.krs u-kh a latency of 50 years 
or more form only a s?Al proponion of the toraf. 
Toe numbers of pmont at risk in the futsre are 
d c u i a u d  'by advancing ume in 5-year periods =king 
account of the rge-dqendmr death m e t  in the 
popularion ar large. D:zrh raws for. an intemediate 
year for the male population of England and Wales 
hz1.e b m  used in this uiP~izlion and the future cases 
(colcmn 10) have been obtained by rnuki?fication. - 
i oc ~ncidence figures for long latent periob (> 25 
yean) are unreliable or non-eusient but those for 
latencies of l .S?5 years are fairly consunt and values 
of0.5 and 0.8 cases 10M) penons have k e n  uwd for 

all klaq penads over IS lrr+n 10 d d a t c  h e  
upencr! n u m k  of ass for the 1964 and. 1974 
~ ~ t i 0 n S .  

The czlcahrion k miistic in mmy tespccu b*.) 
the m ? i i ~ a t i ~ ~  z e  ~ z i e ! y  io a%-% :be uVuiza;e 
of f.~ture user by more b z n  a frcior. For 
exar.pic 

(a) The ?opuladon size used lor the calmintion 
is probab!? hrgt :Ct t  the eqiosed popuiation. 
but thn calculation depmds on the rauo of 
"pmon-yean to come" and "person-vean ex. 
penenccd and tiis ratro is the same lor any 
po?uIadon size. 
(b) Exposure le%?I bas beentgored. T ie  calcu- 
lations are based on tbe overall risk ro the 
cohon and althouph the incidence figures for 
sub-eohons could be higher: the es:imaz o i  
future cases sill change veq- little. Similarly 
duration of exposure has been ignored. 

Table IJ H\wthetMl olNlruct of k l W #  ASL uses %n( luo & d m %  aumwons a-ut tk* &u rt rhlch tkr ].\-IS baMclrr. of 
zs* 

Cahhuoal LUununl no m k  after !pa Ghhm murnmg no nrk JIU 1974 
?EIUI+ Fvnut 

Llrny Cam P e m a  at ?.?T m a s  FUIUY. kxm u 5 . 7  -1 FUIW 
~ T J  lo date nrt to &IS rndmo. at ask asu r i l i t o d a  imdno a t e  

I-J 0 1W.W 0.00 0 lW.OW 0.00 
- .  

0 
9 1 3  0.01 

0 
0 0 94.m 0.01 

0 
6 1 0  . I 

i I 11-15 95 .m 0.12 
$ 3 0  0 

.o o nm 0.14 
l b l 0  :a 

1 : s  
U.fN 

1 
0.33 6750 2 M.JOO 0.m 4 5 . a  .- 

21-25 211 61.- 0.46 :P,IJO I I 21.1% 
- a  

I 8  
0.97 

2630 
c2m M'" 57 

0.49 41.7% 
6 

20' IS.?% 0.96 3.7% 
31-3s -12% 

n 
03 ri.100 

3- 6 
I3 10.150 0.55 5 8 . W  32 

6-50 0.89 51.7% 
41-45 0 

46 
bCQ 

3% 1.71 5lCm 
? 417% 

94 

4 s  0 
? 

a 
310 ? W150 ? 

? 2.m ? 0 ? 
0 51- 0 

:4.m ' 
4:.m 

I& 
? 0 ? 2'.6a) ? 

0.50 .W.750 I50 0.m a?_- XI 
Force& d &s - ~ u  &- u.tnrm 197 C 1%). 



k t  T h t C K  is n o r  typmLof thcuorldulde- k twcmrVCU exporwrand 4SL in man- 4SL rnd 
growth tn the~expa&poputwon. neoplasmwof a numter-of otner o r p u s  haw rrm 
Id) SO account. h a c b c m u k m  of plant tm- ~nduccd:ln labontor?-rodenu b\ \'CM. Esnmation 
P r o ~ e m m s  oMrnnlFpnor to  1964 and hence- of the aposurrlevcls Itlel?. to o u u r  l~fetrmensk of 
f ewera rc t :  map occur In. for example t h e  ASLof lo-* on thcbans of thnrdaa pve extremely 
198&100(1 penod than ar tnI tmatcd f r o m l h r  low-*ntr(&un to 1.9 = 10-' ppb) u h ~ h  appear to 
1940-1980 e x p m c n e  be u n r a l t u ~ e  e n ~ m a ~ u  for m a n  Part of the reason 

An assumptioathar therisk of A S L s r ~ v d  in 196%- 
n t h e r t b i n  1974 resula in a w n n d m b l e  nduoion 
in the n t i m a l r o f f u t u r r a w r F o r  nthaassumpuon: 
the numkro l .  new arer oburr*ctannually should.. 
soon begin. to declineand the-nte  of decline u ~ l l  
india:cwhich usumpuou i s  n-to t h e  truth- 

T h c r r h a v r  bem nvo - o b o r  prcdicdonr of t h e  
n u m k r o i s u c r o f  ASL likely to rrmlt fromprniolrr  
exposureto \'Chi. Nicholson rr 01. (198.4) su~#ut 
t b a ~ t h r n % i U  bcr. funhcr1500 sucr of A S L  w h i l e  
Fonnau r t  d. (1986) w n c l u d ~ r h t  a funhalSD-?M) 
d u b  might k npencd over b e  next 30 yam.  Our 
nt imalu  n ly  on amor r  rophistioced model than the.- 
I a tu rnumate  and on a l a r g a d a u  set ~ h a n  the- 
former; h'evmhela* theconclusions of Formurrr  
al.(l986) are similar to ourr. Only the experimaof 
the next feu. yun will show- which is the k t  
aumrtc. 

- - -. . . -. . -. . 
for thtr is t h a ~  l abon top  n u d t n  have-shoun that 
VCM is metabolized tn the l$vertmd e l s m h m t n  r h t  
body) to the rracuve metabohtn chlorwrhylene ox- 
ide a d c h h m a a u l d c ~ d . d c  The n:e of convenlon IS 
limidcd.at high levels of ex urc mvinl i m m n i c  
csumater of. the. slope.oKe d b u m s p o n r r  re- 
lationship: It h u . n o r  k m p o u i b l e t o . n u m r t r t h e ~  
n t r  of convcniouin maaaudbena arnpola t ion of 
b a c l o v r . r i s l  dose  ntinurcr u conjmunL The 
d p a m o f  thr.pmblcmof extrapolation at low 
risk is the v lcn ioa  ofthe m o n  wublemathcmrucal 
modelfor extnpolauon. Using Maltoni's d a u  from 
nu (Maltoni a af. 19811, l h a c u  a subsunt~al nnge- 
(up to 10') of low-risk doscaumater  depending on 
t h c m a t h r n n t i d  modekm&thc assumptions uxd  in 
applyingthc.models; Using the samc.'(probh and 
log-dose) model m d  diflemt s u b x u  of expen- 
m m u l  dalr a large-nngr of a u m a t a  is agaln 
obuiued- e m  aftaconu!ion. for the non - 1' loear 
kinad5 of meubolism at  h i e  dose (which rcduco 
rhL nqe t o  about I*). L u g =  S e m a r  arc 

Summuy nod conclusions obuined with d c u l a u o a r  u i a g  me TVcibuU analysis 
Y a basis of lowdosc enidon. sugguttng Lhat b 

Zmc is iiule doubt &at expos& to high levelr of ic a problem uirh the we of ;u theuucz f  rnoacls 
V a l  as a c o q u e n o  of occupauon can rcsuit in an i a t h u  than one  e u w s t e d  nlth :he ioppro~ i t  anal- 
i nnascd  innden:: of A S L  .:. .%J:w of 20 :?%. ysis. Alahougt; t h m  u u  :;~~~=r=ble variabiiiry In 
demiolo@d SIudi:~ involving abom -!.OW workem the dose-response niationsnip in ine d i5emt  expen- 
~~eU; ra~orL l l ?  :vcsed to V O i  sbmed  ;La: 2-0- c t n r s  won&. in d l  u s a  a :cad mc~5oi izcc  ccse 
pivmr of the liver showed an inn:ue in inndace  m of 5 x 10' rs (equivalent to inhalation of ?W p p )  
the majonn. of studies. For brain can=: :he asson- wu rcqylred to p rodue  a= ticrxtion in AS1 inci- 
2c13 *.u.%:: :X;csur: 10 VCM 2nd an in-se& cnce .  p i s  dose r~~-.rr  3 zrzcdal thmhold in 
incidence was Ins clear because of the lower n!ative rodenu. A: rhir stage m L\nr ceve!opmmt. zainc. 
risk. Seopircry of the rcspntory t r z z  aignuve r x a t ~ u l  models for low-nsk acsc :strma:rs arc not 
system I ~ m p k i c  rnd haemopo~errc system. b u a l  s~55d:ntly r:liable or r:;rocuablc to eng:nc:r 
ca\itg and phw'nx. urdiovawular system and csnfidence in thn r  we. 
colon.stoma:h were reponel to show an increased Csinr negauve e~~dmiolcp:zl  nudies of popu- 
lnndence In cne or more. rmaies. but to show no lations living in the vlcimry o i  \.Chi produc:~on 
inneuc. Or In Somc W e r  a aemase, in :ncia:nce tn raalitics, an  es:lma?e of the do13 for a lo-' lifeun: 
otherstudies. In vieus of the i n m u e i  inadcne of risk in man may be made (Ban. 19821. Tie  \.a!ue 
breast neo?lasms in rodenu exposed to VCM. the (100ppb) is similar to the ti6131 esttrates acnved 
sjuctes of,Caak=rr 01. (1980). who aid not conium from mimd data. and uking biotransfomation 
tnese f iamnp in humans. arc of imponsncr dau. into account is subnrrnually larger than the 

The :corner of .4SL cases now contuns records of lowest a u m a t r r  which arc up 10 10" lower 
99 penon5 uith conrimed ASL 2nd occupattonal (3.9 x lo-' ppb using a m ~ l d - ~ t  model). The nigher 
exposure $0 vCxi. avenge laen: p n o d  between csumatu arc compatible U T L ~  occ~pational expen- 
fin1 ex?osur: 10 VCM and death from AS1  is 21.9 en= and sugput that thenrmnt  hysicne standard of 
yean. The majori ;~ of ascr occuzcd in autoclave around1 pprn is sufficin* low to proten the health 
workers. who are recognized u having k e a  exposed of VCMiPVC' w o r k e h  The numates also @ve a 
to utremely high le\rls. Although p m s e  estimates considmble safety factor for the genml  public 
of exposure arc not available for the periods of most consuming PVC-pack& f e d  and drink or living 
interm. the pattern of u s e s  roughly supgats that near VCM.'PVC hdlides. 
extrmely high ewosurn u*ere necessary for the It has k e n  possible to prc\ide a cmdc estimate of 
induction of A S L F o r  example. ASL u r c s  tended to the number of uses of ASL that may occur in the 
occur in larger numbers in some plants than in others. rvrure from exposure to \ 'a1 prior to 1974. Using 
a finding that cur k explained most easily by ihc age s t m u u r t  of employes in one company. the 
differences in exposure patterns t o u l  n u m b a o c  cases of ASL reponed 10 dale and 

There is an extensive s c n a  of animal studies on the the monnlir?. pattern expn&.Rom a n o d  pcpu- 
mrcinoge3iciry of Somc of these p r m d e  the I n i o n . r h e : p o s d b l c i u  n-of .4SL uul bu 
e ; t i d c m r o l o p ~  nudies c o u h m u p  rhe a u m a u o u  bemexmzrcbak rhc r.@on.oi i s m .  
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July 20, 1989 

Dr. Richard Corey 
Toxic Air Contaminant Identification Brcnch 
California Air Resources Boara 
1102 Q Street 
P.O. Box 2815 
Sacramento, CA 958 12 

Dear Dr. Corey: 

As promlsed in our telephone conversation of iur.e 10, 1989, I enclose: 
comments concerning the atmospherlc chellstry of vinyl h l a r i d e ,  - trichloroethene and tetrachloroethene (perchloroetaece!. I hope that 
these comments are of use to you. 

Yours sincerely 

~ o g i r  Atkinson 
Research Chemist 



. Comenfs Concerninr the Atmospheric Chemistrv of Vinvl c h l o r i d e  

Roger- Atkinson: 

A. Vlnvl  Chloride. 

OH Radical Reaction. 

In  addition t o  t h e  flash~photolysis-resonance-fluorescence d a t a  o f  

Perry e t  a l . ,  Ltu and coworkers ( A .  L i u ,  W .  A .  *!lac.and C. 0. Jonah, .I. 

Phys. Chem., s, 4092-4094, 1989) have used a pulsahradiolysis-resonance 
absorption method to  determine absolute r a t e  c o n s t a n t s - f o r t h e  gas-phase: 

reaction of the OH rad ica l  w i th  vinyl chloride o v e r t h e  temperature ranger 

313-1173 K in the presence of 1 atmosphere of argon.diluent.  The rate 

constants obtained by L i u  e t  a l .  over the temperature rarige comon t o  t h e  

Liu e t  a l .  and Perry e t  a l .  s tud ies  (313-423 K) a r e  i n  good agreement u i t h  

those of Perry and coworkers. 

A product study of the  gas-phase reaction of the  Od r a d i c a l  with 

Vinyl chloride, in the  presence of NO,, has recently been ca r r i ed  Out by 

Tuazon e t  a l .  (E. C. Tuazon, R. Atkinson, S. M. Aschmann, M. A. Goodman 

and A. M. Winer, Int .  J .  Chem. Kinet., 20, 241-265, 1 9 a )  using long 

pathlength Fourier transform infrared (FT-IR) absorption spectroscopy i0  

monitor the reactants and products in  i r rad ia ted  e t h y l n i t r i t e  - NO - 
vinyl chloride - a i r  mixtures in the  presence and absence of ethane'  (used- 

to  scavenge any chlorine atoms produced from the OH r a d i c a l  reactLon).  

The major products observed were formaldehyde (HCHO) and-formyl ch lo r ide  

( H C ( O ) C l ) ,  with the measured y ie lds  (corrected f o r  secondary r e a c t i o n s  of 
these products with the  OH rad ica l )  being 0.96 and 0.83, r e spec t ive ly ,  i n  

the presence of ethane and 0.89 and 0.80, respectively,  i n  t h e  absence of. 

ethane. These product y ie ld  data show tha t  HCHO. plueHC(0)Cl. account: fol-. 

essen t ia l ly  a l l  of the  vinyl chlor ide reacted, and t h a t C l  atom product ioa  

in  t h i s  OH rad ica l  react ion with vinyl chloride is minor, a t  mast. T h e s e  

data then agree w i t h  the reaction sequence Shown on page A-46 o f  t h e  v iny l  

chloride document. 



Comments: - page 2 
NO Radical Reaction. -2 

A rate. constane for the gas-phase reaction of the NOj radical uith 

vinyl chloride. has .recently been obtained, using a relitine raze cechrrtque- 

(R. Atkinson, S. M. Aschmann and M. A. Cooduaq Int. J. C b u ,  Einet., 2, 
299-307, 1987). Combining the lreasured rate ccnstanc ratlo ac 298 e 2 K. 
of k(N03 + vinyl chloride)/k(N03 + ethene) = 2.08 t O.CJ ~itt =!ie room 

temperature rate constant for the reaction of the C03 rzical.*Ftt) ethene 

of 2.1 x 10-l6 cm3 molecule-' s-' (R. kckinson, S. U. Lsc-n and J. N. 

Pitts, Jr., J .  Phys. Chem., , 3454-3457, 1988) leads to a raze constant 

of 

k(N03 r vinyl chloride) = 4.4 x 10'16 cd molecllie" s-I 

Lifetime. 

As noted,. the lifetime of vinyl chloride in the trowphere is 

calculated by combini-lg the measured rzte constants for -A gas-phase 

reactions uith OH and NO3 radicals and O3 (and other gas-pbse loss 

processes, if applicable) uith measured or estimated miant. 

concentrations of OH and NO3 radicals and 03. Few, if ac)., reliable reai- 
time measurements of ambient tropospheric OH radical concactrazions exist: 

to date. The most reliable global tropospheric OH rtdic;ti concentration 

value is that derived from the ambient tropospheric cor.c=tracfons and 

emission inventory of methylchloroform, leading to an hnrxally and 

diurnally averaged global tropospheric concentration or' 7.7 x 105 m l e c u l e  

. CJB'~ (Prinn et al., 1987). For the NO3 radical, the messurec louer. 
troposphericconcentrations over continental areas range fro= ; 1  part-per- 

trillion (ppt) up to 430 ppt (see R. Atkinson, A. M. Yfner and J. N. 

Pitts, Jr., Atmos. Environ., 20, 331-339, 1986). An average v d u e  of 10 
8 ppt (2.4 x 10 molecule seems reasonable, uith tte re=-* -ritfon . that 

this concentration is uncertain acany given-tine by a factor cf t 10. 



COCUUents:~ - page 3 

With these ambient OH and NO3 r ad i ca l .  concentrattons, .  t he  cdc& 

Lifetimes. of v i n y l  chloride with. r e s p e c t  to. r e a c t i o r r u i t t r  OH andzNCj- 

r ad i ca l s  a r e  then 2.3 days and 220 days, respectively .. Since .  t he -  lffetimws 

of vinyl chlor ide with respgct t o  reac t iok  wich O3 i s . (T&leIV-2)  -50" 

aags (using the r a t e  data  cf Zhang st a l .  znc Gay eixal,) ,. t h e  OH rad- 

react ion appears t o  be t h e  dominant tropospneric loss: prcrcess f o r  Vinyl. 

chlor ide.  



11; A I R  RESOURCES BOARD STAFF RESPONSESTO COMMENTS ON PART A 



1. Comaan* C l a r i f  f c a t t o l ~  is .  requested-. concacning- the- re la t ionship-  
between-th€cCalifomtar10.ppb;ambient-airquality standard f o r  
v i n y l  chlorride-anrJ=th~0.3-ug/day concentrat ion-of-v inyl  chloride= 
wh ick  poses. no:signif i c a n t r i s k  to.. t h e p o p u l a t i o r r ,  

Response- This. c-is addresseL in  P a r t  C, I I L  Department of- 
Health . Se rv i ces  Responses to. Comnentr on- P a r t  B, 

2. Connmntr In -  thesampl  lngr and- determinat ioa o f  t h r  concentration- 
o f - v i ny l  ch lor ids t h e u s ~ o f -  ana l y t i ca l  technique~comparable 
to,- and: as re1  iable-ar, that  method. out1 ined- in t h e  r e p o r t  Should 
b e  p e n  ritted, 

Response:. The ARB d l d  n o t  in tend  t o  imply t h a t  the-  sampling and 
analysis techn iquer  described- i n  the p r e l  i m i n a r y  d r a f t  r e p o r t  on 
v i n y l  c h l o r i d e  should. b e t h e - o n l y  methodrused-by f a c t l i t i e s  
t es t i ng -  f o r  v i n y l  chloride;. 

8. Comnents- from- the B.F. Goodrich Company 

1. Comnentr On page A-1 and A-2, the  r e p o r t  should c l a r i f y  t h a t  
po l yv iny l  ch lo r ide  (PVC) products used by consumersand-the 
construct ion indus t ry  are n o t  sources o f  v i n y l  chlor ide.  

Response: Page A-2 o f  t he  second d r a f t  r epo r t  s ta tes t h a t  
f i n i shed  comnercial PVCproducts are n o t  expected t o  be 
s i g n i f i c a n t  sources o f  v i n y l  ch lo r ide  due t o  current  processing 
and shipping procedures. ARB s t a f f  can not  conclude t h a t  these 
products have absolute ly  no -v iny l  ch lo r ide  associated w i t h  them; 

2. Comnent: On page A-17 and A-18, the r e p o r t  should emphasize t h a t  
consumer products o f  PVC- no longer  conta in  elevated- res idua l  
leve ls  o f  v i n y l  chloride.monomerand are no t  expected.to be 
important- con t r ibu to rs  t o  i n d o o r  levels.  o f  v i n y l  chlor ide.  

Response: The l a s t  sentence on page A-17 o f  t he  p re l im inary  d ra f t  
r e p o r t  states: "Thus-. consumerproducts made o f  PVC res ins no 
l onge r  contain elevated..levels o f  v i n y l  ch lo r ide  monomerand, 
therefore,  are not- expected t o  be an impor tant  con t r ibu to r  of 
i n d o o r  leve ls  o f  v i n y l  chlor ide. '  

3.  Comnentr- On page-A-27- the. n i n t h  l i n e  from.the top, the. r epo r t -  
Should i n s e r t  ' 1  .e., ch lo r i na ted  organic-compounds' a f t e r .  "which 
conta in  v i n y l  ch lor ide" .  

Response: The p re l im inary  d r a f t  repor t  states: "Emissions of 
v i n y l  ch lo r ide  from l a n d f i l l s  mainly occur by two mechanisms: 1) 
d i r e c t  v i n y l  ch lo r ide  emissions from disposed wastes which 
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con ta t r r v i ny t  c h l o r i d e ~ a n & 2 )  thezformattonzof v i n y l  chloride: 
f r o m t h c  biodegcadation- of- chlorinatedzhydrocacbons -' The 
'chlor inated-organic compound* re fe r red  t o  i n -  the.connmntare2 
addmssedz by the- second- mechan i s r a :  

C. Comnentcfrom:Dr; RogerAtkinsorr. of thezStatewidr  A i r  P o l l u t i o l r  
Research- Centec a t  t h e u n i v e r s  t t y  o f  Cal i for r r ia .  R iverdde:  

1. Comaan+= The r e p o r t  (page-A-44.) should indicate.  t h a t  the  resu l t s  
o f  t h a s t u d y  o f  L i u  and cowo~ke rc  (A. Liu,. W.A- Muloc.. and C.D- 
Jonah-ii-1 o f  Phvsieal -93.. pp; 409G4094, 1989) 
wh lck  determined-absolute. r a t e  constants  f o r  the  gas-phase2 
react ion-of  t h a  hydroxyl radicab w i t h  v i n y l  c h l o r i d a ~ o v e r t h e -  
tmpecature ranga-of 313 t o  423 -K' agree-wi th  those o f  Pe r r y  and 
coworkers. 

Response: The second d r a f t  o f  the  r e p o r t  r e f  l ec t s l  t h f  s- add i t iona l  
information on page A-41. 

2. Comnent: The repor t  (page A-44) should include the most  re1  igb le  
estimated avesage hydroxyl r a d i c a l  concentrat ion-of  7.7 X 10 
molecules- cm- derived by Pr tnn  and coworkerr (Pr inn e t  a1 . , 
1987) through the use of the  ambient tropospheric concentration 
and emission inventory o f  methyl chloroform. 

Response: This addi t ional  informat ion i s  included on page A-41 i n  
the  second d r a f t  o f  t he  repor t .  

3. Comnent: The repor t  (page A-46) should i nd i ca te  t h a t  a  study by 
Tuazon and coworkers (E.C. Tuazon. R. Atkinson. S.M. Aschmann, 
M.A. Goodman. and A.M: Wlner, I n te rna t fona l  &1 o f  W c a 1  
Kinatler, 20. pp. 241-266, 1988) confirmed the- study by P i t t s  and 
coworkers- ( P i t t s  e t  a l . ,  1984) which demonstrated t h a t  the 
react ion o f  one molecule o f  v i n y l  ch lo r ide  w i t h  hydroxyl rad ica ls  
y ie lds  one molecule o f  formyl chlor ide.  

- 
Response: This add i t iona l  informat ion i s  included on pages A-42 
and A-43 i n  the second d r a f t o f  the report.. 

4. Comnent: The repor t  (page A-47) should include new data (R. 
Atkinson, S.M. Aschmann and M.A. Goodman, I n t e r n a t l o n a l l  

Kine+&&, 19, pp, 299-307, 1987 and R. Atkinson, S.M. 
Aschmana and J.N. P i t t s .  Jr.. . -1 o f  P h v s u s t r v .  92 .. 
pp. 3464-3467, 1988) concerning the r a t e  constant o f  the  gas- 
phase reac t ion  o f  v i n y l  chlor ide.  and the  n i t r a t e  rad ica l .  

Response:. Th is  new data i s  included on pages A-43 and A-44 i n  the.  
second. d r a f t  o f  the  report^. 



111. DEPARTMENTOF HEALTH SERVICES RESPONSES TO COMMENTS ON PART B 



Relmonse to Comments: Vinyl Institute n ~ ~ - m  
I. General commentr 

Comment: "There are at lease t v r  areas. of discussion that arem 
inadequrtaly treated ..... They are the pharmacoki~tic knowledge of 
vinyl chlorfda in tha risk asaes.runr approactt. and=& total- inad.- 
treatmanc of the large number of studies in the published. literature. 
(sic) 

Response: DHS staff nore the usefulness of the commsnter's general 
suggestions advocating more explicit consideration of the pharmacokinetic 
model and. of the epidemiological data in the- quantitative- risk assessment. 
Therefore, in the revised document, DHS- staff. have described- quantitatively 
the Kichaalis-Kenten kinetic model, as developed by Gehring et al. (19781, 
which the commenters specifically mention- The model has been included in 
the risk analysis of the major epidemiological study anbin the quantitative 
analysis of the animal studies. 

11. Soecific comments . 
A. Concerning the assertion that the risk assessment does not adequately 

treatpharmacokinetic knowledge of vinyl chloride: 

1. Comment: The DHS risk assessment did not cite several 
pharmacokinetically orienced studies. One such study was. 
Andarson et al. (1980). Another was Bolt et al. (1981). 

Response: DHS considered both the references that the commenter mentioned. 
The original DHS risk assessment cited one of these two references, as well 
as many other references on pharmacokinetics. See pages 2-1 through 2-17, 
and especially page 2-4, where Bolt e e  al. (1981) is cited. The original 
public announcement listed the Anderson et al. (1980) paper, but the DHS risk 
assessment- did not cite that reference because. the original DHS risk 
assessmenr did not use the pharmacokinetic approach in the quantitative 
modelling of risk predictions. That reference obtained a multistage risk 
estimata in the lower end of the range of risks, consistent with the DHS 
calculations for the early Kaltoni data tbat Andarsom at: al. used. The 
revised risk assessment now cites Anderson s t  al. (1980). 

2.- Comment: "The DHS docuauant fails to incorporate any of the 
established pharmacokinetic information in its treatment of 
theoretical.risk for vinyl chloride." 

Resuonse: The revised document now includes a phannacokinetic model in the 
quantitative prediction of risk. The original version of the document 
included on pages 8-1 and 8-6 a srmnnary of tha implications of the 
pharmacokinetic information and concludehthat the pharmacokinetic analysis 
is not quantitatively necessary (forr laboratory- rodents) because 'of 
suff icienc bioassay data at expaauras below- the saturation concentration for 
rats. This vier-is co~istentwith an independent analysis of Krewski et al.. 
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(1987). They.reporte&th. twherrbuin~ the qu .9 tF ta t ive . r i sk  a ru lys i s  f o r  
r a m  on dosen be lw-  200-500 p p q .  which is w i t h i n  the  lineaz. range- of dos- 
response, tharm is. v i r m d l y  no differmncs? beweerr  unit r i s k s  obtained. using- 
administered- do.& a d  de l fve red  dose., o r  o b t s i r u d r i o  a phamacokinetic modal- 
The rsvised analysis  d f h  f i n d  a g r e a t e r  difference, and  t h e  revised version 
of the d o c u m u ~ ~ p e r f o r m r t h e  analysis-uaing a p W o k i n e t i c  md.1. 

3. Commentr A reactive- metabolite. is. probably responsible f o r  V C  
toxici ty;  

Response: DHS.'agree= The originaL v i n y l  ch lor ide  r i s k  assessment documant 
s t a t ed  a t  page  8-1. " the oncogenicity of vinyl .chlosi& appears t o  be &- to  
one o r  morc reaa+Fv.- motsboliter.. r a h r  than= the. p a r e n t  moleculeg . Also, 
the f i r s t  sentence i n  Chapter 2, netabolism. and- Phamucokinet io ,  stated,  
"Experiman~aL evidenca has  suggested t h a t  v iny l  chlor ide must undergo 
transformation t o  a react ive matabolita(s) by the  l i v e r  t o  be toxic." 

4. Comment: "It is cur ren t ly  thought: tha t -  VC is metabolized by 
epoxidation with subsequent. production of chloroacecaldehyde. 
The fur ther -  oxidation and conjugation with glutathione a r e  
responsible f o r t h e  metabolites found i n  the ur ine."  

RoSponSe: The risk assessment mentioned both the epoxidation process and- 
the conjugation with glutathione - -  on pages 2-1  and2-13  respectively.  Both 
a l so  appeared i n  the IARC diagram, which is Fig. 2.1. 

5. Comment: Gehring found that .  s eve ra l  models overpredicted t h e  
r i s k  t o  man unless correctad f o r  varying r a t e s  of matabolism and. 
f o r  surface area differences of the d i f f e ren t  species. 

Response: I n  1978 Gehring e t  a l .  used  pharmacokinetics i n  f i t t i n g  a p r o b i t  
model to  observed cancer r a t e s  i n  the r a t  bioassay. Those authors then went 
on to  use surface area scal ing on the assumed r a t e  of metabolism to 
extrapolata the r e s u l t s  from r a t s  to  compare t o  a human r i s k  measurement, 
derived from an occupational study (Fox a n d c o l l i e r ,  1977). In  1979 Gehring 
e t  a l .  used the samc phnrmacokineeics i n  f i t t i n g  four models t o  observed 
cancer ra tes  i n  the raebioassay .  Those authors then went on t o  extrapolate  
a l l  four r e su l t s  from r a t s  t o  compare t o  an occupational r i s k  study t h a t  was 
then recently completehby Equitable Environmental Health (EM, 1978). The 
comparison by Gehring a t  a l .  conaidarad the p r o b i t  predict ion t o  be i n  
sa t i s fac tory  agreamenc with the new humanmeasuremant without any scal ing of 
r i s k  by surface area. O f  the remaining three models, the authors reported 
ona a s  being too low and the o ther  w o  a s  being too high. A follow up study 
of the occup6tionnL group (Wong et al . ,  1986; sea comment B-2 below) 
subsequently indicated much higher r a t e s  of humanliver  angiosarcoma than had. 
the e a r l i e r  study. These last w o  occupationa1 s tudies  (EM, 1978 and Wong 
e t  a l . ,  1986) remain unpublished. 

B. Concarning the asaer t ion t h a t  t h e  r i s k  assessment does not  adequately 
t r e a t  the large number of epidemiology s tudies  i n  the published 
l i t e r a tu re :  



1. Colm~nrr To dismiss  the- large-number- of epidsniolow studfeu 
ad- to relegat= them only- to  comprrfs- with animals- is- 
unacceptable. "DHS' demorutrater- a b i a e  tor& the u t i l i m t i o r r  
of animal- experiments an. a p r i o r i t p  o v e r  human evidence i n  t h e i r  
approach to  risk assesman= This results.. i n  a d r a m r d r  
overestimate- o f  l ike ly  h-risk a t  the 1- emdronmental. levels; 
being addresseb by the documone-" The DHS. judges t h a t  risL 
extrapolations base& ou  tha htmm=dat~-are- c ~ 1 t  to  thoqa o f  
the animal predictiona. y e t  differences o f  an. order  of m a g n i b  
o r  two i n  risk asss8.p.nt can oftan- hmea L. &.&c p r a c t i c a l  
effect. "When- adequnta o r  substantiaL humnc evidence exis- . 
that d a t a  should- be giveu preferential. treatmane i n  the r i sk  
u s ~ 8 s w n ~ p r o c e s s , *  

Response: The or iginal  document pointed out a t  pages 1-4, 7-55, 8-7, 8-2 
and B-3 that  the epidemiological data are important- to considar i n  the risk 
assessment but mostly are not suf f ic ien t  to  construct reliable. dose-respons- 
functions. One of the main reasons- f o r  this.. l im i t a t i oa  is the i n a b i l i t y  of 
the occupational studies to  account fo r  the effects  of sex, tumor s i t e  and- 
age of exposure, a l l  of which are found to  be imporcant i n  the animal 
carcinogenicity results.  Also, there are large uncertainties of exposure i n  
the occupational studies. The original  document did. make the comparative 
statement that,  taking a l l  the limitations of the occupational studies into 
account, "the human r i s k  estimates are  consistent w i t h  those obtained f o r  
laboratorp animals." (page 1-4). See also page 8-10. Using suggestions of 
the commenter about pharmacokinetics. DHS has revi ed t e estimate of 
lifetime unit  r i s k  for a l l  cancers to  be 4.1 x 10.' iPb-'. based on air 
occupational study by Waxveiler e t  al.  (1976). Thia. estimate is only a 
factor of Pour less than the best animal predictions. Such a r e s u l t  
represents reasonable consistency, considering tha t  the occupational results  
may not take proper account of the greater sensi t iv i ty  found i n  females, the 
greater r isk  to  children, and the inabi l i ty  of the human studies to  detect  
any, except relatively large increases, i n  any spec i f ic  type of tumor. The 
DHS has revised the document to  include the tvo most re l iable  human results ,  
both from the Warnrailer e t  al .  (1976) study, which do now overlap the 
narrowed range of r i sk  f o r  animals. 

2. Comment: Two updated epidemiology studies, one of over 10,000 
workers, are c i ted i n  support of the commenter's position tha t  
"DHS's approach to dismiss human. epidemiology evidence i n  t h e i t  
r i sk  asseasmenr is inadequate." 

Response: The original document revieved epidemiology studies on pages 7-31 
through 7-55 and developed quantitative analyses i n  Appendices B and C. The- 
document cited both the studies mentioned by the commenter, The f i r s t  is the. 
paper of Daher e t a l .  (19881, which is cited a t  page 7-46. This paper. which 
is less than tvo pages i n  length, continuas t o  follow- the same- 593 Dov 
employees aa did the study of O t t  e t  a l .  (1975). The number of persons i n  
the study is still too small to expect to  detect 9 effect .  The second 
study mentioned by the commenter is the epidizmiological follow up for the 
Chemical Pkrrmfacturers Association (CMA), which was surmnaEized i n  the Tables 
B - 1  and B-2 of the original- document-. This. sntdyrecorded-359 cancer deaths- 
m e  SMR for l i v e r  and- b i l i a ry  cancer was very large, 641, and the SMR. f o r  
brain cancer; 180, was s t a t i s t i ca l ly  significant ,  On page B-10 that  study- 
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waa-also. citedraa-providing som.tavidsncrag.iruto relationnhip between- l u n g  
cancerand-vinyk c h l o r i b  expoawe-. This- work for- the CEU was l i s t e d  i n  t h a  
o r ig ina l  bibliography- by t h a  corporate author. EnvirowentrL Health 
Associatna (1986). The risk aaaesame:hasbeen revised- to  us a consistenc 
meanr o f  referencia& this  unpublished-work as Uong e t  a l .  (1986). DHS s taff  
baa n o t  p u t  much- weighe on t h i r  work becauac. it doer n o t  appeac to  be- 
proceeding to  tho- p e e r  reviewed- literaturn: and. it is problematic to relatn 
most- o f  the s t u d i a r  to  exposurn, 1 

3 .  Comnentr Liver a n g i o s a r c a ~  "is tha moac suitable end-poine 
forana lys i s  of r i s L o P  expoaura to d n y l  ch lo r ib .  
(a) The "most reuonrbla interpre+ation of the data. is 

conniatent w i t k c  t h w c a t t . a l - ~ # I ~ ~ i a L t i ~ n  of vinyl chlorida. 
and an excess of brain cancer; however, the relat ive r i sk  
calculation,for b r a i n  cancer is much lower than that  fo r  
l i ve r  cancar." 

(b) "Only two o u r  of e i g h t  studies on lung cancer y i e l d  
stsdstically-signific~ntresults, and becauso-studies with 
the higher power- were negative, a causal association is 
unlikely." (s ic)  

(c) "Vinyl chlorida angiosarcoma is a rare cancer i n  unexposed 
populations, thereby making the ut i l iza t ion of angiosarcoma 
as a demonatration of vinyl chloride exposure on the basis 
of work history truly a reasonable approach;" 

(d) "Angiosarcoma has been demonstraced to  occur both i n  
animals and hurnnnn when exposed to  vinyl chlorida." 

Resvonse: Liver angiosarcoma plays a major role i n  the current r isk 
assessment, f o r  the reasons given by the commenter. Nevertheless, other 
sensitive indicators of carcinogenesis, such as  breast cancer observed in  
rodents and several cancers i n  h - ~ a r e  also considered. 

4. Comment: A recant paper by Purchase e t  a l .  (1987) 
"demonstrates a much more studied and scientif ical ly defensible 
approach t o  assessing r islcof exposure to vinyl chloride." 

Resvonse: The approach of Purchase e t  a l .  is not defensible by current 
standards of r i sk  assessment i n  the U.S. The models that  they use i n  thei r  
r i sk  assessment to interpret  animaldata have become of marginal importance 
compared to the multistage (or single stage) model, which has more biological 
plausibility and also provider morn stable estimates of confidence limits on 
risk. Exprasaing the i r  results  as dose producing one-in-a-million r isk,  they 
use the marginal models 18 produce an excessively large range of dose, with 
the highest dose being 10 the lowest &am.. The higher doses are said to be 
consistenc with the occupational exparianee, but there is no support for  that 
statement i n  sp i t e  of a lengthy analysis- of. data on l i ve r  angiosarcoma i n  
vinyl chloridc workers in severaL couneriaa pribr  to 1982. The only dosa 
that  the paper derives from the human. studies is from a sketchy environmental 
effects analysis of Barr (1982). See the nexcitem, 

5. Comment: Barr (1982) conducted an analysis of l fver  
angiosrrcoma cases thatz cou ld  be- located among populations 
inferred- to be living. in t h s  vicinity of VCH productfou. 
fac i l i t i es .  The results. sugges t tha t" l .00  ppb represented the 
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estimated dose representing a 1 x lifetime risk in man. 
That value is similar to the-highest estimate derived from the 
animal data when taking biotransformation into account." 

Response: The risk assessment did not cite the study of Barr (1982) with 
its brief analysis of liver angiosarcoma because that analysis is so 
unsubstantial epidemiological~y and the work remains unpublished in the peer- 
reviewed literature. As a counter to Barr's brief analysis. a well 
considered recent assessment by the Committee on the Evaluation of 
Carcinogenic Substances, National Health Council of the Netherlands (1987). 
published in the scientific literature, has found carcinogenic risk based on 
published occupational studies to be one in a million per ppb, whic. was 
about the same as found in the original DHS risk assessment, 2.1 x 10' /ppb. 
before revising the model to take account of the pharmacokinetics of vinyl 
chloride. 



Response to Comments: .The Goodvear Tire and Rubber Companv 

Comment : "Clarification is requested concerning the relationship between 
the California ambient air quality standard for vinyl chloride - 10 ppb, as 
it was discussed in the report, the level of concentration of vinyl chloride 
which poses "no significant risk" to the population - 0.3 micrograms/day and 
the interaction of these two values in the regulation of toxic air 
contaminants . It (sic) 
Response: As pointed out at page A-1 of the risk assessment document, the 
Air Resources Board in 1978 adopted 10 ppb as the ambient air quality 
standard for vinyl chloride in California. That standard is not to be 
exceeded in air within the jurisdiction of the Air Resources Board. 

The rate of intake of vinyl chloride which poses "no significant risk" under 
Health and Safety Code 25249.10 is 0.3 fig/day. DHS determined that intake 
rate to ensure that the estimated lifetime r sk of cancer from intake of 
vinyl chloride by all routes is less than lo-' or one chance in a hundred 
thousand, taking the carcinogenic potency of vinyl chloride to be 2.3/(mg/kg- 
day) in accordance with the U.S. EPA (1984)'assessment based on a diet study. 
For exposure by inhal tion alone that EPA potency is equivalent to a unit 

3 risk of 7 x ppb-a vinyl chloride for a 70kg human breathing 20 m /day 
with h0% absorption. Thus, the potency used to calculate the current intake 
rate for no significant risk corresponds to a unit risk that is above the 
range of unit risks for inhalation in the revised risk assessment document. 
See Figure 8.1 of the revised document for more information. 

The quantitative relationship of tha 0.3 pg/day intake rate to the 0 ppb air 1 quality standard is obtained by converting the 10 ppb (26 yg/m ) to its 
equivalent intake rate'of 210 pg/day for a human breathing 20 m /day with 40% 
absorption. Thus, the air quality standard, which was set at the detection 
limit at the time of adoption (1978), is 690 times greater than the existing 
DHS determination of intake rate posing "no significant risk." 



Response to Comments: The B.F. Goodrich Companv 

Comment: The "primary deficiency of the CARB document on identifying VCM 
as an air toxic from landfills is that it fails to note these important 
epidemiology studies: 

1. Doll, Sir R., (1988) "Effects of Exposure to Vinyl Chloride: an 
Assessment of the Evidence". Scandinavian Journal of Work. Environment, 
and Health, 14(2):61-78. 

2. Wu, W.; Steenland. K.; Brown, D.; Wells, V.; Jones, J.; Schulte, P. and 
Halperin, W. "Cohort and Case-Control Analyses of Workers Exposed to 
Vinyl Chloride - an Update". NIOSH Report Draft. October. 1988. 

3 .  Wong, 0.; Whorton. M.D.; Ragland, D.: Klassen, C.; Samuels, D. and 
Chaxton, K. "Final Report - An Update of an Epidemiology Study of Vinyl 
Chloride Workers, 1942-1982". Prepared for Chemical Manufacturer's 
Association, October 17, 1986." 

Response: Reference to Doll's recent review of cancer mortality in 
occupational studies is a useful addition to the risk assessment. and it has 
been included in the revised document.-. 

The Wu et al. study has recently been published in the Journal of 
Occupational Medicine 31(6) 518-523 (1989). That study provides useful 
additional information on following up the worker outcomes for one of the 
four plants of the Waxweiler (1976.) study - of vinyl chloride workers. DHS 
staff has included a discussion of this recent work in the revision. 

The Wong .et a1 study, an industry-wide compilation, remains unpublished. 
Nevertheless, the original version of the risk assessment did cite it by 
authors in Tables 8-1 and B-2, and by corporate authorship, Environmental 
Health Associates, in the list of references. The revision uses a consiscent 
method to site this work (Wong et al., 1986). 



I V .  LANDFILL GAS TESTING PROGRAM UPDATE 



I V .  LANDFILL GAS TESTING PROGRAM UPDATE 

L a n d f i l l  Gas T e s t i n g  Program d a t a  on page A-31 o f  t h e  p r e l i m i n a r y  d r a f t  
r e p o r t  were amendedon page A-29 o f  t h e  second d r a f t , t o  i n c l u d e  t e s t  r e s u l t s  
through December 1989. 



-- 
V .  A I R  RESOURCES BOARD STAFF LETTER TO THE GOODYEAR 

T I R E  AND RUBBER COMPANY REGARDING THE REQUEST FOR 
AN EXTENSION OF THE F I R S T  COMMENT PERIOD 



A - :  :: : A L ~ ~ O V N I ,  George Deukmillen. G--*-. - .- 
:!'n 5ESOURCES 6CARC - ..- ,-. : :72E:- 

. . t-T . . tnt 2::: e -, , m. , ,.. E, ' f . : ~ ~ : z r u ~ s r a  CA O J I I ~  tic jdt S" f j k+ 

S e p t e m b e r  2 5 .  1989 

C . A .  S e e  
torpo-rate E n v i r o n m e n t a l  Engineerir.: 
D e p a r t m e n t  1 1 0 0  
G o o d y e a r  Tire & R u b b e r  t c n p a n y  
1 1 4 4  Eas: M a r ~ e t  S t r e e t  
A k r o n ,  Ohic 4 4 3 1 6 - 0 0 0 1  

D e a r  Ms. See: 

Thank y o u  f o r  y o u r  res?onse to t h e  c r a f t  r e p o r t  
P r o o o s e d  !dentificetion of Vinvl Chloride a s  e T c r i c  A i r  
r o n t a m i n a n € .  Y o u r  c o m m e n t s  will be c o n s i d e r e c  and addressed in 
? a r t  C of t h e , s e c o n d  d r a f t  of t h e  report. 

T h e  s e c o n d  d r a f t  o f  t h e  report w i l l  be mailed to y o u  
a n d  o t h e r  m e m b e r s  o f  t h e  p u b l i c  fcr fine1 r e v i e w .  I t  will 
i n c l u d e  Parts A ,  E ,  and C o f  t h e  report a s  well as an executive 
s u m m a r y  w h r c h  s u m m a r i z e s  P a r t s  A  a n d  6. A  2 0 - d a y  c o m m e n t  per:oa 
w i l l  be glven f o r  y o u r  review. During t h i s  c o m m e n t  period, only 
c o m m e n t s  on t h e  e x e c u t i v e  s u m m a r y  anc any r e v i s i o n s  m a d e  to the 
r e p o r t  will be accepted. All o f  t h e  c o m m e n t s  r e c e i v e d  and our 
r e s p o n s e s  will t h e n  be incorporated as an a d d e n d u m  to Part C. 
T h e  final draft r e p o r t ,  i n c l u d i n g  Part C ,  will t h e n  be submitted 
t o  t h e  S c i e n t i f i c  R e v i e w  P a n e l  for its r e v i e w .  

T h e  S c i e n t i f i c  R e v i e w  Fanel h a s  r e o u e s t e d  t h a t  all 
p u b l i c  c o m m e n t s  b e  dire.cted t o  t h e  Air R e s o u r c e s  Board w i t h i n  
t h e  t i m e  spans a l l o t t e d  f o r  t h e  t v o  c o m m e n t  p e r i o d s .  In 
a c c o r d a n c e  w i t h  t h i s  p r o c e s s ,  w e  are u n a b l e  t o  e x t e n d  t h e  first 
c o m m e n t  period as y o u  requested. 

I f  y o u  h a v e  a n y  q u e s t i o n s ,  p l e a s e  call m e  at 
( 9 1 6 )  3 2 2 - 7 0 7 2 ;  

S i n c e r e l y ,  

R o b e r t  E a r h a m ,  C h i e f  
T o x i c  A i r  C o n t a m i n a n t  

I d e n t i f i c a t i o n  B r a n c h  



CORPORATE ENGINEERING 

September 1, 1989  

Air Resources Board 
Toxic A i r  Contaminant I d e n t i f i c a t i o n  Branch 
P.O. BOX 2815 - - 

Sacramento. Ca l i fo rn ia  95812 
ATTN: v iny l  Chloride 
Mr. Robert Barham, Chief 

Dear Mr Barham: 

The fol lowing comments a r e  o f f e r e d  i n  response t o  t h e  "Report f o  t he  
A i r  Resources Board on Vinyl  Chloride - Proposed I d e n t i f i c a t i o n  of 
Vinyl Chloride a s  a  Toxic A i r  Contaminant". 

C l a r i f i c a t i o n  is  requested concerning t h e  r e l a t i o n s h i p  between t h e  
Ca l i fo rn i a  ambient a i r  q u a l i t y  s tandard  f o r  v iny l  c h l o r i d e  - 1 0  ppb, 
a s  it was discussed i n  t h e  r e p o r t ,  t h e  l e v e l  of concen t r a t i on  of 
v iny l  ch lo r ide  which poses "no s i g n i f i c a n t  r i s k n  t o  t h e  popula t ion  - 
0 . 3  micrograms/day and t h e  i n t e r a c t i o n  of t h e s e  two va lues  i n  t h e  
r egu l a t i on  of t ox i c  a i r  contaminants .  

I n  t h e  sampling and de te rmina t ion  of t h e  concen t r a t i on  of v i n y l  
chlo.ride, t h e  use  of a n a l y t i c a l  techniques comparable t o  and a s  re- 
l i a b l e  as t h e  method o u t l i n e d  i n  t h e  repor t  should b e  pe rmi t t ed .  



September 1, 

An adequate review of the medical s t u d i e s  of t h e  e f f e c t  of exposure 
t o  v iny l  ch lo r ide  can not be s a t i s f a c t o r i l y  completed before  t h e  end 
of t h e  f i r s t  comment period. Therefore ,  a request is being made f o r  
an extension of t h e  i n i t i a l  comment period.  

I f  you have quest ions ,  please c a l l  t h e  w r i t e r  a t  216-796-2698. 

Since re ly ,  

CRjQL  
C A See 
Environmental ~ n g i n e e r  
Corp Environmental Engineering 

CAS : cas 



I. PART C ADDENDUM 
COMMENTS RECEIVED 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

215 Frernont Street 
San Franc~sco. CA 94105 

June 8, 1990 

Genevieve Shiroma, Chief 
Toxic Air Contaminant Identification Branch 
Air Resources Board 
Attn: Vinyl Chloride 
P.O. Box 2815 
Sacramento, CA 95812 

D e a  Ms. Shiroma, 

T h a d y o u  for the opportunity to comment on the Air Resources Board's 
technical support document entitled "Proposed Identification of Vinyl Chloride as 
a Toxic Air Contaminant" dated May 1990. Please incorporate the comments 
listed below into the the final report. Also, the Environmental Protection 
Agency's risk assessment is conducting a detailed review of the report. Any 
additional comments this review will be delivered by June 22 of this 
month. Ms. Barbara office assured me that these additional 
comments will be addressed by the Scientific Review Panel. 

Please note that the Operating Industries, Incorporated (On) landfill i3 currently 
a federally listed Superfund site. As part of the Remedial Investigation at the site, 
EPA is conducting a 12-month ambient air quality study at the 011 landfill. 
Twenty-four hour air samples are being collected every eighth day at nine 
permanently located stations (including 2 background stations) near the landfill. 
The detection limit for vinyl chloride for this study is 0.30 parts per billion. 
Meteorological data is also being collected for this study. The results of this study 
will be used to support EPA's risk assessment for the 011 landfill. 

Please include the following paragraph in the Executive Summary: 

The Operating Industries. Incorporated (011) landfill is 
currently a federally listed Superfund site. Subsequent to the Air 
Resources Board's vinyl chloride sampling during 1987, the 
Environmental Protection Agency (EPA) has implemented more 
stringent landfill as control measures. EPA has also selected a 
remedy for landfi f 1 gas control that is expected to substantially 
reduce landfill gas emissions from the 011 landfill. It is fully 
anticipated that these control measures will substantially lower 
the levels of vinyl chloride in the ambient air in the vicinity of the 
011 landfill. 

Thank you for the opportunity to comment. 

Sincerely, 
n P 

pe Enviro 
nmktal  Engineer 



June 11, 1990 

Genevieve Shiroma, Chief 
Toxic Air Contaminant Identification Branch 
AIR RESOURCES BOARD 
P.O. Box 2815 
Sacramento, CA 95812 

ATTENTION: Vinyl Chloride 

SUBJECT: PROPOSED IDENTIFICATION OF VINYL CHLORIDE AS A TOXIC AIR 
CONTAMINANT BY THE CALIFORNIA AIR RESOURCES BOARD (ARB) 

Thank you for the opportunity to provide comment on the ARB'S 
proposal to identify vinyl chloride as a toxic air contaminant. 
Waste management of North America (WMNA) is a comprehensive waste 
management services company owning and operating, among other 
things, landfills and waste hauling companies in the State of 
California. In addition, Chemical Waste Management, Inc. (CWM) 
provides comprehensive hazardous waste management services 
including hazardous waste collection, transportation, treatment, 
and disposal in California. 

Both WMNA and CWM are supportive of your efforts to identify vinyl 
chloride as a toxic air contaminant. Indeed, identification of 
this compound as a toxic air contaminant is mandated by state law 
by virtue of the fact that it is identified as a hazardous air 
pollutant pursuant 'to federal law. However, we are concerned about 
the bases for identification that are contained in your staff 
report in two primary areas: 

1. Presence of vinyl chloride in the atmosphere and the 
inference that landfills in California are the principle 
source of this proposed toxic air contaminant, and 

2. The degree of public health risk that is posed by vinyl 
chloride. 



ARB/Viny 1 Chloride 
June 11, 1990 
Page 2 

*LANDFILLS AS A SOURCE OF VINYL CHLORIDE; 

On page A-23, the second paragraph states, "Based on the emission 
estimates for two landfills in California (BKK and 011) , landfills 
are the largest identified source category of vinyl chloride 
emissions in the state. The information necessary to estimate 
vinyl chloride emissions for the hundreds of other landfills in 
California is not available." Other re3yrences to landfills being 
the largest source of vinyl chloride emissions are made elsewhere 
throughout the report. It is erroneous to assume that these two 
landfills are representative of all landfills. Both BKK and 011 
are landfills that are currently included on the state superfund 
list of hazardous substance release sites. Both of these sites are 
reported to have accepted significant quantities of waste vinyl 
chloride during their operating life. 

In fact, contrary to the statement made above, significant 
information DOES exist that landfills are NOT a significant source. 
The Air SWAT programs mandated by Health and Safety Code Section 
41805.5 show that waste management units operated by WMNA are not 
a Significant source of vinyl chloride emissions. Unfortunately 
the ARB'S report makes only passing reference to the Air SWAT data. 
Even this passing reference indicates that, while the presence of 
vinyl chloride has been detected in some landfills, the 
concentrations and amounts are vastly lower that those represented 
by BKK and 011. Rather than attribute vinyl chloride emissions to 
landfills, the report would be more accurate in attributing such 
emissions to Superfund sites that once received vinyl chloride 
waste for disposal. 

Attached to this letter I have included summary tables of the Air 
SWAT results for six of the landfills owned and operated by WMNA. 
This data shows that, while vinyl chloride is detectable at low to 
very Low levels within the landfills themselves it is, with only 
minor exception, virtually undetectable in surface samples and in 
downwind ambient air samples. Finalization of the ~lemaking for 
vinyl chloride as a toxic air contaminant should be delayed until 
this recent and very critical information can be properly 
incorporated into the report. In fact, section 39660(f) of the 
Health and Safety Code mandates that DHS and the ARB give priority 
to the evaluation and regulation of substances as air toxic 
contaminants based on a variety of factors including amount or 
potential amount of emissions and ambient concentrations in the 
community. To proceed with identification of vinyl chloride as a 
toxic air contaminant while identifying landfills as the largest 
source of emissions based on two unrepresentative sites would be 



ARB/Vinyl Chloride 
June 11, 1990 
Page 3 

a disservice to the waste management industry and contrary to state 
law. This is made even more true by not using readily available 
Air SWAT data which provides a much more accurate indication of the 
true contribution of waste management units to emissions of vinyl 
chloride. 

PUBLIC HEALTH RISK OF VINYL CHLORIDE 

While we do believe that it is ultimately appropriate to regulate 
vinyl chloride as an air toxic contaminant, we are concerned that 
the unit risk factor that you have attributed to this compound is 
overly conservative. I have also attached to this letter a Copy 
of a brief paper on Carcinogenic Risks from Landfill Emissions 
dated June 6, 1988. This paper was submitted in comment on a 
preliminary draft document circulated by EPA in March, 1988, "Air 
Emissions from Municipal Solid Waste Landfills--Background 
Information for Proposed Standards and Guidelines". This 
information provides a much more realistic assessment of the health 
risks posed by municipal landfills not only from the standpoint of 
vinyl chloride but a number of other compounds as well. In summary 
this brief paper, based on an assessment of the cumulative impact 
Of all landfill emissions, concludes, qlUsing a dispersion model for 
area emissions, we find that for persons spending their whole lives 
100 m frpm the edge of such a landfill the lifetime risk is about 
20 x 10' , while even for persons staying permanently at the edge 

.6 ,I of the landfill the lifetime risk is only 50 x 10 . 
In addition, I have attached some specific comments prepared by 
Dave Dolan, Waste Management Inc. toxicologist, listing specific 
concerns we have pertaining to the risk assessment information 
contained in the ARB'S Technical Support Document for Vinyl 
Chloride. The report Mr. Dolan cites in his second item (U.S. EPA, 
1985) is entitled, "Techniques for the Assessment of the 
Carcinogenic Risk to the U.S. Population due to Exposure from 
Selected Volatile Organic Compounds from Drinking Water via the 
Ingestion, Inhalation, and Dermal Routes". 



ARB/Vinyl Chloride 
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RECOMMENDATION 

Due to the fact that the ARB knows that the Air SWAT data is now 
available to assess the impact of vinyl chloride, identification 
of vinyl chloride as an air toxic contaminant should more properly 
be delayed until this information can be included in the report to 
provide a realistic assessment of landfills as a very limited 
source of risk to adjacent communities. 

Thank you for the opportunity to comment on your draft Technical 
Support Document. If you have any questions or concerns pertaining 
to these comments, please do not hesitate to contact me. 

Sincerely, P. 

Charles A. White, Manager 
Regulatory Affairs 

CAW: fa1 
Attachments 
cc: Dave Dolan 

Sara Broadbent 
Sue Briggum 



TABLE 1-1 
SUMMARY O? ALTAMONTASWAT RESULTS (ppbv) 

G&c Charaaenzauon 
Ambirnt Air (Net Oownvnna 

Increara Compared wlth 
Landfill Gar 123:i:d U w ~ n d  Concantrauon) 

P e ~ o u r  Cont!nuobls 
Samplr 

- - -- - 

Pfimuv Teray 
Monttonna Compnund 

Vinyl Chloride 3.000 3.0 0.0 

Benzene <SO0 c2.0 .- 
Ethylenr Dibfomide < SO <0.5 .- 
Ethylene Oichloriae 32 <0.2 - 
Methylane Chloride 21,000(~1 < 1.0 - 
Ptrchloroethylene 5.~00 O.B(b) .. 
Carbon Tetrachloridr < 3 c 0.2 - 
Methyl Chloroform 210 O.S(O .- 
Trichloroethylene 8,600 0.9N) 

Chloroform 430 <0.8 

Note: ppbv = pans per billion by volume. 

(a) This result i s  potentially due to limitations of the analytical methods specified by the ARB 
In the Testing Guidelines (i.a., a non-alderon connituent may coelute with methylen* 
chloride). 

(b) Altamant integrated %rface sample value of 0.6 ppbv for perchlaroethyiene i s  similar to 
tho ARB background value of 0.6 ppbv for the Bay Area Region (1985 data) in which 
Altamonr is iocated. 

(cl Altamom intapratad sutiaco samale vaiur of 0.5 ppbv for mrthyi chloroform i s  nearly 
identical to tho laboratory detection limit (e0.5 ppb), and ir wall below rhe ARB 
background value of approximately 2.1 ppbv for the Bay Area Region (1985 data) in which 
Altamont is  locatad. 

(dl Altamam integratud surface rample value of 0.9 ppbv for trichioroethylene is similar to 
tho ARB background valur of approximately 0.5 ppbv fortne Bay Area Region (1985 data) 
in which Altamont i s  locatad. 



TABLE 2-1 
SUMMARY OF LANCASTER ASWAT RESULTS (ppbv) 

Gas Chd~CtWIZation Ambient Air (Net Downwind 
Increase Compared with 
Upwind Concenmtlons) 

Landfill Gad4 lyz'cy 
26Uour Oirrctionall 

Sample Canttnuoudd ~ontroi\.d(J 

Prtmaw TaraeT 
Monitorina Camaound 

Vinyl Chloride 4,629 e7.0 0.2(b) 0.0 

~uoolemental taroet 
Manitprina Comoound~ 

Benzene 57 1 < 2.0 0.0 0.0 

Ethylene Oibrom~de . < I  c 0.5 0.0 0.0 

Ethylene Oichloride < 20 < 0.2 0.0 0.0 

Methylene Chloride 2,094 < 1.0 4 . W  2.3(b) 

Perchloroethylene 578 O.A(I) 0.2 (b) 0.0 

Carbon Tetrachloride < 5 0.8 4.8 (b) 0.7W 

Methyl Chloroform 824 S0.S 0.9W 3.7(bI 

Trichloroethylane 442 <0.6 0.0 0.0 

Methane , 62.000.000 10.000 

Note: ppbv r; parts per billion by volume. 

(a1 Lancanet integrated surface sample value of 0.4 opbv for perchloraethyiene js similar to the 
ARB background value of 0.2 ppbv for the 5outhwea Oasert Region in wh~ch Lancaster 15 
located (see Table 2-2). 

(b) There downwind ambient inctrmsnts are greater than expected considering the low 
concrntratlons for the integrated surface ramples and landfill gas sample$. However. these 
downwlnd incremenu are less than 5 p bv, which Corresponds to inherent data uncenatntles 
w t h  ASWAT ambient air day assacirtefwith l~mtlatlonr of thr anaiytacal methods speaited by 
the ARB in thr  Tqtin Gu~del~nes. 

(c) Based on composite dlata which includn all wmpla. 



TABLE 7-1 
SUMMARY OF DAVIS STREETASWAT RESULTS (ppbv) 

Gas Choractarizrtion Ambient 

2kHour Ambiant Air (Net 
Landfill Gas In::$,"::d Downwind Increase wt+h Compared 

sakipi. 
...... 

Upwind Concantration)(a) 

Vinyl Chloride < 500 C2.0 0.0 

Banranr < SO0 <2.0 0.0 

Ethylene Dibromida < 1 e0.5 0.0 

Ethylme Oichloride < 20 <0.2 0.0 

Methylene Chlor~de < 60 8(b) 0.0 

Pcrcnloroethylene < 10 C0.2 0.0 

Carbon Tetrachlortae <5 C0.2 0.0 

Mathyl Chloroform < 10 1.1 (0 0.4(d) 

Trichloroethylene < 10 C0.6 0.0 

Ckloroform c 2 <0.8 0.0 

Methane 530,000,000 <ZOO0 

Norm: ppbv = pans per billion by volume. 

a Based on composite data for a l l  sampling days. 
b Davis Street integrated ruriace umpie vaiue is hiqher than exoened ronslciering, thb 

nonoetaaton of thls connttuent in tne landfill as smote. The reaoned vaiue may nave omen 
affected by ambient backgreuna levels, whic: may excead 10 ppbv in tne Bay Area (see 
Tabla 2.2l,,4na/or l~rnitations of the ASWAT anaiyrical methods 5occiiied by tna ARB In rnc 
Testin Gulaeflncs, which may rnu i t  in data uncenainttq of a proximately 5 ppbv. 9 (0 Davis tree1 Integrated surface sample vaiue pr 1 .1  ppbv 1s hiq!er than expeaaa considering rke 
nonaaaalon of th15 conltltuant in the lanafill as ram Is. I he reoorrea value 15 rlrnilar to the 
backorouna value of 1.4 P P ~ V  based on BAAQM 8 data ? or San ~eanora. 15ec Tabla 2-2.) 

(d) Thts aownw~nd concllntratlon increment ma br due to iirnitatlans of rha ASWAT analytical 
methods ipecifled by the ARB in the Tast~ng hidelines, which may resuit in  data uncerralnrles 
of aoproxlmately 5 ppbv. jhe results presentea above ao nor include the prlrnary sampler 
relulo, which have a contam~nation bias of approxlmataly 4 ppbv. 



TABLE 5-1 
SUMMARY OF OURHAM ROAD ASWAT RESULTS (ppbv) 

Gas Characterirrtion Ambient Air Net Downwind 
~ncroau i omparea. to 

Uownd Concencratlont 
Landfill Gar In{:3?$ 

Sarnpl* 24-Hour Conunuous 

Prlmaw Tamet 
Monitarina Compound 

Vinyl Chloride 3,000 <2.0 0.0 

$uoolcmental Taraet 
Man~lonna Comoounds 

8rntme 1,000 < 2.0 - 
Ethylene Oibrom~de < 1 <0.5 - 
Ethylene Oichlonde < 20 0.2 - 
Methylena Chloride 7,500 c1.0 - 
Perchioroethylene 5,200 .0.3@) - 
Carbon Tetrachloride < S C0.2 - 
Methyl Chloroform 300 1.3W - 
Trichloroothylene 2,000 <0.6 -- 
Chloroiorm 260 e0.8 .. 
Methane 520,000,000 C2.000 .- 

Note: ppbv r pans per billion by volume. - 

(a) Durham Road integrated surface sample value of 0.3 ppbv for perchloraethylene is similar 
to the ARB background value of 0.6 ppbv for the Bay Area Region (1985 data). in wnicn 
Durham Road is located. 

.(b) Durham Road integrated surface sample value of 1.3 ppbv for methyl chloroform is similar 
to the ARB background value of approximately 2.1 ppbv for me Bay Area Region (1985 
data), in which Durham Road i s  located. 



TAUS 1.1 
SUMMARY OF lRADLEY ASWAT RESULTS Ippbv) 

Ambient Alr 
(Not Downwind Incnam 
Camparad with Uowtnd 

Gag Charraanzarion(cl Coneantrauons)(a 
Inragratad 24-Hour Oiramonally 

Landfill Gas S~dae, Jsmule tonunuour Controlled 
Primarv Taros 
monltor~na camoound 
Vinyl Chlotidr 33,625tat 2.5 0.2 0.0 

Bonztnr 900 1 .a 0.1 0.3 
Ethylanr Dlbromida < 3 e0.5 0.0 0.0 
Ethylene Dichlotido < 30 < 0.2 0.0 0.0 
Methylenb Chloride 1570 e1.0 0.0 1.3  
Pwrchloroe~ylenr 37s 0.6 <0.1 a. 1 
Carbon Terrachloridr < 5 0.2 ea.1 0.0 
Methyl Chloroform .C 10 7.51bl 0.8 0.0 
Ttichlororthylrnr ' 1435 <0.6 0.0 0.0 
Chloroform < 4  <0.8 0.3 0.6 

Nata: 1. ppbv - pa* prr billion by volumr. 
2. Tho landfill gas u m p i u  wrrc collenrd in Decrrnber 1987/August 1988, integrated 

wdace sampln in May 1988IAuqun 1988, and ambient samples in May 1988. 

Based on compaite data, which inciudo all downwind rrmoic~. 
(bj This rnuk may have k e n  affeatd by nmplr matrix intrrlerencas, caeiotion of conduancs 

with similar GCretention times, and other inhrrent iimitrtionc of tho ASWAT amlytlcai mathods 
lpecifird by tho ARB in the Traing Guldrlinrc. Ambienl air coneomration rrsulU confirm that 
Bradlry Landfill gas emissions for this eonrtituent do not affcer affi itr air quality. 

(0 Value is similar to the ARB range of backqround values (1.11 -7.07) for the South Coast Region. 
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TABU 2.1 
SUMMARY OF KIRBY CANYON ASWAT RESULTS (ppbv) 

Gas Unractenzatlon Ambient Air 

24-Hour 
Emission Cormnuoul 

Landfill Gas Screening Oownwind(l1 

Vinyl Chlonde 41 ,OOO(b~ - C2.0 
Benzme 2.500 - < 2.0 
Ethylene Oibromide < 1 .- e0.5 

Ethylene Oichlorido c 20 - e 0.2 
Methytene Chloride 59.OOO(bl - C 1.0 

Perchloroethylene 2,100 - 0.7tO 

Carbon Tetrachloride <S ... e0.2 
.. Methyl Chloroform 190 - 1 .O(d) 

Chloroform 2.000 - < 0.8 
Methane 2.600.000 < 50,000 .- 

Notv: ppbv = pans per billion by volume. 

(a) One sample day with two collocated samplers. 
(b) m a e  results may have been affected by ample matrix  interference^, co- 

elution of constituents with similar GCretention rimes. and other inherent 
limitations of the ASWAT anaiyrical methods specified by the ARB in the 
Testing Guidelines. Ambient air concentration resuia confirm that Kirby 
Canyon Landtill gas emi5sion~ forthae connituenu do not affect offsite air 
quality (in fact, they were not detrcrwd in the amnient samples). 

(c) This concentration is higher than expected comidering the low 
concentration datocred in the landfiil gas sample. However, this 
concentration of 0.7 ppbv is  similar to BA4QMOIARB results for the 5an 
JOSPIB~Y Area (0.5-0.8 ppov mean with 1.6 ppbv maximum). ?'herefore, the 
Kirby Canyon results are antibutable to background conditions. 

(dl This concentration is  higher than oxpecrea comidering the low 
concenwation detected in the landtill gar $ample. However, the 
concentration of  1.0 ppbv is similar to BAAQMOIARB results for the San 
lOSef8aY Area (O.b-4.1 ppbv mean with 47.3 ppbv maximum). Therefore, 
the Kirby Canyon relults are atvibutaole to background conditions. 



TAM15 1.7 
COMPARISON OC KIRBY CANYON AMIIENTAIR RESULTS (ppbv) (BASED ON THE 24-HOUR 

CONTIN'UOUS DOWNWINO STAnON) AN0 AVAIUPU REGIONAL DATA 

Number of 
, Mean Maximum O b ~ w a d o n ~  

Kirby S.F. Bay San Kirby S.F. Bay Kirby S.F. Bay 
canyon Ar~8(@) Iore(b) lnyonlc) Areail) Crnyon(d) Area@) 

Vlnyl Chlande <ZOO (c) (c) 4 2.0 (4 2 . (c) 
Benrane e2.0 1.8-3.2 4.4 e2.0 15.6 2 9 i 
Ethylene Dibromido <g.g 04.01 (c) eO.5 0.1 2 82 

Ethylene Oichloride <0.2 o.os.0.07 (c) <0.2 Q.3 2 84 

Methylen. Chloride < 1.0 0.7.4.3 2.6 e1.0 . 1 1.9 1 82 

Prrchloroathylena 0.7W 0.5-0.8 0.5 1.3 1.6 2 84 
Carbon Tetrachloridr g0.2 0.2 0.1 0.2 0.5 2 a3 

Methyl Chloroform 1 .om 0.6-4.1 1.8 1.2 47.3 2 83 

Chloroform e0.8 0.03-0.05 0.0s c0.8 0.1 2 84 

Note: ppov .I parts per billion by volume. 

(a) Based on available ARB data for the Jan Ffanc~seo Bay Ares (Californta Tortc Air Oualirv Oata - 
Summaw of 1985 Toxic Air Oualltv O ~ Y .  Preliminary). 

(b) Based on avallablr 1986 BAAQMO dam ior Srn loss (Taxic Air Mon~torrng Summary, 1986-1989, 
Board of Oireaon Meeting, Ssolember 2, 19871, 

c lnformat~on not avr~lrblr for this rep05 
(dl Qne ramplo day wixh W o  collocated sampiers. 
(4 This concentration is higher than expaad considering the low concentration detrcted in the 

landfill gas sample. Hawrver, this concanwarion of 0.7 ppbv ir 9irnilar to BAAQMDIARB results for 
the San Jose/Eay Area (0.5.0.8 ppbv mean with 1.6 ppbv maximum). Therefore, the Kirby Canyon 
rrtulU ate anributable to background conditions. 

( f )  This concantrarlan is higher than rxpmrd  considering the low concentration dstecred in tne 
lanofill gas sample. However, the concmtration of 1.0 ppbv is similar to 80AQMOlARB resuits for 
the Sm Josr/Eay Area (0.641 ppbv mean with 47.3 ppbv maximum). Theraiore. the Klrby can ye^ 
rnu lu  are artnbuuble to backqmund conditions. 



ATTACHMENT 3' 

DATE : ~ u n e  11, 1990 

FROM : Chuck White 

TO : David Dolan 

RE : Comments on the Air Resources Board's lt~roposed 
Identification of Vinyl Chloride as a Toxic Air 
ContaminantN 

I have reviewed Part B of the Air Resources Board's ItProposed 
Identification of Vinyl Chloride as a Toxic Air Contaminantt8. The 
ARB is to complimented for the thoroughness of this report. There 
are, however, several issues that deaerve some attention. Given 
the short amount of time available for this memo, please excuse its 
terseness. 

First, why bother using the linearized multistage model under the 
pretense that it is a true mechanistic model (which it is not) , 
when a simple linear regression usually yields nearly identical 
estimates of q,* (ra = O.SB)(Personnel conversation with Curtis. 
Travis, Oak Ridge National Laboratory)? 

Second, the discussion of uncertainty in the quantitative risk 
estimates is given short shrift. Although the uncertainties Or 
absence of exposure data in the occupational cohort studies is 
mentioned, there is no discueeion of the conservatism built into 
tne risk estimates by the selection of data for extrapolation, and 
the extrapolation assumptions, and the effects their underlying 
assumptions may have on the risk estimates. For instance, the use 
of the most sensitive sex/atrain/species instead of the average may 
alter risk estimates by Itseveral orders of [U.S. EPA, 
1985) similarly, the issues the extrapolation of rodent potency 
estimates to humans, particularly on the basis of surf ace area, and 
the use of upper 95th percentile estimates of carcinogenic potency 
instead of the MLE, may alter potency eatimates by an order of 
magnitude, or more. (U.S. EPA, 1985) 

Third, it is perplexing that the Xrewski et al. (1987) chapter is 
referenced, yet the 36-fold lower carcinogenic potency factor they 
derive is omitted from the brief discussion. Some discussion On 
the merits and limitations of the Xrewski et al. analysis is 
necessary. 

Fourth, the.ARB cites the concordance of the potency estimate 
aerived from the Drew et al. (1983) study and the Maltoni et al. 
(1984) experiments. It is unclear whether the Maltoni experiments 
were conducted in his medieval castle/laboratory where the 
mycobacterium infection is endemic, or in some other facility. 
(Personnel conversation with E.E. McConnell, National Toxicoloqy 
Program) In the U.S., mycobacterium infections in test animals 
would likely violate GLPs, and serve as grounds for invalidating a 
Study. 



Fifth, the recommended uoe of a potency factor derived from animal 
instead of the human occupational study of Waxweiler et al. (1976) 
is not robust, given that  the human data already represents an 
upper-bound eatinate in the target speciee of concern (i.c?., 
humans). The. additional rationale that the selection of the 
highest animal estimate is justified by the limited evidonce of an 
effect by age at first exposure (Drew et al., 1983) suggests that 
perhaps the ARB should consider using a true meahanistic model, 
perhape one baaed upon the MVK modal paradigm, as tho basis of its 
potency detarminationa. 

CC: Jim McHenry 
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An e s t k t a  of carcf~ogenfc risks from l a n d f i l l  ~ S S ~ O ~ S .  

On May 18 ,  i 988 ;  we presented testimony t o  t h e  ~ a t l o n a l  ~ i r  
Pof lu t i on  Control  TecPAiques Advisory committee t o  t h e  EPA on t h e  
r i s k  essessment a spec t s  of a ?re l iminary  Drafz Document, "kir 
.Miss ions  from Municipal So l id  Waste L a n d f i l l s  -- Background 
Incornat ion f o r  Proposed Standards and Guidel ines. ' '  The g i s t  of 
t h a t  tes t imony was t h a t  che carcinogenic r i s k s  p r e d i c t e d  by t 5 e  
Draf t  Document were l .?correct.  The ana lys i s  tha t  i09llows is our 
actempc =a derive suck r.-sks mora c o r r e c t l y .  12 p a r t i c ~ l a r ,  we 

der rve  e s t ima te s  of "average18 and Nworsc-caseu r i s k s  of cancer 
t f la t  cguld be  a t t x i b u t e d  t o  v o l a t i l e  organic  ccmpounds t h a t  may 
be emit:ed f-ecrn municipal s o l i d  waste l a n d f i l l s .  The as t imates  
a r e  a l l  " s t a n d e r d N  i n  t h e  s e n s e  t h a t  t h e y  a r e  d e l i b e r a t e  
O v e r e s t i m a t e s  , p r e d i c a t e d  upon "no-thresholdw models $or a l l  
chemical carcinogens of i a t e r e s c .  1t is our t o x i c o l o g i c  opinion 
t h a c  many of t h e  chemicals of i c t e r e s t  here  a r e  Fz f a c t  l i k e l y  e l  
c o n t a i n  t h r e s h o l d s  i n  t h e - =  d o s e - r e s p o n s e  cu:'tres f a r  
cart-nogenesis, suc2 t h a t  t h e  very low-level exposures iavolvea  
cazry  w L t 5  them no excess r i s k  o f  cancer t o  humans. Nonetheless,  
w e  kavs n o t  " taken c = e d i t U  f o r  t3is p r o b a b i l i t y ,  bu t  inacoaa 
modeled a l l  csmpounds as i f  they  c r r r y  excess risks of cancer a t  
a l l  non-zero l e v e l s  o f  exposure. 
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1. Data s- 

Table 1.1 summarizes measurements of l-andfill gases 
collected at 8 .municipal landfills, labelled R to X. All these 
seasurements are given in ppm by volume, and include entrained 
air (t3e amount of which can be estimated from the nitrogen and 
oxygen content of t3e gas); The landfills labelled a,  C, G and 5 
were used in the pasc for co-disposal of municipal waste and 
hazardous waste, iltflough this pzactice has now ceased. This 
forner pzactice of co-disposel is likely to have Led to emissions 
of la=ger quantities of chemiczls of Fntexast than would have 
Occz=ed :=om the disoosal of municiaal solid waste alone. 

Table l.2 shows tke average concentzations of c:r6Ponents of  

tke emitted gases :ram each LancXill. These averages may be 
compared vith the values given. in tfle Z2A Draft Doc~ment, Table 
3.9. Despite the differing data sources, the average 
Concentrations are very simi'lar. in ' this data, carbon 
tecracflloride was never detected, whereas the EBA data has +n 
average concenc=aeion of 0.0115 ppmv. Also, tke average 
concentzatibn of ?,I-iic?.Loroethene (vinylidene chlozide) is a 

iac=cr 10 lower here than in tho SPA data. In both cases, t h e  

concent=ati:ns were very Low even ia the E I A  data. 

Also shown in Table 1.2 are the molecular weights of all the 
measured components, together with upper Sound estimatas of "unit 
risk" Cot the known caxcinoqens. These estimates were taken 
directly :=om the Carcinogen Assessment Group (CAGI assessments 
where they have made s u a  estimates. Otherwise they come :=om 
CAG estimares for "potencyM oE a compound, and assume : a 

hman breathes 20 m3/day of air, and that 100% of a compound is 
absorbed. At this breaching rate, if a material is present at 1 
ug/rn3 in air, a person will inhale 20 ug/day or 3.33 x lf4 

mg/kg-day for a 60 kg person. For a ,  compound with potency ? 

mglkg-day, this results in a unit risk (risk f=om 1 ug/m3 of air) 
of 3.33 P. The estimates in Table 1.2 generally aqree 



w i t h  t h o s e  i n  t h e  EPA D r a f t  Document, e x c e p t  f o r  c a r b o n  
t e t r a c ~ f o r i d e ,  where we take  t h e  upper end of  a  suggested ranqe 
(EPA uses  an average of t h e  ranqe) ;  v i n y l  c h l o r i d e ,  where a more 
r e c e n t  e s t i m a t e  by t h e  CXG (which w e  u s e )  has  r a i s e d  t h e  
carc inoqenic  potency es t imate  by a l a r g e  f a c t o r ;  anc! v inyl idene 
ch lo r ide ,  where our es t imate  is again  s u b s t a n t i a l l y  h igher  than 
t b a c  of t h e  EPA DrafZ Document. 

L'sing t h e  molecular weights of t h e  components, t oge the r  with 
t h e  u n i t  risks, w e  can d e f i z e  an averaqe u n i t  r i s k  f o r  t h e  "as 
measurad" averaqe l a n d f i l l  gas. This is o b t a i n e d  by f i a d i z g  t'e 
we iqh ted  a v e r a g a  u n i t  risk f o r  a l l  components ,  where t h e  
w e i g h t i 3 9  f a c t o r  is t h e  p r o d u c t  o f  m o l e c u l a r  we igh t  and 
vclcmecric  concen tza t l cn  f o r  each cqmponent. The r e s u l t  obtcined 
is  1.6 x 10" p e r  ug/m3 f o r  t h e  l a n d f i l l  Gas inc lud ing  e n t r t i n e d  
a i r ,  and approx iaa te ly  1 . 9  x per  ug/m3 a f t e r  cotrac=:on f o r  
e n t z a i n e d  e i = .  W e  Co no t  usa  t h i s  a v e r a g e ,  s i n c e  i t  i s  
p re f a r ab l e  t o  computa r i s k  est i rnatas on a  l a n d f i l l  by LandZiLl 
case ,  t ak ing  in:o accgunt  t h e  d i f f e r i n g  c o n c e n t r a r i o n s  and 

emission r a t e s  a t  each l a ~ d f i l l . .  

The u n i t  cancsr  risks es t imated  by t h e  OP.9 i n  Table 2-4 cf 

t h e  Draf: DOcq2nent s u f f e r  f=om major d e f i c i e n c i e s .  The f irst  ?do 
"Scenarios" cannot be j u s t i i i e d  ac a l l .  A v e r a ~ f n g  toge rhe r  t h e  
u n r t  z ~ s k s  of t h e  var ious  carcinogens found i n  l a n d f i l l  gas could 
only be j u s t i f i e d  i f  t h e r e  were equal  emission r a t a s  (by mass) of 
those  carcinogens,  but it zs c l e a r  t h a t  t h i s  i s  i n c o r r e c = .  
Furthermore, t h e  Draft  Document i ac ludes  one c a r c ~ n o g e n  (Table 2 -  

3, erhylene d i c h l o r i d e )  which was apparen t ly  neve r  found i n  t h e i r  
samples of. l a n d f i l l  gas (Table 3-9, a l though it is l i s t e d  :vice 
i n  Table 3-01  . The "scenar io  1" e s t i m a t e  apoears  t o  ignore  
measurements of non-methane VOCs which i n d i c a c e  t h a t  t h e  major 
components ( c e r t a i n l y  more t h a n  7 5 % )  a r e  s i m p l e  a l k a n e s  
( e s p e c i a l l y  e thane  and propane).  Fu r themore ,  it is unc lea r  what 
i s  meant i n  t h i s  docrunent by non-methane VOCs. Since t h e s e  a r e  
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TXaLE 1.1 (contd.) 
Averaoe C- 

SITE E F G 
Carbon tetrachloride nd nd nd 
Chlorobenzene 4.3E-01 nd nd 
Chloroethane 9.1E-02 7.OE-01 3.8E-01 
Chlorofors . nd 2.5Et00 nd 
Chloromethane , 1.2EcQO l.lE+Ol 3.6Et00 
Dibromochloromsthane nd nd nd 
1, 1-Dichloroethane 7.6E-01 2 .OE-01 1.6E+00 
1,2-Dichloroe~hane nd nd nd 
lrl-Dichloroethene nd nd nd 
t-112-Diohlotoethene 1.13-01 nd nd 
I,?-Dichloropropane 2.2E-01 nd nd 
c-1,2-Dichloroprope~e nd nd nd 
t-1,3-Dichloropropene nd nd nd 
Metby lane chloride 3.2Ec00 9.25+00 1.4Et01 
1,1,2,2-Tetracbloroetbane :. 15-01 nd nd 
Tetrachloroe~hene 6.9EtOO 3.8Et00 1.2St01 
1,1,1-Tri~5loroeehane 2.OE-01 nd 1.7E-01 
l1l,2-Trlchloroethane . nd nd nd 
Trichloroecbene 4.LECOO 6.OE-01 2.9Et00 
Trichlorofluoromethans 4.4E-01 2.OE-01 7.6Et00 
Viny 1 Chloride 5.3Et00 3.13t00 2.6E+00 
1,2-3ichlorobenzene nd nd nd 
113-Dichlorobenzene nd nd nd 
1,4-Dichlorobentene nd nd nd 

Chlorodifluoromethane 6.9E-01 6;OE-01 4.OE-01 4.72-01 
Dichlorodifluorometbane nd nd nd nd 
Dicbloro~luoromechane 4.6E-01 8.OE-01 2.OEtOO nd 

Methane 
Zthana 
Propane 
n-Sutane 
n-Fencane 
n-Hexane 
Acrylonitrile 
Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

Carbon dioxide 
Oxygen 
Nitrsgen 



Avoraqo Mol. unit potrncy weighted 
cane. welqht risk unA& 
PPnv risk 

Gtloroethane 
Chlorofarm 
Chloromethane 
Dibrornochloromethaner 
1'1-OlcsLoroethane 
1,2-Ol.c?lor0efkne 
1,l-OicUoroethena 
t-ltZ-Di~hl~t~at.?one 
:, 2-Oic.kloropropane 
c-? t 2-.Ji~lo~cpro$ane 
t-l,3-0ichlorapropene 
MathyLena c!alorfdo 
i, lr2,2-TottachlorcetS.sne 
Tetxbchloroethene 
?,frl-Trichlazeethane 
1, l r  2-T~i~~loreet.+.ane - 
Tricbloroothsna 
Tric41otofluotomeekane 
V i z y l  Chloride 
?,2-Dicklorobenzena 
?, 3-Dicllorobenzcn~ 
?,4-Oicklarobenzece 
Ch~~rcdi~luorornet3ic~.e 
~ l c ~ l c ~ o C i f l u o ~ o m e c . ? a n e  
9ic5for3i:.uor~aetk~e 
Xechdna 
Ztbane 
lrogrne 
a-Butane 
a-Pontane 
n-Rexane 
XC--ylonit:ile 
3enzsne 
Toluene 
Jtbyibanzene 
Total Xyltnas 

TXWlC (as C6) 8,3E+02 

Carbon dioxide 
Oxygen 
N i t z ~ ~ e n  



2 ,  
2.1 
Tabla 1.1 qivaa eba eoncantsations of vagbous gesar msarutsd 

in collaecad gasea at various LlndfLLls, A138 availablcr :or arch - 
landfill is tha zatr at which t h o s e  gases are released. Tak iw  the 
product o f  totaf rmlsaion rat8 for land:!.ll gas wi th  these 
csncancratLons gives thr voluaeeric emission rata fat each gas. This 
vOlUM8tZiC rmisoion race  may be convertad t o  a mass emifsfen rate by 
~ 3 f n p  the qaa density, which wm approxbrte  by assuming all, t he  gaJes 
hehave prricctly, ? o r  the 8 landfLlls eonaidared her*, tar averapa 
7alurnrtric emis$ion r a t e  L 3  2.7 x 306 c f C  par :andfllL, f r e s  an . . 
everagr ~ v o u c t  0,' r a ~ u s a  i3 placa o f  5 . 4  x 106 t o n s  per laadiil?. 

is abour. 50% higbet t?.an assused ?r. :ka SEA Draft Coewent far 
wet Land2llls. 

From the mas emission ratm,, we nay use  ais di3peraLon 
aodalLLng to tati=ara the expectad iong t o m  averaqe coneent:atio~,s 
O f  each ccmponenc of the LandfiLl gas at var ieus - ,osit ions o f t - ¶ i t n o  
The Prodcct of  tCoJe concant:atians (irt ug/m3) and t ha  upper 20usld 
unit ~isk estinare imeasurad ia units c: n3!ug) gives 9 sp?er D0ur.C 
estixate t o  li$oti~a risk. The c a t  offcc= of all tta Lb"idfili Gas 
can ~.+.Es ke Obtalfied i r o n  the sun over a l ;  comgonent~  of tke  pto&Sc= 
o f  mass emissian rate and unit risk i o z  each ccm7anenc8. Table 
2*1.1 shows t i  produc: (in units o f  n 3 / r )  f a r  all beteczrd 
cowonants o f  tka landfill qasaa  whit.! have unit: risks befiaed. A lso  

shown are t k o  sums o f  products for each Landitll. 



- 
Chlaroforza 0 0 0 0 
1,2-Dich10?0.th.m~ 0 3 e5E-03 0 3.8E-03 
1,l-Dlchloroetlam~ 4,3E-02 5.2E-02 0 2.6E-01 
Hethylane ehZoride 3.8E-04 4.5E-02 1.2E-02 2.9E-02 
1, l r  2,2*Tatrachlaroetnanr 
?Ittachlororthane 

0 a 0 0 
5.43-03 1.8E-02 5.6'2-02 1.4E-01 

111,1-Tr!,chlaroathane 2.OE-03 LASE-03 4.7%-43 2,BL-02 
T t A c h l ~ ~ ~ e t h m a  2.4~-03 2.3E-02 3.Z-02 4.9.E-02 
Vinyl CbloriCa ? .5E-OX 6.4E-01 2 .iE+OO 3.X-OL 
Elenzenr 8.8E-03 9.2E-03 5.OE-02 4.GE-02 . ... 

%cal 2,ZE-01 f.9E-01 2.8E+00 8.8E-01 

SITE E f G H 

Chlozofora 0 1 7E-0 1 0 0 
1,2-3i~klorcet~ane a 0 0 0 
1 I 1 - ~ i ~ ~ ~ r o e t t a ~ , e  0 0 0 
%ethylene chlorida 

a 
4,63003 7.0&-03 3.72-02 r . 3 ~ - 0 3  

1,1 I 2,2-Tatrac!loroetkace , 4 ; 5E-02 
TeEtactloraeehane 

0 0 ' 0 
4.OE-02 1.12-02 1.22-01 2.28-02 

1 1,L-Trlchloroetkane ?.9E-02 2. 8~-02 0 
TrlcSloroethena 

0 
3.3E-02 2.6E-03 4.3P-02 

Vinyl Ckfarfde 1 ;2Ei-00 3.6Z-01 1.12+00 2.6E+00 0 
3enzane 6.1.E-02 2.48-02 8.23-02 4. SE-01 

~veraqe total :. 4E+00 



a avaraqe t o t a l  for all toe lmdftllr is 1.4 d / s ,  and tba 
maximum i 3  3.1 d / s  FOE landfll:. X (whie!! was wed in the past tor 
co-disposr~). .In every case, the vinyl. ehlorida ptssanr con t r~ueas  
t&a majbrity of the risk, - 

2.2 w f i .  

To lake an eaeimatr o f  the natfonwicia averape risk f rcm 
I a n d L ~ l ~  sas naw rcquFrba a ,  scale-up, toge ther  with scmc dispersion 
m d ~ l l i f i q ,  The i m d f i l l ~  discussed in the previous sections have an 
kvrraqr amount o f  zrfuse in place o f  5 . 4  mil l ion  tons ,  which is 1/900  
oh t k a  total est inated refusa Ln placa ?,? municipal, limdfilis is t k a  

, . 
V.S. (?PA Drat% Doc~3ent, gage 3-11., , :he land area of tke contb2u~s 
U.S.  i s  abcut 7 , 8 4  x 106 'h2, so tkat tke U . S .  land axaa per average 
Landfill Ls about 8.7 x 109 m2, eorraspondi~q to a radius Of ahout 5 2  
km. 

As a fizst appraxizzati~n~ :ka e f fec=s  o f  Ldndfflls on t b ~  U.S 
chu3 be ohtaiced by f ind ing  tke average effects o f  a si."..glt 

LandiiLl cn a. radix$ of &ouc SO kxi atoucd it. Tbfs approxtzariofi 
'muld be correc: i: (1)  landfills ware unifamly dise=tkucad ova? t=e 
W.S.I ( 21 t h e  popvllaclon vere evenly Cisrributedt and ( 3 )  za 

Ladfiil tab any effect beyond SO b. :t is plausible that tCt =Liz= 
o f  t.*.eae is c o r r e c t ,  since t5.a ckAorir.aced vocs which contz*ute ts 

Carci.?cgenic :isk a r e  t e l a t i v c l  y ahort -lived (vinyl  ehlaride,  for 
exangle,  >as a half-life ia ai: estimated st 1 . 5  - 1.8 Cays). 
first :.do axe clearly Lncorrect, but will be compe.?saced by the 
ovsre3tf~ation of risks to tbose  c lose  to Landfill3 (see below). 

lor an average  landfill, we have an emission r a t s  x 
carci.?ogenic unit risk o f  1 . 4  . m3/ 3 .  U3ir.g tho ~tandard  . gaussian 
P model, t3e average concentzacion obcalsed fzom this over the 
t a d i a f  ran5e 0.I to $0 km cotzesponds to 6 lifetile risk of 
: 6 x ?0". This assumes a unifom wind rase, a wind speed of ? m/s, 
and a s L F F ? ~ ~  averagfzq o v e t  7 wlzd atability ciasssa A 3, C, Dday, 

036906,3 



might ,  E, a i  , an& emiraion h e i q k e  o f  1 m, a d  a  rrcaptot taiqht: pf 
1.5 m. This averaging procadura ha3 been :sund t3 gfvr estimrrrs 
xttain 20% o f  thosr obtainad using t3a ISC mod& in paztfeulas c u s s  

w i t h  obs4rvob wind rose and stahtlity class data, provided- ths 
weraga wind spead is uaad. The b3aurn.d rv-raga wind meed oC 3 m/s 
6 7  nph) $3 a ~a&Sonible r a e b a t a ,  probably r L l t " , L r  Low (rasultfze 
?a ur overes t i sa to  02 r isk)  fer mart o f  t ke  ut S .  hot 67 c r t i r r  La 
:ha SO c0ntAg~aus s t r t e s ,  jus t  3 cspor, average wiadsprrds ?ad3 tkm 
6 . 7  mph, 

f > e  3 i n i a u m  d i s t a n c e  s o  f s r  t h i s  avrraqizg, 1 0 0  z ,  
csr=espends to an eat2zat.e o f  tka m i n h u i  distanca f::a t k a  cantat 0 2  

a LanbZi l l  at, which. p e q l e  can b e  ex$ected re be Living, I: l a n & i L L  
sas is COLLCCC~C! a t  Some l a n d f i l l ,  it may be co l l rczed  tcgethrl: tic 
any point  over t k e  l a n d z i l l .  Xowever, f: it is ceLleczad it rill ke 

- 0  4. Llarrb, so :%at tkere i s  neg l iq iS le  exposure 02  anybody t o  if. -- -- 
f a  c o t  co?Sacted, ;ken :kc emrssions will thko placa over =La whole 
landfiL?., cnd so t3c zaarese person :a tka LanCfilL r a y  be cicsrc" 
than 100 n. i n  thac care, bowevar,  tka  diapetsion ? ,ode~~ i .?g  
perrc:=ad above Fa a 3ubataht?.al overas t ina te  f o r  estil lhti1.4 
ex=osures clssr :a t3.e !anbfiLl  (sritkF=. dista.-.cas sfzLAar :a t k a  
dires3iocs 05 t.48 Landiili). i s  i s  Ceal: .,rick 5.10~ f o r  t h e  worse 
case estisacc. 

- 5  Tka cstizate o f  avezage ei tacr ,  a Ll-Cetiza r i s k  o f  1.6 x ?O , 
ccrrespofids t o  an annual cancar  iacLdence of  0.05 ia a VnLtod 

S t a t e s .  C ~ n s i d a r i z q  tze dlZZerL?,?q ~ e t h o d o l o g i e s ,  tkis agrees yell 
w f t k  t>.s ESA Draft Socrtsant est-to of 0.11 (Scenaric 3 ,  the Only 
one whick CM ke sivea any czedenca) . Rawever, tho difFerenCaS r,oted 
above, especially the Gomi,?ant efzect  of vif.pl chloride I-? t2esa 
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T H E  D O W  C H E M I C A L  C O M P A N Y  

~AIOLANO MICHIGAN 48674 

1803 BUILDING 
July 3,1990 

Ms. Barbara Cook 
Project Manager 
California Air Resources Board 
1102 Q Street 
Sacramento, CA 95814 

Dear Ms. Cook: 

Attached are our comments on the unit risk derivation presented in the May, 
1990 Draft Technical Support Document, Proposed Identification of Vinvl 
Chloride as a Toxic Air Contaminant. 

We appreciate your accepting our comments, which have been submitted to 
' promote the best possible science in the performance of health risk 

assessments. 

Pleased call on us should you require additional information. 

Sincerelv, 

Neil C. Hawkins, Sc.D. 
Senior Research Risk Analvst 
Health and ~nvironmentai Sciences 
1803 Building 
(517) 636-8237 

kal 

Attachments 



COMMENT: DRAFT TECHNICAL SUPPORT DOCUMENT, MAY, 1990, 
"PROPOSED IDENTIFICATION OF VINYL CHLORIDE AS A TOXIC AIR 
CONTAMINANT' 

Derivation of a unit risk for Vinyl Chloride (CAS 75-01-4) 

VCM is clearly a rat and human carcinogen, causing liver angiosarcoma in 
both species and zymbal gland tumors in rats. Thus, for regulatory purposes, 
there is interest in deriving a quantitative estimate of a level of no significant 
risk. There are two general approaches to this problem. One approach has 
been the use of safety factors or uncertainty factors applied to no-observed- 
effect-levels (NOEL'S) in animals to derive a safe level in humans. The other 
geneial approach, which has been used more recently by regulatory agencies, 
has been the use of quantitative risk assessment to estimate levels of risk for 
any given exposure. The risk assessment process involves a number of 
decision points for which there is no scientific consensus as to the correct 
approach. These areas or' uncertaintv, including the presence or absence ot 
thresholds, the shape of the dose 'response model, and animal to man 
conversion factors, have been resolved within the agencies through the use 
of decisions as to a default methodology. The default methodology is 
conservative in nature, so as to protect public health. However, the State of 
California Cancer Risk Assessment Guidelines as well as EPA and OSTP 
guidelines on the use of risk assessment clearly state that the default 
methodology should Q be used when other data are available. In particular, 
epidemiology data and pharmacokinetic information should be incorporated 
into risk assessment when the appropriate data are available. The DHS unit. 
risk for vinyl chloride of 20 x lo(-5) per ppb, as cited in the CARB Draft 
Technical Document (CARB, 1990), does not utilize the available 
pharmacokinetic or epidemiological information. 

Pharmacokinetic Information 

Pharmacokinetic (PK) infonnation can be used in two ways to augment risk 
assessments for vinyl chloride. PK data have been used to demonstrate and 
explain nonlinear behav~or at both the high dose and low dose portions of 
the dose-response curve. The bioassay data of Maltoni (1979) clearly indicated 
a plateau in the dose-response curve at high doses. This phenomenon can be 
explained by the use of a Michaelis-Menton function to calculate metabolite 
concentrations, as suggested by Watanabe e t  al.  (1976), and implemented by 
Gehring et al .  (19781, Crump (1982) and USEPA (1987). However, this 
methodology only explains the hicrh-dose - results in the animal bioassay 
rather than addressing the problem of low-dose extrapolation. Low-dose risk 
assessments utilizing PK data have been discussed by Gehring et al. (1979) and 
Anderson et al.  (1980). 
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Purchase et al. (1980) reviewed risk assessments for VCM and showed that. 
among the linear models used, risk estimates vaned from the current DHS 
value, (equivalent to a unit risk of 20 x lo(-5) per ppb), upwards (less risk) at 
least a factor of 100-fold. The different values derived from anunal models 
vary primarilv on the basis of whether or not pharrnacokinetic information 
has been uiilized in the assessment. In evaluating the use of 
pharmacokinetic data, Anderson et al. (1980) condude that: "Based on the 
present understanding of the mechanism of cardnogenesis, we believe this to 
be a more rational approach to the low-dose extrapolation problem." 

Gehring et nl. (1979) fit a number of extrapolation models to the metabolized 
dose of VCM, and showed tliat risk estimates derived without consideration - 
of low-dose metabolite formation potentially overestimate risk by at least an 

d d e r  ofmagnitude. For example, the one-hit model applied to metabolized 
a predicts a risk of 189 per million at 1 ppm for an occupational exposure. 
(Gehring, 1979). By comparison, use of nominal dose (air concentrat~on), 
predicts upper bound "risks" of 37,000 per million using the unit risk of 20 x 
lo(-5) per ppb. Other viable dose response models predict much lower risk. 

Not withstanding the fact that the health criteria represent one aspect of 
many inputs considered in the standard setting process, we submit it is 
essential to base any proposed regulation on the most complete information 
possible. For this reason we believe that risk assessments for vinyl chloride 
should include PK data, or preferably, the use of actual human data. 

Risk assessments derived from epidemiology data 

In the early 1970's, vinyl chloride was reported to cause a rare form of cancer, 
angiosarcoma of the liver, among workers who had been exposed at 
extremely high levels for many years in polvvinyl chloride (PVC) 
polymerization plants. Since this discovery, there have been approximately 
50 angiosarcoma of the liver deaths reported throughout the United States 
and Canada which have been associated with previous vinyl chloride 
exposure. Eighty percent of these deaths occurred in four PVC plants where 
exposures to vinyl chloride were known to have been over 500 ppm in the 
1950's and 1960's. Today, there are strict emission limitations under the 
NESHAP regulation, and the OSHA regulated &hour time weighted average 
for vinyl chloride is 1 ppm. It is particularly noteworthy that there has never 
been a reported death from angiosarcoma of the liver among Louisiana 
chemical workers who have worked with vinyl chloride. 

Vinyl chloride has not been shown to cause cancer at any other anatomical 
site in humans. Epidemiologic studies conducted in the 1970's suggested that 
there may be an association with brain and lung cancer, however, recent 
updates of these studies have reported either no association, or associations 
only at a much lower statistical level of signiiicance. 



A world-recognized expert in epidemiology, S; Richard Doll, recently 
reviewed the existing vinyl chloride literature as it pertains to cancer in 
humans. He concluded that vinyl chloride is a known occupational 
carcinogen (only for angiosarcoma of the liver) which is due to high 
occupational exposure levels which have not existed since this association 
was reported in the early 1970's. According to Doll, the risk for cancer in 
communities surrounding vinyl chloride production plants from 
environmental emissions in today's tightlv controlled and well-regulated 
environment "must be negligible." (Doll, 19th) 

Generally, risk assessments utilize animal data as the basis for quantification 
of risk. Human'epidemiology data often do not have sufficiently precise 
exposure estimates or sufficiently well-defined populations to be of 
quantitative value. Human results are clearly preferred, when available, 
however, and should be included in any risk assessment review. .In the case 
of VCM there are at least three assessments of sufficient precision which 
utilize the human database to estimate risk. In one analvsis (Barr, 19821, 
negative epidemiologica~ studies of people living near VCM production 
facilities have been used to estimate human potency. Ban estimates that 100 
ppb is the approximate lifetime dose corresponding to a human risk of lo(-6). 
Purchase et al. (1987) note that Barr's estimate is similar to the highest 
estimates of lo(-6) dose levels derived from animal data and are orders of 
magnitude higher than the conservative dose estimates which do not take 
into account low dose PK. This result is consistent with other observations 
that humans may be less sensitive than animals to the carcinogenic effects of 
VCM. 

Gehring et al. (1979) compared the results of an epidemiological study of 
approximately 10,000 occupationaliy exposed workers to the values predicted 
by four different mathematical. models derived from animal data. Thev 
conclude that the observed human results are inconsistent with the two 
linear non-threshold models used, and are consistent with both the probit 
model and a linear threshold model. The latter two models predict risk 
levels at occupational exposure levels in excess of 1 ppm. 

These analyses by no means prove the validity of the two models and 
undoubtedly numerous other models would fit and give quite different 
results for predicting the ambient level corresponding to a 10-6 risk level. 
However, these analyses & show that human epidemiology data can be used 
to derive risk estimates for VCM exposures and that the models indicate that 
the linear non-threshold models are conservative by a substantial margin. 
This is to be expected in light of the well known conservativeness of the 
models. U.S. EPA, for instance, when presenting risks estimates describes 
them as upper bounds and notes that: "the h e  value of the risk is unknown 
and may be as low as zero" (Federal Register, 1986). 

In an analysis of alternative modeling assumptions for animal to human 
extrapolation, Elizabeth Anderson, (1984) as head of the U.S. EPA Cancer 
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Assessment Group found that alternative plausible modeling aSSumpti0ns 
would lead to risk estimates that were 15-fold to 10,000-fold lower than the 
standard LMS procedure. Thus it is essential to use the available human data 
to place some perspective on the results predicted solely from animal data. 

In an independent review of VCM, the National Health Council of the 
Netherlands (1987) derived ambient exposure levels corresponding to risk 
levels of 10(6) in humans. Their estimates were derived from both animal 
data and from epidemiological human data. While noting that the estimates 
did not differ greatly, they expressed a preference for the human data and 
reported a value of 1 pglcubic meter as corresponding to a risk of lo(&). This 
value is approximately 80 times higher than the exposure level derived using 
the DHS unit risk of 20 x lo(-5) per ppb. 

The over prediction of the models can be further demonstrated for VCM by 
comparing predictions of risk utilizing the DHS unit risk with human 
exposure scenarios. To make this comparison, Table 1 shows the "risk" 
predicted from the DHS model for a number of occupational exposure 
situations. The relevance of the specific exposure scenarios are also discussed 
below. 

The specific exposure scenarios used in Table 1 were based upon a 
retrospective study (Barnes, 1976), in which past typical VCM exposures in 
PVC plants were estimated as: 1000 ppm in 1945-1955, 400-500 ppm in 1955- 
1960,300400 ppm in 1960-1970, 150 ppm in mid-1973 and considerably lower 
afterwards. Considering the latency of carcinogenesis in general, and for 
VCM in particular, tumor incidence rates noted in the 1980's reflect exposures 
from the 1960's. 

It can be seen from Table 1 that incidence rates predicted from the linear 
animal model are completely incompatible with that observed in actual 
human studies. For example, in the study examined by Gehring (1970) there 
were only 5 observed cases in 9677 workers. This is approximately three 
orders of magnitude & than that which would be predicted by the DHS 
model. 

Thus, there are a number of assessments based upon human epidemiological 
data which would indicate that linear models utilizing animal data 
overpredict risk by at least one to two orders of magnitude. In the interests of 
assuring that any proposed regulation is supported by as comprehensive a 
review of the available health data as possible, we submit these assessments 
should be incorporated into any risk assessments which will be used for 
regulatory control.. This is particularly important in view of the fact that they 
are based upon human data rather than on laboratory animal results. 

It can be seen from the above analysis that standard risk assessment 
methodology and the use of reported literature results lead to orders of 
magnitude over-estimates of the from emissions of VCM from 



existing faalities. We recommend that these inconsistencies in the risk 
estimates be resolved if they are to be used as the basis for any proposed 
regulation. 

TABLE I. "RISK" PREDICTED FROM W S  MODEL 
(using unit risk of 20 x 10-5 per ppb) 

Occupational Exposure Upper Bound on "Risk 
Scenario (Cases Per 10,000) 

400 pprn 
30 years 

400 pprn 
20 years 

300 pprn 
30 years 

300 pprn 
20 years 

200 pprn 
30 years 

200 pprn 
20 years 

100 pprn 
30 years 

100 pprn 
10 years 

100 pprn 
5 years 
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I .  PART C ADDENDUM 
A I R  RESOURCES BOARD STAFF RESPONSES TO COMMENTS ON PART A 



A. COMMENT FROM THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

1. Comment: Please include the following paragraph in the Executive 
Summary: 
"The Operating Industries, Incorporated (011) landfill is 
currently a federally listed Superfund site. Subsequent to the 
Air Resources Board's sampling during 1987, the Environmental 
Protection Agency (EPA) has implemented more stringent landfill 
gas control measures. EPA has also selected a remedy for 
landfill gas control that is expected to substantially reduce 
landfill gas emissions from the 011 landfill. It is fully 
anticipated that these control measures will substantially lower 
the levels of vinyl chloride in the ambient air in the vicinity 
of the 011 landfill." 

Response: The paragraph (corrected to indicate that 011 sampling - 
was performed by the South Coast Air Quality Management District 
during 1986) appears in the revised Executive Summary. 

0 .  COMMENTS FROM WASTE MANAGEMENT OF NORTH AMERICA, INC. 

1. Comnent: It is erroneous to assume that BKK and 011 landfills are 
representative of all landfills since both of these sites 
accepted significant quantities of vinyl chloride waste during 
operation. 

Response: Landfill records of whether or not vinyl chloride 
waste was accepted may not be a reliable means of predicting the 
potential for vinyl chloride emissions. For decades, vinyl 
chloride waste (as well as other halogenated industrial waste 
which can form vinyl chloride) was disposed in some Class I1 as 
well as Class I landfills. In addition, Class I11 landfills 
accept disposed consumer products containing chlorinated 
compounds which can form vinyl chloride. Also, incomplete 
recording of vinyl chloride waste disposal and illegal vinyl 
chlor~de waste dumping have occurred to an unknown extent. 
However, a statement has been added to the report indicating that 
the vinyl chloride emissions measured at BKK and 011 may not be 
typical of all landfills. 

2. Comment: Significant information exists that landfills are not 
significant sources of vinyl chloride emissions. For example, 
data from the Air Solid Waste Assessment Testing Program 
(Landfill Gas Testing Program) mandated by Section 41805.5 of the 
California Health and Safety Code show that six waste management 
units operated by Waste Management of North America (WMNA), Inc. 
are not significant sources of vinyl chloride emissions. 

Response: After considering the data available on potential 
sources of vinyl chloride emissions, the staff of the Air 



Resources Board (ARB) concluded that landfills are a potential 
major source. Modeled estimates of vinyl chloride emissions for 
just BKK and 011 landfills were far greater than emissions 
estimates for pub1 icly-owned treatment works (POTWs) and 
Polyvinyl chloride (PVC) fabrication and production facilities: 

&uLce 
BKK Landf i 1 1  

- 
44-197 1987 

011 Landfill 4-51 1986 
POTWs 1.7 1985 
PVC fabrication 0.75 1982 
PVC production (0.5 1988 

Although BKK and 011 landfills may not be typical, one cannot 
rule out the possibility of elevated vinyl chloride emissions 
from other California landfills using preliminary Landfill Gas ~ -- 
Testing Program data. The preliminary data show that v i n y l - ~ ~ ~ ~ ~ .  
chloride was detected at or above the detection limit in the 
internal landfill gas at 160 out of 340 landfills tested. Also, 
vinyl chloride was detected at or above the detection limit in 
the ambient air near 24 out of 251 landfills tested. However, 
because landfills vary in the amount and composition of wastes 
accepted as well as disposal methods used, estimating total 
statewide vinyl chloride emissions from landfills is not possible 
at this time. Therefore, the staff report has been revised to 
indicate that landfills are a potentipl major source-category. 

3 .  Comment: Section 39660 (f) of the California Health and Safety 
Code mandates that the Department of Health Services (DHS) and 
the ARB give priority to the evaluation of a substance's amount 
or potential amount of emissions and ambient concentrations in 
the community. To proceed with identiffcation of vinyl chloride 
as a toxic air contaminant (TAC) while identifying landfills as 
the largest source of emissions based on two unrepresentative 
sites (BKK and 011 landfills) would be a disservice to the waste 
management industry and contrary to the law. 

Response: In the revised vinyl chloride report, based'on 
available data, the staff of the ARB conclude that landfills are 
a potential major identified source-category of vinyl chloride 
emissions. The staff further conclude that sufficient overall 
data are available to proceed with'the identification of vinyl 
chloride as a TAC as provided in the statutes. Furthermore, 
vinyl chloride, as a federally designated hazardous air 
pollutant. must be identified as a TAC pursuant to Health and 
Safety Code Section 39655. Also, please see the responses to 
comments 1 and 2. 



4. Comnent: Waste Management of North America. Inc. recornends that 
identification of vinyl chloride be delayed until Landfill Gas 
Testing Program data are included in the report. 

Response: Preliminary Landfill Gas Testing Program data have been 
included at appropriate places in the revised vinyl chloride 
report. In addition, a table of Landfill Gas Testing Program 
data has been provided in Appendix VI. 



111. PART C ADDENDUM 
DEPARTMENT OF HEALTH SERVICES RESPONSES TO COMMENTS ON PART B 



RESPONSE TO COMMENTS: 

WASTE MANAGEMENT OF NORTH AMERICA. INC. 

June 11, 1990 

PUBLIC HEALTH RISK OF VINYL, CHLORIDE 

COMMENT: "While we do believe that it is ultimately appropriate to regulate vinyl 

chloride as a toxic air contaminant, we are concerned that the unit risk factor 

that you have attributed to this compound is overly conservative." 

RESPONSE: The DHS document of May, 1990, provides estimates of unit risk that use 

data, assumptions and methods that are highly defensible, based -on standard 

procedures utilized by DHS and EPA. The analysis uses animal and human data. 

Dose rates to tissue have been obtained from a pharmacokinetic model. The range 

of unit risks does not include some of mouse data which is up to 2.5 times above 

the top of the range in the risk assessment, as indicated in the text at page 8 - 8 .  

The best estimate of unit risk for regulatory purposes is the top of the tightly 

clustered - -  less than 10-fold - -  range, containing numerous results, including 

human results. The two top points include liver angiosarcoma in the female rat, 

this tumor being one of the most distinctively linked to vinyl chloride exposure 

in both rats and humans. DHS staff conclude that this choice is not overly 

conservative. 

COMMENT: "I have also attached to this letter a copy of a brief paper on 

Carcinogenic Risks from Landfill   missions dated June 6, 1988. . . . This 

information provides a much more realistic assessment of the health risks posed by 

municipal landfills not only from the standpoint of vinyl chloride but a number of 
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other compounds as well. In summary this brief paper, based on an assessment of 

the cumulative impact of all landfill emissions, concludes. 'Using a dispersion 

model for area emissions, we find that for persons spending their whole lives 100 

m from the edge of such a landfill the lifetime risk is about 20 x while 

even for persons staying permanently at the edge of the landfill the lifetime risk 

is only 50 x * n  

RESPONSE: The cited paper, which was an addendum to comments to EPA and not a 

journal article, was produced at the request of Waste Management Inc. and of The 

National Air Pollution Control Techniques Advisory Committee to the EPA. This 

response will focus on the unit risk estimate utilized in the document and not on 

site-specific factors such as emission rates, source areas and meteorology. The 

cited paper uses for vinyl chloride a unit risk of 22 x ppb-l, expressed as 

9.8 x (pg/m3)-I in their Table 1.2. This risk estimate is essentially 

equivalent to the DHS best estimate of 20 x 10'~ ppb-l for unit risk. Therefore, 

DHS is recommending essentially the same unit risk as is the basis for the 

calculation of risk for landfills that is advocated by the commenter. 

The cited paper refers to EPA (1985b) as the source for that unit risk, but DHS 

staff, after obtaining and reviewing that document, calculate that the unit risk 

corresponding to the EPA's (1985a) potency of 2.95 x 10.' (mg/kg-day)-' is 11 x 

10'~ ppb-l, using EPA's own assumption of 50% absorption, which the cited paper's 

authors evidently did not use. The reason for that EPA unit risk being 55% of the 

DHS best estimate stems from the EPA analysis combining male and female rats, 

giving a lower risk than the DHS use of females, the sex with the higher risk in 

this case. For comparative purposes the EPA 1985b unit risk has now been included 

in the document at page 8-13 and in Figure 8-1. 
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SPECIFIC DOLAN COMMENTS 

COMMENT: "First, why bother using the linearized multistage model under the 

pretense that it is a true mechanistic model (which it is not), when a simpLe 

* 
.linear regression usually yields nearly identical estimates of ql (r2 - 0.98) 
(Personnel conversation with Curtis Travis, Oak Ridge National Laboratory)?" 

RESPONSE: The linearized multistage model affords an efficient unified approach 

to determining carcinogenic potencies of most substances for which there are 

enough data to determine the potency. Once the appropriate computer software and a 

knowledge of its use have been acquired, the model is quite convenient to use. 

This model accommodates phannacokinetic conversion of dose rate and can account 

for a wide range of test results in a way that allows extrapolation that is 

frequently in accord with available knowledge of mechanisms. In contrast, the 

simple linear regression becomes inappropriate at high doses in many animal 

experiments. Even in the case of vinyl chloride, the multistage model indicates 

an improved fit to the data by including a quadratic term. Thus, a simple linear 
- 

model would introduce some bias into the low dose extrapolation. 

COMMENT : "Second, the discussion of uncertainty in the quantitative risk 

estimates is given short shrift. Although the uncertainties or absence of 

exposure data in the occupational cohort studies is mentioned, there is no 

discussion of the conservatism built into the risk estimates by the selection of 

data for extrapolation, and the extrapolation assumptions, and the effects their 

underlying assumptions may have on the risk estimates. For instance, the use of 

the most sensitive sex/strain/species instead of the average may alter risk 

estimates by 'several orders of magnitude.' (U.S. EPA, 1985). Similarly, the 
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issues of the extrapolation of rodent potency estimates to humans, particularly on 

the basis of surface area, and the use of upper 95th percentile estimates of 

carcinogenic potency instead of the MLE, may alter potency estimates by an order 

of magnitude, or more. (U.S. EPA, 1985)." 

RESPONSE: DHS staff do not agree that there is unjustified conservatism built 

into the risk estimates. DHS used procedures that are standard for EPA and DHS, 

taking account of the pharmacokinetics of vinyl chloride. The DHS risk assessment 

did not use the most sensitive species and strain. Some of the mouse data 

resulted in unit risks up to 2.5 times higher than actually used in the risk 

assessment. The assessment does use data for the more sensitive sex in order to 

protect women as well as men because female rats had a 3-fold higher risk than 

male rats. The assessment does use the 95th percentile estimates, clearly 

identifying them by UCL throughout the document. The analysis uses these 

estimates in the risk assessment only when the ratio of UCL to MLE is less than 3, 

specifically avoiding.the possibility of that ratio being "an order of magnitude, 

or more". as found in other circumstances by EPA (1984a). 

In order to expand the discussion of uncertainties, DHS staff have added a brief 

paragraph to the document at page 8-13 as follows: 

"All these estimates are subject to substantial uncertainties as have been 

discussed in the scientific literature (DHS. 1986, and EPA, 1984a). The available 

information does not suggest that there is a threshold for vinyl chloride's 

carcinogenic effect, though this remains uncertain. The multistage model is the 

best choice based on the plausible mechanism of vinyl chloride carcinogenicity. 

Nevertheless, our incomplete understanding of cancer makes this choice subject to 

uncertainty. Furthermore, the present approach uses other' assumptions that are 

Qgfj('$.- 



designed to be somewhat health protective in the absence of precise knowledge. 

One of the most important of these is the extrapolation from humans to animals on 

the basis of surface area in accordance with DHS guidelines (1985). This approach 

may overpredict or underpredict human risk. 

COMMENT: "Third, it is perplexing that the Krewski et al. (1987) chapter is 

referenced, yet the 36-fold lower carcinogenic potency factor they derive is 
- 

omitted from the brief discussion. Some discussion on the merits and limitations 

of the Krewski et al. analysis is necessary." 

RESPONSE: The Krewski et al. (1987) result of 0.0058 ppm-l is based on virtually 

all the relevant female liver angiosarcoma data of Maltoni &t al. (1984) and is 

unadjusted for lifetime exposure. When adjusted for lifetime exposure the unit 

risk is 9.7 x ppb-l. On this basis, the unit risk of Krewski et al, rather 

than being 36-fold lower, is actually 45% higher than the result from the analysis 

(BT-9, 15) which coriesponds most closely in the document, 6.7 x 10-5 ppb'l. This 

is among the highest rodent risks in ttte assessment. Because of the rather good 

agreement despite the differing analyses, adding a discussion of the merits and 

limitations is inappropriate for this document. 

COMMENT: "Fourth, the ARB cites the concordance of the potency estimate derived 

from the Drew et al. (1983) study and the Maltoni et al. (1984) experiments. It 

is unclear whether the Maltoni experiments were conducted in his medieval 

castle/laboratory where the mycobacterium infection is endemic, or in some other 

facility. (Personnel conversation with E.E. McConnell, National Toxicology 

Program). In the U.S., mycobacterium infections in test animals would likely 

violate GLPs, and serve as grounds for invalidating a study." 
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RESPONSE: Both EPA and IARC have relied on the Maltoni et al. data for their 

assessments. DHS knows of no documentation that casts serious doubt on the 

validity of these data. The concordance of the Maltoni data is not only with Drew 

et al. but also with Bi et al. 

COMMENT: "Fifth, the recommended use of a potency factor derived from animal 

instead of the human occupational study of Waxweiler et al. (1976) is not robust, 

given that the human data already represents an upper-bound estimate in the target 

species of concern (i.e., humans). The additional rationale that the selection of 

the highest animal estimate is justified by the limited evidence of an effect by 

age at first exposure (Drew et al., 1983) suggests that perhaps the ARB should 

consider using a true mechanistic model, perhaps one based upon the MVK model 

paradigm,.as the basis of its potency determinations," 

RESPONSE:' The human data in itself does not represent an upper bound in humans 

because (1) that data does not include a lifetime exposure, and there is evidence 

of greacer sensitivity of the young and (2) the human data that is sufficient for 

the risk assessment includes almost no females. As to the remainder of the 

comment, the DHS staff note that the MVK model does have the potential to be more 

closely linked to the biological observations of cell proliferation than the 

multistage model. When the necessary data are available and the mathematical 

analysis is adequately established, then an analysis related to the MVI( model is 

worth consideration. 



RESPONSE TO COMMENTS: 
THE DOW CHEMICAL COMPANY 

July 3, 1990 

Derivation of a Unit Risk for Vinyl Chloride 

COMMENT: "VCM is clearly a rat and human carcinogen . . . " .  In order to 
address cancer concerns, regulatory agencies have recently used "quantitative 
risk assessment to estimate levels of risk for any given exposure." In order 
to resolve uncertainties in this process, agencies have developed default 
assumptions which are "conservative in nature so as to protect public health." 
California and federal guidelines "clearly state that the default methodology 
should not be used when othe5 data are available. . . . The DHS unit risk for 
vinyl chloride of 20 x 10- per ppb ... does not utilize the available 
pharmacokinetic or epidemiological information." 

RESPONSE:. The DHS staff disagree with the assertion that the current DHS 
risk coefficient does not utilize the available phamacokinetic or 
epidemiological information. DHS staff, in response to comments on the first 
draft document, did specifically incorporate the available pharmacokinetic and 
epidemiological information into the analysis that produced the estimates of 
unit risk. All the DHS calculations of unit risk in the document under review 
directly use the available pharmacokinetic information. In addition, the risk 
assessment specifically shows how the best estimate of upper confidence limit 
(UCL) for unit risk, 20 x per ppb, cited in the comment above, is 
consistent with human occupational data when adjusted from males in that 
workforce to females who would be exposed in the general population. 

Pharmacokinetic Information 

COMMENT : "Pharmacokinetic (PK) information can be used in two ways to 
augment risk assessments for vinyl chloride. PK data have been used to 
demonstrate and explain nonlinear behavior at both the high dose and low dose 
portions of the dose-responses curve." The Michaelis-Menton "methodology 
explains only the high-dose results. Low-dose risk assessments utilizing PK 
data have been discussed by Gehring et al. (1979) and Anderson et al. (1980)." 

RESPONSE: Contrary to the implication of the comment, Gehring et al. (1979) 
and Anderson et a1 (1980) used the Michaelis-Menton methodology to incorporate 
PK data at all doses, high and low, in essentially the same way as the DHS 
document. The low dose extrapolations in those two studies differed from the 
DHS document in that they explored extrapolation not only by the single stage 
model, as did the DHS document, but also by the log-probit model. DHS staff 
consider the log-probit model to be inappropriate based on the data that 
became available after these articles were published and the apparent 
mechanism of carcinogenesis. 

COMMENT : "Purchase et al. (1980) reviewed risk assessment for VCM and 
showed that, among the linear models used, risk estimates varied from the 
current DHS value, (equivalent to a unit risk of 20 x per ppb), upwards 
(less risk) at least a factor of 100-fold. The different values derived from 
animal models vary primarily on the basis of whether or not pharmacokinetic 
information has been utilized in the assessment. In evaluating the use of 
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pharmacokinetic data, Anderson et al. (1980) conclude that: "Based on the 
present understanding of the mechanism of carcinogenesis, we believe this to 
be a more rational approach to the low-dose extrapolation problem." 

' RESPONSE: Contrary to the comment, Purchase et al. (1987) do not make clear 
comparisons among linear models, nor do they make clear comparisons between 
those models that use pharmacokinetic adjustment and those that do not. The 
work of Anderson et al. (1980), does clearly account for the role of the 
pharmacokinetic adjustment and the role of the carcinogenesis model. Anderson 
et al. (1980) found that for the multistage model, which extrapolates linearly 
to zero exposure. "incorporating the pharmacokinetics has only a moderate 
effect on the low-dose estimates." Table 1 in that work shows that the effect 
of incorporating Gehring's simple pharmacokinetics into the multistage model 
is to increase - - by either or 4- or 26-fold, depending on the specific 
choice of rat data - - the extrapolations of risk estimates to low dose. The 
more appropriate choice of rat data, eliminating the two highest and therefore 
most saturated exposures, corresponds to the L-fold increase. 

DHS staff agree with the Anderson et al. statement about the rationality of 
the pharmacokinetic approach, provided appropriate data are available. 

COMMENT : "Gehring et al. (1979) fit a number of extrapolation models to the 
metabolized dose of VCM, and showed that risk estimates derived without 
consideration of low-dose metabolite formation potentially overestimate risk 
by at least an order of magnitude. For example, the one-hit model applied to 
metabolized dose predicts a ri-sk of 189 per million at 1 ppm for an 
occupational exposure (Gehring, 1979). By comparison, use of nominal dose 
(air concentration), pred'cts upper bound "risks" of 37,000 per million using 3 the unit risk of 20 x 10- per ppb. Other viable dose response models predict 
much lower risk." 

RESPONSE: Gehring et al. in 'their 1979 article did not derive any estimates 
of risk without using their model for low-dose metabolite formation. The four 
models in that article use the metabolized dose at all dose levels. In that 
article the authors did characterize the results of their models C (linear 
forced through the origin) and D (one-hit) as overpredicting the number of 
liver angiosarcomas reported in the Equitable Environmental Health (1978) 
study. However. a follow up study (Wong et al.. 1986) of those worker 
populations showed a marked increase in incidence of deaths attributable to 
liver and biliary cancer. Neither of these papers on workers has appeared in 
the peer-reviewed literature, making acceptance of either of their 
epidemiological results problematic. 

All the DHS estimates of risk use a metabolized exposure that is 
essentially equivalent to the metabolized dose of Gehring et al. (1978, 1979) 
at low exposures. For the 1 ppm occupational example in Gehring et a1 (L979), 
their assumptions of 40 hr/wk for 35 years does not give a risk of 37,000 per 
million for the DHS unit risk of 20 x lo-' per ppb but gives 22,000 per 
million. This risk is 126-fold greater rhan the Gehring et al. result of 189 
per million, not because of differences in analysis of the data but because of 
three different choices in applying the results of the rat analysis to the 
human. In the one-hit analysis for {he rat the result of Gehring et al. 
(1979) is a unit risk of 1.1 x 10- per ppb, when adjusted to lifetime 
exposure. This result is actually somewhat greater than that of the nearest 
analysis in the DHS document, for BT-1,2, giving an MLE of ql - 0.8 x per 



ppb. The sources of the higher risk estimate for DHS are (1) the use of later 
Maltoni et a1.(1984) data, BT-9,15 for the best estimate rather than the 
earlier Maltoni and Lefemine (1975) data used by Gehring et a1.(1978), 
resulting in a 3.2-fold increase, (2) the use of the 95% upper confidence 
level on risk rather than-the mean regression estimate (similar to maximum 
likelihood estimate), resulting in a 2.3-fold increase , and (3) the use of 
DHS standard scaling of humans to animals by body weight to the two-thirds 
power rather than the Gehring et al. ad hoc scaling that has never been 
accepted, resulting in a 17.7-fold increase. The result of multiplying all 
these increases together is an overall 130-fold increase. 

COMMENT: "Not withstanding the fact that the health criteria represent one 
aspect of many inputs considered in the standard setting process, we submit it 
is essential to base any proposed regulation on the most complete information 
possible. For this reason we believe that risk assessments for vinyl chloride 
should include PK data, or preferably, the use of actual human data." 

RESPONSE: DHS staff agree and have used both in the risk assessment. 

Risk Assessments Derived from Epidemiology Data 

COMMENT : After introductory remarks concerning vinyl chloride in the 
workplace, the commenter asserts, "It is particularly noteworthy that there 
has never been reported death from angiosarcoma of the liver among Louisiana 
chemical workers who have worked with vinyl chloride." 

RESPONSE: It is difficult to respond to the comment about Louisiana chemical 
workers without specific reference to surveillance programs and exposure 
estimates. 

COMMENT : "Vinyl chloride has not been shown to cause cancer at any other 
anatomical site in humans. Epidemiologic studies conducted in the 1970's 
suggested that there may be an association with brain and lung cancer, 
however, recent updates of these studies have reported either no association, 
or associations only at a much lower statistical level of significance." 

A world-recognized expert in epidemiology, Sir Richard Doll, recently 
reviewed the existing vinyl chloride literature as it pertains to cancer in 
humans. He concluded that vinyl chloride is a known occupational carcinogen 
(only for angiosarcoma of the liver) which is due to high occupational 
exposure levels which have not existed since this association was reported in 
the early 1970's. 

RESPONSE: In his review article Doll (1988), cited in the next comment, 
discusses this issue at length. He concludes in a manner contrary to that of 
the comment. "It is, however, still difficult to decide whether vinyl 
chloride produces small risks of cancer, compared to those due to 
nonoccupational causes, at sites other than the liver, and, if so, whether, in 
total, these risks might cause almost as many deathes as angiosarcoma of the 
liver. " 

COMMENT: "According to Doll, the risk for cancer in communities surrounding 
vinyl chloride production plants from environmental emissions in today's 
tightly controlled and well-regulated environment "must be negligible." (Doll, 
1988)." 
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RESPONSE: Doll (1988) did not estimate unit risks or any other numerical 
measure of the relationship between exposure and response. He did not specify 
numerically what he or his reference considers to be a negligible risk outside 
a vinyl chloride plant. Also, he does not consider other environmental 
exposures such as landfill sites. So his remark is difficult to apply to the 
present assessment. 

COMMENT : "Generally, risk assessments utilize animal data as the basis for 
qualification of risk. Human epidemiology data often do not have sufficiently 
precise exposure estimates or sufficiently well-defined populations to be of 
quantitative value. Human results are clearly preferred, when available. 
however, and should be included in any risk assessment review. In the case of 
VCM there are at least three assessments of sufficient precision which utilize 
the human database to estimate risk. In one analysis (Barr, 19821, negative 
epidemiological studies of people living near VCM production facilities have 
been used to estimate human potency." 

RESPONSE: The previous response to comments from the Vinyl Institute pointed 
out that the Barr (1982) analysis is too unsubstantial epidemiologically to be 
considered in this risk assessment. 

COMMENT : "Barr estimates that 100 z p b  is the approximate lifetime dose 
corresponding to a human risk of 10- . Purchase et al. (19l7) note that 
Barr's estimate is similar to the highest estimates of 10- dose levels 
derived from animal data and are orders of magnitude higher than the 
conservative dose estimates which do not take into account low dose PK. This 
result is consistent with other observations that humans may be less sensitive 
than animals to the carcinogenic effects of VCM." 

RESPONSE: Contrary to the comment, Barr, in his Ta le 1 and consistent with 
his text, found that the lifetime exposure for lo-' risk was greater than 1 
ppm, not 100 ppb, which was a mischaracterization appearing in the Table 4 of 
Purchase et al. (1987). The present DHS doc ent gives 0.5 ppb as the lower 
confidence limit on lifetime exposure for 10-'risk. Barr offers no rationale 
for using the weak data he selected from a 1975 EPA report in order to 
calculate his epidemiological estimate. These data do not appear to be 
appropriate for that purpose, and such inappropriate use of data would account 
for disagreement with the DHS value by orders of magnitude. 

Also contrary to the comment, Purchase et al. (1987) do not specifically 
comment on Barr's estimate in their text. As stated in the response above, 
Purchase et al. do not present clear comparisons of effects of 
phannacokinetics or of the results of using different basic forms of models 
for carcinogenesis. Finally, the commenter has offered no supported 
observations to show "that humans may be less sensitive than animals to the 
carcinogenic effects of VCM." 

COMMENT: "Gehring et al. (1979) compared the results of an epidemiological 
study of approximately 10,000 occupationally exposed workers to the values 
predicted by four different mathematical models derived from animal data. 
They conclude that the observed human results are inconsistent with the two 
linear non-threshold models used, and are consistenf with both the grobit 
model and a linear threshold model. The latter two models predict 10- risk 
levels at occuoational, exposure levels in excess of 1 ppm." 
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RESPONSE: As pointed out in the response above and in the previous response 
to comments of the Vinyl Institute, the comparisons that Gehring et al. (1979) 
made are now out of date because of a follow up study of Wong et al. (1986), 
which found much higher rates of liver cancer incidence in vinyl chloride 
workers than in the data used by Gehring et al. 

COMMENT: "These analyses by no means prove the validity of the two models and 
undoubtedly numerous other models would fit and give uite different results 
for predicting the ambient level corresponding to a 10" risk level. However.. 
these analyses & show that human epidemiology data can be used to derive risk 
estimates for VCM exposures and that the models indicate that the linear non- 
threshold models are conservative by a substantial margin. This is to be 
expected in light of the well known conservativeness of the models. U.S. EPA. 
for instance, when presenting risks estimates describes them as upper bounds 
and notes that: "the true value of the risk is unknown and may be as low as 
zero" (Federal Register, 1986)." 

RESPONSE: The DHS document does use human epidemiology data in the risk 
assessment. The DHS staff does not agree that the linear nonthreshold models 
extrapolate conservatively by a substantial margin, relative to actual 
incidence of cancer. Certainly, such models extrapolate conservatively 
compared to the log-probit model (Gehring et al. 1979: Model A), but that 
model is not in accord with present understanding of mechanisms of 
carcinogenesis applicable to vinyl chloride, whereas the linearized multistage 
model is in accord with such understanding and therefore most likely to 
extrapolate to low exposures accurately rather than being overly conservative. 
The feature of the unit risks that is health protective and might be 
characterized as in the conservative direction is the use of the 95% upper 
confidence limit (UCL) in order to provide adequate protection in the great 
bulk of cases. Any model with sufficient data can incorporate this feature. 
EPA does call such estimates "upper bounds," a term that is now commonly used 
for UCL although that usage is not in accord with the strict mathematical 
definition. The true risk is very unlikely to be exactly zero; so the quote 
from EPA, though possible as a point of logic, does not appear to enhance the 
readers perspective, particularly in cases of the maximally exposed 
individual. 

COMMENT : "In an analysis of alternative modeling assumptions for animal to 
human extrapolation, Elizabeth Anderson, (1984) as head of the U.S. EPA Cancer 
Assessment Group found that alternative plausible modeling assumptions would 
lead to risk estimates that were 15-fold to 10,000-fold lower than the 
standard LMS procedure. Thus it is essential to use the available human data 
to place some perspective on the results predicted solely from animal data." 

RESPONSE: The main issue in this comment is the question of what is 
considered plausible. If an extreme curve-fitting model such as the log- 
probit is compared against the more mechanism oriented linearized multistage 
model, then many-fold lower risks will be obtained for the log-probit. 

COMMENT: "In an independent review of VCM, the National Health Council of the 
Netherlands (61987) derived ambient exposure levels corresponding to risk 
levels of 10' in humans. Their estimates were derived from both animal data 
and from epidemiological human data. While noting that the estimates did not 
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differ greatly, they expressed a preference for the human da a and reported a 
value of 1 ~g/cubic meter as corresponding to a risk of LO-'. This value is 
approximately 80 time? higher than the exposure level derived using the DHS 
unit risk of 20 x 10- per ppb." 

RESPONSE: As pointed out i the DHS document at page 8-5, the Netherlands 
council obtained 1.2 x 10.' per ppb for the unit risk of mortality due to 
liver cancer and 2.5 x per ppb for all cancer. 'Both these results were 
based on estimated atmospheric exposure. When those results are modified to 
take accounc the pharmacokinetics and to provide 95% upper confidence limits, 
the results are close to the present results." The DHS adjustinant of the 
council's worker exposure of 500 ppm is 115 ppm, requiring a 4.3-fold 
adjustment upwards of their unit risks to account for pharmacokinecics. The 
council's average unit risk needs to be multiplied by about 2.3 to estimate 
the corresponding UCL value. The unit ri ks resulting from both 
multiplications are 10-fold greater, or 1.2 x lo-' and 2.5 x 10- per ppb. 
These values are about half the corresponding epidemiology estimates in the 
document, based on the data of Waxweiler et al. (1976), which was one of the 
studies used by the Netherlands council for data on mortality due to cancer in 
vinyl chloride workers. 

COMMENT: The over prediction of the models can be further demonstrated for 
VCM by comparing predictions of risk utilizing the DHS unit risk with human 
exposure scenarios. To make this comparison, Table 1 shows the "risk". 
predicted from the DHS model for a number of occupationa1,exposure situations. 

"It can be seen from Table 1 that incidence rates predicted from the linear 
animal model are completely incompatible with that observed in actual human 
studies. For example, in the study examined by Gehring (1970) there were only 
5 observed cases in 9677 workers. This is approximately three orders of 
magnitude than that which would be predicted by the DHS model. 

Thus, there are a number of assessments based upon human epidemiological 
data which would indicate that linear models utilizing animal data overpredict 
risk by at least one to two orders of magnitude. In the interests of assuring 
that any proposed regulation is supported by as comprehensive a review of the 
available health data as possible, we submit these assessments' should be 
incorporated into any risk assessments which will be used for regulatory 
control. This is particularly important in view of the fact that they are 
based upon human data rather than on laboratory animal results. 

It can be seen from the above analysis that standard risk assessment 
methodology and the use of reported literature results lead to orders of 
magnitude over-estimates of the predicted risk from emissions of VCM from 
existing facilities. We recommend that these inconsistencies in the risk 
estiamtes be resolved if they are to be used as the basis for any proposed 
regulation." 

RESPONSE: The incompatibility of predicted and observed incidence rates, as 
derived in the comments, arises because of the commenter's errors in making 
the predictions and the citation of incidence data that are not currenc and 
that do not permit adequate estimates of exposure. Thus, the commenter has 
made no sustainable case for overprediction or inconsistency of risk estimates 
in the document. 




