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TheGoodyearTire:

Akrom, Ohhio~ 44316—00O0L

CORPORATE ENGINEERING

September- 1, 198%

Air Resources Board

Toxic Air Contaminant Identification Branch
P.O. Box 2818

Sacramento, California 95812

ATTN: Vinyl Chloride

Mr. Rohert 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 Contaminant*. )

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.

In the sampling and determination of the concentration of vinyl
chloride, the use of analytical techniques comparable to and as re-
liable as the method outlined in the report should be permitted.
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An adequate review-of the medical studies of the effect of exposure.
to vinyl chloride can:not be satisfactorily completed before the end

of the first comment pericd.. Therefore, a request is. being made. for-
an extension of the: initial comment period.

If you have questions, please call the writer at 216-796-2698.

Sincerely, .

Q.M Sas

C A See
Environmental Engineer '
Corp Environmental Engineering

CAS:cas

000002




The SFGooancty Compony-

925 émpassy Parkway-
Akron. Ohio 44313

September-6, 1989

Mr. Robert Barham;. Chief

Toxic Air Contaminant Identification Branch
Air Resources: Board.

Attention: Vinyl Chloride

P,0. Box 281S

Sacramento, CA 95812

Comments on Technical SuppertT Document:
Proposed Identification of Vinyl
Chloride as a Toxic Air Contaminant
Part A and Part B Reports

Deﬁr Mr. Barham: _

The BFGoedrich Company welcomes this opportunity to comment on the
above~-capticned documents and we would like tc.commend CARB for
accurately assembling and sﬁmmarizing the extensive data

describing vinyl chloride’s uses, emissions, physical properties

and expesure 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

epidemiclogy studies:

1) Doll, Sir R., (1988) "Effects of Exposure to Vinyl
Chloride: An Assessment of the Evidence", Scandinavian
Journal of Work, Envircnment, and Health, 14(2):61-78.
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2) Wu, W.; Steenland;. X.; Brown, D.; Wells, V.; Jones, J.;
Schulta, P. and:-Halperin, W. "Cchort- and.Case=Control-
Analysaess of-Workers Exposed: to: Vinyl Chloride. — An.
Update": NIOSH Report- Draft, Octcber; 1988.

3 Wong; O.; Whortom, M.D.; Ragland, D.; Klassem; C.; Samuels,
D.. and-Chaxtam;. K.- "Final Report ~ An- Updata: of an
Epidemiclogy- Study of Vinyl Chlaride Workers, 1942-1982%.

Prepared.for—Chemzcal.Mannfactura:*s Association, October
17, l9s86. -

The second area of concerm with the CARB document is more an issue

of semantics; nevertheless, we offer- it for your consideratiocn.

The PART A Report at pages A-l, A-17 and A-27 accurately states

the following facts, but we would like to see clarifying phrases

added or sentences reordered as described below.

Page A~l to p-2

*

*

PVC is fabricated for use in several products of
which many are used by the caonstruction industry.
In California, the identified sources of vinyl
chloride emissions are landfills, PVC preduction
and fabrication facilities, and sewage treatment
plants, n_r_m_:;n:mm_nmm_m

teri c . Plastic
products made of PVC and other-vinyl chloride polymers
are ubiquitous in most homes. Becausa vinyl chloride
monomer can remain in the PVC resin for an extended
pericd of time, an indirect source of indeocor vinyl
chloride emissions may come from the release of unreacted
vinyl chloride monomer- from these plastic products.
However; emissions of unreacted. vinyl chloride moncmer—
have beemr substantially reduced due to improvements in
monomex stripping technology (Wheeler, 1987). Thus,




Pagem3. | — ‘ E:p;‘

In the past; residual. vinyl chloride.: concentrations..in PVC
resing- at the time of shipment; were-as.high-as 2000 ppm:-
Curently, PVC.resins contzin: abouts l10. ppm: residual vinyl
chloride. at-the time of shipment- and- may- lose vinyl.
chloride at-a rate:of 20 to.50 percent per month: during~
storage. In addition; most-of the vinyl chloride. will.
vaporize-: and- escape- during the high:tenpa:atn:e processeas-

- in which PVC resins are melted and made: into final.products.

Page A-27
. Emissions of vinyl chlorida fromr

land£ills. maznly occur-by two mechanisms: 1) direct

vinyl chloride emission from disposed wastes which contain
vinyl chloride (i.e., chlorinated organic compounds): ang.

and the formation of vinyl chloride. from-the biodegradation
of chlorinated. hydrocarbons.
It is hoped that by making the previously desq;ibed,suggested.
changes, the readers of Report A will ﬁore readily.underSfand that.
the major source of VCM emissions in California in laﬁdfilis is
from chlorinated organic wéste disposal,-not:frpm the disposal of

PVC fabricated consumer and construction industry products.

Thank you for the oppcrtunity'to comment on the Part A and B
Reports. Please feel free to call me at (216) 374-2962 should you

have any questions on our proposed additions to these documents.

Sincerely,

S L

Kathleen E. Stimler
Hanager,iGovernment.Relations

6661W
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A Divisiomrof The Society of The Plastics induatry; inc:

Septenber 8, 1989

Mr. Robert Barham; Chiaf

Toxic Air Contaminant Identification: Branch
Air Rescurces Boara:
Attn: Vinyl Chloride
1102 Q@ Street

Sacramente, California 95812

Re: Draft Revort on Vinyl Chloride
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 membarship to thoroughly review
the documents prior to the comment. deadline.

Nevertheless, after reviewing the document, there are at least two
areas of discussion that are inadequately treated in the California
Air Resources Board (CARB) document. Therafore, most of <the
comments will be spent on those two areas. Thay are the phar-
‘macekinetic knowledge of vinyl chlaride in the risk assessment
approcach and a total inadequatae treatment of the large number of
epidemiclogy studies in the published literature. These are very
concisely dismissed by the Department of Health Servicaes (DHS) as

being unacceptable to be used in the risk assessment process for
ragulatory'purposes. :

The Vinyl Institute is an operating division of the Society
of the Plastics Industry, Inc. Its members include Air
Products and Chamicals, Borden Chemicals & Plastics, Certain—
Teed Corporation, Dow Chemical USA, BFGoodrich Company,
Georgia Gulf Corparation, Occidental Chemical Corporation, PPG
Industries, Shintech 1Inc., and Vista cChemical Company.
Together, these comranies account for more than 80% of the.
domestic production of bhoth vinyl chloride and polyvinyl

chloride.
000006
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Point One: Pharmacokinetic. Information.. There are several
publications  in the-literature not cited.in the: DHS  document, thatc
address the. incorporation- of pharmacokinetics: in low. dose- risk.
estimation for chemical. carcinogenesis.. One:such-article was.
published. as: far-back as 1980 in Toxicology-and Applied Pharmacol—
ogqy;, authored:. by Anderson; Hoel. and- Kaplam. That- document
demonstrates how to incorperate the pharmacokinetic information on
vinyl chloride into: a risk assessment- approacirc for- low. dose:= risk-
estimation. There- are numerocus other publications: on' the phar—
macokinetics of vinyl chloride as well. Ancother such document,.
published in 1981 in. the Archives of Toxicology authored. by Bolt,
Filser and Buchter;, demonstrates significant information that. is
relevant when extrapolating low level carcinogenic. risk estimates.
from the existing data base. The DHS document: fails. to incorporate

any of the established pharmacokinetic. 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 scme inhaled vinyl chloride is excreted. unchanged,
depending on dose, a varying amount is metabalized. The metabolism
of vinyl chloride has been the subject of numercus. studies. and. it
is currently thought that vinyl chloride is metabolized by
epoxidation with subsequent production of chlorcacetaldehyde. The.
further oxidation and conjugaticon 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

cf metabolism and for the surface area differences of the different
species, ‘

Poeint Twe: Epidemiclogy. 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 priecrity over human evidence in their
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 twe in risk assessment can often be dramatic,
therefore risk estimates that yield order of magnitude different
estimates of risk are extremely important. When adegquate or
substantial human evidence exists, that data should be given
‘preferential treatment in the risk assessment process..
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Many of the. epidemiology studies: that-have-been in the published
literature. have:bean-updated: in:the past-year or two.. One example
is the study Update of Vinv] Chloride Moxtality authored by Dahar,
et. al. which:wassupdated: as recantly as:.1988 and further-demonstr=--
ated a decreasing cancer- incidenca. rate: in workers: as the latency
period. has: beemr expanded: substantially. The-person years: in this.
one particular- study has: been expanded. from: only approximataly
4,000 person:years-to. over-17,000: persom years, thus-a substantial
increasge: in- sansitivity of the: study, as only one example. The
Chemical Manufacturers Assoctation (CMA) Vinyl Chleride. Panel-
sponsored: epidemiclogy study-was.updated- as. recently as 19856. It
is a very comprehensive epidemiclogy study 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 mnany
epidemiclogy studies published-on vinyl chloride and DHS's approach

to dismiss human epidemioclegy evidence in their risk assessment is
inadequate..

Many of the human epidemiological studies point out a statistical-
ly-significant association betwean an increase in lung, liver and-
brain cancer- and exposure to vinyl chloride. For brain cancetf,
three out of five studies demonstrate statistically-significant
findings, although the results were somewhat variable. Positive
findings occurred in studies 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 1lung 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 angicsarcoma 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 angicsarcoma
as a demonstration of vinyl chloride exposure on the basis of
work history truly a reascnable 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
angiocsarcoma. Recent publications entitled ¥invl chloride,

ent the =) Q g, was
published in 1987 in the ' ] o

Journal, Volume 25, pages 187 to 202, 1987, authored by
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Purchase; et'al. A very extensive-evaluation of the available
information at- that time- is. included: in this. article, and: a.
vary comprehensive ‘examination: of risk assessment- approaches:
to vinyl chloride-is: examined.. We-believe:that this. document-
demonstrates-a much more studied and scientifically defensible
approvach- to:- agsessing risk. of exposura to vinyl chloride.

In summary; there are at-least twenty epidemiological studies which:
involve over- 45,000 workers who-have occupationally been exposed:
to vinyl chlorida. To dismiss: this body of epidemiological study:
in favor-of basing risk assessment-on animal data is questionable.
at best., In the paper by Purchase, et al., information that is.
precisaly the issue. being addressed by DHS is. present. In
addition, an epidemiological study of populations living in the-
vicinity of VCM production facilities had. been conducted previous-—
ly. This. study, Barr; et al. 1982, suggests that 100 ppb re-
presented the estimated dose representing a 1x10-6 lifetime risk
in man. That value is similar to the highest estimates derived
from the animal data when taking biotransformation data into

account. The studies discussed in the paragraphs above, will be
forwarded under separate cover.

Finally, the Vinyl Institute is extremely interested in reviewing
the revised draft document before it is forwarded to the Scientific
Review Panel. Please add our organization to your distribution
list. Materials should be forwarded to:

Meredith N. Scheck
Assistant Director
The Vinyl Institute
155 Routa 46 West
Wayne, New Jersey 07470

Thank you for your attention to this matter.

Sincerely yours,

Meredith. N. Scheck
Assistant Director

MNS/pnb
c¢c: Mr. Richard Forey
Substance Evaluatior Section
Air Resources Board
P.O. Box 2818
Sacramento, Califorria 95812

0C00ec9
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A Divigion of The Sociaty of The Plastics industry, Inc..

September- 12, 1989

Mr. Robert  Barham, Chief

Toxic Air Contaminant Identification Branch
Alr Resourcas Roard.

P.o. Box 2815
Sacraments, California 95812

Re: Draft Report on Vinvl Chloride
Dear Mr. Barham:
The enclosed article was refarenced 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,

Al LM ol

' Meredith N. Scheck
MNS/pmb Assistant Director

enc.:

I.F.H. Purchase, J. Sstafford and G. M. Paddle, "Vinyl Chloride:
An Agsessment of the Risk of Occupational Expasure',

Fundamentals of Chemical Toxicologv Jourmal, Vel. 25, No. 2,
pp. 87-202 (1987).

000010
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VINYL CHLORIDE: AN ASSESSMENT OF THE RISK
OF OCCUPATIONAL.EXPOSURE*

1. F. H. PUrcHase
Central Toxicolopy: Labotarory

1. StarronrD
Plastics and Petrochenvicals Division

and.

. : _ G. M. Pappiz . _
Ceavral Medical Group, impenial Chemical Indusines pic, Alderiey Park, Ma_e:l:sﬁeid. Cheshire. England.

(Recetred 14 December 1983; revisions recerred |3 Jonuary 1956)

Introduction

Yinyi chloride monomer (VCM). more properiy’
ramed monochiorethane. is a colouriess gas normally
handied under pressure as 2 Hquid which boils at
—14*C at normz! pressure. Discoversd around 1535.
VCM’'s commersialization did not begin unul the
1930¢ and did not reach high volurme untl afier 1945,
Present manufzeturs is around 12 x 10* 1omnes per
annum. oearly all of which is used 10 mawe the
solvmar polvwiavi eklarids (PYC). .
Undl the 1960s. VCM was regerded a5 2 maiesial
of Jow human toxicity and the main concerns were
relazed 10 the compound’s narcotic afeet. Indesd
ihere are many reports of emplovess exposed 10 VCM
menomer in peoivmer plants becoming cizmy and
unconscious. Because VCM was considersd to oe
relatively innocuous. it had a threshold limit value
{TLV) of 300ppm. 8-hr tme-weighted average
[TWA) for many vears (ACGIH. 1974: Lestsr o1 al.
1963: Torkeison er al. 1961). Measurements of em-
playee exposure were infrequen:. since most mea-
surement and warming sysiems were designed 1o
ensure that plant atmaspheres were bevond the ex-
plosive limits, fire and explosien being the main
hazards of VCM, Rewospective estimates (Barnes.
1976) of typical TWA personai exposures {in ppm)
for polymerization workers have been cited 2s: 1000
in 1945-1955, 200~300 in 1955~i960. 300=300 in
1960~1970. 150 in mid-1973 and § in 1975. However-
in some jobs. pamicularly in the cleaning of the
awtoclaves in which VCM is poiymerized 10 PVC,
very much higher exposures. in thousands of ppm,
were undoubtedly experienced for shorumedium pe-

"A longer version of this paper has besn published in
Toxicological Risk Assessment., edited by D. B. Clayson.
D. Krewski and 1. Munto and published by CRC Press,
Inc., Boca Raton, FL (1985).

Abbrerigtions: AQOL = cro-ostealysiss ASL = angio-
sarcoms of the liverr PVC = polyviny! chloride: TLY =
inreshold limit value: TWA = ume-weighted average:
VCM = viny chionde mosomer

000

riods, sines 1n some plants operators became faint
and unconssious {rom time 10 tme.

. The first clear indication of chronic health prob-
lems associatad with VCM irose in the 1960s in men.
who entered VCM polymerization autoclaves 1o re-
move build-up of polymer {rom the walls. Some of
these men developed acro-ostecivsis (AQL: Cook er
al. 1971 Harmis & Adams, 1967: Suciu o1 al. 1963).
Mocdification of working sractices led 1o 2 reduction
ia the ingidenzs of AQL c2ses in autosiave cleaners.
Although AQL is oceasionally sesnt in peopie not
expesed 10 VOM (Meyerson & Maisr, 1972 Wilson
er gl 1967) it is 2 rare disease. in the late 1960s.
studies in rats involving exposurs 1o kigh concen-
trations of VCM fer leng perods MVicla, 1959) failad

‘to produce AQL but showed an increzse in the

incigence of tumours at various ites.

Further studies (Maltoni er af. 1980 & 1981; Maltoxi
& Rondinella. 1980) showed. the rare tumeour angio-
sarcoma of the liver (ASL) in exposec rats, 2nd
confirmed VOM 29 an animal carcinogen. Taree ASL
cases in empioyess 2t 3 PVC polymerizzuon piaat
{Creech & lohnsonm, 1974) confinmed VCM s a
numan carcinogen. Other known aetiological agents
for ASL in man were thorium dioxide. arsenic and.
possibly. 2nabolic steroids (Maltoni er al. 1980).

Since 1974, the health hazards of VCM have been:
the subject of many investigations. scientific papers.
seminars 2nd other presentations (Conference 1o
Resvaluate the Toxicity of Vinyl Chlaride Monomer,
Poly(vinyi Chloride) and Structurat Anajogs, 1981
Gauvain. 1976; IARC Working Group, 197%;
Selikoff, 1975; Szadkowski & Lshnest. 1982 US
DHEW, 1990). The piethora of information (and
misinformation) now available suggests that an ob-
jective historical case study of VCM would be of

value. '
Experimental and buman data:
Experimental snidies _
The principal efect seen in the acute and subacute-
studies is anaesthesia which ocours at reiztively high.

44
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Daw.from Mahons e ol (1981},

dases (7-10%) in both animals and man. The doses
responsible for acuie 1oxicity are about 1000-fold
higher-than the minimumr dose for carcinogenicity
and there is frequently no sign of overt organ toxicity
prior 1o ihe development of the carcinagenic re-
sponse.

VCM is mutagenic in a variety of test svsiems
including Salmonetla r1vphimurmum- (Rannug er al.

© 1976), Saccharomvees (Lopnens er af, 1977) and

Drosophila (Verburge & Vogel, 1977), usually with
some form of mammalian rmisrosomal mewbolizing
svstenr 10 convert VCM into its active metzbolites.
chloroethylene oxide and chloroacetaldebyde, The
diw on the mutagenicity of VOM provide useful
qualitative informaton on ns mode of aclion and
meawabolism. but are not suitabie for the quantizative
estimation of risk o man.

The most ussful expenimeztal data are darived
from long-term anmimtal carcinogenicity studies. An
extansive semize of 17 studies (Maljoni or al, 1581)
gives a userul database for risk assessmeznt. Other
studies (Ferom er al. 198: Lee er ol 1978) tand to
confirm the findings of Mahom.

Caranogenic sTects were ovserved in mice, rats.
and hamsters. A compiication in the seiection of these
data for nsk assessment is the variety of tumour wpes
observed (Table 1). Some of thase occurred 3t very
high exposure jeveis. but mammary adenoccarcinoma
in fernales and ASL in both sexes of hoth rais and
rice occurred a1 50 ppm ar less, exposures similar to
those belitved to have occurred on manufactuning
plams (Barnes. 1976).

Epidemiciogical studies

Severz} major epidemsological studies on workers
sxposed to VCM have been reportad (Table 2). The
main organs that have besm 2ssociated with higher
incidences of cancer in workers exposed 10 VCM are
the liver. lung and brain. Inereases in the standard-
ized monality ratios of cancers in the bucral cavity
and pharynx. of lymphomas and of cancers of the
hmphatic and cardiovascular sysiems have been. re-
poried in one or 1wo studies. The analvsis of cancer
of the respiratory system is often confounded by
smoking. making quanutauve analysis of the con-
tribunon of VCM difficult. The excess of liver cancers
is due to an excess of ASL.in many of the studies.

Anr analysis of he- siatisticai power of varioug
studies for association berween VOM exposure and
cancer of ihe lung. liver and. brain (Beaumont &

Breslow. 1981) concluded that the results (or liver -

were consistent with an aeticlogical role for VCM,
For brain cancsr, where three out of five studies had

statistically significant findings. the resulls were more

varizble; positive findings occuming in the studies
with the greatest suatistical power. The most reason~ -

able interpretation was that the daia were consisient
with 2 causal association between VCM exposure and

- an excess of brain cancer: Infante (1981), in reaching

the same conclusion, points out that the refative nisk
for brain cancer is much lower than that {or liver
cancer. Only two out of eight studies on lung cancer
(Beaurmnomt & Brestow, 1981) weided stausticaily
significant resuits and. decause swudies with a high
power were gegaiive. a causal associaton was consd-
erad unlikely. .

ASL is the mon suitable endpoint for analysis of

the risk of exposure to VCM for 2 number of reasons.

Is is a rare cancer in unexposed populations. reakiag
auribhuiion o VOM exposure on toe bauis of work
nistory a razsonable approacn. ASL occurs in Soth
animals and humans exposed to VCM and it is
walikely thar 2ay other caromogezic efem of VOM
will be found to occur at lower exposures than the
lowest exposures that indoce ASL. For these re2sons.
mest work on the quanmiative nsk asssssmeat of
chrotie exposure 10 VCM has used ASL 4s the
endpoint 1o study.

Case register

The availability of da:a from 2 comprehensive case
register of ASL cases win 2 hisiory of occupational
exposure to VCM provides 2n opportunity to idenufy
risk factors for the industion of ASL.

Persons potentially exposed to vinvi chioride

Current manufacture and use of VCM and PVC
results in the potentiai exposure of four groups of the
popuiation. The highest exposure category covers the
workers involved in the manufacture of VCM, its
polymerization 10 PVC and certain other industrial
uses of VCM. Within this group. certin occupauans.
particulariy autoclave cieaning, invoive higher poten-
iial expesurs than other. although all groups would
now be expected 10 have expasures complying with
hygiene standards of -5 ppm.

The next category covers those exposed as a result
of using the PVC. Workers in the compounding and
fabrication of PVC producis are exposed 10 residual
VCM released fronr PVC on henting (but PVC does
not decompose 1o VOM when heated). In general the
exposure levels for these workers arg very low in
comparnison to those for PV'C polymerization warkers

Afrom 10 10 100 umes jower).

Consumerywho eat food and drink beverages that
have been packed in PVC may ingest unreacted VCM
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Vinyr ehlondeersik-assessment—

which: has-migrated-into- the- food:or-beverage: Since -
1974, 1he-amount of VCM in PVC has beerrreduced:
(0 less than | mg. kg with the resuit that the maximums-

human daily intake of VCM in food and drink s
0.1 ug day (Ministry of Agnculture:- Fisheries &
Food. 1978).

The fourth group with potential exposure to VOV
are those who live in the vicimity of VEM or PVC
manufaciunng or fabricaung factonies. The leveis in
ambient air around a factory are-very low (in the
parts per- 10* range) but much larger- population
groups. which include all ige groups. are- involved.

For the workers in VCM manufacture and PVC
polymerization and fabrication. the route of exposure
is by inhalation: Much of the 2nimaj carcinogenicity
data are based on inhalation exposure and the human
epidemiology is predominantly of populations ex-
posed occupationally by inhalation. Thus an assess.
ment of the risk factors and the quantitative risk of
imhalation exposure is the maip objective. For the
consumer exposed to VCM via food and beverages
the route is by ingestion, Relatively few experimentai
studies have used oral administration and only one
study used a comparable exposure pattera (Feron o
al. 1981). Similarly there are no speqific epi-
demioiogical data on omi ingestion. Risk assessment

existing animai data and op extrapoiation from epi-
demiological and experimental studies of inhalation
" exposure,

Risk assessment from experimenta) animal data
Assumptions

12 carrving out a risk assessment on the basis of
animal datz, 2 number of assumptions have to be
made. The first of these relates to the overall dasi-
metry. Expenimental animals are éxposed to concsp-
trations of vinyl chloride or dosed with amounts of
vinyl chloride that allow an estimate. of the amount
1o which they have been exposed. It is possibie 10
caiculate 2 correction factor for these guantities so
that they are applicable 10 mman, However: rats and
mice live for relatively shon periods of tme (up to 2
vears) duricg which they develop cancers of 3 type
similar 10 those seen in man. The latent period forthe
ST IUOUrS in man may be berween =0 2nd 40
vears. It is therefore assumed that the lifetime of man
is equivalent to the lifetime of an experimental anima)
spscies even though the chronological time is sub-
stantially different,

Strictly speaking, mathematical exirapolation of
nsk on the basis of experimental animal data pro-
vides an estimate of the risk at low doses to the
experimental animal under consideration. A variety
of factors. particularly inherent biclogical sus.
ceptibility and differences in metabolism. render the
exirzpolation of the data from animals direetly 1o
man subiect to numerous errors. It is at this point
that scientific judgement is required 1o dacide whether
these data are applicable 15 the human situation,

Merchbolism

Ig rats. VCM has besn shown 1o be mztabolized
exteasively, producing a rangs of exXCTEUOn products..

|

o
1

xS

it9

et 7 A
I kW :v"J\"
AAYAY
Alter admunistration by gavage or mhalauon: part of
the dose-1s exhaled unchanged and the remaincer1s
excreted or retained in the carcass. A general scheme-

1

N
M:C T CHOI € e CH oo € ICHCHO
() Ny i (e
o’ 4
«GSH
Gh
c==o0o
CH == CH,5CH.CHO
'I‘" : {4)
Gly
Gly |Cly
r—ag (=0
| |
clncuzsqu.cu: CHCH,SCH,CO. H
NH OH “H
" |
Giu Clu l
|
t ¥
CO.H : oM
* 1
l f
CHCHLSCH,CH, | CHCH,SCH,CO,H
\H(Ac) OH NH,
(3 _ l ()
co.H

€ —— CH.SCH,COH

HI

S(CH.CO,H),
[ ()

Fig. 1. Scheme showing the metabolism of vinyi chioride
monomer (VCM) in ras to S-conaining metabolites, YCM
(3) is converted to chloroethyleze oxide (b) which is trans-
(ormed spontaneously 1o chioroacetaldehyde (c). These two
metabolites are mutagenic 2uc hence are considered 10 be
the proxumaite carcinogens. The urinary excrenon producis
N-aceryl-S+{2-hydroxyethyl)cysteine (¢) S+(carboxymethyi)}
cysteine (f) and thiodigivesllic acid. (g) are derived from
these muugenic mewbolites via id). Gly and Glu are the
gly¢ine and ghuitamaie residnes of £lutathione: [Afier Grees-
& Hathway (I577)].
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ASL > Angiosucoma of the bver SHIt = Stambandizcd uuntality rate  FMRA = Proportional murtality rete

*With percentage foblnw-up in hrackets,

AW
of VCM metabolisrin rats s ;iverrin Figr 1. On the~
basis of this schemerthe highiy reactive intermediates
in the-metabolic process (partculariy chioroetmiene:
oxide} react wih cetiuiar macromolecuies. including-
DNA o produce the critical lesions leading to mu-
taton or the induction of cancers

Studies on the quantitative aspect of VOM metab-
olism have shown that there-is a dose dependency in
the rate of metabolism: After— admimstranon: of
“C-labeiled VCM by gavage at doses between 0.5 and.
100 mg kg 10 Wistar.rats. the amount of “C excreted:
in the unne and (seces and retained in the carcass was
estimated over 72 hours (Watanabe- & Gehring.
1976). As the dose of VCM was.increased.. Jhe
proportion exhaled increased and that excreted in the~
urine and faeces decreased. (Fig. 2). The proportion-
reuzined in the carcass aiso decreased. The same-
general rend occurred: afier administration by in-
haiation. although the magnitude of the differsnces
in retention and excretion was less (Watanabe &
Gehring; 1976). .

Studies of the amount of non-volatile.rnaterial
retained in the carcasses of rats exposed 1o various.
leveis of “C-labelied VCM for 6 hours demonstrated
that the meubolisth' of VCM appearsd 10 e in
aczordance with Michaeiis—Menten kineties (Gehring
er al. 1978), Tbe constanis {or maximizn velogiry of
membolism (V, in ug mewbolized 6hr) and the
Michaelis constant (K in pg VCM litre air) aceord-
ing to the formula:.

V.S

V o e

Ke=$§

- (wherz V = velogity of metzbolism :n pg'éhr and

S'=mconsenirauon of VCM bemg inhzied) wers
V.= 8558 ug metabolized:6 hr and K_ =860 ug

VCM . litre 2ir, Thus there was a considerable chanee

in the raue of administered dose 10 metabolized dose

as the exposure concentration increasad {Table 3). Ar

the higher doses a2 smaller propanicn of VCM was

metzbolized than at low doses.

Review of earlier caleulations of risk

There have been 2 number of atiermp:s to 2alculate
the risk of ASL development an the basis of extrap-
claiion {rom experimental data. These have besn
reviewed by Barr (1982) and an adaptation of his
data is presented in Table &,

‘The introduction of biotransiormation data into -
the estimation of risk increased the level of exposure
caleulated 10 cause 2 10~* lifetime risk. from parts per-
billion to in excess of one part per million. A further
refinement of the technique: using DNA binding as
the measure of dosimetry (Anderson er af. 1980)
provided a similar estimate of the exposure.

A vgriety of mathematical models can be used. for
extrapolating below the experimental dose range. and
it is not possible 1o select from amongst these math-
ematical modeis on the basis of goodness of fit to
experirnental data. Anempts 10 do so have shown
that most of the modeis. fit the data equaily well
(Gebring er al 1979). It is equally difficult to select
amongst the models on- the basis of the assumed
meckanism of action of VCM. Thus a comparison of
the lifetime risks calculated using the Armitage-Doli
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" e l. F H. Puncastier of. ; U
i Tablerd. Vinyt chionce sose-angrincrdence of henatwr anpossroemmn SorypueeDaw it 13ty ox w 'i '.'t {
- 43 on ¢ dass wie for &2 wi®
Amounr meudbokrede ARDIOMIOME INCdner (%)
Concn—+ Expmi-

- {ppmi- g dhr 4§ (ol Yale= Frmale~ Man- ne.

o 30.000- 1647 147 100 1hh 4.} J0.0 BT 6t
4 10000 - et 1abwi0t - 100 113 11 BT
i 00 403 1412100 10.3 13 by T
) : 1010 13000 20.0 33 e BT1

. 300 413 8.0 w30 9 20.0 10.0 BT1
4 2 1438 63210 14 X 54 BT
. ™ a9 58 x 10¢ 1.7 1) 100 BT?

150 1741 0 1.7 £3 0 BT?

100 1309 Taw ¢ 9 1.7 08 aT:

I 0 739 19 x 10 1.1 12, 41 BR 1Y
Y x 98 1.0. 10 1.7 6.7 42 BT1S
- 10 149 40— 0 1.7 0L BTI1S
# 5 s 22100 0 ) 0 3TI1$
| 1 17 4w 0 0 [/} ] BT 1S
. [ 8 0 0 Q 0 BTL2
% 515

“Afuer Maltoni or o). (1921),

*Expenment BT 6 mded after only 68 wie, while the reat were all apprommately 140 wk: thereionr -

f ihe peramutpe of tumours 1n BT § is probebly iow relauve (0 the et bacsusa of the short iaency
4 pemod available:

multistage model by the Food Safety Council (1980) exposure values in the ppb range. A large varabie
; and. by Gaylar & Kodell (1980) showed that for the  appears 10 be Lhe selection of the matbemates) model

: same 10~* lifetime nsk, the Food Safety Council. applied 1o the experimental data,
‘- esimated the dose s 2 x 10°° ppm wherees Gayior In the following section rwo models are used to
i & Kodell estimated the dose as § x 10~ ppm._The czlculate the exposure for 2 107 risk from 2 variety
H difference berween these two estimates wis Cue 10 Of experunsmtal animal data applyving the correction

_ alternative assumptions on the value of the expansion  {or metaboiism used by Genring er al. (1979).
- 1 of the exponential term used

In general, caiculations basad on the amount of Caleulation of ‘mﬁ’"" Jor 1074 risk A
Satenial metabolized or on human cata have pro- A summary of W erude ASL icaidencs rates jor
2 duced expasurs vaiues of zbout | ppm for a 10* inhaladan sudies in Sprague-Dawley rats is given in

lifeume nsk. All the other studies have produced Table 3. Siztlar data fof Wisar rats exposed by

Table 4 Summarm of quantauve risk Ltsensmens for vinvl eklonde monomer*

. 1 Zzposum for
3 107* ferime
-4 Referenes Species mik (ppery Comments
. H By nhaisnos~
B Schondermas o al. (1975) Rat 73 Froit felgpe w |, Manieh)
¥ e Logt (slope = 3.49)
l : Logt (siove = L3, one-hut) A
N Kumuaek & MeGaugty (1979)  Rab maa 14 Lizaar werough 2o !
3 _ {40} 400 Logepreent
i Gabrizg o al. (1979) Rat man > 1000 Biouwsasformauon daw inciuded
- H Linear or log-progw
H Rat < |0=> | 000 Depands o3 mathensuzal model used
H Food Safery Couscii Rat an Cne-ne
E (1980} 20 Armauape-Doll
. -l m10* Weibuil
'r 19 w20t Multi-hiz
1 Aadersom o1 gi. {1980) © Rat man > 1000 DNA dmding used for dotimerry
Caylor & Kodall {1980) Rat Q.7 Upper 97.5% conbdener trmat of linear model
0.5 Armutage=Doll
: Carlborg (1981 Rat 18 x )0~ Weibuh
! Bu-r {1982) Man > 100 Darivee from Barr's nepauve spdemisiogy
This paper (Table 9) Rat 0.00%-9.16 La
MO\I‘R :: Io-lt "mh“
] Man 0.63-90 Log-prabit inciuding bictrsnsformauan data for man
Rat . Ix 1072 2 107 Wikl
Mouss §u o=
Man 0.067-4.14 Weibull including biotransformauan for than
EPA (1920} Rat 4 u::eay Food or waier
NAS (1980) Rat Ix 0" 'mpigpdasy Wiy
Crump & Guess (1980) Man 0.7 ug:day Appivies worker data 10 water
Rat 0.5 ug-dav Upper 94%, confidence mu
*Afwer Barr 119821
*Excrpr where Salsd DT
.

v
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Vinyi chionde=—rsicxa) tessnenms ' 'F'-r!"f
inhalation (Table5) for rats exposed-oraliy (Table6) -, ' i i\
and for mice exposed:by inhalavon tTableT areaiso.. .. - \ ; é
presented.. Data. [rom- expenmmems-with vamous ex- 5 Q-
posure penods of short duration are-given n Table 2 1 4
8. For calculating the-amounts of the dose metabo- S Ll
lized i Taw in the inhalsuon expenments, the cone £ .- s
stants caiculated (Gehring- et ol 1978) have been~ g ! s
appiied. For Wistar rats, the K, and V, values 5 3™ L2
derived for Sprague~Dawiey- rats have been-used. E a"_, §
These estimates of meuwabolized. dose have been ine  » | g
cluded in the tabies: g o= g
For the experiment in whil:h VCM was givewby 3 | o e e e e w
gavage, the data frony Fig, 2 were used 1o estimate the %5t 01 000

amousnt of VCM exhiled uachanged. As the t, . for
exhalation of VCM was 14 minutes. these data based.
on a 72-hour peried give'z good estimate of the
fraction of VCM exhaied. in the: 24 hours bemween-
doses. It has beemrassumed that the VCM not exhaied
was metabolized, an assumption similar 10 the one
used for esumating metabolized dose in the in-
halation experiments. Greem & Hathway (1975 &
1977} showed that VCM adminisiered: by gavaze 10
Wistar rats was exhaled and metabolized in a similar
maaner 1o that in the Sprague-Dawiey rats. and the
V. and K values derived for Sprague-Dawiey rats
bave been used. In the experiments by Feron e ol
(1981}, who used Wistar r215. the same assumptions
zbout V, and K, bave beerr made. The quantity of
VCM administered has besn deatt with 25 if it had
besn administered by gavage.

VCM dosssimg/rg)

Fig. 2. Summary of dose-dependent urinary and pulmonary:

exeretion of vinyl chlonde monomer(VCM). Urinary excre-

ton (@) represems metabolites of VOM, while putmonary

" eliminauon (A ) is unchanged VCM. [Afier Watanabe &

Gehring (1976)).

For mice; the data hive been combined in Table 7.

The estimation of the dose metabolized in mice-has..

been caiculated using vaiues for V
adjusted on the basis that, for a chemical requiring

lized will be proportional 10 the body surface arex

o ‘hat have been-

- metaboiism 10 1ts active {orm. the guanuty mewabo-

and must be expressed in terms of metaboklized.

dose.kg body mass. Tais 1echmique bas also beer used
by Gehring er al. (1978) for esumaung the dosz
metabotized by man

~ Table 5. Vinyi ealn-ide dese and inmidence of hepaue anpicsarcoms m make Wisar
T3S exDOWEC OF & davs wk jor ST wi

Amount mewoohled

Conen Angpiosareoma Expmt
gl sgdhr u§ (totah) ncidence (%) ne.
16.000 3521 1.4 % 10° 284 8Ty
6000 =03 1.4 = 40* 1.5 BT?
2500 5030 1.3 = 10° 12.0 BT?
500 3 5.8 x 10° 10.7 BT?
o 438 IXERT i BT?Y
50 9 1.9 x 1¢¢ 0 BT?

I 17 Sax 1Y ] BT 17

0 [ 0 4] . BT

Tabie 6. Vinyl chlonde (VCM) dose and incdencr of hemaue anposarceena n rats gven VOM by savare or meesuon

Amount Amount melasohzed ANPOLArcoma 1nagence (%)

Dose exhaled® Expmt
1me kgl % of dose) ufdoset «§ itoal) Male Ferale Maan no.
52 ] 4230 S =10t 2 2.2 1.2 BT

i4.4% b3 1 208 AT 10 15.1 (-1 BT 11

133 10 i o0 0 0 0 BT !

1.9 a 3248 "= 0t 1.3 by} 20 BT

0.3 1.7 7 -lé =i 0 1.4 0.7 BT27

0.03 14 74 LlEx= 10 0 0 0 BT

9 -— 0 [ '] 1} 0 BT 11,27

3001 0 15,000 E2x 10° 9 X ] 51

143 kp3 1150 1.6 » 10* 49 16 2 Feron

50 16.5 1040 TUx 10 10 4 7 et el

1.7 2 420 9 x i 9 [ I 0 (1esn

1] @ 0 0 0 0 0 )

*Calcuiated from data denved from Watanabe & Gehring (1976) presented in Fig. 2.

*Asuming & 250-¢ rat.

sSpragpue-Dawiey i dosed by pvape-with VCM in corn ai) § timesrwk for 52 wk.

$BTIT dosmd for 59wk,

IWinar ram wed as conTois by Ferom er ol (198]) ane dosed for §3 wk.
Wisar Ry reoevmg & G ermremy VO dtaived i P\C.
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194 - LF W PuRevast or ot

Tahi=3 Vinvl chiorde-dese-and incwdener of hefrane anmosarcome 1 e

Amount metanching >

“: ':‘: ot
ANROotrcoma incxigner-tts)

Conen N Expmr -

tpopme ufg 4 hr ut ttotald Male Femaie Mean no

10.000 11,245 1.7 = Q¢ s b 178 BT 4
6000 11.00Y 1.7 w lO* 6.7 k%) 17 3T4
1500 10344 - [.5wic* 0.7 113 A BT 4
1009 W~ AR 94 90 -1 Lot o1 alt
500 6932 1.0 = 10* 0.0 7 33 8T4
hé 4559 T4 w108 3.0 X0 30.0 BT4
50 9459 T4 x=10* -y 419 36.5 Lot o 0l
0 1508 - 12 x 10t ) 0 1.7 T4

1 1 504 L9 w0 103 [ 42 lesevalr

0 9 0 1] 0 [i] BT4 & Lo et o/,

- *Swisk mice. §i-wk expertment: dosed for 30w k.

*CD, mice, 52wk expenments & b1 dav. eapovure ilae #r ol 1978). These resuits Mave not beem
included 1 the eniculsuons for Tabh # bacause Lhe Cxperonental dengm meorPOrEAd LTIV

kudls.

Thus:
0.0l m*
0.045 m*
0.011
0.045

Va(mouse)= V_ (rat) x

= 5706 ug/4 hrx

= 1395 ugdnr

The vaiues of 0.045m* and 0.011 m* are the body
surface area of a rat and 2 mouse. respecuvely, Since
toxiaity is a function of the concemiration of the toxic
tetabalite in the tissue. the amount ransiormed
must be normalized for mass 10 estimate an equive
alent response. Thus V.. must be adjusted on the basis
of the body weignts of a rar (0,25 kg) and a mouse
(G.03 kg) by dividing by 0.030.25 = 0.12,

The V_ for the mouse on 2 mass-equivalent basis
is thersfore:

134

—— a8

B = 11628 ug. 4 hr
This value of V_ has besn used in caleulating the total
amount of YCM meiabolized (Table 7).

From the variety of modeis {or mathematical ex-
trapolation t=chniques) used for low-dose risk extra-
polation (Takie 4). an aronrary choiee of modeis has
been macde 1o 1es1 the robusinass of the extrapolation
trom the cilerent animal studies.,

A log-prodit analysis of the dose that would be
expecxcd 1o produce a iifetime risk of ASL of 10~*is

lll

presented in Table 9. This calculation can be carmied
out on the basis of the concentration inhazied. the
daily dose metabolized or the 10t quanuty metabo-
lized during the whole expenment, There is 2 wide
variauon in the esuimited dose depending on the
database used for the caiculation. The largest van-
atan betweer doses derived {rom the rat expenments
15 360-{old (0.025 pph r. 9.1 ppb) when exposure o
Ppb is considered, but this decreases 10 loo-fpld for
otber esumates of dose. The resuits from mice are
substanuaily lower when =xpr=sed in  ppo
(2 % 107" ppb) but the difference is less for other
expressions of dose.

Similar calcutaiions of the dose expectad 10 pive 2
107* Lifsume nisk of ASL have besn Based on 2
Weibul analvsis (Table 9). This is a more ‘conserv-
aiive’ mathematcal model and the estimates of dose
aze accordingiy lower. The varsiztion m esumatss of
dose it if anything, larger than that abserved with the
log-prodit analysis (for exargpie, 2 10 difference
between the S values derived from Wistar and
Sporague~Dawlev rau). The doses for mice are so
much lower than those calculated for rats or man that
the assumptons used in their calculation must be
SuUSpett,

A fumher caiculaton 1o demive the human dose
likely to produse & risk of 10~ is piven in Table 9(§
czlculated for man} These caleulations are based on
a V_ forman of 1675 ug & hr based on corrections for
body susfzce area and mass. The vaiyet are subsian.

Tabie &. Viny! chionde (VOM) dose tnd hepaue angiotarcsma madense in Sprapue=-Dawley rats expased 10 VOM by

inhalaten
Amount metabolizeds ANROIATIOMS INAICYDTE %)
Conen No. of Sxpmt
IFem! Schedyler dosrs ug4 he ug {1owly Make Female Mun no.
10.000 1 : FL5)) 1.4 9 |0 10 133 1.7 BT
10.000 1 L] L] 47210 0 ] 0 BT3
10.000 m = pLid 1.4 18 13 '} 0.2 BT 10
10.000 v 100 1379 1.4 w 10? 1.7 0 13 1 BT 10
10000 v a3 2221 1.4 210 0 L7 ot 5T 10
000 1 280 . 5408 1.4 w10* 10.3 na pR | 8T
5000 i1 3 v ] 4.6 %10 0 | 1.7 BT1
6000 m 28 53 1.4 = 1¢¢ ] ¢ ] BT 10
000 v 100 1350 1.4 x 10 14 1.7 o5 BTG
$000 v 28 “n 4= e ] 17 0.t BT 10

"Afur Mattoni er gl (1981).
*Sehadulen: 1t hr-day. 3 davswi for &

2 whi 1=t br.day, & dave-wk for 17 wis Jl—d brrday, 5 dawsrwk for § wi;

N} br-day, 4 davs-wi for 2§ wk: \—thr day, | daviwi for 23 wi.
Fhmount metabobzed {v) 1 4 bour denved fom tse forsgula: V GEhnmV, x SR, —~5 whee V is 4'6 of the 6hr
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uzlly- higher=thanz those-calculated=for-the-rat and:
mouse and:theres still 3 range-of over-100-fold 1n wie

estumates-denved- fronr-the-different rodent expern
ments: Whenrthis amount of vanability occurs in the-
extrapolation of the nsk of low-dose- exposure 1o
YCM based solely on differenr expersments in the
same spetiess the-retiability and hence-the uulity of
these procedures is open 1@ question:

The general relationshup between-the dose adminis.
tered- and \he incidence-of angiosarcomas derived
from 52-week exposure-daes not appiv 10 exposures
of shorter duration (Table 8). In all experiments a
total metabolized dose in excess of § x 10° ug was
required to produce an inadenceof angiosarcoma in
excess of 1~2%. This relationship-was seen in both
rats and mice and.in expenmentsin which VOM was
administered by gavage or by inhalation. In long.
lerm inhalstion siudies. a. total- mewbolized dose-of
5% 10* ug is equivaient 10 about 200 ppny adminis-
tered over 52 weeks and represents 3 practical thresh-
old for this saries of experiments.

In conciusion there is 3 wide vanation in the
esumates of dose for a 10=* lifetime risk. This van-
ation is due 10 the 1ype of mathematical mode) that
15 applied. to the assumprions that are made and 10
Lbe parucular experiment that is used 1o provide daiz
for the extrapolation. A high level of confidence
cannot be placed on low-dose extrapolations when
veriabies that would not be =xpected w0 ahter the
expression of risk have 2z profound eflect on the
esumaie risk. In addition. the interspecies exirape.
lation from experimental anirmals 10 ma2a is largsly
inmurarve, N is clear shat sstmates of risk showd iake
'mig account all available data, including epi
demiciogy. 10.provide a degres of relizbility,

Risk assessment {from human srodies

Register of 4SL coses

Simee 1954, lints of reported ASL cases auributabje
to VCM exposure in the VCM.PVC industry have
been kept by NIOSH (Spirtas & Kaminski. [978).
¥y LARC and by the VOM Committaz of the
Associgon of Plasties Manufacturers 1 Europe
(APME), Details of 99 cases in the APME regster at

1. F. H. PUncuaswer ol

Table~)) Clusiermg-of  ASL cuseerw-indm

Plane*
no. Country

Y eptorn Larapen
West Gurmany- |
West Germanw .
West Germawe
West Germany
Franee-

France -

France -

UK

UK

Sweden—

rs O

[ P

-
[P FRVE RV RN

Towdl..
North Amercy-
Canadas.
USA
USA
USA -

by = -
o=

Tawlk ..

(S

Ram of World -
Japan

1 Yugosavias

1 Crachothgrakin.-:

A s

Touwd. ..

*For the purposes of this case study, 3t 1A nOl DECEIATY 10 wenufy
the precise ownwrTilp and kciuon of these plapl.

tbe end of 1982 have besnt apalvsed by counuy and
by manufacturing company and plant The csas
have beew recardad from all major VOM PYC manu-
facturing countries (Table 10\, but the incidencs has
not nec=ssarily been in proporuon 1o the PVC pro-
duction capasity now or prior 1o 1942, In the absencs
3f daia on ihe'number of workers emploved. gro-
duction czpacity ts the only availabie indizzuon of
the nurnbers of people potentially exposed.

‘The majonty of the ASL cases are PVC autociave
cleaners or men who heve worked in or around
auldtiaves. There are ASL cases among meh wia
Sanufastursd VOM and a {ew cases wers mvolved
both with monomer and with polyvmer producuan.
Only one case suifered from both acro-osteaivsis and
ASL. The ASL cases lendad to occur in larger
numnbers in some plants than in others (Tabls 11). Of
the total of 39 ASL cases recorded in North Amenca.
34 have occurred at {our PVC piants, winle gver 20

Table 10. Distrivauon of ASL cases by couniry

PVC producucn namepiaia capamty

(kilotognes ¥v*)

Na. af

Country- ASL cuses 982 1962 1977
LSa 23 i93 704 2090
Wett Germany a1 = 50 1148
Franee 14 3] i78 a7
Canads. 12 L 2 1]
UK 1 oy 177 302
Sweden § ) 20 108
Yugoslavian 4 3 { 60
Tuly 3 9 12 ™
Crechotiovakia b 1 28 a8
Japan 1 12 34 1699
Belpum I ) 23 195
Norway ) 3 0 6%

Toul. .. 99
Westera Eurove 12 52 951 1950
Nerth Amenex 39 198 28 im
Rest of World 3 4 709 3u

Total, .. 99 131 pat 1} §462

ASL = dnpowrzoma of the lver
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Table<12 ASL case numnere ov sear of deaitr-ang frogripinesy ocshomestivding- 1T

l‘l.r"‘h

Year: ASL caserv-in: i

of ke (Y
desth- W estern Eurooe Nonh Amemes: Rest of worid publcanons -
1955 - (o]

5

1 <

]

9
1960

1 Ust

2 Q3

k)

é Uss Cul

H] -

[

7 Fi

$ . Cd, C5 US4, US7. US10

9 Gl LSIL Usis ’
1919 Swl USs1s Yiola.

] Gl C5, 1'S2

2 NL S«1 UKL I <7

k] G2 C8. USt, Us3. Us T YL Gzt Maloni

4 - G, G5 UKS 9, U513 - Creeeh &

H FL F3, G6. G7. CE. 11 US4, Us9. USis, US2s Japl Johnsoo-

§ Bl. F4, F5, Fé, F7. Swl US19. Us20, LUs2 Japl, Y3

7 FL. F9. G10. Gil. G1L Swe  C10, LS2L. US24§

. F10. Ft1, &9, GI13, G15,

Gls, G17 Usa7. Us2e Y&

9 F1X F13, UX4, UKS, G1s

1980 UK6& UK7. G19, S»5, G20,
Gl USi7, U, 1US30. US32

1 Is. F14. UKE, G212

i
Toul. o e '

) ASL = Agpotarcems of the hver
“Talian case 0] was ot a typieal ASL: fus PRmAry 1umour was prodadiy of the sencarg:um. This mas was

capaged i extrusion of PVC saszis

*Bm Beipizt. G =W, Germamt Sw = Sweden: C = Canada: Jt = Jualy: UK w Unised Kingdam: Cam
Caecnosiovakia: Jap = Japan: ¥ w Yugosiavia: Fw Franee: N w Norway; US = USA, Thus G5 maase
no. 9 in West Germany, Cases UK. Gis, US)4, US1$ and U'S2¢ wers shows nat to be assoesiizd wnh
VOM apeturs a2 hease withdrawn from e ist.

2Agrasol can filler.
FChelanposareama.
~Does not insiude U3 (sull alive).

North Ameriean PVC plants have not recorded an
ASL case so far.

The average jatent period between starting work in
an oczupauon involving VCM exposure and death
from ASL for the 99 cases is 21.9 years {in Francs.
Sweden and the USA between 24 ang 25 vears. in
Germany about I8 vears). It is sill too early to
predict whether the anouval aumber of ASL cases
amongst VCM workers has reached 2 peak. ASL
cases appeared earlier in North America ihan in
Western Europe 2nd while the occusrencs is tending
10 decrzase in North America (Table 12). it is still
high in Western Europe.

On the basis of the da1a in this case register. it is
possible 1o draw certzin concitsions zabowt rsk fac-
10rs associated with ASL. The large number of ASL
cases in some factories and the absence of ASL cases
in others of similar age indicates that variations in
manufacturing practices beiween factories may be the
cause. These variations may refieet both differences in
the tvpes of job carried out by individual workers and’
differences in enginecting practices. The bulk of the
cases have. ocourred, however: in highly exposed
autaciave cleaners. with relatively few in other PVC
or VCM oproduction jobs. So far mo- well
zuthendeated . c2sas pave ocqurred: in PVC com-

pounding or fabricztion whare many more peopie
have besn exposed bul 10 a mueh lower cose.

Prediction of future ASL cases a3 a consequence of
pre-1974 exposure

The causal relationship between VCM and ASL is
proved bevond doudt by the specificity of the tw-
mour. the high relatve incidense of that wmour in
highly exposed workers. the consistency of the excess
in -different parts of the world. the time refationsiup
between  exposure 2nd dizgnosis and the dose.
response relationship. An intensive analysis of the
pre-1974 cohorts should establish the dose-response
curve for ASL after VCM exposure and predict the
likely outcome for the future: _ )

[t will be impossible 1o colleet a compiate data set
on which to caleulate risks of ASL for the whole
world, but within a single company thers may be
closer definition of the cohort. the number of cases
and the pattern of exposure. Using these data ang
averaging across ithe worldwide population exposed
e VOM; it is possible 1o caleulats the future inci-
dence of ASL. using relatively crude assumptions
which can-only be tested in.time when the prediction
can.be judged against the final ouscome.

| 000021
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Table-i). ASL cuse numbersbv vaar of Aryt ;xposure and- peograrhachi-locatofr irsciuding (T01°) D
Yearof - ASL caamt in. ) -

fnr

Key
cIpoIwT Wenermn Eurove— Nonh Amenes Reat of worid eventt
193¢ - 15515
-
1 Frit €1, Usxy
2 LUS1), US29
k] Frid CL LUs1y
4 UKl Cl. €S, LSS, VST, Usy
L] Swl C4. US3, LS9 .
é Frl, Frl, Swd. 7. €9, USS, US1. U352,
Usilg
1 Swl €4, LS, US2S
[} Frd LS} .
9 Frild, Frd 1312
1950 Fr1, N1, UK} LSi¢ YL G
1 Swi. UXS Us10. US32
1 Gl vse
3 Gis. I3 clo Japi. Y1
4 G7, Gl UX4. Q19 [ 85-4} | Y3
5 G11. Gl Git USZ, USI1T, Us
[ Fri0. Gi
7 Fra, G4, 12, G2 Cal
] Fré, Bl us Japl, Y4
9 Fed e
1964 G5, G13
i &, GG, &2, 61T,
G20. G2 [ |
2 G4, UKé G2l Uss
] Fri3, UK?
4 Sws$ (ALY )
5 Ft
& UKl
1
t
9
157G Viela
H
3 Manom
Touk., 2 19 8

ASL = Anpowuseama of the hver
*1101 iz not conmsent with other ASL cases: the prmary tumaur may have besn of the penmremnm, The

man extruded PVC wcks.
*For explanaiory key. sar Tabie {1
;Cholanpasarcoma,
$UYS3Y s sull alive.
LAsresol can files,

Toe cata requirsd are;

(1) Anmual populations of smpioyees classified
by age; i

(2)(3:1:!1::1 exposure estirmates for ezch person
m i)

(3) An exposure-response latency mode! for ASL
induced by VCM.

The daza ynder item (1) are available in the UK as
2-result of the data extracied from the sslavant
occupational resords (Fox & Collier, 1977). Exposure
data for item (2) are more dificuit 1o obain, but can
be gleaned from the records that are used to define-
the occupatanal population. The problem of oc-
cupation changing, which occurred frequently, has
been dealt with by using the principal smployment
category or the highest exposed employment caie-
gory. The estimation of time-weighted average ex-
posures for the least exposed employees is siraight-
forward, as the exposuras were essentially continucus
and constant, but for  autoclave cleaners; mainte-

nanee workers and laboratory workers. exposures

could vary froorze7o 10 pear nareoyc.levels. In the..
ciculztions described below, 1t hzs beswr possible o

avoid using the exposure data direstly by relving on
the simiianty in exposure leveis in differing locauons.
The exposure.response-tatency data indicated under
item (3) can be derived from established cases.

The kev daiwz for these procsdures are the set of
casges worldwide. together with the descriptive data
(Tables 12-14). It bas been possidle to calculaie an
incidence rate for each latency period for each ex-
posure level for each age group (on the basis of the
UK data and assuming that it i3 reprssentanive of the
worldwide population) and to use these raies ta
derive a2 simpie model of dose-response lateney that
can be applied 10 the population data. The broad.
conclusions are that most cases have a latesey of
about 20 vears and cases will continue to oegur for
the next 10 vears,

In the caleulation used to estimate the future
number of ASL cases (Table 15) an assumption has
bern made that when exposures were reduced to low
levels, ihe future risk of ASL became negligible. Two

_dates at which the negligible risk levels were attained
Have been selectads 1963, when levels were reduced.

1o hundreds of ppor-and. 1974 woen the levels were-
recuced 10 below 10 ppm {oliowing the discovery of
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Tabh-14 Annosk incxhineeof ASL cases tdate of deaths by proprapincas ares -

» e | S g

No. of ASL cases-dvingia:

OR

Western— Nonh

Rest of Annusle  Cumplapwe-— - Key-
Year Europr- Amencks. workd Latal 10La) e
1945 1 H !
T 1 1 2
1941 I | 3.
M I i 4
4 ] t : 6
ki 1 } 7
s $ H 2
9 H 2 i 18
1919 1 | 2 17 Viola -
1 i 2 3 p)
2 4 H s 3 .
1 i 4 b R | bk} Mahoar
4 3 2 b ] ki ] Croadncir~
3 6 4 ] | 45
[ I 6 3 - 2 11 (]
7 4 3 9 ® -
3 7 1 H 10 "
9 s — e—— 5 7]
1980 6 4 10 o
t 4 . 4 98
s 0 9 o 2
Touwl... k4 38 1 9ge - 98-

ASL = Anposarenma of Lhe bver

*Dows sot metude US31 (sill abive in 1983),
*AL tmae of compilation.

lsctudes GO3 {aerovol can Slier) tha omnts 01 (bag exzruder).

the association berween ASL and VCM exposure. A
hypothetical exposed population of 100.000 has been
used. but this is unimponant {see (a) below), An
sstrmate of the age distridulion within the hvpothet.

ical “total’ exposed popuiasion of 100.000 has pess

based on UK data (Fex & Collier. {977). For persons
zirezdy exposed dusing the wihole of the various
lzatent periods, the numbers with a laieney of 30 vears
or more form only 3 small proportion of the total,
The numbers of persons ar risk in the future ate

suiaied by advancing ume in S-vear periods aking
account of the zge-dspendenmt dezth ratas in the
pepulation at large. D2ath rates for an intermediata
vear for the male population of England and Wales
kave been used in this caiculation and the future cases
(column 10} have Desn obuained by multiplication.
The incidence figures for long latent periods (> 23
years) are unreliable or non-exisient but those for
latencies of 15-25 years are fairly constant 2nd values
of 0.5 and Q.8 cases 1000 persans have been used {or

all latency periods aver 15 vears w calculate the
expected number of cases for the 1964 and. 1974
assummptions.

The czisulation is uzrealistic m many respests bur
the stmopiifications are wnlikely io afeet the estmate
of future cases by more than 2 s=all fzctor. For
exampis:

(a) The pepulation size used for the ealcuiziion
is prabadly larger thaz the exposed popuiation.
but the calculation depends on thé rauo of
person-vears 1o come” and “person-vaars ex-
perienced”™ and lnis ratio is the same for any
popuiation size, :

{b) Exposure levai has besrrignared. The caicu-
lations are based on the overall risk 10 the
cohort and aithough 1he incidence figures for
sub-cohorts could be highem the. estimate of
future cases will change very litdle. Similarly
duration of exposure has beem ignored.

risk

Tabile 15. Hypotheusal calculaues of fuiure ASL cyses using 1wo diferent u:um:mohs about the date at which Use levels besame free of

Cakulauons assumung no nsk after 1964

Calculauom ascymng no nix iter 1974

: Future -Future

Latency Casex Petsony ay Sar pessans Future Persons at Sovr persons Future

o te date  tisk w0 dsie  inedence at msk cases risk to daie incidence 3 nsk Cases
1=§ ¢ 109,000 0.00 1] 9 100.000 000 <] 0
=10 . H 98,230 8.0t 0 9 94,500 0.01 T80 1]
11-1% 31 94,500 0.12 .0 [+] 73,000 0.l4 17500 i
1620 e § $4.7%0 0.33 6750 2 48,500 Q.80 45,000 T
2l=28 28 61,400 0.46 =4,550 1 28.1%0 0.97 §7.200 2

256=30 18 36,750 049 - 41,750 w 18,750 096 59,250 . 5
31-1% & 1250 0.23 <§.100 13 10.450 0.45 53,500 "
1640 & 50 0.3% 51780 4 3500 ST 45.000 o4
41=iS 0 0 ? 44,750 ? k31) K 46,350 ?
46=30 0 4] ? M.500 ? Q ? - M50 ?
5= 0 q b 37.600 ? 0 H a7, ?
)6 0.50 200.750 150 9.30 03 500 32

For deaiis of the asnenozons 152 Dethods s texr (e 197 & 196).
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fe} The~UK is not iypiealof the-worldwide— betweent\'CM exposureand ASL in man: ASL snd

§rowth m the: exposed:popuiauon:

(d) No account. has.beertaken: of piant 1m-
provements occurting priorio 1964 and hence-
fewercases: may occurin. for example: the-
1980-2000 penod than areesumated fromsthe-
1940-1980 expenence:-

An assumption that therisk of ASL ceased in 1964~
ratherthanin 1974 results in a considerabie reduction
in the estimate of future cases. For enther assumpnon:.
the number-of new” cases: observed-annually shouid..
soon begin 1o desline-and. the-rare of decline will
indicate.which assumplion: is nearer-to the: truth.

There~ have- been~ two - other- predicrions of the-
numberol cases.of ASL Likely 10 result fromr previous.
exposurezto VCM. Nicholson er al. (1984) suggese:
tbat there-will bea further-1500 cases of ASL. while-
Forman #1 2/, (1986) conelude thay a funiher 1 50200
deaths might be expected over the next 30 vears. Our
estimates fely on a-more sophisticsted mode} than the-
lavter- estimaate. and on a jarger-data set than the-
former: Nevertheless; the conclusions of Formam er
al. (1986) are similar to ours. Only the experience of
the next few vears will show- which is the best
esumate.

Summary sod conclusions

There is Gitde doubt that exposurs to high levels of
VCM as 2 consequenes of occupation can result in 2o
incrzased incidence of ASL. A reviaw of 30 epi-
demiclogical studiss involving about 45.000 workers
occupationzlly exposed 10 VCM showed that neo-
piasms of ihe liver showed an increzse in incidenee 1n
the mzjonty of siudies, For brain canzer the asgoci-
ation betwesn axzosurs 10 VCM 2ad an incressed
incidence was less clear bacause of the jower relative
risk. Neoplastus of the respiratory tract, digestive
system; lymiphatic 1nd hasmopoieuc system, buccal
cavity and phanvnx. cardiovascular system zad
colon'siamach were repormed to show an increased
incidence in cne or more studies, bul 10 show no
ineTease. of 1 some cases 2 desrease, in incidence m
otner studies. In view of the incressed inadence of
breast neoplasms in rodents exposed to VCM. the
studies of Chaizze er a/. (1980). who did not confirm
\nese findings in humans. are of impormance.

The regisier of ASL cases now contains records of
99 persons with confirmed ASL and occupational
exposure 10 VCM., The average laten: period beiween
first exposure 10 VCM and death fram ASL is 21.9
vears. The mzjority of cases occurred in autoslave
workers. who are recognized as having been exposed
1o extremely high levels, Although pracise estimates
of exposure are not availabie for the periods of most
interest. the pattern of cases roughly suggests that
extremely high exposures were negessary for the
induection of ASL.. Far exampie. ASL cases tended 1o
OCEUI In Jarger numoers in some plants than in others,
a finding that can be expiained most easily by
differences in exposure patterns;

There is an extensive series of animal studies on the
carcinogenitity of VCM, Some of these precede the.
epideminlogienl studies confrming the association

neoplasmerof 3 number-of otner-organs have beemr
induced:in: laboratony rodents by VCM. Esumanon

of the exposure-leveis likeiv 10 cause a hietme nsk of
ASL of 10°* on the basis of these-data give extremety

low-levels.(down 10 1.9 x 10~ ppby winch-appear 1o

be -unreslistic: estimates for man. Parrof the reason

for this is. that. iaboratory studies have-shown that

VCM is metabolized in the liver tand sisewherein the
body) to the reacuve mewzbobites chioroethviene ox-
ide and chioroacewidehvde: The rate of conversion is

limited -2t high levels of expasure giving inacturate
esumaies. of the. slope:-of the dose-response- re.

lavonship= 1t has. not been-possible: 10° esumate-the -
rate of conversiowin man. and hence extrapolation of

these~low.risk.. dose: estimates 15 copjeciural. The

second: partrof the problemrof extrapaiation at low

risk is the selection of 1he mon suizhle mathematical

model for extrapolation. Using Malioni's data from

rats (Maltoni er a/. 1981), thereis 2 substantial range-
{up 10 10" of lawe.risk dose estimates. depending on

the mathemztical model and the assumptions used in

applying-the: models;. Using the tame-(probit and

log-dose} modet and different sub-sets of expen-

mental data. 3 large-range of ssumates. is again

obtained. even afier correcuon. for the non.linear
kigesics of metabalism 2t high dose (which reduess

this. range 1o about 107). Larger differences are

obtained with caleulations using the Weibull analyss

as a basis of low-dase estimaton. suggesting that this

is a problenr with the use of mathematical modeis

rather than ope associated witk the iog-prosit anal-

vas, Although there was sonmdaszhle variability in

the dose-respense reiationship in the different expen-

ments reported. in all cases a total metadoiized dose

of 3 x 10° ug (equivalent \o inhalation of 200 ppm)

was required 10 producs an sievation in ASL ingi-

cenze. This dase regrasenis 2 practiczl threshold in

rodents. At this stage in their cevelopment. matne-

matcal modeis for low-nsk dose ssumaiss are not

swhicienuy  reliable or reprocucivle 10 engender

confidence in their use.

Using negauve epidemiolopeal studies of popu-
lations living in the wiciany of VCM producuon
(acilities, an estimate of the dose {or 2 10" lifeums
risk in man may be made (Barr. 1982). The value
(100 ppb) is similar 10 the Righest esumates derived
fromr anmimal data. and 1aking bviotransformatian
dara. into account, is substanually larger than the
lowest esumates, which are up 10 10" lower
(3.9 x 10" ppb using a muiti-nit model). The higher
estimates are compatible with occupational expert.
ence and suggest that the current hygiene standard of
around. | ppm is sufficiently low 1o protect the hezhth
of VCM:PVC workers.. The esumates also give 2
considerable safety factor for the general pubdlic
consumning PVC-packed food and drink or living
near VCM PVC facilities.

1t has been possible 10 provide a crude estimate of
the number of cases of ASL that may occur in the
future from exposure 10 VCM prior to 1974, Using
the age structure of employees in one company, the
toul numberof cases of ASL reponied 10 date and
the mortality pattern expested frem a normal popu-
lation.. the-possible: future nomber-of ASL cases has
beerr esarated. as.in the region.of 150-300.
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UNIVERSITY OF CALIFORNIA, RIVERSIDES

BLAKELEY * DAVIS » IRVINE o LOSANGELES * RIVERSIDE ¢ SaN DISGO o SANFRANOINCO

STATEWIHE AR POLLUTION REREARCH vEXNTERA RIVERS

“July 20, 1989

Dr. Richard Corey- ]

Toxie Air Contaminant Identification Branech
California Air Resources Beara

1102 Q Street

P.0. Box 2815

Sacramentoc, CA 99812

Dear Dr. Corey:

As promised in our telepnone conversation of Jurne 1G, 1689, I enclese:
comments concerning the atmospheric chemistry of viayl chloride,

trichloroethene and tetrachlorcethene (pe*chloroe:rere‘ I hope that
these comments are of use to you.

Yours sincerely,

b o

Roger Atkinson
Research Chemist
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Comments Coneerning the Atmespheric Chemistry of Vinvl Chloride.

Roger- Atkinsan:

A. V¥inyl Chloride.

QH Radical Reaction.

In addition to the {lash photolysis-resonance-fluorescence data of
Perry et al., Liu and coworkers {A. Liu, W. A. Mulae ana C. D. Jonah, J.
Phys. Chem., 93, 4092-4094, 1989) have used a pulsed: radiolysis-resonance-
absorption method to determine absolute rate constants  for- the gas-phase:
reaction af the QOH radical with vinyl chlofide over- the temperature range:
313-1173 K in the presence of 1 atmospnere of argenm diluent. The rate
constants obtained by Liu et al. over the temperature range common to the

Liu et al. and Perry et al. studies (313-423 K) are in good agreement with

thogse of Perry and coworkers.

& product study of the gas-phase reaction of the OH radical with
vinyl chloride, in the presence of Nox, has recently been carried out by
Tuazon et al. (E. C. Tuazen, R. Atkinson, S. M. Aschmann, M. A. Goodman
and A. M, Winer, Int. J. Chem. Kinet., 20, 241-265, 1988) using long
pathlength Fourier transform infrared (FT-IR) absorption spectrascopy <o
monitor the reactants and products in irradiated ethyl nitrite - NO -
vinyl chloride - air mixtures in the presence and ahsence of ethane (used-
to scavenge any chlorine atoms produced from the OH radical reaction).

The major products observed were formaldehyde {HCHO) and. formyl chloride
(HC{C)Cl), with the measured yields (corrected for secondary reacticns of
these products with the OH radical) being 0.96 and 0.83, respectively, in
the presence of ethane and 0.89 and 0.80, respectively, in the absence of.
ethane. These product yield data show that HCHO. plus. HC(O)Cl aeceount: for-
essentially all of the vinyl chloride reacted, and that: Cl atom production
in this OH radical reaction with vinyl chloride is minaor, at most. These

data then égree with the reaction sequence shown on page A-46 of the vinyl
chloride document,

000078
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Comments: -~ page 2

ﬂgi Radical Reaction,

A rate: constant for the gas-phase reactionm of the N03 ragical with
vinyl chloride. has.recently been obtained,. using a relative rate. techmique:
(R. Atkinson, S. M. Aschmann and M. A, Goodman;ﬁlnt; J. Chem. EKinet:, 19,
299-207, 1987)., Combining the measured rate ccnstant ratio at 298 ¢ 2 K
of k(NOg + viny) chloride)/k(NO; + ethene) = 2.08 : ¢.i3 =ith The roow
temperature rate constant for the reaction of the H03 rzoical «ith ethene
of 2.1 x 10'16 cms molecule™) s~ (R. Atkinson,. S, M. iscz=ann and J. N.

pPitts, Jr., J. Phys, Chem., 92, 3u454-3457, 1988) leads. to 2 rate constant
of

k(N03 + vinyl chloride) = 4.4 x 10~16 e’ molectie™' s™)
at 298 : 2 K.

Lifetime.

As noted, the lifetime of vinyl chloride in the tropesphere is
calculated by combiniag the measured rite constants for the gas—phase
reactions with OH and NO3 radicals and 03 (and other gas-phase lass
processes, if applicable) with measured or estimated amsient
concentrations of OH and N03 radicals and 03. Few, if any, reliable real-
time measurements of ambient tropospheric OH radical concentrations exist
to data. The most reliable global tropospheric OH radical concentration
value is that derived from the ambient tropospheric corncentrations and
emission inventory of methylchloroform, leading to an aaruzlly znd _
diurnally averaged global tropospheric concentration of 7.7 % 105 molecule.
cm™3 (Prinn et al., 1987). For the NO; radical,. the peasurec lower
tropospheric. coneentratians over continental areas range from= <3 part-per-
trillion (ﬁpt) up to 430 ppt (see R. Atkinson, A. M. Winer znd J. N.

Pitts, Jr., Atmos. Enviren., 20, 331-339, 1986). An averzge value of 10

ppt (2.4 x 108 molecule cm‘3) Seems” reasonable, with the reeczznition thats
this concentration is uncertain at any given-time by a factor cf :z 10.

000029 ..



Comments: - page 3

With these ambient OR ang N03 radical concentrations, . the calecula.
lifetimes. of vinyl chloride with. respect: to.reaction: withr OH a.nd:NO'-;p
radicals are then 2.3 days and 220 days, respectively. Since. the-lifetimes
of v{nyl chloride with respect to reaction with Oq is. {Tatle IV-2) -50°
gavs (using the rate cata ¢f Zhang et al. znc Cay et:al.), the OH radical.

reaction appears ta be the dominant tropospneric loss process for vinyl
chloride.
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IT, AIR RESQURCES BOARD STAFF RESPONSES. TGO COMMENTS ON PART A



B.

Comments= from-the*Goodyear-Tire-& Rubber-Company-

1.

2.

&

_ Comment:-CIatificationzis.requested:concetniné*thesreﬂationshipf

between=the:Californta=-10.ppb: ambient=air-quality standard for
vinyl chloride~and=the=0.3-ug/day concentration-of- viny} chioride-
which- poses: no:zsignificant=risk to.the:population:.

Response: This. comment= {s- addressed:.in PartC, III. Department: of:
Health-Services-Responses to: Comments on-Part B. ‘

Commant= In- the~sampling- and:determination of the-concentration-
of-vinyl chloride;- theruse:of analytical techniques:comparable-

to,.and:as reliable-as;.the:method.outlined- tn- the: report should
berpermitted.. . : E

Response: The ARB did not: intend to imply thatithe"sampiing and
analysis taechniques:desctibed:- in the preliminary-draft- report on-

viny! chloride: should. be: the-only method-used by facilities
testing for-vinyl chloride:.

Comments from the B.F. Goodrich Company"

1.

Comment: On page A-l .and A-2, the report: should clarify that
polyvinytl chloride (PVC) products used by consumers and the
construction industry are not sources of vinyl chloride.

Response: Page A-2 of the second draft report states that
finished commercial PVYC products are not expected to be
significant sources of vinyl chloride due to current processing
and shipping procedures. ARB staff can not conclude that these
products have absolutely no vinyl chloride associated with them

Comment: On page A-17 and A-18, the report should emphasize that
consumer- products of PYC no longer contain elevated-residual
levels of vinyl chloride.monomer—and are not expected to be
important- contributors to indoor- levels of vinyl chloride.

Response: The last sentence on page A-17 of the preliminary draft
report states: “Thus, consumer products made of PVC resins no
longer- contain elevated..levels of vinyl chloride monomer and,
therefore, are not: expected toc be an important contributor of
indoor-leveis of vinyl chloride." ' '

Comment:- On page: A-27 the ninth line from:the top, the“réport'

should insert-*{.e., chlorinated organic.compounds” after, "which
contain vinyl chloride”. o

Respanse: The preliminary draft report states: "Emissions of
vinyl chloride from landfills mainly occur by two mechanisms: 1)
direct vinyl chioride emissions from disposed wastes. which




i ORECT

contaimvinyt chliorider and=2) the=formation:=of vinyl chloride:
from=the: biodegradation- of- chrlorinatad:hydrocarbons.” The
“chlorinated: organic: compounds® referred-to- in: the  comment are:
addressed-by the second. mechanism:.

Comments- from:Dr- Roger-Atkinsom of the:Statewide:Air Polliution
Research-Center-at the.Untversity of Califormia, Riverside:

1. Comments The report {page-A-44) should. indicate:that the results
of ‘the-study of Liu and coworkers- (A. Liu, W.A. Muloc,. and C.D..
Jonahs. Journal of Physical Chemistry; 93, pp. 4092-4094, 1989)
which- determined- absolute rate canstants: for the gas-phase:
reaction-of the hydroxy) radica& with vinyl chlortde:over—the=

temperature range- of 313 to 423K agree-withr those:of Perry and
coworkers,

Response:r The second draft of the report reflects: this additional
information on page A-41.

2. Comment: The report (page A-44) should incliude: the most-relijble
estimated avenage hydroxyl radical concentration-of 7.7 X 10
molecules cm ~ derived by Prinn and coworkers (Prinn et al.,
1987) through the use of the ambient tropospheric concentration
and emission inventory of methyl chloroform.

Response: This additfonal information is included on page A-41 in
the second draft of the report.

3. Comment: The report (page A-46) should indicate that a study by
Tuazon and coworkers (E.C. Tuazon, R. Atkinson, S.M. Aschmann,
M.A. Goodman, and A.M. Winer, International Journal of Chemical
Kinetics. 20, pp. 241-265, 1988) confirmed the study by Pitts and
coworkers (Pitts et al., 1984) which demonstrated that the

reactton of one molecule of vinyl chloride with hydroxyl radicals
yilelds aone molecule of formyl chioride.

Responsa: This additional information is included on pages A-42
and A-43 in the second draft of the report.

4, Comment: The report (page A-47) should include new data (R.
Atkinson, S.M. Aschmann and M.A. Goodman,

Interpstional Journal
of Chemical Kinetics, 19, pp. 293-307, 1987 and R. Atkinson, S.M.
Aschmanm and J.N. Pitts, Jr.,. Journal of Physical Chemistry. 92

pp. 3464-3457, 1988) concerning the rate constant of the gas-
phase. reaction of vinyl chloride. and the nitrate radical.

' o

Response: This new data is included on pages A-43 and A-44 in the
second  draft of the report.
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Response to Comments: Vinyl Institutq" Di [J T

I. General. comment:

Comment? - "THere area at least: two- areas. of discussion .that- are
inadequataly treated.....They are the pharmacokinetic knowledge: of
vinyl chloride in the risk: assessment: approach. and-a. total. inadequate:

trestmentof the large number— of studies in the puhli.shed- literatm:a.
(sic)

Response: DHS staff note the usefulness of the commenter’s general
suggestions advocating more explicit consideration of the pharmacokinetic
model and. of the epidemiclogical data: in the- quantitative- risk: assessment:
Therefore, in the revised document; DHS staff: have described. quantitatively
the Michaelis-Menten. kinetic model, as developed by Gehring et al. (1978),
which the. commenters specifically mention. The model has. been included in

the risk analysis of the major epid.emiologica}. study and in the quantitative
analysis of the animal studies.

I1I. Specific comments

A, Concerning the assertion that the risk assessment does not adequately
treat pharmacokinetic.knowledge of vinyl chloride:

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

Response: DHS considered both the references that the commentar mentioned.
The original DHS risk assessment citad one of -these two references, as well
as many other references on pharmacckinetics. See pages 2-1 through 2-17,
and especially page 2-4, where Bolt et: al. (1981) is cited. The original
public announcement listed the Andersom et al. (1980) paper, but the DHS risk
assessument. did not cite that reference  because. the original DHS risk
assessment: did not use the pharmacokinetic approach’ in the gquantitative
modelling of risk predictions. That reference obtained a multistage risk
estimate in the lower end of the range of risks, consistentc with the DHS
calculations for the early Maltoni data. that Andersowr et al. used. The:
revised. risk. assessment now cites Andersom et al. (1980). '

2. Comment:  "The DHS document fails to incorporate any of the.

established pharmacokinetic. informacion in. its trestment of
theoretical risk for vinyl chloride."”

Response: The revised document now includes a pharmacokinetic model in the
quantitacive prediction of risk. The original version of the document
included on pages 8-1 and 8-6 a summary of the implications of the
pharmacokinetic. information and concluded. that the pharmacokinetic analysis.
is not: quantitatively  necessary (for- laboratory- rodents) because ‘of
sufficient- bicassay data. at exposures: below.the saturation concentration for—
rats. This view-is consistent with an independent analysis.of Krewski. et al..
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(1987). They  reportad. that- whemr basing: the quancitative- risk analysis. for-
rats on dosess balow. 200.500 ppm;. which is. within the linear range- of dose
response,. thereris. virtuslly no differencs: becweenrunit risks. obtained. using-
administared. dose.and. dalivered. doss, as.obtained:in a pharmacokinetic. model.
The revised analysis did find a grsatar-difference, and the revised. version
of the documsnt-performs=the analysis.using a pharmacokinetic model..

3. Comment: A reactive- metabolita. is probably respongible for- VC©
toxicity:

Response: DHS 'agress: The original vinyl chloride risk assessment document:
stated at page: 8-1, "the oncogenicity of vinyl chlorida appearz to be dues:to
one or mora:reactive- metabolitas; rather than: thes parsnt molacule”. Also,
the first sentence in Chapter 2, Metabolism. and. Pharmacokinetics, stated,.
"Experimantal evidence. has. suggested thac vinyl chloride must undergo
transformation to a reactive metabolita(s) by the-liver to be toxic.”

4. Comment: "It is currently thought- that. VC is metabolized by
epoxidation with subsequent. production of chloroacetaldehyda.
The further oxidation and conjugation with glutathione are
rasponsible for the metabolites found in the urine.”

Rasponse: The risk assessment mentioned both the epoxidation process and-
the conjugation with glutathions -- on pages 2-1 and 2-13 respectively. Both
also appaared in the IARC diagram, which is Fig. 2.1.

3. Coument: Gehring found that several models 'ovarprediccad the
Tisk to man unlesa carrected for varying rates of metabolism and.
for surface area differences of the different species.

Response: 1In 1978 Gehring et al. used pharmacokinetics in fitting a probit
model to obsexrved cancer rates in the rat biocassay. Those authors then went
on to use suxface area scaling on  the assumed. rata of metabolism to
extrapolate the results from rats to compare to a human risk measurement,
derived from an occupational study (Fox and Collier, 1977). 1In 1979 Gehring
et al. used the same pharmacokinetics in fitting four models to observed.
cancer rates in the rat-bioassay. Those authors. then went on to extrapclate
all four results from rats to compars to an cccupational risk study that was
then recently completed by Equitable Environmental Health (EEH, 1978). The
comparison by Gehring et al. considered. the probit prediction to be in
satisfactory agreement with the new human measurement without any scaling of
risk by surface area. Of the remaining three models, the authors reported
ona as being too low and the other two as being too high. A follow up study
of the occupational group (Wong et al., 1986; see comment: B-2 below)
subsequently indicated much higher rates of human liver angiosarcoma than had.

the earlier: study. These: last two occupational studies (EEH, 1978 and Wong
at al., 1986) remain unpublished.

B. . Concerning the assertion that the risk assessment does not adequately
treat the large number of epidemiclogy studies in the published
literature:
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1. Comment:  To dismiss. the: large-number: of epidemiclogy  studies.
and- to relegate themr only- to comparisons: with animais 1is.
unacceptable. "DHS® demonstrates- a bias. towards: the utilizacionz
of animal experiments: as. a priority- over- humam evidence: in thelzr—
approach. to risk: assessment:. This. results. in a. dramacic.
oversstimate. of 1likely human-risk at.the lowsenvircnmental.levels:
being addressed. by the document.” The DHS judges that risk.
extrapolations: based: omr the: human: data. are: comparable: to: thoge-of
the animal predictions, yet differences. of an- order of magnituda.
or two in risk: agsessment can: often: havex a—. dramatic practical.
effact; "When: adequate or substantial K human: evidence exists;
that data. should be given praferential. tresatment: in the risic
sssssspent process.”

Response: The original document pointed out at pages. 1-4, 7-55, 8-7, B-2
and B-3 that the epidemiological data are important: to. comsider- in the risk:
assessment: but mostly are not sufficient to construct reliable. dose-responsex
functions. One of the main: reasons: for this.limitatiom: is. the inability of:
the occupational studies to account for the effects of sex, tumor site and-
age of exposure, all of which are found to be important in the animal.
carcinogenicity results. Also, there are large uncertainties of exposure in
the occupational studies. The original document did. make  the comparative:
statement that, taking all the limitations of the occupational studies into
account, "the human risk estimates are consistent with those obtained for
laboratory- animals." (page l-4)., See also page 8-10. Using suggestions of
the commenter ‘about pharmacokinetics, DHS has reviged. the estimate of
lifetime unit risk for all cancers to be 4.5 x 107 ppb"", based on an
occupational study by Waxweiler et al. (1976). This. estimate is only a
factor of four less than the best animal predictions. Such a result
represents reasonable consistency, considering that the occupational results
may not take proper account of the greater sensitivity found in females, the
greater risk to children, and the inability of the human studies to detect
any, except relatively large increases, in any specific type of tumor. The
DHS has revised the document to include the two most reliable human results,

both from the Waxweiler et al. (1976) study, which do now overlap the
narrowed range of risk for animals. :

2. Comment: Two updated epidemiology étu_.d_ies, one' of over 10,000
workaers, are cited in support of the commenter’s position that

"DHS’'s approach. to dismiss human. epidemiology evidence in their
risk assessment is inadequate.”

Responge: The original document reviewed epidemiology studies on pages 7-31
through 7-55 and developed quantitative analyses in Appendices B and C. The
document cited both the studies mentioned by the commenter. The first is the.
paper of Daher et-al. (1988), which is cited at page 7-46. Tiis paper, which
is less than two pages. in. length, continues to follow- the same- 533 Dow
enployees as did the study of Ott et al. (1975). = The number of persons in
the study is still too small to expect to detect. any- effact. The second
study mentioned by the commenter is the epidemiological. follow up for the
Chemical Marmufacturers Associatcion (CMA), which was summarized in the Tables
B-1 and B-2 of the original document: This. study recorded.359 cancer deaths..
The SMR for liver: and biliary cancer was very large,.64l, and. the SMR. for
brain cancer; 180, was statistically significant: On:page. B-10 that study-
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vas.also: citedzas-providing. somerevidence-againat—a relationship between- lung:-
cancer-and.vinyl chloride exposurs. This.work: for-the CMA was listed in the
original bibliography- by tha. - corporate: author; Envirommental Health:
Asscciates (1986)‘. The: risk assessment: has.been: revised-to use a. consistent:
means: of refsrsncing: this unpublished:work as Wong- et al. (1986). DHS staff:
has not put- much- weight- on this work becsusa: it does not appear to be-

proceading- to' the peer-revieawed. literatura: and. {t 1z problematic to relate.
most-of the-studies: to: exposure.. '

. Comment: Liver- angiosarcoma: "i{s. the most- suitabla end-point:

for-analysis of risk:of exposure to vinyl chloride." .

(a) The ™most- reasonable interpretation of the data. is.
consistent with- thew= causal. association of vinyl chlorida-
and. an excess. of brain cancer; haoawever, the ralative risk.
calculation for brain cancar is much lower than that for:
liver cancer."

(b) "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." (sic)

(e) "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.”

(d) "Angiosarcoma has been demonstrated to ocecur both in
animals and humans when exposed to vinyl chloride.”

Response: Liver anglosarcoma plays a major role in the current risk
agsessment, for the reasons given by the commenter. Nevertheless, other

sensitive indicators of carcinogenesis, such as breast cancer observed in
rodents and several cancers in humans are also considered.

4. Comment:: A recent paper by Purchase et al. (1987)
"demonstrates a much mors studied and scientifically defensible
approach to assessing risk.of exposure to vinyl chloride.”

Response: The approach of Purchase et al. is not defensible by current
standards of risk assessment in the U.S. The models that they use in their
risk assessment to interpret animal data have becoma of marginal importance
compared to the multistage (or single stage) model, which has mors biclogical
plausibility and also provides more stable estimates of confidence limits om
risk. Expressing their results as dose producing one-in-a-million risk, they
use the marginal models % produce an excessively large range of dase, with
the highest dose being 10*" the lowest-dose.. The higher doses are said to be
consistent with the occupational experience, but there is no support for that
statement in spite of a lengthy analysis: of data on liver angiosarcoma. in
vinyl chloride workers in several countries prier to 1982. Tha only dose
that the paper derives from the human. studies is from a sketchy environmental
effects analysis of Barr (1982). See the next: item.

3. Comment: Barr: (1982). conducted an analysis of 1liver
anglosarcoma cases. that: could be- located. among populations
infarred. to be living: in. the vicinity of VCM production.
facilities. The resuits. suggest that- "100 ppb represented. the
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estimated dose representing a 1 x 10°® 1ifetime 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 1liver angiosarcoma because that analysis is so
unsubstantial epidemiologically 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, which 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,

- G3Jg00oc”?



Response to Comments: . The Goodvear Tire and Rubber Company

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 coucentration of vinyl chloride
which poses "no significant risk" to the population - 0.3 micrograms/day and

the interaction of these two values 1in the regulation of toxic air
cantaminancs." (sic)

Response: As pointed out at page A-l of the risk assessment document, the
Alr Resources Board in 1978 adopted 10 ppb as the ambient air quality
.standard for vinyl chloride in Califormia. That standard is not to be
exceeded in alr within the jurisdiction of the Air Resources Board.

The rate of intake of vinyl chloride which poses "no significantc risk” under
Healch and Safety Code 25249.10 is 0.3 ug/day. DHS determined that intake
rate to ensuré that the estimated lifetime r%sk of cancer from intake of
vinyl chloride by all routes is less than 10°~ 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 scudy.
For exposure by inhal?tion alone that EPA potrency is equivalent to a3unit
risk of 7 x 1074 ppb = vinyl chloride for a 70kg human breathing 20 m”/day
with 40% 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 the 0.3 ug/day intake rate to the BO pph air
quality standard is obtained by converting the 10 ppb (26 gg/m ) to its
equivalent intake rate of 210 ug/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."
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Response to Comments: The B.F. Goodrich Company

Comment: The “primary deficiency of the CARB document on identifying VCM
as an air toxie 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, O.; 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

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



IV. LANDFILL GAS TESTING PROGRAM UPDATE
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IV. LANDFILL GAS TESTING PROGRAM UPDATE

Landfill Gas Testing Program data .on page A-31 of the preliminary draft
report were amended on page A-29 of the second draft to include test results
through December 1989,
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V. AIR RESOURCES BOARD STAFF LETTER TO THE GOODYEAR
TIRE AND RUBBER COMPANY REGARDING THE REQUEST FOR
AN EXTENSION OF THE FIRST COMMENT PERIOD
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George Deukmejian, Goverae

LR RESOURCES BCARD
i1z 2 oTAge” :
f2opgs Imu

» LALRAMENTD Ca 935812

September

C.A. See

Corporate Environmental Engineering
Department 1:00

Goodyear Tire & Rubber Ccmpany

1144 East Market Street

Akron, Ohic 44316-0001

Dear Ms. See:

\

o
- M 0T Qéé
Lo & % v !
2¢, 1989

Thank you for your response to the cdraft report

Proposed THantification of VYVinyl Chloricde a2e &

Texic Adr -

Contaminant. Your comments will be considerec¢ and addressed in

Fart C of the second draft of Lthe report.

The second draft of the report will

be mailed to you

and other members of the public fer final review. It will

include Farts A, B, and C of the report as well

g5 &n executive

summary which summarizes Parts A znd B. A 20-day comment pericd
will be given for your review. During this ccmment period, only
comments on the executive summary and any revisions made to the
report will be accepted. A1l of the comments received and our
responses will then be incorporated as an addendum to Part C.

The final draft report, including Part C, will
to the Scientific'Review Panel for its review.

then be submitted

‘ The Scientific Review Fanel has requésted that all
public comments be directed to the Air Resources Board within
“the time spans allotted for the two comment periods. In

accordance with this process, we are unablie to
comment period as you requested.

extend the first

If you have any gquestions, please call me at

(816) 322-7072.

Sincerely,

?uz%u—»w_ﬂ\
. Robert Barham, Chief

Texic Air Contaminant
Identification Branch

05606041
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 DRAFT
The Goodyear Tire &Ruhber Compamy

Akron, Ohkio aasie -cool
CORPORATE ENGINEERING

September 1, 1989

Alr Resources Board ' i
Toxic Air Contaminant Identification Branch

P.O. Box 2815

Sacramento, California 98812

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 Chleride as a Toxic Alr Contaminant".

Clarification is requested concerning the relaticonship 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 twoe values in the
regulation of toxic air contaminants.

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




-
-2- septemver 1, 19@ {ﬁ: ﬁ&i i T

An adequate review of the medical studies of the effect of exposure
to vinyl chloride can not be satisfactorily completed before the end

of the first comment periocd. Therefore, a request is being made for
an extension of the initidl comment period.

If you have gquestions, please call the writer at 216-796-2698,

Sincerély,

Q A Ss-

C A See )
Environmental Engineer
Corp Environmental Engineering

CAS:cas
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I. PART C ADDENDUM
COMMENTS RECEIVED
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX -

6‘? 215 Fremont Street

San Francisco. CA 94105

June 8, 1990

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Air Resources Board

Arn: Vinyl Chloride

P.O. Box 2815

Sacramento, CA 95812

Dear Ms. Shiroma,

Thank you 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 group is conducting a detailed review of the report. Any
additional comments resulting from this review wiil be delivered by June 22 of this
month. Ms. Barbara Cook o% your office assured me that these additional
comments will be addressed by the Scientific Review Panel.

Please note that the Operating Industries, Incorporated (OII) landfill is 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 OII landfill.
Twenty-four hour air sampies 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 aiso being collected for this study. The results of this study
will be used to support EPA’s risk assessment for the OII landfill.

Please include the following paragraphl in the Executive Summary:

The Operating Industries, Incorporated (OII) 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 impiemented more
stringent landfill gas control measures. EPA has also selected a
remedy for landfill gas controi that is expected to substantially
reduce landfill gas emissions from the OII landfill, It is fully
anticipated that these control measures will substantiaily lower

the ievels of vinyi chloride in the ambient air in the vicinity of the
. Oll landfill. ' '

" Thank you for the opportunity to comment.

Sincerely, 7
. nlomdt Qo
. . oy Herzig,
i ) Environmental Engineer

C8G044 -




@ v /aste stanadement Lo Mortn Amenca. ine.
” Government altar -
325 L Slreet. Suite w0

L3CTamentd. wuais t1a v5s14
R IdR«ATS
SR ST TR N Ny

June 11, 19%0

Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
AIR RESQURCES BOARD

P.C., Box 2815

Sacramento, CA 95812

ATTENTION: Vinyl Chloride

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

Thank you for the opportunity to provide comment on the|ARB's
propesal 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 hazardocus 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/Vinyl Chloride
June 11, 1990
Page 2

NDE S_AS SQURCE OF VINYL CHLORID

On page A-23, the second paragraph states, "Based on the emis§ion
estimates for two landfills in California (BKK and OII), landfllls
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 references to landfills being

the largest source of vinyl chloride emissions are made elsewhere
throughout the report. It is erroneocus to assume that these two
landfills are representative of all landfills. Both BKK and ©OII
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 OII. Rather than attribute vinyl chloride emissions to
landfills, the report would be more accurate in attributing such

emissions to superfund sites that once recelved vinyl chloride
waste for disposal.

Attached to this letter I have included summary tables of the Alr
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 rulemaking for
vinyl chloride as a toxic air contaminant should be delayed until
this recent and very critical information can be properly
incorporated 1into 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

030045



ARB/Vinyl Chloride
June 11, 1990
Page 3

a digsarvice to the waste management industry and contrary to state
law. This is made even more true by not using rga@xly_avallable
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 cepy
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, "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 10°° , while even for persons staylng permanently at the edge
of the landfill the lifetime risk is only 50 x 107

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) 1is entitled, ‘"Techniques for the Assessment of the
Carcinogenic Risk to the U.S. Population due to Expcsure from

Selected Volatile Organic Compounds from Drinking Water via the
Ingestion, Inhalation, and Dermal Routes'.




ARB/Vinyl Chloride
June 11, 1990
Page 4

RECOMM A N

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 yoﬁr draft Techpigal
Support Document. If you have any questions or concerns pertaining
to these comments, please do not hesitate to contact me.

Sincerely, \
VIR ;;z:"‘ :
(e

Charles A. White, Manager
Regulatory Affairs

CAW: fal

Attachments

cec: Dave Dolan )
Sara Broadbent
Sue Briggum



ATTACHMENT 1

TABLE2.1
SUMMARY QF ALTAMONT ASWAT RESULTS (apbv)

Gas Charactenzation Ambient Air (Net Downwing
Inereasa Compared with
anafilGas  Infegrated Reur Cananaaus
Sample '
Rritmary Targer
-Menitoring Comgeoynd )
Vinyl Chloride 3,000 1.0 | a.0
Supplemental Targey
Benzene <500 <2.0 -
Ethylene Oibromide <50 <0.5 -
Ethylane Oichioride 32 <g0.2 -
Mathyiene Chicride 21,0603 <1.0 -
Perchloroethyiene 5.400 0.4 : -
Carbon Tetrachioride <$ <0.2 -
Maethyi Chieraform 210 0.5 -
Trichieroetnyiene 8,600 Q.8(h -
Chlerafarm 4310 <Q3 -
Methane 480,000,000 3.00¢0 -

Note: ppbv = parts per billion by voiume.

{a) This result is potentialy due to limitations of the anaiytical methods specified by the ARS
in the Testing Guidelines (i.e., a non-Calderon constituent may coeiute with methylene
chloride).

{(b) Altamont integrated surface sample vaiue of 0.8 gpiv for perchiorcethylene is similar to

the ARE background vaiue of 0.6 ppbv for the Bay Area Region (1985 data) in which
Altamont iy lccatad,

(¢} Altamant integrated surface sample vaiue of 0.5 ppbv for methyi chloroform is nearly
identical to the lsboratory detection limit (<0.5 ppb), and is weil below the ARB

background vaiue of approximataly 2.1 ppiv for the Bay Area Region {1985 data) in which
Aitament is located.

(d) Altamont integrated surface sample vaiue of 0.9 pphv for trichioroethyiene is simifar to

the ARB background value of approximately 0.5 prov for tne Bay Area Region (1985 data)
in which Altamont is ocatsd.

CCU0: L 2.5




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

izati mbient Air {Net Dawnwing
- Gas Characuarization A nerease Compared with
Upwind Concantrations)

Landfill Gasio |n§é${aud

ng;?: Cait:uoouurs(d gg:tcr%m:"ll?

Primary Target
Menitaring Compsund _
Vinyl Chicride 4,629 ot 0.2(0) 0.0
§ugg'lem‘eﬂta| Target

mtarin m n
genzane 571 <2.0 0.0 0.0
Ethylene Dibromide ) <4 <0.5 0.0 0.0
Ethytene Dichloride <20 <0.2 0.0 0.0
. Maethylene Chioride 2,094 <1.0 - 4,00 2.3
Perchlorgethylene S78 0.4l g.2® 0.0
Carbon Tatrachioride < 0.8 480 0.7(0)
Mathyl Chloraform 824 <05 0.9 170
Trichicroethylena 442 - <08 : 0.0 0.0
Chioroform . 0 <08 0.0 0.0

Methana 62,000,000 10,000 . o

Note: ppbv = parts per billien by volume.

(a8} Lancaster integrated surface sample value of 0.4 ppbv for perchioroethylene is simiiar to the
ARB background value of 0.2 ppbv for the Southwest Desert Region in which Lancaster is
located (sde Tabje 2-2), ) .

(B} Thase downwind ambisnt incramants are greater than gxpectad considering the low
concantrations for the integrated surface samples and landfill gas sampies. Howaver, these
downwind increments are lass than 5 ppbv, which corresponds to inherent data uncertainties

with ASWAT ambient air data assaciated with limitations of the analytical methods specified b
the ARB in the Te;tin? Guidefinas, v P Y
a

(¢} Based on composite data which includes aif sampies.



TABLE 2-1
SUMMARY OF DAVIS STREET ASWAT RESULTS (ppbv)

Gas Characterization Ambient
24-Hour Ambient Air (Net
Landfill Gas '"§:?f':::d Downwind Increass Cémpared

Sampie Upwind Cancantration)(a)
Vinyt Chioride <500 <2.0 0.0
Benzene <500 <20 ' 0.0
Ethylene Dibromide <t <0.5 .0
Ethylene Qichloride <20 <0.2 0.0
Methylene Chioride <60 §(0) 0.0
Percnloraethylena <10 <0.2 0.0
Carbon Tetrachicride <$ <0.2 0.0
Methyt Chiareform <10 1,1¢¢) - 0.4
Trichioroethylene <10 <0.8 0.0
Chloraferm <2 <08 0.0
Methane 530,000,000 <2000 d

Nots: ppov = parts per billion by volume.

&)

(e}

Based on composite data for ail sampiing days. o L :
Qavis Straet integrated surface sampie value i1 higher than expected consigering the
nomaaetaction of this cansttuent in the landfiil gas samoie. The reported value may nave csen
affected by ambient backgrouna levels, which may exceed 10 pRby in the Bay Area (sae
Tabie 2.2), and/or limitations of tne ASWAT anaiyucal methads specified by tne ARB In tns
Tcmn? Guidelines, which may requit in data uncertainties of approximately 5 peav.

Dawvis Street integrated surface sampte value gt 1.1 ppiv is higner than expectea considering the
nonaetection of this consutuant in the lanafill E)as samplq. The rencriaa vaiue i$ smiiar to the
background vatue of 1.4 ppbv based on 8 AAQMD data for San Leandro, (See Tagle 2-2.) _
This ownwind concantraticn incrament may he due to limitations of the ASWAT anatyticai
mathods specified by the ARB in the Testing Guidalines, which may resuit in data uncertaintes
of apgroximately 5 ppbv. The resuits presenteq above da not inciude the primary sampter
rasuits, which have a contamination bias of approximately 4 ppbv.
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TABLE 5-1
SUMMARY OF DURMAM ROAD ASWAT RESULTS (ppbv)

Gas Characterization ' Am?ri':m.ﬁ r 2:1“3?:;"“;""‘1
_ Upwindg Cancentration)
Landfill Gas *ngggggd —
Sampie 24-Hour Cantinuous
Primary Target : :
Menitoring Campouynd - N
Vinyl Chioride 3,000 : <2.0 : - 0.0
suppiemental Target
Manitering Compounds
Senzene 1,000 <2.0 _ -
Ethyiene Dibromide <1 <0.5 | _ -
Ethylene Dichlaride <20 0.2 -
Mathylene Chloride 7,500 <1.0 -
Perchicroethyiene 5200 0.3 -
Carbon Tetrachioride <S <0.2 -
Mathyt Chiarafarm 300 1.3 -
Trichiaroethyiene 2,000 <0,6 .
Chloroform 260 <0.8 : -

Methane 520,000,000 <2,000 : -

Note: ppbv = parts ner billion by volume, -

(8} Durham Road integrated surface sampie vaiue of 0.3 ppbv for pe'rchio_rue_thyiene is similar

ta the ARB background vaiue of 0.6 ppbv for the Bay Area Region (1985 data), in whigh
Ourham Road is located.

.{b) Ourham Road integrated surface sampie vaiue of 1.3 ppbv for methyl chiarcform is similar

to the ARB background value of approximately 2.1 ppbv for the Bay Area Region (1985
data), in which Durham Road is located.

5-2
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TABLE 2.1
SUMMARY QF BRADLEY ASWAT RESULTS {ppbv)

Ambiant Alr
{Nat Dowrwind Increass
Compared with Uswind
Gas Characterizationic) Cancentrations)(c
integratqeg 4-Haur Ciractionaily
Langfitt Gas  Surface Sampie  Cantinuous Qontralied
Primary Taraet
MM_H@MM
Vinyt Chloride 33,8250 - 0.2 Q.0
2| Target :
n

Benzene 900 1.5 ‘ 0.1 0.3
Ethyiene Dibromide <3 <0.5 4.0 0.8
Ethyiane Dichioride <30 <Q.2 0.0 ¢.a
Methyierie Chloride 2570 < 1.0 3.0 1.3
Perchioroethyiens 378 0.4 <.} Q.1
Carban Tetrachioride <5 0.2 <0.1 0.0
Methyl Chioroform <10 7.5 0.3 Q.8
Trichioroathytane T 14138 <0.§ 0.6 2.0
Chlerotorm <4 <0.8 0.3 ' Q.5 -
Methane 500,000,000 <5,000 - -

Notes: 1. pphv = parts per biilion by velumae,

2. The landflil gas sampies were coilected in Oecamber 1987/August 1988, integrated
surface sampies in May 1988/August 1988, and ambient samples in May 1988.

3) Based on composite gata, which indude ail downwind samoles.

(B} This result may have been affected by sample matrix interfarencss, coniution of constituents
with similar GC retention times, and other inherent {imitations of the ASWAT anaiytical methods

specified by the ARB in the Testing Guidslines. Ambient air concantration raesuits confirm that

dradiay Landfi) gas emissions for this canstituent do mot affect offsite air quality,

(e} Vaiye is similar to the ARE range aof background vaiyes (1.11-7.07) for tha South Coast Regien.




E
TABLE 2-1
SUMMARY OF KIRRY CANYON ASWAT RESULTS (ppbv)

Gas Characterization Ambient Ait
24-Hour
Emission Continuous
Landfili Gas - Sereening Downwinds
Vinyi Chioride 41,000 - <20
S8enzene 2,300 - <20
Ethylene Dibromide <1 v— <0.5
Ethylene Dichioride <20 - <0.2
Mathyiene Chioride 29,0000 - - <1.4
Perchioroethylene 2,100 ' ~— 0.7te
Carbon Tetrachicride <$ - <0.2
Mathyt Chloraform 190 — 1.0(d)
Trichlgroatnyiene 2,200 - <0.6
Chloroform 2.000 - E <0.8
Methane 2,600,000 < 50,000 -

Note: ppbv = parts per hillion by volume.

(a) One sampie day with two collocated samplers. _

(D) These resuits may have been affected by sampta matrix interferences, co-
elution of constituents with simiiar GC retention times, and other inherent
limitations of the ASWAT anaiytical methads specified by the ARB in the
Testing Guidelines. Ambient air concentration resuits confirm that Kirby
Canyon Langfill gas amissions for these constituents do not affect offsite air
quality (in fact, they were not detectad in the ambient sampies).

(¢} This concentration is higher than expected <onsidering the low
concentration datacted in the landflil gas sample. Howevar, this
concentration of 0.7 ppov is similar ta BAAQMD/ARE recuits for the 3an
Jose/Bay Area (0.5-0.8 ppbv mean with 1.6 ppbv maximum), Therefere, the
Kirby Canyon results are attributabie to bagkground conditions.

{d} This concentration is higher than expected considaring the low
concentration detected in the landfill gas sample. However, the
cancantration of 1.0 ppbv is similar 10 BAAQMO/ARBE resuits for the San
lose/Bay Area (0.8-4.1 ppbv mean with 47.3 ppbv maximum), Therefore,
the Kirby Canyon resuits are attributanie to background canditions.
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TABLE 2-2
COMPARISQON OF KIRBY CANYON AMBIENT AIR RESULTS (ppbv) (BASED ON THE 24-HOUR
CONTINUQUS DOWNWIND STATION) AND AVAILARLE REGIONAL DATA

L3

. Number of
Mean Maximum Qbsarvations

Kirby S.F. Bay san Kirby S.F.Bay Kirby  S.F. Bay
Canyon  Areals)  Joseld)  Canyoni®)  Areai®  Canyonid  Areaid)

Vinyl Chieride <20 (e) (c) <20 (e) 2 ()
Eenzene <2.0 1.8-3.2 4.4 <2.0 15.6 2 91
Ethylene Dibromide <0.5 0-0.01 " (e} <05 0.1 2 82
Ethylene Dichloride <d.2 0.65-0.07 (¢} <0.2 0.3 2 g4
Methyiene Chlaride <1.0 0.7-4.3 2.8 <1.0 . 11.8 1 a2
Perchioroethyiqne 0.7¢e} ¢.5-0.8 0.5 1.3 1.6 p) 84
Cartyon Tetrachiaride <0.,2 0.2 a.1 4.2 0.5 2 a3
Methyi Chlaraferm 1.0th Q.64.1 1.3 1.2 47.3 2 83
Trichioraethylene <0.5 4.3.0.7 0.3 <06 1.0 2 43
Chicreform <08  0.03-0.05 0.0% «<0.8 Q.1 2 84

Note: ppov = parts par killian by vaiumg.

{a) Based on avaiiabla ARR data for the $an Francisco Bay Area (Caiifgrnia Toxic Air Quality Dats -
Summary of 1985 Taxig Aic Quality Oata, Preliminary), '

(b) Based on avalable 1986 BAAQMD data far San Josa (Toxic Air Monitoring Summary, 19881987,
8aard of Directors Maeting, Seotember 2, 1987).

(<) infermatian not availabie far this regort.

(d) Qne sample day with two cellocated sampiers.

(e) This concantration is higher than expected considering the low cancantration detected in tha
langfill gas sampte. Howaever, this cancentratian af 0.7 ppbv is similar 1o BAAQMBO/ARB results for
the San Jose/Bay Area (0.5-0.8 ppbv mean with 1.6 ppbv maximum). Therefare, the Kirty Canyon
resuits ave attributabie o background conditions.

(f} This concentratian is higher than expectad considering the low <ancentration detected in tre
lanafill gas sample. Howaever, the concentration of 1.0 ppbv is similar to BAAQMOV/ARE resuits for

the San Jose/Bay Area (0.6-4.1 pphiv mean with 47.3 gpbv maximum). Therefare, the Kirby Canyen
resuits 3re attributabie to background conditions.

GooerER 2-7




ATTACHMENT 3%

DATE: June 11, 19290
FROM: Chuck White \
TO: David Dolan /9 E/
‘ .
RE: Comments on the Air Resources Board’s "Proposed
Identification of vinyl Chloride as a Toxic Alr
Contaminant"

I have resviewed Part B of the Air Resources Board’s "Proposed
Identification of Vinyl Chloride as a Toxic Air Contaminant". The
ARB is to complimented for the thoroughness of this report. Thare
ars, however, several issues that deserve some attantion. Giyan
the short amount of time available for this memo, please excuse its

. terseness.

First, why bother using the linearized multistage mecdel under the
pretense that it is a true mechanistic medel (which it is not),’
when a simple linear regression usually yields nearly identical
estimates of g (r® = 0.98)(Personnel conversation with Curtis,
Travis, Cak Ridge National Laboratory)?

Sacond, the discussion of uncertainty in the gquantitative risk
estimates is given short shrift. Although the uncertaintles or
absence of expesure data in the occupational cchort studlss ls
menticned, there is no discussion of the conservatism built into
the risk estimates by the selection of data for extrapolation, and
the extrapclation assumptions, and the effects their underlying
assumptions may have on the rigk estimates., For inatance, thse 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 issues the extrapolation ¢f rodent potency
estimataes to humans, particularly on the basis of surface area, and
the use of upper 95th percentile estimates of carcinogenic potency

inst;ad of the MLE, may altsr potsncy estimates by an order of
magnitude, or mors. (U.S. EPA, 1985)

Third, it is perplexing that the Krewski et al. (1987) chapter is
referenced, yet the 36-fold lower carcinogenic potency factor they
derive 1s omitted from the brisf discussion. Some discussion on

the merits and limitaticns of the Krewski et al. analysis is
necessary.

Fourth, the,ARB c¢ites the concerdance of the peotency estimate
derivad from the Drew et al. (1983) study and the Maltoni et al.
(1984) experiments. It is unclear whether the Maltoni experiments
wers <conducted in his medieval castle/laboratory whers the
mycobacterium Infection is endemic, or in some other facility.
{Personnel conversation wigh E.E. McConnell, National Toxicoclogy
Frcgram) In the U.S., mycobacterium infections in test animals

would likely viclate GLPs, and serve as grounds for invalidating a
study.

G0380E6



Fifth, the recommended use of a potency factor derived from animal
instead of the human occupational study of Waxweiler et al. (1576)
is not robust, given that the human data alrsady represents an
upper-bound estimate in the target species of concern (l.e.,
humnans) . Tha- additional raticnale that the selection of the
highest animal estimate ls justifiad by the limited evidsnce of an
effect by age at first exposure (Drew et al., 1983) suggasts that
perhaps the ARB should conaider using a2 true mechanistic modsl,

perhaps one hased upon the MVK modal paradigm, as the basis of its
potancy deterninations.

cec: Jim McHenry

LTH




$/33.

ATTACHRMENT 2

Cazcinogenic Risks fzxom Landfill Emigsions.

Addandum
to

Comments on a Frelimirnary Draft Document
- cixculatad by thae EZPA in Mazchk, 1988:

- v 4 4 - -F--:“ » i - -] o'l 9 -t W are o nd‘-’ 11 -
Ba hadell T Am ‘AF\‘. - RN . PR & - -~ GL‘;"I =D
. Ry

Sdmund A.C. Crouch, Ph. D. and Laura C., Green, Ph, D.
Envircnmental Health and Toxicslogy Group
: Metz Systems Inc.
Campbridge, MA Q2141

Produced at the request of

The National Air Pollution Contzol Tachnigues Advisgsory Committee
to the EPA

and

Waste Management Inc.

June §, 1988

030053

o)



CONTENTS

Intzoduction.

Data Summary .
Mathadology e v e e e e
2.1 ZImission ratas
2.2 Nationwide avarage risk .

2.3 Worst casa riszk estimataa

Q30050

o MM bk e




AR estimata of carcincgenic risks from landfill emissions.

Inktzoductien

on May 18, 1988: we presented testimony €o cne_Na:ional Alr
Pollution Contrel Technicues Advisory Committee to the EPA on the
rigk assessment aspects of a Preliminary Dragft Document, "Alr
Emissions from Municipal Solid Waste Landfills -- Background
Information for Proposed Standards and Guidelines." The gist of
that testimeony was that the carcinogenic risks predicted by the
Draft Document were incorreéz. The analysis that folleows is cur
attempt o derive such zisks mors cerractly, Ta pazzicular, we
derive estimates of "average" and "worsu-case risks of cancar
that could ke actrzibutaed Lo velatile organic compounds that may
be emitzed 2rem municipal solid waste landfills. The estimates
are all "standard" in the sense that they are dellberate
everestimatas, predicated upon "no-threshold" modelszs £for alil
chemical carcinogens of iatersst. It is our toxicologic cpinien
that many of the chemicals of interest here are in fact likely zo
contain thresnhnolds in their dose-~rssponse cuzves Sor
carcinogenesis, such that tha vary lew-level expcsures iavolved
carry with them no excess risk of cancer ¢ humans. Nonethelass,

we nave not “"taken credit* Zor this probability, but instead

modeled all compounds as Lf they carry excess risks of canger at
all non-28ro levels of exposure.

GaB0Cn



1. Data summazy :

Table 1.1 summarizes measurements of landfill gases
collected at 8§ municipal landfills, J.ébelled A to H. All these
measursments are given in ppm by volume, and include entrained
air (the amcunt cof which can ba estimatad from the nitrsgen and
oxygen content of the gas)., The landfills labelled 8, C, G and =
were used in the pagt for co~-disposal of munigipal waste and
hazardous waste, although this practice has now csased. This
former practice of co-disposal 13 likely to have led to emissions
of larger cuantities of chemicals of intezrest than would have
occured Zrem the disposal of municipal solid waste alcne.

- Table 1.2 shows the average concentrations of cempenents of
the emittad gasas fram each land2ill, mThese averages may be
conpared with the values given in tha EPA Draft Document, Table
3.9. Despite the differing data sourcss, the average
concentrations are very similar. In this data, carbon
tetrachloride was never detected, whereas the EPA data has an
average concanctration of 4.01185 ppnVv. Also, th average
concentration of 1,l-dichlcrcethene (vinylidene chloride) is a
faczer 10 lower here thnan in the EPA data, In hoth cases, the
concentratisns were very low even in the EPA datga.

Also shown in Table 1.2 are the molscular weights ¢f all the
measursd cemponents, tegether with upper bound estimatas of "unit
risk"” for the known caxzcincegens. These estimatas were taken
irsctly from the Carcinogen Agsessment Group (CAG) assessments
where they have made such estimates. Otherwise they ceme Izom
CAG estimates Zor "potency” of a compound, and assume that a
human breathes 20 m3/day of air, and that 100% of a compound is
absorbed. At this breathing rata, if 2 material is present at 1
ug/m3 in air, a person will inhale 20 ug/day cor 3.33 x 107¢
mg/kg-day for a €Q kg person. For a compound with potency ?
mg/Kkg-day, thils results in a _unit risk (risk fzem 1 uq/m3 cf air)
of 3.33 x lCl"4 P. The astimazes in Table 1.2 generally acrse
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with those in the EPA Draft Document, except for carken
tetrachloride, where we take the upper end of a suggested range
(EPA uses an average of the range); vinyl chloride, where a mqre
recent estimate by the CAG (which we usa) has raised the
carcinagenic potency escimate by a large factor: anc vinvlidene

chleoride, where ocur estimate is again suhszannially higher than
that of the EPA Draft Document.

Using the molecular weights of the components, together with
the unit risks, we can define an average unit risk for the "as
measursd” average landfill gas, This is obtained by finding the
weighted averaga unis risk for all components, where the
weighting factor is the product of molecular weight and
volumenric congensraticn for each component. The result optalned
is 1.6'x 10”2 per ug/m3 for the landfill cas including entzained
air, and approximately 1.2 x 1¢ =9 per ug/mS after corrsctison Zer

entrained aix, We ¢o not use thlis average, siace it is
prefarable to computs risk estimates on a landfill by landfill
case, taking into accsunt the d;ffa:‘_ng concentraticns and

emission rates ac each 1anc:i*‘*‘”

The unit cancer risks eSt-nated by the EPA in Tables 2-¢ of
the Draf: Document suffer from major deficiencies. The first two
"scenarios" cannot be justified at all. Averaging together the
unit risks of the various carcinogans found in landfill gas could
cnly be justified if there wers equal emission ratss (by mass) of
thoge carcinogens, but it is clear that this is inccrfac:.
Furthermore, the Draft Document includes one carcinogen (Table 2=
3, ethylene dichloride) which was apparently never found in their
samples of  landfill gas (Tablie 3-9%9, although it is listed twice
in Table 3-8). The '"scenario 1" estimate appears to ignors
measurements of non-methane VOCs which indicate that the major
components (certainly more chan 785%) are simple alkanes
(ésvecially ethane and propane). Furthermore, if is unclear what
is meant in this document by non-methane VOCs. Since thesge are

g30Cc2



-1
SITE
carbon tetrachloride
Chlorobenzeane
Chlorasthane
Chloreform
Chloromechane
Dibromochloromathane
l,1-Dichlorcethans
l,2-Dichlorcechanse
l,1-Dichlczgathane
t=1,2-Dichlorcethens
1,2-Dichloropropane
c=1l,2-Dichloropronens
t-1,3-Dichloropropene
Matllylane chiloride

.1,2,2-Tetracnloroetnans

Tetrachlorcethene
1,1,1-Trichlcroachane
1,1,2-T»ichloroethane
Trichlorcethane
Trichlozroflucrometchane
Vinvyl Chloride
Lr2-Dichlorobenzens
1,3-Dichlorcbhenzens
l,4=Dichlorockenzene

Chlorcdifluoromeriane
Dichlorodiflucromethane
Cichlorsflucramenhane

Mathane
zthane
Propane
n=-Butane
n—-¥entane
n-Hexanea
Acrylenitrile
Banzene
Toluene
Ethylbenzene
Total Xylenes

TNMHC (a3 C8)
Carbon dioxide

Oxygen
Nitrsgen

E
nd
4 . BE-Ol
9.1lE-Q2
nd

" 1.2E+00

nd
7.6E~01

nd

nd
1.12=-Q1
2.2E-01

nd

nd
3.2E+00
L.12-01
§.,9E+00
2.0E~-Q1
- nd

 4.1E+00

$.3E+Q0Q
ngd
ad
nd

6.8E~0Q1
.nd
4,6E-01

4,7E+Q8
8.SE+02
L.AE4QY
nd
4,lE+04Q
6.1E+Q0
nd
2.7E+00
1.2E+02
2.4E+Q1
7.2E+01

2.7E+02
3.8E+08%

1.72+04
1.4E+0S

8

L

TABLE 1.1 (contd.)

F

nd

nd
7.0E=01
2.5E+00
1.1E+Q1

nd
$.2E+00
nd
3.8E+00
nd
nd
8§.0E-0Q1
2.0E-01
3.12+00
nd
nd
nd

§.0E-Q1
nd
g.0E=-01

S5.1E+05
7.6E+02
8.88+01
1.7E+01
S5.5E+Q0
£.42+Q0
nd
2.0E+00
5.8E+01
1.48+401
3.4E+01

9.3E+02
31,7E+08

1.1E+04
1.1E+Q8

QOGCH"

G

nd

nd
3.8E-01

nd
3.6E+00

nad
1.6E+Q0

nd

7.6E+Q0Q

2.628+00
nd
nd
nd

4.0B=01
nd

2.0E+00

3.7E+0S
S.0E+02
1,5E+01
2.8E+QQ
2.8%E+Q0Q
§.9E+00
nd
2.0E+90
1.4E+Q2
2.3E+Q1
8.4E+01

1.0E+03
3.0B+08

6.3B+04
2.6E+Q5

nd
3.4E-01
nd
1.4E+G0
nd
nd
nd
1.3E-Q1
4.2E+Q00
nd
nd
2.0E+0Q0

4, 78-01
nd
nd

3.12+408
1.6E+03
2.3E+01
nd
1.5E+90
4.CE+00
nd
7.2E+00
5.2E+Q1
2.7E+01
7.1E+Q1

1.3E+03
3.1E+0S

1.8E+04
1.6E+05




Carban tatrachloridae
Chlozshenzeans
Chlozoacihiane
Chilorsfarn
Chlorcmethane
Pibrencchlioromechans
1,1-0lchloraenhana
1,2-0ichlornathane
L,1-0lchlozsenhena
t=1,¢=Dickhlazrcatnane
Lr2=Richleropropans
e-l,¢~dichlezcpropeane
t-1,3-Dichlozopropans
Matlivlena chlerids
1s3,2/2-Tatzachlorcathane
Tetrachlornatiane

1,1, =Tzichlazrceshang
1, 1, Z-Tricnlorcethane v
Trichlorsethans
Trichlorofluozomachane
Vinvl Chloride
1,2=Diaklerchenzana

. 1,3-Dichlorobanzans
l,4=-Dichlerchanzens
Chlerediflusremernane
Dichleoredifleoromernane

Dichlorsflucremetianea
Methane

tkhana
FPropans
n=-Butang
n-Pentane
- n-Hexana
Aczylonitrile
Senzana
Teluene
fehyllenzene
Tetal Aylenss

TNMHEC (as €6}
Carbon &iexide

grygen
Nisxggen

7

TABLE-1.2

Average
cane.,

FRmY

nd
2.7E+04Q
3-32-01
3013'01
4,32+00
nd
2.858+00
2,82-02
$.8E-02
2.4E«01
5.1E-Q2
nad
nd
2.72+4Q1
1-45-02
1.4E+01
nd
3.0E+0Q
1.4E+00
3.78+400
nd
nd
2.3E-01
1.3E+00
8.48-02
4.4E+QQ
§.7E+0Q8
7.78+Q2
2.42+91
3.8E+Q0
3.12+00
7.32400
nd
2.85+00
7.6E+01
1.58+01
4.4E+Q1

8,3E+Q2
J.0E$QS

2.88+04
1.8Z2+03

Mol.
veight

L.8E442
1,1E+02
§,58+01
1.58+402
3.0E+01
2.1%+42
9.3E+Q1
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3. Yashodelogy-

4.1 Enlasion zatas

Table 1.1 gives the concantzaticns of verious 2363 measursd
in collected gases at variocus landfills, Alse aveilable for esch
landf4l) 13 the rata ac which those gases azrs raleasad. Taking the
product of <total amission rate for landfill gas with thess
concentrations gives the volumetric emission rate for sach gas. This
volumetrit emission rate may be converted £S a mass emissicn rate By
using tha gas densisy, which we approximate by assuming all the gases
tehave pexfectly, for the § landfills consicered hers, the averige
volumatric emission rave i3 2.7 x 108 c2d par lanagill, fzem
average smount of refuse Ln placa of 5.4 x 106 tons per land2ill,

This L3 about 50% nigher than assumed in zthe EPA Drazi

h Cocument far
watt landfidls.

From the mass emissien xzate, we may use als dispersicn

modelling e estizave t:b.a expectad  long term average CoNCANTratisns
of each componenc of tha land#ill gas at varicug positions off-siza,
The product of hose concantrations (in ug/m3) and the upper tound

unit ¥isk escimate (measured in units cf md/ug) gives an

estimate to lifetime risk.

can taus re obtiained from the sum over all components of Tne product

0f mass emisslen rate and unit risk for each cemponentzs. Table
2.1.1 shows this product (in units of n3/s) fsr2 all detected
components of tia laandfill gases which have unit zisks dafinsd. Also
Shown are the sums of produces for each Landfill,

an Upper pound
The neat effecz of all the landfill cas

0o60s"™
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Taa average tonsl for all the landfills is 1.4 m3/'34' and the
maximum 48 3.1 mI/3 for landfill H (which was used in the past for

eo~dispesal). .In every case, the vinyl chloride prasents contribucas
ths majorigy ¢f the risk.

2.2 Yatiquwide Average ik’

7¢ make an astimate of tha naticnwida average sisk fzem
landfill gas naw requizas a scals-up, togetiher with scme disparsicn
medalling, 7The landfills discussed in the previcus sections have an
average amount ¢f refuse in place of 5,4 million tens, which 1s 1/800

¢f the taotal estimatsd rafuse in :lac:a in muniecigal landzill

- cewd in tha
U.S8. (EPA Draft Document, page 3—1) . The land area ¢f the cantizuous
U.8. i3 abeut 7,84 x 106 'km?,

10 that the U.§. land arsa par averaga

landfill s about 8.7 x 109 me, corraspending oo a radius of aheus 82
.

A% 2 2izst approxizaticn, the effacts of landfills on ths U.8
can taus e oktainad by finding the average effects of a adn qle
landfill on a radius of abouw 350 km around it. This appzexizact
would Ze correcs if (1) ‘landfills wers un.‘..':.armly disesibdutad over tio

VoS4 (2} the populaticn were gvenly distributed; and (3} no
Landfill had any efface hgyend £ k=,

It is plausible that the walizc
of thegsae ls correcs, since th

chlorinated VOCs which contribute €2
carcingganie risk are :elat-vely shert-lived (vinyl chlerics, for

example, nas a half-~life ia aix ggtimaced az 1.5 =~ 1.8 days). The

{irst wo azs clearly ingosracs, but will be compensaced by &b
landfills (sge below).

Qverestimaticn of risks to those alose o

Fer an averags landfill, wa have an emission zate X
carcinogenic unit risk of 1.4 md/s, Using tha standard gaussian
plume mocdel, the average concentraticn obtainsed fzom thig over tha
racdlial rangs Q.1 te¢ %0 xm gorresponds te a lifacinme risk of

2.6 % 1078 This assumes a uniform wind rase, a wind speed of 3 m/s,

and a simple averaglng ovey 7 wind stabili:iy classes (A, B, C, Dday,
' Qo003
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oaight, E, 7), anc emission height- of 1 z, and a zecapser Ralghe: of
1.5 m,  This averaging procaduzs has been 23und £3 give eszizatas

wie2in 20% of those obtained using tia ISC model in partizular cases
with observed wind roge and acahility class daca, provided. tzs
sveraga wind speed ig- used. Tha assumed svarage wind speed of 3 m/s

(6.7 mph) 23 a resscnable estimate, probably a linmis low (resulting
L2 an overestizata of zisk) foT mest of the UiS. Tor 67 c.;.!:iu ia
thbe S0 contiguocus stages,

iuse 3 repozt average windspuds laas =
6.7 mph.

™ minimum distancs uvsed ¢

2ar =his averaging, 180 =,
gsrraspends T4 an esatizata of tha minimum diszancs f£x22 tha cantey <2
3 lanafill at which pecple can ba expectead %3 be Living, If landsil:

ga3 is collactad at some landfill, it zay be collactead togsthar at
any ncim: cver the landsill,

Howaver, 12 iz i3 collaczad 1% will zs

flarad, go that there is nagligible exposure of anybedy to L&, I8 is
i3 not collected, then the emissions will zake placs over thg whels
landfill, and ss tha

nsarest persen 9 th
zhan 100 =m.

In that case, heowevar, the digpazsicn modalling
perZsInsd above l2 a substantial gversstimate foz essinasing

eXPesuUIUS Close o tia landfill  (witbin cdissancas similar IS chs
cdizZensions o¥ tiha landzill)y, Thi

This 13 deals witch below for the worse
case esgninacs,

clanadflill may te <cleser

Tha eéstimacte of average effect, a Lif
csrresponds to an aanual cancaxr
stazas,

-a
.....a risk of 1.8 2 10 7,

-ac-dence af Q.05 ia <he Cnitsd

Censidering tha diZfering nethodologies, tiis agrees well
wiekh the EPA Drafu

Cocument estimata of 0.11 (Scenarzrie 3, thas only
one whichk <¢an e given any cxedanca).

Hewever, tha differencsas notad
atove, especially the dominant effacz of vinyl chloride in thess
estinatesy, suggests that tha EBPA Sraf: Docutent iLas considerably ina
srsr. . Iasufiicient data Lg g¢iven ia zhe Orafs Document ©& locate

where Such erser 2ay have arisen, but cne likely place is ia the

Effacts Model, The technique descrided of leezzing mopulation
centers relative ta landfills i3 preone sz laad t©2 sudstantial

go0gT
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cverastizaces of exposurs Lf 3 smail. erroz- 13 made in cha locasion of
4 population close to a land?ill. 7Tha average exposure may tien be
dominatad by those estimatad for nearby repulatisns.

4.3 Hoxsy qase ik estizatgy

The worsT caxze risk estimacs will ha for chese parsons Lliving
neAr T3 A laadfill. As nmencticned 3above, howaver, the dispersien
modelling uasd for tha nationwide aversge (both heres and in che ERA
Craft Qocument) will give very mislsading rasults close ia, e
landfill gas is collactad together inte a single vens, that gas will

se 2lired. Tha worst case exposure astimats will corraspend 2 a

-anafill with no csllectica system, L2 which case the emissicns will
Take places fo2m cver

the whola surfacs area ¢f ths landfill - Tha
concantrations

e gin atn e &

STem such arsa eaissisnsg ara consideranly lower toan

these fIom a4 vent pipe emitting the game tctal gquansity of g3, at
equal distances from the edge of thas axea or tha vent pipa,

Te makea an estinave of tha worst case emissicns, considar tli
landJill lakellad ¥ abeve - (Table 1. 1.) This was pravicusly used for
ca-d sposal 9f Nazardous wasts ag well as municipal waste. Ihe tosal
eBissien ratas x unit zisk fa» gnig land.:il.‘. is 2,1 =3/s, ama it

-

oH

e

centaing 12,6 million tenms of rafuse. ThHe worst case will cazus with

maximum 3Missions per uvnit arsa of landfill, so we will assune wasta
pilad ts 2 haeight of 100

feat and with an averags deansity of L
ton/eu. yd. (doeubla .zhat assumed in the IDA Draf= Documsnt). Tha

emission rate x unit risk per unit area for =hisz landfill is then

§.2 % ‘.0'6 m/e, and tha langfill cavers an area c? apeus 3.2 X 108
me, corresponding %¢ a diamater of about §40 @m.

Using a dianersicn nodel for area emissions, wa fiad =hat 287
i persen spending t..,ei.r whele lives 100 = from the edgas of sueh &
sandfill the lifetime risk s abous 20 x 107 6 whila even for 3
persen staying permanently ac tha adges of :he J.and‘i the lllastize
:xiscnlySOxloe ‘
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~GEID> THE DOW CHEMICAL COMPANY

SMOLAND. 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 Identific anon of Vinyl
Chloride as a Toxic. Air Contaminant.

We appreciate your accepting our comments, which have been subxmtted to

promote the best possible science in the performance of health risk
assessments. :

Pleased call on us should you require additional information.

Sincerely,

\"Hl(f-b{?£,f~———~\

Neil C. Hawkins, Sc.D.
Senior Research Risk Analyst

Health and Environmental Sciences
1803 Buiiding
(517) 636-8237

kal

Attachments -
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COMMENT: DRAFT TECHNICAL SUPPORT DOCUMENT, MAY, 1990,

"PROPOSED IDENTIFICATION OF VINYL CHLORIDE AS A TOXIC AIR
CONTAMINANT"

Derivation of a unit risk for Vinyi 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
general 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 of uncertainty, including the presence or absence of
thresholds, the shape of the dose response model, and animal to man
conversion factors, have been resolved within the agencies through the use
of policy 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 defauit -
methodology should not 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 10(-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) 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-response curve. The bioassay data of Maltoni (1979) cleariy 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 et al. (1976), and implemented by
Gehring et al. (1978), Crump (1982) and USEPA (1987). However, this
methodology only explains the high-dose results in the animal bicassay
rather than addressing the problem of low-dose extrapolation. Low-dose risk

assessments utilizing PX 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 varied from the current DHS
value, (equivalent to a unit risk of 20 x 10(-5) 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
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.”

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 risk of 189 per million at 1 ppm for an occupational exposure
(Gehring, 1979). By comparison, use of nominal dose (air concentration),
predicts upper bound “risks” of 37,000 per million using the unit risk of 20 x
10(-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
essental 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 polyvinyl chloride (PVQ)
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 viny! 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 8-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 significance.
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A world-recognized expert in epidemiology, Sir Richard Doil, 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, 1988)

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 analysis (Barr, 1982),
negative epidemiological studies of people living near VCM production
facilities have been used to estimate human potency. Barr estimates that 100
ppb is the approximate lifetime dose corresponding to a human risk of 10(-6).
Purchase et al. (1987) note that Barr's estimate is similar to the highest
estimates of 10(-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. They
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 10® 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 106 risk level.
However, these analyses do 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).

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 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 resuits predicted solely from animal data.

In an independent review of VCM, the National Health Council of the
Netheriands (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 pg/cubic meter as corresponding to a risk of 10(-6). This

value is dapproximately 80 times higher than the exposure level derived using
the DHS unit risk of 20 x 10(-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 inddence rates noted in the 1980’s reflect exposures
from the 1960's.

[t 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 less 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
methqdology and the use of reported literature resuits lead to orders of
magnitude over-estimates of the &redicted risk from emissions of VCM from
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existing facilities. 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 1. "RISK" PREDICTED FROM LMS MODEL
(using unit risk of 20 x 10-5 per ppb)

Occupational Exposure Upper Bound on "Risk"
' Scenario {Cases Per 10,000}
400 ppm 9999
30 years

400 ppm 9995
20 years

300 ppm 9998
30 years

300 ppm 9964
20 years

200 ppm 9960
30 years

200 ppm 9770
20 years

100 ppm 9400
30 years

100 ppm 6090
10 years

100 ppm 3750
5 years

3300~ ™
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II. PART C ADDENDUM
AIR 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 (0II) 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 meore stringent landfill
gas control measures. EPA has also selected a remedy for
landfi11 gas control that is expected to substantially reduce
landTi11 gas emissions from the OII landfili. 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 0II landfill.”

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

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

l.

Comment: It is erroneous to assume that BKK and OII 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 II as
well as Class I Tandfills. In addition, Class III landfills
accept disposed consumer products containing chlorinated
compounds which can form vinyl chloride. Also, incomplete
recording of vinyl chloride waste disposal and illegal viny!
chloride 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 0II may not be
typical of all landfills.

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
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Resources Board (ARB} concluded that landfills are a potential
major source. Modeled estimates of vinyl chloride emissions for
just BKK and OII Tandfills were far greater than emissions
estimates for publicly-owned treatment works (POTWs) and
polyvinyl chloride (PYC) fabrication and production facilities:

Source Emissions (tons/vear) Inyventary Year
BKK Landfill 44197 1987
0II Landfil) 4-51 : 1986
POTHs 1.7 1985
PVC fabrication 0.75 1982
PYC production <0.5 1988

Although BKK and OII landfills may not be typical, one cannot
rule out the possibility of elevated vinyl chloride emissions
from other California landfi11s using preliminary Landfill Gas
Testing Program data. The preliminary data show that vinyl '
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 potentia] major source-category.

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 praceed with identification 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 OII landfills) would be a disservice to the waste
management industry and contrary to the law.

Response: In the revised vinyl chloride report, based on
availabie 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 viny!
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.
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Comment: Waste Management of North America, Inc. recommends 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.
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III. PART C ADDENDUM
OEPARTMENT 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 estimaﬁes of unit risk fhat use
.data, assumptions and methods that are highly defensible, based -on; standard
procedures utilized by DHS and EPA. The analysis uses animal aﬁd 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 angiésarcoma in the female rat,

this tumor being one of the most distinctively linked to wvinyl 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 Emissions dated June 6, 1988. e 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 10'6, while

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

is only 50 x 10'6.'“

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 aﬁd meteorology. The
cited paper uses for vinyl chloride a unit risk of 22 x 1073 ppb'l, expressed as
9.8 x 1077 (ug/m3)'l in their Table 1.2. This risk estimate 1s essentially
equivalent to the DHS best estimate of 20 x 107 ppb'1 for unit risk. Therefore,
DHS 1is 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 1071 (mg/kg-day)"l is 11 x
1072 ppb'l, using EPA’'s own assumption of 50% absorptiocm, 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.
QoGCE"
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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
. . N

linear regression usually yields nearly identical estimates of q) (r2 - 0,98

(Personnel conversation with Curtis Travis, Oak Ridge National Laboratory)?"

RESPONSE: The linearized multistage model aff;)rds 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 pharﬁacokinetic conversion of dose rate aﬁd 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 muitistage 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 shrifc. Although the uncertainties or absence of
exposure data in the occupational cohort studies is mentioned, there is mno
discussion of the comservatism built into the risk estimates by the selecﬁion of
data for extrapolation, and the extrapolation assumptions, and the effects their
underlying assumptions may have on the risk estimateé. For instance, the use of
the most sensitive sex/strain/species instead of the gveragé may alter risk

estimates by ‘several orders of magnitude.’ (U.S. EPA, 1985). Sim%.larly, the
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issues of the extrapolation of rodent pbtency 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 bullt
into the risk estimates, DHS uséd 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 uﬁcertainties, 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 thls choice subject to

uncertainty. Furthermore, the present approach uses other assumptions that are
oGeeT
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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 lowef 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 ﬁn virtually
all the relevant female liver angiosarcoma data‘of Maltoni et al. (1984) and is
unadjusted for lifetime exposure. When adjusted for 1ifetime exposure the unit
risk 1s 9.7 x 107 ppb-l. On this basis, the unit risk of Krewski et al, rather
than being 35-fold lower, is actually 45% higher than the result from the analysis
(BT-9, 15) which corfe;ponds most closely in the document, 6.7 x 10-5 ppb’l. This
is among the highest rodent risks in the 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 e; al. (1984) experiments. It
is wunclear 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, WNational 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 wich Drew

et al. but also with Bi et al.

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

given that the human data already represents an upper-bound estimate in the target
species of concern (i.e., humans), The additional raticnale that thé selection of
the highest animal estimate is justified by the limited evidence of an effect by
age at filrst 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 mnot represent an upper bound in humans
because (1) that data does not include a lifetime exposure, and there is evidence
of greater 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 adéquately established, then an analysis related to the MVK model is

worth consideration.
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RESPONSE TO COMMENTS:
THE DOW CHEMICAL COMPANY
July 3, 1990

Derivation of a Unit Risk for Vinyl Chloride

COMMENT : "JCM {s 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 other data are available. ... The DHS unit risk for
vinyl chloride of 20 x 10°7 per ppb ... does not utilize the available
pharmacokinetic or epidemiological information.* ' '

RESPONSE:. The DHS staff disagree with the assertion that the curremt DHS
risk coefficient deces not wutilize 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 10"~ per ppb, zited 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-responges 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 al (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 extrapolatioms 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 10°° 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 ratlonal 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 rele of the
pharmacokinecic 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 pharmacockinetics 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 specifie
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 exposuras, corresponds to the 4-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 cthat 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 risk of 189 per million at 1 ppm for an
occupational exposure (Gehring, 1979). By comparison, use of nominal dose
(air coneentration), predicts upper bound "risks" of 37,000 per million using

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 formatiom. The four
models in that article use the metabolized deose 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 al (1979),
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 1077 per ppb but gives 22,000 per
million. This risk is 126-fold greater than 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 1072 per
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ppb. The sources of the higher risk estimate for DHS are (1) the use of later
Maltoni et al.(1984) data, BT-9,15 for the best estimate rather than the
earlier Maltoni and Lefemine (1975) data used by Gehring' et al.(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."

RESPCONSE: 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.”

& 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 1liver) 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 wvinyl 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 wvalue. Human results are clearly preferred, when available,
however, and should be included in any risk assessment review. In the case of
VCH there are at least three assessments of sufficient precision which utilize
the human database to estimate risk. In one analysis (Barr, 1982), 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 epidemioclogically to be
considered in this risk assessment,

COMMENT : "Barr estimates that 100 gpb is the approximate lifetime dose
corresponding to a human risk of 107°. Purchase et al. (1987) 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 inte account low dose PX. 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 Table 1 and consistent with
his text, found that the lifetime exposure for 10™° 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 document gives 0.5 ppb as the lower
confidence limit on lifetime exposure for 107° risk. Barr offers no rationale
for wusing the weak data he selected from a 1975 EPA report in order to
caleulate his epidemiological estimate. These data do not appear to be
appropriace 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 gpecifically
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
pharmacokinetics 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 copsistent with both the grobit
model and a linear threshold model. The latter two models predict 107° risk
levels at occupational 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 %ylte different results
for predlcting the ambient level corresponding to a 107~ risk level. However,

these analyses do 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-
zaro" (Federal Register, 1986)." o

RESPONSE: The DHS document does use human epidemioclogy data in the risk
assessment, The DHS staff does not agree that the linear nonthreshold models
extrapolate comnservatively 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 iIn 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 fotr 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 1s 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 %}987) 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 daga and reported a
value of 1 pg/cubic meter as corresponding to a risk of 107°. This value is

approximately 80 times higher than the exposure level derived using the DHS
unit risk of 20 x 10™- per ppb."

RESPONSE: As pointed out ﬁg 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 108 per ppb for all cancer. "Both these results were
based on estimated atmospheric exposure. When those results are modified to
take account the pharmacokinetics and to provide 95% upper confidence limits,
the results ara close to the present results." The DHS adjustment of the
council’s worker exposure of 500 ppm 1is 115 ppm, requiring a 4.3-fold
adjustment upwards of their unit risks to account for pharmacokinetics. The
council’s average unit risk needs to be multiplied by about 2.3 to estimate
the corresponding UCL wvalue. The unit ri%ks resulting rom both
multiplications are 10-fold greater, or 1.2 x 10°° 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 scenarlos, To make this comparison, Table 1 shows the "risk"

predicted from the DHS model for a number of occupational 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 less 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 facilicies. 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 current and
that do not permit adequate estimates of exposure. Thus, the commenter has

made no sustainable case for overprediction or incomsistency of risk estimates
in the document.
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