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Octobar 22. 1990 

MP. William C. Lockitt, Chief 
Office of ExtBPnal Affairs 
California Air Resourcas Board 
1102 g street 

Sacramento, California 958U 

Dear Bill'. 
The Scientific Raview Panel on Toxic Air Contaminants has 

reviewed t-hi. R«>nQrt nn Vinvl Chlor-trie and has formulated Its findings 
regarding the report. 1 am formally submitting the Scientific Review 
Panel's findings to the Air Resources Board. 

Sincerely, 

Or. James N. Pitts, Or. 
Chair, Scientific Review Pane? 

Enc Iosur© 
c c : S c i e n t i f i c Review Panel 

T f M I 



3. Based on thd inttrprttitlon of avatUble scltRtlfIc evidsncd, the OHS 
staff estimattd that the upper 95 percent confldenee Umits on the 
lifetime risic of cancer rrm vinyl chloride ringed from 2.5 x 10*̂  
ppb'* to 20 X 10"̂ ppb"̂  The OHS staff Identified the best estimate of 
vinyl chloride cancer unit risk as the top of the upper-confidence 
limits range. 20 x lO'̂ ppp"̂  or 7.8 x 10"*(ug/ra'̂ )'̂  Table I compares 
the best estimate of vinyl chloride cancer unit rislc with those of 
other compounds recently reviewed by the SRP. 

TA8LE 1 
(ianipgunti. unit ûk t̂̂ n̂ 'M umt gî k fû /m̂ *̂  

vinyl chloride 20 x 10"̂  7.8 x :0'̂  
Chloroform 2.6 x 10'̂  6.3 x 10"̂  
Trichloroethylene l . ; x 10**̂  2 x 10"̂  
Inorganic arsenic particulate 3.3 x 10"̂  
Methylene chloride 3.5 x 10*̂  1 x 10'̂  

UoDer bound excess lifetime r-lfifes are health-protective estimates; the 
ictual risk may well be below these values. 

.andfills, publicly-owned traatmint works, and polyvinyl chloride 
crcducers and fabricators are the major Identified sources of vinyl 
chloride emissions in California's outdoor air. 

I. Based on its gas-phase reactivity with hydroxyl radicals, vinyl 
chloride's estimated tropospheric lifetime ranges from 1.6 to 3.9 days. 

6. Vinyl chloride has not been detected by the ARB's statewide ambient 
tcxic air contaminant monitoring networlc. However, vinyl chloride has 
been detected In the ambient air near emission sources such as 
landfills. 



As Adopted at the Panel's October 19, 1990 Meeting 

In accordance with Califprnia Health and Safety Code Seetion 39661, the 
Scientific Review Panel (SRP) has reviewed the report-prepared by the staffs 
cf tha Air Resources Board (ARB) and the Oepartment of Health Services (DHS) 
on tha public exposure to, and health effects of vinyl chloride. The Panel 
has aiso reviewed the public conments received on this report. Based on 
this review, the SRP finds that the report on vinyl chlorida is without 
serious deficiencies and agrees with the stftffs of the ARB and the OHS that: 

I. There Is strong evidence that exposure to vinyl chloride results in 
animal and human carcinogenicity. The United States Environmental 
Protection Agency (USEPA) assigned vinyl chloride to Group A of its 
classification s'cheme for carcinogens. In explaining Its Group A 
category, the EPA states, "This group is used only when there is 
sufficient evidence from epidemiologic studies to support a causal 
Association between exposure to the agents and cancer." The 
International Agency for Research on Cancer (lARC) assigned vinyl 
chloride to Group 1 of Its classification scheme for carcinogens. Iri 
introducing Its list of Group I carcinogens which included vinyl 
chloride, the lARC states, "The Woricing Group concluded- that the 
following agents are carcinogenic to humans." Based on available 
scientific data, the Panel agrees with the EPA's and the lAftC's 
classification of vinyl chloride as a human carcinogen. 

2. Based on available scientific Information, the OHS staff found no 
' avidence of a vinyl chloride exposure level below which no carcinogenic 
effects are anticipated. 



Tha United monitoring conducted In the landfiU Gas Testing Program 
which began m 1987 was designed to identify landfiU sites that pose a 
potential risk to public health. Preliminary findings shew that vinyl 
chloride concentrations ranging from the detection limit of 106 ppbv to 
72,000 ppbv were detected in the internal gas of 160 (47 percent) out 
of the 340 landfiUs at which Internal gas testing was performed. 24-
hour averaged ambient vinyl chloride concentrations ranging frem the 
detection limit of 2 ppbv to 15 ppbv were detected at 24 (10 percent) 
out of the 251 landfiUs at which ambient monitoring wee performed. 
Tha limited testing conducted was designed to be used for screening 
purposes. For that reason, vinyl chloride may be present in the 
ambient air at additional landfills, but was not detected in the one to 
three days of ambient tasting specified In the testing guidelines for 
the Program. Further interpretation of the data from specific lanofiU 
sites must also consider factors such as how the testing was carried 
out, along with location, size, and proximity to sensitive receptors. 

Ambient vinyl chloride data from perimeter monitoring by the South 
Coast A1r QuaUty Management District (SCAQMD) at two landfills 1n 1986 
and 1987 were used In a model to estimate population-weighted exposures 
near the sites. These exposure estimates.were based on ambient outdccr 
data and do not include any possible elevated Indoor exposures that may 
cccur Inside homes near the lanofiUs. The cancer risk frcm vinyl 
chloride exposure to people residing in the vicinity of the landfills 
may be determined using the OHS's best estimate of vinyl chloride 
cancer unit rlsfc of 20 x iĈ ppb'̂ tsee Finding 3 above) and the modeled 
population-weighted exposure estimates. 

a. Population-weighted exposure for maxiraaUy exposed individuals 
living immediately adjacent te the landfiUs (at the fancellne) was 
estl.-nated to range from an annual average of approximately O.S to 9 
ppbv vinyl chloride at Oil Landflll and from approximately 2 to 10 
ppbv at BKK Landfill. 



b. Modeled estimates of exposure (not population-weighted) for 0 te 
6,000 people living close to Oil and for o to 2,600 people living 
close to BKK ara Included to provide an idea of the predicted 
exposure levels and risk directly downwind from the landfUIs. 
According to the model. 0 to 6,000 people near Oil may have been 
exposed to annual average vinyl chloride concentrations of at least 
3 ppbv and 0 to 2.500 people near BKIC may have been exposed to 
annual average concentrations of at least 7 ppbv. Using the DHS's 
best estimate of cancar unit risk, 0 to 4 or more cancers were 
estimated to occur among the 6,000 people living closest to CII; and 
0 to 4 or more cancers were estimated to occur among the 2,500 
people living closest to BKK. 

c. Population-weighted exposure results were calculated for the people 
living within a 41 square-kilometer area (or» approximately 25 
square-mile area) of each landfill. For Oil LandfiU, approximately 
4 million people may have been exposed to average annual 
concentrations ranging from 0.004 te 0.06 ppbv. For BKK LandfiU, 
approximately 2 milUon people may have been exposed to annual 
average concentrations ranging from 0.08 to 0.34 ppbv. Using the 
DHS's best estimate of cancer unit risk, 4 to 48 cancers were 
estimated for the 4 million people living within approximately 26 
square miles of Oil; and 32 to 136 cancers were estimated for the 2 
million people living within approximately 25 square miles of BKK. 

The limited data available Indicate that the vast majority of homes 
have very low, often undetectable. Indoor vinyl chloride 
concentrations. However, grab samples collected,by the South Coast Air 
Quality Management District (SCAQMO) in 1981 showed concentrations 
ranging from 8 to 100 ppbv inside a few homes near Oil LandfUl 
mentioned in Finding 8. Current indoor concentrations In the homes 
studied by tha SCAQMD in 1985 are expected to be lower bftcausa of the 
subsequent installation of a landfill gas collection and flare system. 



In order to test this Idea, additional Indoor air monitoring at homes 
adjacent to the landfill is being considered. 

Since vinyl ch1or14e-1 s-not typically detected In Indoor air, exposure 
through this route Is not expected tc significantly contribute to 
overall risk, except In the vicinity of certain landfills. 

10. Non-carcinogenic health effects are not known to occur at: 1) the 
highest recorded 24-hour average outdoor concentration In California 
(15 ppbv) (see Finding 7). 2) the estimated outdoor average annual 
vinyl chloride concentrations (see Findings 6 and 8), or 3) the highest 
recorded vinyl chloride concentration from the air inside a California 
home (100 ppbv) (see Finding 9). 

11. Prior to 1976, vinyl chloride monomer levels as high as 20 ppmw were 
found In food packaged In vinyl chloride polymer containers or 
materials. In 1986. the Food and Drug Administration (FOA) proposed to 
limit the maximum amount of residual vinyl chloride monomer in rigid 
and semi-rigid food containers to 10 ppbw and the maximum amount of 
vinyl chloride monomer allowed In polymeric coatings and films which 
contact food to 5 ppbw. According to an FDA official, the regulation 
was not promulgated because tt was believed that monomer stripping 
processes leave no residue of vinyl chloride monomer. There is no 
further Information available on the levels of vinyl chloride In food 
containers and packaging. The exposure estimates In Finding 8 do not 
account for potentlaf exposure from polymeric food peckaging. 

In California, surface water and ground water from public water systems 
are generally free of vinyl chloride. Sine© it is not typically 
detected in drinking water, exposure through this routs is not expected 
to significantly contribute to the cancer burden attributed to vinyl 
chloride. 



12. Because vinyl chloride was identified as a hazardous air pollutant 
under Section IIZ of the United Statas Clean Air Act. Identification of 
vinyl chloride as a toxic air contaminant is required by California 
Health and Safety Code Section 39655. 

13. Based on all available scientific evidence. Including consistent enimsl 
and human studies and the seall range of dose extrapolatlen (from the 
animal-stadleaV wt conclude that the data are overwhelming that vinyl 
chloride Is a toxic air contaminant. 

We agree with the ARB staff recommendation to Its Board that vinyl chloride 
se Usted as a toxic air eentaminant. 

I certify that the above is a 
true and correct copy of the 
findings adopted by the 
Scientific Review Panel on 
October 19, 1990. 

Or. James N. Pitts 
Chairman, SRP 



STAFF REPORT/EXECUTIVE SUMMARY 

PROPOSED IDENTIFICATION OF VINYL CHLORIDE 
AS A TOXIC AIR CONTAMINANT 
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What is a toxic air contaminant? 

According to section 39655 of the California Health and Safety Code, a 

toxic air contaminant is "an air pollutant which may cause or contribute to 

an increase in mortality or an increase in serious illness, or which may 

pose a present or potential hazard to human health." In addition, 

"substances which have been identified as hazardous air pollutants pursuant 

to Section 7412 of Title 42 of the United States Code shall be identified by 

the state board as toxic air contaminants." 

What is vinyl chloride? 

Vinyl chloride is a readily flammable, sweet smelling, colorless gas at 
ambient temperature and pressure. Because vinyl chloride polymerizes in 
ultraviolet light or the presence of a catalyst, the monomer of this highly 
volatile compound is used in the commercial production of polyvinyl chloride 
(PVC). 

H Cl 

Vinyl Chloride Monomer 



Does the Air Resources Board (ARB) staff reconnend identification of 

vinyl chloride as a toxic air contaminant? 

Yes, the ARB staff recomnends that the Board adopt the proposed 
amendment to section 9300, Titles 17 and 26 of the California Code of 
Regulations identifying vinyl chloride as a toxic air contaminant because: 

0 there is sufficient evidence that exposure to vinyl chloride 
poses a public health hazard, 

0 vinyl chloride is detected in ambient and indoor air near known 

emission sources and does not break down in the atmosphere at a 

rate that would eliminate public exposure, 

0 vinyl chloride is listed as a hazardous air pollutant by the 

. federal government pursuant to section 7412 of Title 42 of the 

United States Code; therefore, pursuant to section 39655 of the 

California Health and Safety Code, vinyl chloride is required to 

be identified as a toxic air contaminant, and 

0 the Department of Health Services (DHS) staff recommends that 

vinyl chloride be identified as a toxic air contaminant and 

that vinyl chloride be treated as having no threshold exposure 

level below which no significant adverse health impacts are 

anticipated. 

Why does the ARB staff recomnend the identification of vinyl chloride 

as a toxic air contaminant when a State ambient 

air quality standard already exists? 

The State ambient air quality standard of 10 ppbv averaged over 24 

hours reflects the limit of detection (LOD) for vinyl chloride ambient air 

concentration analysis in 1978 when the standard was promulgated (the method 
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for calculating the LOD is discussed in Section A, Chapter III, Part A, of 

the Technical Support Document). This technology-based standard was 

developed in response to information which associated the development of 

cancer in humans with vinyl chloride exposure and is not currently 

recognized as health-protective. The identification of vinyl chloride as a 

toxic air contaminant would allow health-protective control measures to be 

implemented at concentrations below 10 ppbv. 

What evidence exists that exposure to vinyl chloride 

poses a public health hazard? 

Acute exposure to vinyl chloride has lead to narcosis, cardiovascular 

and respiratory irregularity, convulsions, cyanosis, and death. Chronic 

exposure of workers to vinyl chloride has induced acro-steolysis, vasospasm 

of the hands, dermatitis, circulatory and central nervous system 

alterations, thrombocytopenia, splenomegaly, and changes in liver function. 

However, these noncarcinogenic effects occur at vinyl chloride 

concentrations near or above 10 ppmv. Because vinyl chloride has never been 

detected in samples collected from the ARB's 20-station ambient toxic air 

contaminant network and measured ambient hot spot concentrations range from 

10 to 15 ppbv, the California Department of Health Services (DHS) staff do 

not expect noncarcinogenic adverse health effects from exposures to current 

concentrations of vinyl chloride found in ambient air. 

The International Agency for Research on Cancer (lARC) lists vinyl 

chloride in Group 1 of its carcinogen classification scheme. The United 

States Environmental Protection Agency (EPA) lists vinyl chloride in Group A 

of its carcinogen classification scheme. The lARC, the EPA, and the DHS 

have designated vinyl chloride a chemical for which there is sufficient 

evidence of carcinogenicity in both humans and experimental animals. 

Epidemiological studies of occupationally exposed human workers have linked 

vinyl chloride exposure to the development of a rare cancer, liver 

angiosarcoma, and have suggested a relationship between exposure and cancers 

of the lung and brain. Chronic inhalation and oral exposures of rats, mice. 
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and hamsters to vinyl chloride have been associated with an increased 

incidence of malignant and benign tumors at several sites including the 

liver, lungs, mammary glands, and the nervous system. Vinyl chloride is 

mutagenic in both prokaryotic and eukaryotic test systems. 

Is there a threshold level for vinyl chloride? 

Since vinyl chloride is carcinogenic and mutagenic and there is not 

sufficient evidence at this time to support the designation of an exposure 

level below which no significant adverse health impacts are anticipated, the 

DHS staff recommend that vinyl chloride be treated as having no threshold 

exposure level. 

Is vinyl chloride produced or used in California? 

Vinyl chloride is not produced in California, however, i t is estimated 

that several thousand tons are used each year by two f a c i l i t i e s producing 

polyvinyl chloride.* Polyvinyl chloride is used by fabricators for the 

production of materials employed by the construction, packaging, electrical, 

and transportation industries. 

What are the sources of vinyl chloride emissions? 

Landfills, publicly-owned treatment works (POTWs), and polyvinyl 

chloride (PVC) production and fabrication facilities are the major 

identified sources of vinyl chloride emissions in California. 

In 1987, section 41805.5 of the California Health and Safety Code 
required the testing of landfills for specified compounds including vinyl 
chloride. The data gathered in the LandfiU Gas Testing Program will be 
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used by air pollution control districts to provide a relative ranking of the 

sites based on the potential for emissions of toxic compounds and the 

potential for exposure. The data show that vinyl chloride concentrations 

ranging from a detection limit (the Testing Guidelines example method for 

calculating the detection limit is discussed in Chapter II, Part A of the 

Technical Support Document) of 106 ppbv to 72,000 ppbv were detected in the 

internal gas of 160 (47 percent) out of the 340 landfills at which internal 

gas testing was conducted. The presence qf vinyl chloride in internal 

landfill gas represents a potential source of vinyl chloride emissions. 

The South Coast Air Quality Management District (SCAQMD) conducted 
long-term, intensive ambient vinyl chloride monitoring on two landfills in 
the South Coast Area Basin (SCAB): Operating Industries Incorporated (Oil) 
Landfill and BKK Landfill. Oil Landfill is located near Monterey Park, 
California and BKK Landfill is located near West Covina, California. The 
test data for the Oil Landfill was obtained from January 1986 through 
December 1986, while data for the BKK Landfill was obtained from January 
1987 through December 1987. Based on 24-hour averaged ambient data from 
these testing periods, cumulative vinyl chloride emissions were estimated to 
range from 50 to 250 tons per year. The vinyl chloride emissions of Oil and 
BKK are not likely to be typical of other California landfiUs. However, 
monitoring required by the Landfill Gas Testing Program mentioned above 
showed 24-hour averaged ambient vinyl chloride concentrations ranging from 
the detection limit (the Testing Guidelines example method for calculating 
the LOD is discussed in Chapter II, Part A of the Technical Support 
Document) of 2 ppbv to 15 ppbv-at 24 (10 percent) out of the 251 landfiUs 
tested for ambient concentrations. Since the SCAQMD's study, the vinyl 
chloride emissions at Oil and BKK landfills are expected to have decreased 
because subsequent ambient levels in perimeter monitoring samples were 
typically below the detection limit in the late 1980's. This decrease in 
ambient vinyl chloride concentrations near the landfills is attributed to 
the installation of gas collectors and flares. 
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POTWs emitted an estimated 1.7 tons of vinyl chloride in 1985. PVC 

production f a c i l i t i e s emitted less than 0.5 tons of vinyl chloride in 1988 

while PVC fabrication f a c i l i t i e s emitted an estimated 0.75 tons of vinyl 

chloride in 1982. 

What is the persistence of vinyl chloride in the atmosphere? 

Vinyl chloride is estimated to be degraded in 1.6 to 3.9 days through 

its reaction with hydroxyl radicals in the atmosphere. Therefore, vinyl 

chloride is sufficiently persistent to be transported throughout an air 

basin before i t is degraded. 

What is the ambient concentration of vinyl chloride? 

Yinyl chloride has never been detected in samples coUected at the 20 
monitoring stations of the ARB's ambient toxic air contaminant monitoring 
network. Since detectable levels in California are limited to locations 
near identified emission sources such as landfills, vinyl chloride exposure 
poses a potential near-source risk rather than a statewide risk. 

The monitoring required by the Landfill Gas Testing Program (section 

41805.5 of the California Health and Safety Code effective in 1987) showed 

24-hour average ambient vinyl chloride concentrations ranging from the 

detection limit (the Testing Guidelines example method for calculating the 

LOD is discussed in Chapter II, Part A of the Technical Support Document) of 

2 ppbv to 15 ppbv at 24 out of 251 landfiUs tested for ambient 

concentrations. 

The South Coast Air Quality Management District (SCAQMD) obtained vinyl 

chloride ambient monitoring from locations near two landfiUs in the South 
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Coast Air Basin. The LOD for the SCAQMD vinyl chloride monitoring study was 

2 ppbv (the SCAQMD's method for calculating the LOD is discussed in Chapter 

III, Part A of the Technical Support Document), At the Oil Landfill from 

January through December of 1986, 24-hour average concentrations of vinyl 

chloride ranged from below the LOD to 9.8 ppbv with a mean of 1.0 to 2.0 

ppbv. The U.S. Environmental Protection Agency (EPA) states, "The Operating 

Industries, Incorporated (Oil) Landfill is currently a federally listed 

Superfund site. Subsequent to the SCAQMD's vinyl chloride sampling during 

1986, the Environmental Protection Agency (EPA) has implemented more 

stringent landfill gas control measures. The EPA has also selected a remedy 

for landfill gas control that is expected to substantially reduce landfiU 

gas emissions from the Oil Landfill. It is fully anticipated that these 

control measures will substantially lower the levels of vinyl chloride in 

the ambient air in the vicinity of the Oil Landfill." At the BKK Landfill 

from January through December of 1987, 24-hour average concentrations of 

vinyl chloride ranged from below the LOD to 15 ppbv with a mean of 1.2 to 

2.6 ppbv. 

What is the exposure level of people living near 

sources such as landfills? 

Population-weighted exposure estimates, based on computer modeling by 
the ARB staff, showed that the maximum exposed individual living near Oil 
Landfill was estimated to be exposed to an annual average vinyl chloride 
concentration ranging from 0.6 to 9 ppbv. Modeled cumulative population 
exposure estimates (not population-weighted) predicted that 0 to 6,000 
people living close to Oil may have been exposed to annual average 
concentrations of at least 3 ppbv (see Table I). Population-weighted 
exposure results estimated that approximately four million people living 
within about 25 square miles of Oil Landfill may have been exposed to 
estimated annual average vinyl chloride concentrations ranging from 0.004 to 
0.06 ppbv in 1986. 
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TABLE I 

RANGE OF CUMULATIVE POPULATION EXPOSED 

TO VINYL CHLORIDE NEAR Oil 

Range of Cumulative Population Exposed to Vinyl Chloride 

Concentrations (ppbv) at 

Lower-bound 

Estimate^ 

Upper-bound 

Estimate'̂  

or above: 

4,287,300 4.287,300 >0 but <0.01̂  
272,000 3,111,000 0.01 
33,000 1,073,000 0.05 
12,000 445,000 0.10 
0 22,000 1.0 
0 12,000 1.5 
0 6,000 2.0 
0 6.000 3.0 

2 -1 
a - The exposure estimate is based on an emission rate ot 0.31 ug/m s . 

2 -1 

b - The exposure estimate is based on an emission rate of 4,42 ug/m s . 
c - According to the model, the entire cumulative population studied was at 

least exposed to vinyl chloride concentrations between ̂  and less than 
0.01 ppbv. In addition, calculated population-weighted exposure for 
this population was estimated to range from an annual average of 0.004 
to 0.06 ppbv vinyl chloride. 

For the BKK Landfill, the population-weighted exposure results showed 

that the maximum exposed individual living near BKK was estimated to be 

exposed to an average annual concentration of 2 to 10 ppbv. Modeled 

cumulative population exposure estimates (not population-weighted) 

predicted that 0 to 2,500 people living close to BKK may have been exposed 

-8-



to annual average concentrations of at least 7 ppbv (see-Table II). 
Population-weighted exposure results estimated that approximately two 
million people living within about 25 square miles of BKK Landfill may have 
been exposed to annual average vinyl chloride concentrations ranging from 
0.08 to 0.34 ppbv in 1987. 

TABLE .II 

RANGE OF CUMULATIVE POPULATION EXPOSED 

TO VINYL CHLORIDE NEAR BKK 

Range of Cumulative Population Exposed to Vinyl Chloride 

Concentrations (ppbv) at 

Lower-bound 

Estimate^ 

Upper-bound 

Estimate'' 

or above: 

2,154,000 2,154,000 >0 but <0.01̂  

2,026,000 2,154,000 0.01 
732,000 1,970,000 0.05 

374,000 1,431,000 0.1 

17.000 131,000 1.0 
0 54,000 2.0 

0 28,000 3.0 
0 20,000 4.0 
0 14,000 5.0 
0 7,000 6.0 

.0 2,500 7.0 

.2-1 a - The exposure estimate is based on an emission rate of 0.75 ug/m s" 
2 1 

b - The exposure estimate is based on an emission rate of 3.32 ug/m s , 

c - According to the model, the entire population was at least exposed to 

vinyl chloride concentrations between 0 and 0.01 ppbv. In addition, the 

calculated population-weighted exposure for this population was estimated to 

range from an annual average of 0.08 to 0.34 ppbv vinyl chloride. 
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These exposure estimates are based on ambient data only and do not 

include any possible elevated indoor exposures that may occur inside homes 

near landfiUs. 

Is there evidence of indoor air exposure to vinyl chloride? 

In California, vinyl chloride in indoor air has been detected only in 

houses near landfills. In 1985, a South Coast Air Quality Management 

District (SCAQMD) indoor air grab-sample study showed vinyl chloride 

concentrations ranging from 8 to 100 ppbv in some homes near Oil LandfiU. 

Present indoor vinyl chloride concentrations in the residences near Oil are 

believed to be lower due to Oil's installation of gas collectors and flares 

subsequent to the SCAQMD study. In order to test this idea, additional 

indoor air monitoring at homes adjacent to the landfill is being 

considered. To date, no indoor vinyl chloride has been detected in studies 

of homes not located near landfills. 

Are there other routes of exposure to vinyl chloride? 

Exposure to vinyl chloride may also occur from ingestion of food and 
water that contain residues of the substance. 

Prior to 1975, vinyl chloride monomer levels as high as 20 ppmw were 

found in food packaged in vinyl chloride polymer containers or materials. 

In 1986, the Food and Drug Administration (FDA) proposed to limit the 

maximum amount of residual vinyl chloride monomer in rigid and semi-rigid 

food containers to 10 ppbw and the maximum amount of vinyl chloride monomer 

allowed in polymeric coatings and films which contact food to 5 ppbw. 

According to an FDA o f f i c i a l , the regulation was not promulgated because it 

was believed that monomer stripping processes leave no residue of vinyl 

chloride monomer. An estimate of the potential for vinyl chloride exposure 

from food ingestion is not possible because, to our knowledge, current 
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information on the levels in food and food packaging is not available. The 

vinyl chloride exposure estimates in this Staff Report/Executive Summary and 

in the accompanying Technical Support Document do not account for potential 

exposure from polymeric food packaging. 

In California, surface water and ground water from public water systems 

are generally free of vinyl chloride. Since i t is not typically detected in 

drinking water, exposure through this route is not expected to significantly 

contribute to the cancer burden attributed to vinyl chloride. 

What is the risk assessment for exposure to vinyl chloride? 

The DHS analyzed many human occupational and animal studies in the 

cancer risk assessment for vinyl chloride exposure. Predictions from the 

majority of the studies of humans exposed to vinyl chloride occupationally 

are uncertain due to inadequate exposure data, insufficient follow-up time, 

and methodological problems. Based on the exposure estimates for vinyl 

chloride workers in the Waxweiler, et a l . (1976) study, the 95% upper 

confidence limit on the lifetime unit risk of contracting cancer from vinyl 

chloride ranged from 2.5 x lO'^ppb"^ to 4.5 x 10~^ppb"^. Evaluation of 

animal experiments using the linearized multistage model leads to 

predictions of upper confidence limits on unit risks for humans ranging 

from 3.7 x 10~^ppb'^ to 20 x 10"^ppb"^. Considering tumorgenicity data as 

well as the results of human and animal studies, the DHS staff conclude that 

the overall range of upper confidence limits on cancer unit risk is 2.5 x 

10"^ppb~^ to 20 X lO'^ppb"^. In order to ensure protection of public 

health, the DHS has identified the best estimate of cancer unit risk to be 
-5 -1 

20 X 10 ppb , the top of the upper confidence limits range. Using the 

best estimate of cancer unit risk, an estimated 200 cancers may occur in one 

miUion people exposed to 1 ppbv of vinyl chloride for a 70-year lifetime. 

Because vinyl chloride has not been detected An statewide ambient air 
monitoring, 24-hour averaged hot spot concentrations detected by monitors 
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near two South Coast landfills were used in a model to estimate annual 
average outdoor concentrations and to assess the probable impact of vinyl 
chloride on the cancer burden for people living near these landfills. 
Population-weighted modeled estimates of peak exposure concentrations for 
maximally exposed receptors ranged from 0.6 to 9 ppbv at the Oil Landfill 
and from 2 to 10 ppbv at the BKK Landfill. 

An estimated 17,000 to 131,000 persons were exposed to 1 ppbv of vinyl 

chloride near the BKK LandfiU where the highest exposures were predicted 

from the monitoring results of 1987. Using the upper confidence limits 

range of risks, the DHS estimated that 3 to 36 cancers may occur in 131,000 

persons due to lifetime exposure to 1 ppbv of vinyl chloride. 

All of the above estimates represent the upper range of plausible 

excess cancer risk. Estimates of actual risks could be much lower. 

What are the alternatives to identifying vinyl chloride as a TAC? 

California Government Code section 11346.14 requires agencies to 

describe alternatives to the regulation considered by the agency and the 

agency's reasons for rejecting those alternatives. The only alternative to 

identifying vinyl chloride is not to identify i t . We are not recommending 

this alternative because we believe that vinyl chloride meets the definition 

of a toxic air contaminant and because vinyl chloride is listed as a 

hazardous air pollutant by the federal government pursuant to section 7412 

of Title 42 of the United States Code; therefore, pursuant to section 39655, 

vinyl chloride is required to be identified as a toxic air contaminant. 

What would be the environmental impact of the identification 
of vinyl chloride as a toxic air contaminant? 

The identification of vinyl chloride as a toxic air contaminant is not 

itself expected to result in any impact on the environment. 
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The Board's identification of vinyl chloride as a toxic air contaminant 

may result in the adoption of control measures according to the California 

Health and Safety Code sections 39665 and 39666. Subsequent to 

identification, the implementation of control measures would benefit the 

public health by reducing vinyl chloride emissions resulting in a reduced 

health risk due to vinyl chloride exposure. 

Environmental impacts identified with respect to specific control 

measures will be included in the consideration of such control measures 

pursuant to the California Health and Safety Code sections 39665 and 39666. 

What are the findings of the Scientific Review Panel? 

In accordance with California Health and Safety Code Section 39661, the 
Scientific Review Panel (SRP) has reviewed the report prepared by the staffs 
of the Air Resources Board (ARB) and the Department of Health Services (DHS) 
on the public exposure to, and health effects of vinyl chloride. The Panel 
has also .reviewed the public comments received on this report. Based on 
this review, the SRP finds that the report on vinyl chloride is without 
serious deficiencies and agrees with the staffs of the ARB and the DHS that: 

1. There is strong evidence that exposure to vinyl chloride results in 
animal and human carcinogenicity. The United States Environmental 
Protection Agency (USEPA) assigned vinyl chloride to Group A of its 
classification scheme for carcinogens. In explaining its Group A 
category, the EPA states, "This group is used only when there is 
sufficient evidence from epidemiologic studies to support a causal 
association between exposure to the agents and cancer." The 
International Agency for Research on Cancer (lARC) assigned vinyl 
chloride to Group 1 of its classification scheme for carcinogens. In 
introducing its l i s t of Group 1 carcinogens which included vinyl 
chloride, the lARC states, "The Working Group concluded that the 
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foUowing agents are carcinogenic to humans." Based on available 
scientific data, the Panel agrees with the EPA's and the lARC's 
classification of vinyl chloride as a human carcinogen. 

Based on available scientific information, the DHS staff found no 

evidence of a vinyl chloride exposure level below which no carcinogenic 

effects are anticipated. 

Based on the interpretation of available scientific evidence, the DHS 

staff estimated that the upper 95 percent confidence Umits on the 
-5 

lifetime risk of cancer from vinyl chloride ranged from 2-5 x 10 

ppb"^ to 20 X 10"^ppb"^. The DHS staff identified the best estimate of 

vinyl chloride cancer unit risk as the top of the upper confidence 

limits range, 20 x 10"^ppb'^ or 7.8 x 10"^(ug/m^)"^. Table III 

compares the best estimate of vinyl chloride cancer unit risk with 

those of other compounds recently reviewed by the SRP. 

TABLE III 

IlfimCfliind Unit Risk fpob"^! Unit Risk fug/m^T^ 

Vinyl chloride 20 x 10"^ 7.8 x 10"^ 

Chloroform 2.6 x 10'^ 5.3 x 10"^ 

Trichloroethylene 1.1 x 10"̂  2 x 10"^ 

Inorganic arsenic particulate 3.3 x 10 

Methylene chloride 3.5 x 10"^ 1 x 10'^ 

Upper bound excess lifetime risks are health-protective estimates; the 

actual risk may well be below these values. 

Landfills, publicly-owned treatment works, and polyvinyl chloride 
producers and fabricators are the major identified sources of vinyl 
chloride emissions in California's outdoor air. 

Based on its gas-phase reactivity with hydroxyl radicals, vinyl 

chloride's estimated tropospheric lifetime ranges from 1.6 to 3.9 days, 
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Vinyl chloride has not been detected by the ARB's statewide ambient 

toxic air contaminant monitoring network. However, vinyl chloride has 

been detected in the ambient air near emission sources such as 

landfills. 

The limited monitoring conducted in the Landfill Gas Testing Program 

which began in 1987 was designed to identify landfiU sites that pose a 

potential risk to public health. Preliminary findings show that vinyl 

chloride concentrations ranging from the detection limit of 106 ppbv to 

72,000 ppbv were detected in the internal gas of 160 (47 percent) out 

of the 340 landfills at which internal gas testing was performed. 24-

hour averaged ambient vinyl chloride concentrations ranging from the 

detection Umit of 2 ppbv to 15 ppbv were detected at 24 (10 percent) 

out of the 251 landfills at which ambient monitoring was performed. 

The limited testing conducted was designed to be used for screening 

purposes. For that reason, vinyl chloride may be present in the 

ambient air at additional landfills, but was not detected in the one to 

three days of ambient testing specified in the testing guidelines for 

the Program. Further interpretation of the data from specific landfill 

sites must also consider factors such as how the testing was carried 

out, along with location, size, and proximity to sensitive receptors. 

Ambient vinyl chloride data from perimeter monitoring by the South 
Coast Air Quality Management District (SCAQMD) at two landfills in 1986 
and 1987 were used in a model to estimate population-weighted exposures 
near the sites. These exposure estimates were based on ambient outdoor 
data and do not include any possible elevated indoor exposures that may 
occur inside homes near the landfills. The cancer risk from vinyl 
chloride exposure to people residing in the vicinity of the landfills 
may be determined using the DHS's best estimate of vinyl chloride 
cancer unit risk of 20 x 10"̂ ppb"̂ (see Finding 3 above) and the modeled 
population-weighted exposure estimates. 

•15-



a. Population-weighted exposure for maximally exposed individuals 
living immediately adjacent to the landfills (at the fenceline) was 
estimated to range from an annual average of approximately 0.6 to 9 
ppbv vinyl chloride at Oil Landfill and from approximately 2 to 10 
ppbv at BKK Landfill. 

b. Modeled estimates of exposure (not population-weighted) for 0 to 

6,000 people living close to Oil and for 0 to 2,500 people living 

close to BKK are included to provide an idea of the predicted 

exposure levels and risk directly downwind from the landfills. 

According to the model, 0 to 6,000 people near Oil may have been 

exposed to annual average vinyl chloride concentrations of at least 

3 ppbv and 0 to 2,500 people near BKK may have been exposed to 

annual average concentrations of at least 7 ppbv. Using the DHS's 

best estimate of cancer unit risk, 0 to. 4 or more cancers were 

estimated to occur among the 6,000 people living closest to Oil; and 

0 to 4 or more cancers were estimated to occur among the 2,500 

people living closest to BKK. 

c. Population-weighted exposure results were calculated for the people 

living within a 41 square-kilometer area (or, approximately 25 

square-mile area) of each landfill. For Oil LandfiU, approximately 

4 million people may have been exposed to average annual 

concentrations ranging from 0.004 to 0.06 ppbv. For BKK Landfill, 

approximately 2 million people may have been exposed to annual 

average concentrations ranging from 0.08 to 0.34 ppbv. Using the 

DHS's best estimate of cancer unit risk, 4 to 48 cancers were 

estimated for the 4 million people living within approximately 25 

square miles of Oil; and 32 to 136 cancers were estimated for the 2 

million people living within approximately 25 square miles of BKK. 

The Umited data available indicate that the vast majority of homes 

have very low, often undetectable, indoor vinyl chloride 

concentrations. However, grab samples coUected by the South Coast Air 

Quality Management District (SCAQMD) in 1985 showed concentrations 
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ranging from 8 to 100 ppbv inside a few homes near Oil Landfill 
mentioned in Finding 8. Current indoor concentrations in the homes 
studied by the SCAQMD in 1985 are expected to be lower because of the 
subsequent installation of a landfill gas collection and flare system. 
In order to test this idea, additional indoor air monitoring at homes 
adjacent to the landfill is being considered. 

Since vinyl chloride is not typically detected in indoor air, exposure 

through this route is not expected to significantly contribute to 

overall risk, except in the vicinity of certain landfills. 

10. Non-carcinogenic health effects are not known to occur at: 1) the 

highest recorded 24-hour average outdoor concentration in California 

(15 ppbv) (see Finding 7), 2) the estimated outdoor average annual 

vinyl chloride concentrations (see Findings 6 and 8), or 3) the highest 

recorded vinyl chloride concentration from the air inside a California 

home (100 ppbv) (see Finding 9). 

11. Prior to 1975, vinyl chloride monomer levels as high as 20 ppmw were 
found in food packaged in vinyl chloride polymer containers or 
materials. In 1986, the Food and Drug Administration (FDA) proposed to 
limit the maximum amount of residual vinyl chloride monomer in rigid 
and semi-rigid food containers to 10 ppbw and the maximum amount of 
vinyl chloride monomer allowed in polymeric coatings and films which 
contact food to 5 ppbw. According to an FDA official, the regulation 
was not promulgated because it was believed that monomer stripping 
processes leave no residue of vinyl chloride monomer. There is no 
further information available on the levels of vinyl chloride in food 
containers and packaging. The exposure estimates in Finding 8 do not 
account for potential exposure from polymeric food packaging. 

In California, surface water and ground water from public water systems 

are generally free of vinyl chloride. Since it is not typically 
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detected in drinking water, exposure through this route is not expected 

to significantly contribute to the cancer burden attributed to vinyl 

chloride. 

12. Because vinyl chloride was identified as a hazardous air pollutant 

under Section 112 of the United States Clean Air Act, identification of 

vinyl chloride as a toxic air contaminant is required by California 

Health and Safety Code Section 39655. 

13. Based on aU available scientific evidence, including consistent animal 

and human studies and the small range of dose extrapolation (from the 

animal studies), we conclude that the data are overwhelming that vinyl 

chloride is a toxic air contaminant. 

We agree with the ARB staff recommendation to its Board that vinyl chloride 

be listed as a toxic air contaminant. 

-18-



TECHNICAL SUPPORT DOCUMENT 

PART A 

H 

^c = / 
/ \ 

H Cl 

VINYL CHLORIDE 

OCTOBER 1990 

State of California 

Air Resources Board 

Stationary Source Division 



ACKNOWLEDGMENTS 

We wish to acknowledge the valuable assistance of the foUowing 
people at the Air Resources Board who contributed to the preparation and 
review of this document: Pacita Ayala, Rich Miller, Lynn Baker, Gary Yee, 
Barbara Fry, Charles W. Emerson, Janis Fitzell, Roland Hwang, and Mike 
Poore. Special thanks are extended to the laboratory personnel of the South 
Coast Air Quality Management District. 

October 1990 

This report has been reviewed by the staff of the California Air 
Resources Board and approved for publication. Approval does not signify 
that the contents necessarily reflect the views and policies of the Air 
Resources Board, nor does mention of trade names or commercial products 
constitute endorsement or recommendation for use. 

' In preparing this report, the staff reviewed pertinent literature 
published through December 1989. 



TECHNICAL SUPPORT DOCUMENT 
PART A 

REPORT TO THE AIR RESOURCES BOARD 
ON VINYL CHLORIDE 

PUBLIC EXPOSURE TO, SOURCES, AND EMISSIONS 
OF VINYL CHLORIDE IN CALIFORNIA 

Project Coordinator 
Barbara Cook 

Principal Investigators 
Richard Corey 
Tom Parker 
Barbara Cook 

Contributors 
Paul Allen 

Renee Capouya 
Steve Hui 
Chris Nguyen 

and 
Roger Atkinson, Ph.D. (University of California, Riverside) 

Reviewed and Approved bv; 

' Joan Denton, Ph.D., Manager 
Substance Evaluation Section 

Genevieve Shiroma, Chief 
Toxic Air Contaminant Identification Branch 

Peter D. Venturini, Chief 
Stationary Source Division 

October 1990 



PRELIMINARY EXPOSURE TO, AND SOURCES OF 
ATMOSPHERIC VINYL CHLORIDE IN CALIFORNIA 

TABLE OF CONTENTS 

Page 

LIST OF APPENDICES i i 
LIST OF TABLES i i i 

LIST OF FIGURES i i i 

I. INTRODUCTION A-1 

II. PRODUCTION, USES AND EMISSIONS A-4 

A. PRODUCTION A-4 
B. CURRENT AND PROJECTED A-5 
C. LANDFILLS: A POTENTIAL MAJOR EMISSION SOURCE A-5 
D. OTHER KNOWN EMISSION SOURCES A-12 
E. OTHER POTENTIAL EMISSION SOURCES A-15 
F. REFERENCES A-16 

III. EXPOSURE TO VINYL CHLORIDE A-20 
A. AMBIENT MONITORING IN CALIFORNIA A-20 
B. ESTIMATING AMBIENT CONCENTRATIONS A-28 
C. POPULATION EXPOSURE A-31 
D. INDOOR EXPOSURE TO VINYL CHLORIDE A-34 
E. EXPOSURE THROUGH OTHER ROUTES A-37 
F. REFERENCES A-39 

IV. PROPERTIES AND PERSISTENCE IN THE ATMOSPHERE ._. A-41 
A. PHYSICAL PROPERTIES A-41 
B. ATMOSPHERIC PERSISTENCE A-41 
C. REFERENCES A-47 

•1-



LIST OF APPENDICES 

APPENDIX I - SCAQMD'S ANALYTICAL METHOD FOR SAMPLING AND ANALYSIS OF 
ATMOSPHERIC VINYL CHLORIDE 

APPENDIX II - DESCRIPTION OF GLEIT'S METHOD 

APPENDIX III - ESTIMATE OF TOTAL EXPOSURE TO VINYL CHLORIDE FROM INDOOR AIR 

APPENDIX IV - INFORMATION REQUEST LETTER WITH ATTACHMENTS AND RESPONSES 

APPENDIX V - HEALTH EFFECTS REQUEST TO DHS AND LETTER OF RESPONSE 

APPENDIX VI - LANDFILL GAS TESTING PROGRAM DATA 

APPENDIX VII - ARB MONITORING AND LABORATORY DIVISION'S METHOD FOR 
CALCULATING THE LIMIT OF DETECTION 

-n-



LIST OF TABLES AND FIGURES 

TABLES 

Page 

II-l VINYL CHLORIDE LANDFILL EMISSION ESTIMATES A-9 

II-2 SUMMARY OF VINYL CHLORIDE EMISSION ESTIMATES A-12 
FOR OTHER SOURCES 

II-I SUMMARY STATISTICS FOR THE JANUARY 1987 THROUGH DECEMBER A-25 
1987 MONITORING DATA FOR VINYL CHLORIDE NEAR BKK LANDFILL 

II-2 SUMMARY STATISTICS FOR THE JANUARY 1986 THROUGH DECEMBER .... A-26 
1986 MONITORING DATA FOR VINYL CHLORIDE NEAR Oil LANDFILL 

11-3 UPPER AND LOWER BOUND ESTIMATES OF THE ANNUAL MEAN A-28 
CONCENTRATIONS OF VINYL CHLORIDE AT BKK AND OH LANDFILLS 

II-4 ESTIMATED EMISSION RATES OF VINYL CHLORIDE FROM BKK A-30 
AND OH LANDFILLS 

II-5 RANGE OF CUMULATIVE POPULATION EXPOSED TO A-32 
VINYL CHLORIDE NEAR BKK 

II-6 RANGE OF CUMULATIVE POPULATION EXPOSED TO A-33 
VINYL CHLORIDE NEAR Oil 

II-7 ESTIMATED VINYL CHLORIDE EXPOSURE THROUGH A-38 
DIFFERENT MEDIA 

IV-1 PHYSICAL PROPERTIES OF VINYL CHLORIDE A-42 

IV-2 ATMOSPHERIC LIFETIME AND REACTION RATE CONSTANT ESTIMATES ... A-44 
FOR VINYL CHLORIDE 

FIGURES 

II-l NATIONAL VINYL CHLORIDE PRODUCTION, IMPORTS, EXPORTS A-5 
AND USE 

II-2 ANAEROBIC BREAKDOWN SEQUENCE VIA REDUCTIVE DEHALOGENATION ... A-8 

II-3 LANDFILL GAS COLLECTION SYSTEM A-11 

III-l THE LOCATION OF BKK AND OH LANDFILLS IN RELATION A-21 

TO MAJOR FREEWAYS 

III-2 BKK LANDFILL AND THE SURROUNDING AREA A-22 

III-3 Oil LANDFILL AND THE SURROUNDING AREA A-23 

•m-



INDOOR AIR EXPOSURE/OTHER ROUTES OF EXPOSURE ASSESSMENT 
FOR VIHYL CHLORIDE 

I. RACKGROUND 

Health and Safety Code Section 39660.5 directs the Board, in its toxic 
air contaminants identification process, to assess exposures to toxic air 
contaminants in indoor as well as outdoor environments. Indoor exposure 
assessment has become increasingly important as an integral part of air 
exposure assessment because (/\RB 1987, 1989): 

1. people spend a predominant proportion of their time indoors; and 

2. personal and indoor air monitoring data indicate that some pollutant 
concentrations are regularly higher indoors than outdoors. 

,Indoor air exposure data, combined with outdoor air exposure data, can 
provide a realistic estimate of personal exposure through the air environment. 
A more detailed discussion of indoor air exposure is contained in Appendix A. 

Indoor air data can be obtained either by personal air sampUng or by 
fixed-site air sampling. In personal sampling, the sampling equipment is 
carried by an individual and air samples are taken wherever the individual may 
be. In contrast, fixed-site air samplings refer to air samples taken at a 
fixed location. Personal air sampling data generally provide a more realistic 
estimate of individual exposure. Since most people spend 80-902 of their time 
in indoor environments, personal air sampling data are strongly weighted by 
indoor air exposure data. 

While the main objective of this report is to define exposure through the 
air, this report also presents personal exposure data through other media. 
The inclusion of these data will provide an useful perspective of the overall 
exposures to toxic air contaminants through environmental media. The need for 
total exposure assessment and some of the issues and concepts involved in 
total exposure estimates are discussed in Appendix B. 

II. INDOOR AIR EXPOSURE TO VINYL CHLORIDE 

A. PERSONAL AIR SAMPLING 

Personal air sampling data for most organic compounds come from the Total 
Exposure Assessment Methodology (TEAM) studies conducted by the Environmental 
Protection Agency (EPA) during 1980-85 (Wallace, 1987; USEPA 1987a,b; Wallace 
& Clayton. 1987; Wallace et al. . 1986; Pellizzari et a 1.. 1986). Although 
vinyl chloride was included in the i n i t i a l pilot study (Phase I) of the TEAM 
project, vinyl chloride was deleted from the subsequent main studies (Phase II 
and III). The deletion of vinyl chloride was due to two factors-^(Pe 11 izzari 
1987). First, Tenax, the most cost-effective sampling 



medium which could collect a number of compounds of concern, was not suitable 
for vinyl chloride collection. In addition, the alternative sampling method 
used to collect vinyl chloride in the pilot study did not provide the required 
reliability for detecting low vinyl chloride concentrations. 

./ 

Consequently, the pilot study provides the only available personal air 
sampling data for vinyl chloride. Based on this limited information, indoor 
air exposure to vinyl chloride is apparently low. In monitoring nine subjects 
in New Jersey and three from North Carolina for several days on three separate 
visits over a 6-month period, all of the 138 air samples (collected in 5 to 10 
hour sampling periods) were below the reported limit of detection (LOD) of 20 
ppb (51 ug/m ) (Wallace et al. 1984). The procedure for calculating the 
LOD was not described in the paper and the subcontractor who conducted the 
monitoring could not be located for the information. 

B. FIXED-SITE AIR SAMPLING 

As part of a recent follow-up TEAM study in California, fixed-site 
monitoring stations were installed to monitor indoor and outdoor air 
concentrations of a number of organic compounds (Pellizzari, et al.. 1989). 
Specially designed stainless steel canisters were used for collecting vinyl 
chloride air samples from homes in the Los Angeles area for two seasons. Ten 
homes were sampled in the Winter season and eight of the original homes were 
sampled in the Summer season. Canister air samples were collected indoors and 
outdoors at each home during two, 12-hour periods. Samples obtained in the 
Winter season did not provide reliable data due to technical problems. All 
outdoor or indoor samples, a total of 32 samples, obtained in the Summer 
season indicated that vinyl chloride air concentrations were below the limit 
of detection. The samples were analyzed by-two analytical methods with limits 
of detection at about 0.2 and 58 ppb (0.55 and 148 ug/m ), respectively. The 
LOD, as defined by Pellazzari, et al.. is a value where the measured signal of 
the analyte is three times that of the noise of the instrument. Therefore, 
values below the LOD are not reported. 

A similar TEAM study was conducted in Baltimore. Indoor air 
concentrations of vinyl chloride in about 160 homes were monitored by fixed-
site sampling stations. Based on partially analyzed results, vinyl chloride 
was not detected in indoor air environments. The limitgOf detection was 
quoted by the researcher as 10 to 16 ppb (26 to 40 ug/m ) (Pellizzari, 1987). 

C. SPECIAL SITUATION AIR MONITORING 

In 1981, the South Coast Air Quality Management District (SCAQMD) 
collected 24-hour bag samples in the vicinity of the BKK landfill (a Class I 
site) in West Covina. A total of more than 500 air samples were taken at two 
outdoor sites and at four sites inside downwind residences (SCAQMD, 1982). 
AU the samples (24% of the total sampled) that-equaled or exceeded the state 
vinyl chloride air quaUty standard of 10 ppb (26 ug/m ) were taken inside the 

1 ug/m̂  x (0.0245/MW) x 10̂ = 1 ppb 
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residences. Ihe highest recorded indoor vinyl chloride concentration was 50 
ppb (130 ug/m ). The limit of detection was 2 ppb (5.2 ug/m ) (see Section A, 
Chapter III for the SCAQMD method of calculating the LOD). 

In late 1984, the SCAQMD staff screened for landfill gas migration frpni 
Operating Industrial, Inc. (Oil) Landfill by taking about ten grab-samples 
inside the water meter boxes of residences adjacent to the landfill (SCAQMD, 
1985a). A water meter box is a below-ground, enclosed box containing an 
apparatus which measures the amount of water used by a household. Grab 
samples from the water meter boxes showed vinvl chloride concentrations 
ranging from 13 to 36000 ppb (31.2-93600 ug/itT). In 1985, the SCAtJMD (1985b) 
conducted further monitoring by grab-samples inside some of the residences and 
found indoor vinyl chloride air concentrations at 8 to 100 ppb (20.8 to 260 
ug/m ). Present indoor concentrations of vinyl chloride in these residences 
near Oil landfiU may be lower since monitoring of water meter boxes has not 
detected significant levels of landfill gases due to improvements in Oil's 
landfiU gas collection system (Coy, 1987). 

C. SUMMARY 

Except for houses near landfills, the vinyl chloride concentration in 
indoor air appears to be low. However, this conclusion is based on the 
evaluation of a very limited database. In addition, the sampling and 
analytical procedures for vinyl chloride indoor air monitoring are less than 
satisfactory as evidenced by the wide range for reported limits of detection. 
The limit of detection, 0.2 ppb (0.55 ug/ra ), reported in the latest 
California TEAM study appears to be the most reliable. This limit of 
detection will be used to estimate the upper limit exposure for houses not 
adjacent to landfiUs (see Section II B of this appendix for the TEAM study 
method of calculating the LOD). 

For houses near landfills, the measured high indoor vinyl chloride air 
concentrations may indicate the potential impact of nearby emission sources to 
indoor environments. A more detailed discussion of landfill emissions as a 
source of indoor vinyl chloride is presented in section III(C). 

III. POTENTIAL SOURCES OF INDOOR VINYL CHLORIDE 

A. PLASTIC MATERIALS AND CONSUMER PRODUCTS 

Vinyl chloride has not been used in any consumer products since 1974 when 
vinyl chloride was banned as a propellant in household aerosol products and as 
an ingredient of drug and cosmetic products (lARC, 1979). 

Because of its versatility, plastic products made of polyvinyl chloride 
(PVC) and other vinyl chloride polymers are ubiquitous in any household. 
Before being made into different products, PVC polymer is in the form of a 
resin that is made by chemically linking the vinyl chloride molecules. 
Individual vinyl chloride molecules are also called vinyl chloride monomer 
(VCM). Unreacted VCM can remain in the PVC resin for some time depending on 
the initial amount of the unreacted VCM. Therefore, an indirect source of 
vinyl chloride indoors may come from the release of unreacted VCM from these 
plastic products. For example, during 1975 to 1976, VCM concentrations 
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ranging from below 2 ppb to 1.2 ppm (5.2 to 3,077 ug/m ) were measured in 
automobile interior air space under experimental conditions (U.S.EPA, 1976; 
1977). 

Emissions of unreacted VCM have been greatly reduced due to improvements 
in monomer stripping technology (Wheeler, 1981). In the past, residual VcM 
concentrations in the PVC resins at the time of shipment ranged as high as ^ 
2000 ppm (5,128 mg/m ). Currently, PVC resins contain about 10 ppm (26 mg/m ) 
residual VCM at the time of shipment and may lose VCM at a rate of 20 to 50% 
per month during storage. In addition, most of the VCM will vaporize and 
escape during the high temperature processes in which PVC resins are melted 
and made into final products. Thus, commercial products made of PVC resins do 
not now contain significant residual vinyl chloride for later emission. 

B. VAPORIZATION FROM WATER SOURCES 

Water can serve as a medium to carry pollutants from outdoor to indoor 
environments. Once in contact with air indoors, volatile chemicals such as 
vinyl chloride can leave the water and enter the air. Human activities such 
as using water for cooking, heating or showering can promote rapid 
vaporization of vinyl chloride from water. Industrial solvent contaminated 
surface or ground water may, therefore, bring outdoor vinyl chloride indoors 
via the water supply. 

In California, surface water is generally free of vinyl chloride (Sharrp, 
1987). In assessing ground water quality, the California Department of Health 
Services (CDHS, 1986) reported that only one out of the 2,947 wells for large 
public water systems was contaminated with vinyl chloride. The maximum 
concentration found in that well was 23 ug/l with a median value of 20 ug/l. 
Vinyl chloride has not been detected in wells used for small public water 
systems (CDHS, 1987). The limit of detection of vinyl chloride in water is 
0.5 ug/l. Based on this information, vinyl chloride in the water supply will 
have an insignificant impact on the indoor vinyl chloride air concentration. 

C. VINYL CHLORIDE FROM LANDFILL GAS 

Homes built on or near landfills containing vinyl chloride or related 
chlorinated hydrocarbons may have high indoor air concentrations of vinyl 
chloride. Vinyl chloride emission from landfills can be caused by the 
vaporization of vinyl chloride that was originally disposed there. Class I 
landfills that are designated for toxic waste are likely to contain vinyl 
chloride waste. In addition, microbiological conversion of chlorinated 
hydrocarbons can produce and emit vinyl chloride in situ (Molton, Hallen and 
Pyne. 1987). 

Wood and Porter (1987) reported their evaluations of over 20 Class II 
landfiUs that are designated only for municipal waste. Ninety percent of 
these landfiUs contained measurable amounts of vinyl chloride and the ^ 
concentrations at half of these landfiUs were above 1000 ppb (2,564) ug/m ). 
These high concentrations were measured by grab-sampling, an instant filling 
of a two-liter evacuated flask, at ground levels or at landfill gas collection 
points. For five of the landfiUs, 24-hour bag sampling was also conducted. 
Only one of these five landfills produced measurable 24-hour concentrations of 
vinyl chloride off-site. 
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There are at least two ways that vinyl chloride from landfills may 
contribute to indoor vinyl chloride concentrations of nearby residential 
houses. First, houses that are located downwind from landfills can receive 
vinyl chloride through direct outdoor air influx into indoor environments. 
Secondly, landfill gases, carrying vinyl chloride, can migrate underground/and 
enter houses through substructures. The rate of accumulation of vinyl 
chloride indoors depends heavily on the soil permeability, source strength, 
air exchange rate and structure of the house. Higher indoor than outdoor 
vinyl chloride concentrations may occur because vinyl chloride is more rapidly 
destroyed in outdoor than indoor air. Outdoor destruction proceeds more 
quickly because vinyl chloride's reaction with hydroxyl radicals is the 
compound's dominant atmospheric removal mechanism and because hydroxyl 
radicals are formed in the presence of direct sunlight. 

As discussed in Section 11(6), houses located near Class I landfills had 
higher indoor than outdoor air concentrations of vinyl chloride. The 
accumulation of high vinyl chloride concentrations in the water meter boxes 
indicated that landfill gas containing vinyl chloride can migrate underground 
and enter nearby indoor environments. Controlled release or combustion of 
landfill gas on site may slow down vinyl chloride subterranean migration. 

D. OTHER FACTORS THAT MAY INFLUENCE INDOOR CONCENTRATIONS 

A minute amount of vinyl chloride has been identified in the smoke of 
cigarettes (1.3-16 ng/cigarette) and of little cigars (14-27 ng/cigar) (I/U?C, 
1985; Hoffmann, Patrianakos and Brunnemann, 1976). The vinyl chloride level 
in the mainstream smoke may be determined by the total inorganic chloride 
content of the tobacco. The contribution from tobacco smoke appears to have 
insignificant impact on the indoor air concentration of vinyl chloride. 

E. SUMMARY 

In general, there are very few, minor emission sources of vinyl chloride 
indoors. However, houses that are situated near landfills may accumulate 
vinyl chloride in the indoor environment due to subterranean gas migration and 
direct air infiltration. Some of these houses may have indoor air levels of 
vinyl chloride higher than the State of California Ambient Air Quality 
Standard for outdoor vinyl chloride. 

The results from the SCAQMD's five hundred 24-hour bag samples (the 
highest measured 24-hour averaged concentration was 50 ppb or 130 ug/m ) can 
be used to estimate the upper limit of indoor air exposure to vinyl chloride 
in houses near landfills (SCAQMD, 1982). The results obtained by grab-sample 
monitoring, however, are not necessarily reflective of long-term indoor 
exposure to vinyl chloride. 
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IV. OTHER ROUTES OF VINYL CHLORIDE EXPOSURE 

A. WATER INGESTION 

The major source of drinking water for California is surface water wl\i'ch 
does not have detectable vinyl chloride concentrations. Ground water useid for 
public water systems is also relatively free of vinyl chloride (CDHS, 1987, 
1986). The detectable limit of vinyl chloride in water is 0.5 ug/l (0.5 ppb). 
Based on this information, vinyl chloride exposure through drinking water is 
judged to be insignificant under ordinary situations. 

B. FOOD INGESTION 

Vinyl chloride is not one of the compounds that have been monitored 
routinely in U.S. food and food products. However, before 1973, vinyl 
chloride was found in food and beverages marketed in vinyl chloride polymer 
containers or packaging materials (lARC, 1979). At that time, levels as high 
as 20 mg/kg (ppm) of vinyl chloride monomer were present in alcoholic 
beverages packaged in this material. Vinyl chloride was also found in edible 
oils, butter and margarine at 0.05-14.8 mg/kg. 

When cleaner PVC resins became available after 1975, vinyl chloride 
polymer containers contained only about 10 ppb of residual vinyl chloride 
monomer. In its recent rule-making proposal, the Food and Drug administration 
(FDA) (1986) estimated vinyl chloride exposure from food and beverages 
packaged with vinyl chloride polymer materials. These materials include 
liquor bottles, wine bottles. Oil bottles, vinyl chloride homopolymer film, 
and materials made with vinyl chloride-vinylidene chloride copolymers. Based 
on a conservative approach, the FDA's estimated lifetime-averaged individual 
exposure to vinyl chloride would not exceed 25 nanograms per day. 

V. ESTIMATES OF TOTAL EXPOSURE FROM INDOOR AIR AND OTHER ROUTES 

The estimated daily dose of vinyl chloride from different environmental 
media are presented in Table 1. From the Table, exposure to vinyl chloride in 
general indoor air, food and water appears to be insignificant. However, 
exposure to vinyl chloride indoors in homes near landfills may be the major 
portion of total vinyl chloride exposure. 

A. INDOOR AIR EXPOSURE 

The average concentration of vinyl chloride indoors in houses not near 
landfiUs is estimated to be below the limit of detection (0.2 ppb or 0.55 
ug/m ). For homes that are located neac landfiUs, the highest observied daily 
average measurement, 50 ppb or 130 ug/m , lis used for a conservative estimate. 

B. FOOD INGESTION 

The estimate of daily dose reported by FDA (1986) is directly used. 
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The quantitiy crgĵ Qjj(K-fl), the average squared deviation of the 
below-LOD portion of the distribution, is computed from the foUowing 
equation: 

BLOD̂ '̂ *̂ '̂ cr2(K)*[l-2(K)*(f(Z(K))/F(Z(K)) )]. 
where Z(K) = ( (L-M(K))/O-(K) ). 

Gleit's method nearly always converges in a few steps unless there are 
only a few distinct values above the detection limit, in which case it may 
converge very slowly. Gleit's method and closely related methods appear to 
be the best available estimators of the mean when the sample includes 
values below the LOD, as is demonstrated by the simulations reported in 
Gleit's paper. 

* See Appendix VII for the ARB Monitoring and Laboratory Division's method 

for calculating the LOD and Section A. Chapter III for the South Coast Air 

Quality Management District laboratory's method for calculating the LOD. 



DESCRIPTION OF GLEIT'S METHOD 

Gleit's method accounts for the concentrations below the LOD* by 
setting them equal to the 'below-LOD mean" AIQ|_Q[)> the mean of the portion*̂  
of the normal distribution below the LOD. Setting the unknown 
concentrations to their average value seems intuitively reasonable, and the 
simulations reported in Gleit's paper show that his method is more accurate 
than other commonly used approximations. 

The below-LOD mean of a normal distribution of a variable with a limit 

of detection L is given, in terms of L and the mean n and the standard 
deviation a- of the distribution, by equation 1: 

'̂BLOD = [1̂ ((l--M)/tr)/F({L-/t)/o-)] (1) 

In equation (1), f and F are, respectively, the probability density 

function and cumulative distribution function of the standard normal 

distribution. The "Estimated Concentrations for Samples Below the LOD" 

reported in Table II-2 are the below-LOD means of the assumed lognormal 

distributions of the concentrations'. These below-LOD means are computed 

from equation (2) in terms of parameters of the associated normal 

distribution: the LOD L, the mean concentration from Table II-2, and the 

estimated standard deviation (which is not tabulated). 

exp(Ai+0.5* o-̂ )*F((L-M-<r̂ )/o')/F(L-/t/<r) (2) 

We now describe how Gleit's method estimates the mean and variance of 
the assumed normal distribution. The mean and variance cannot be estimated 
by merely substituting into standard formulas, if below-LOD concentrations 
are to be set to the below-LOD mean. On the one hand, the mean and 
variance must be known in order to calculate the below-LOD mean from (1); 
on the other hand, the below-LOD mean must be known if it is to be used in 
the calculation of the mean and variance. Statistical theory, by asserting 
that a "best-fitting" mean and variance for the distribution exist, 
provides a way out of this dilemma. Gleit uses a simple iterative 



procedure to compute these best-fitting parameters. Since his procedure 
can be simply described in words, a written description is given, 
supplemented where necessary by equations written in a notation more 
convenient than Gleit's. ; 
-/ 

Starting with initial guesses AI(0) and 0-̂ (0) for the mean and 
variance, the procedure repeatedly generates new estimates of the mean and 
variance by the two-step computation described below until successive 
estimates of the mean and variance converge sufficiently (The K-th pair of 
estimates are denoted by /tt(K) and o-'̂ (K).). The two steps are: 

(a) the K-fl-st below-LOD mean MgLOD̂'̂*̂) computed by 
substituting / 
equation (1). 
substituting AI(K) and o'(K) (the square root of o-̂ (K)) into 

(b) The K-î l-st estimate of the mean, /i(K+l), is computed in the 
usual way with A*BLOD̂ *̂ *̂ ^ substituted for the sample values below 

the LOD. The K+l-st estimate of the variance, ô (K->l), is also computed 
in the usual way, with an analogous substitution for sample values below 
the LOD: the squared deviations from the mean of concentrations below the 
LOD are set equal to the average squared deviation from the mean of the 
below-LOD portion of the distribution. 

Let the N sample items be X(l), ,X(N), and let p be the number of 
sample items below the iOD. /t(K-»-l) is computed by: 

M(K*1) =(1/N) £ Y(J), where Y(J)=X(J) if X(J) R L 

and Y(J)r AtBLOD̂*̂*̂'̂  otherwise 

XT (K+1) is computed by: 

a2CK*l) = (l/N) Z ;D2(J), where D̂ (J)=(X:(J) - /t(K*l))^ 
if X(J) L, and D̂:(J)« <r2ĝgp.(K+l) otherwise. 
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VINYL CHLORIDE ANALYSIS — METHOD A 

Instrument: Hewlett Packard 5700A Gas Chromatograph 

Detector: Flame Ionization 

Injection System: Two Carle valves, a 10-port and a 4-port, 

are plumbed to contain a 4 ml, 1/4" stainless 

steel sample loop with pre-column, back-flush 

and pressure balance. See Figure D for 

valve plumbing. 

GC Conditions: 

Detector Temp. - 2 00°C 

Oven Temp. - 60°C 

Analytical Column - 6' x 1/4" ss, Chromosil 310, 60/80 mesh 

Pre-Column - 6' x 1/8" ss, Durapack n-octane/Porasil C, 

100/120 mesh 

Carrier Gas - 80/100 ml/min nitrogen 

Data Gathering: A Hewlett Packard 3 388A Integrator is used to 

calculate concentration by peak area comparison 

to an extemal standard. 

Valve Timing: Timing and switching events are performed by the 

integrator. 1.4 minutes after injection both valv* 

are switched to the back-flush or i n i t i a l position; 
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standard: Approximately 1 ppm v i n y l c h l o r i d e i s prepared by Scott 

Environmental Technology and c e r t i f i e d t o +2% a n a l y s i s . 

Range: 2 ppb to 1% v i n y l c h l o r i d e 

Accuracy: + 1 ppb i n the range 2 - 5 0 ppb, + 2 i n the range 50 

ppb to 1% 
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AMBIENT AIR SAMPLES . AT IiMTOFILI* . PARXMETTO 

(REQUIRED BY SUBPARAGRAPH (c)t4)CD) OF RDIIE^ 1150.1) 

-. .../•• 

SAMPLING FREQUENCY 

Once per month or at less frequent intervals t.o be determined by 

the Executive Officer. The la n d f i l l owner/operator mast f i l e a 

written request with the Executive Officer i f he wants to sample 

at intervals less frequent than monthly. Such a request must be 

supported with previous sampling refniJts and other 

documentation. In determining i f the requested sampling 

frequency is appropriate, the Executive Officer w i l l consider 

previous ambient air sampling results, l a n d f i l l surface sampling 

results, l a n d f i l l gas composition and other pertinent data. The 

Executive Officer will notify the l a n d f i l l owner/operator of his 

decision in writing. 

NUMBER OF SAMPLES 

The nximber of ambient' air; samples r-equ ^i-"'''Z:Zf-< 

-topography and, the, size of ±he''!l-ahgfl^ 

w i l l be sited to provijde good m^epjrological./^acposT^ 

predominant: offshore (drainage Icind'itreezeVĵ jaaad̂ ^ (sea : :^i, 

breeze) wind flow patterns-^J[n ^aIgaBs^it±^••sl^g3^^ ' " 



1 ^ 

u 
local nightly drainage pattems will also be sampled. All 

sampling locations must be approved by the Executive Officer 

prior to sampling. 

r 

SAMPLING CONDITIONS 

Ambient air sampling will be conducted on days when stable 

(offshore drainage) and unstable (onshore sea breeze) 

meteorological conditions are representative for the season. 

Preferable sampling conditions are characterized by the 

following meteorological conditions: 

1. Clear cool nights with wind speeds two (2) miles per 

hour or less. 

2. Onshore sea breezes with wind speeds 10 miles per hour 

or less. 

No sampling will be conducted i f the following adverse 

meteorological conditions exist: 

• 1' Rain 

2. Average wind speeds greater than 15 miles per hour' 

for any 30 minute period. 

3. Instantaneous wind speeds greater than 25 miles per 

hour. " 

Continuously recorded on site wind -speed and direction 

measurements will chctracterize the micrometeorology of the sit.e 

and serve to verify that the meteorological criteria .have been 
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met during sampling. 

EQUIPMENT DESCRIPTION 
/ ' 

An ambient air sampling unit consists of a 10-liter Tedlar 

(Dupont trade name for polyvinyl fluoride) bag, a DC operated 

pump, stainless steel capillary tubing to control the sample 

rate to the bag, a bypass valve to control the sample flow rate 

(and mimimize back pressure on the pump) , a rotameter for flow 

indication to aid in setting the flow, a 24-hour clock timer to 

shut off the sampler at the end of the 24-hour sampling period, 

and associated tubing and connections (made of stainless steel, 

teflon, or borosilicate glass to minimize contamination and 

reactivity). Thê  physical layout of the sampler is shown in 

Figure 5 (see Appendix A) . 

EQUIPME.VT SPECIFICATIONS 

A. Power — one 12V DC marine battery 

The marine battery provides 12V DC to the pump and the clock. 
_ r 

B. Pump — one 12V DC pump . 

The diaphragm is made of non-litbrlcated Viton (Dupont trade 

name for co-polymer of hexafluoropropylene and vinylidene 

fluoride) imbber. The maximum pump unloaded flow rate i s 
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4.5 liters per minute. 

C. Bag — one 10-liter Tedlar bag with a valve 

TEDLAR BAG IS ENCLOSED IN A LIGHT-SEALED CARDBOARD BOX TO 

PREVENT PHOTOCHEMICAL REACTIONS FROM OCCURING DURING SAMPLING 

AND TRANSPORTATION. The valve is a push-pull type constructed 

of aluminum and stainless steel, with a Viton o-ring seal. 

D. Rotameter 

Rotameter is nade of borosilicate glass and has a flow range 

of 3 to 50 cubic centimeters per minute.. The scale is in 

millimeters with major graduations (labeled) every 5 mm and 

minor graduations every 1 mm. 

E. Air flow control orifice — 316 stainless steel capillary 

tubing _ _._ 

F. Bypass valve ^ 

G. Fittings, tubing, and connectors — 316 stainless steel or 

teflon 

H. Clock timer 

Accuracy should be better than 1%. 

I. Wind speed and direction monitor with continuous recorder 

1, Wind speed — 3 cup assembly, range 0-50 miles per 

hour with a threshold of 0.75 mile per hour or less. 

2. Wind direction — Vane, range 0 - 54a\degrees with a 

threshold; of 0.75 mile per hour or less. 
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SAMPLING PROCEDURES 

Ambient air samples will be collected at the perimeter of the 

l a n d f i l l over a 24-hour period beginning betveen lOr A.M< and 

11 A.M. using the above described self-contained pbrtcible 

sampling units. The samplers v i l l be placed at the approved 

locations as described previously. One or more wind speed and 

direction monitors with continuous recorders w i l l be installed 

and operated in areas approved' by the Executive Officer to 

measure wind speed and direction throughout the entire sampling 

period. The wind direction transmitter must be oriented to true 

north using a compass. 

QUALITY CONTROL PROCEDURE 

The following quality control procedure is required for the 

ambient air sampling operation: 

A. .s.ssign an identification number to each sampling bag. 

B. . Clearly mark sampling locations on a l a n d f i l l topographic 

map which is drawn to scale. 

C. Document the date and "time that the bag was put into 

operation, 1:he sampling locatJ.on, and t:he date and tine 

that i t was pulled from service. 

D. Check the clock timer. T^ie clock tiime and ̂ e actual time 

should agree within + 3 minutes. 
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E. Check whether or not the pump is running. 

F. Check the rotameter readii^g. The float (measured at the 

middle) should be within +3 and -6 minor graduations of 

the marked setting for 6.0 cubic centimeters per minute. 

If the rotameter setting exceeds the above limits adjust 

the bypass valve to correct the flow rate. Make sure 

that the flow has stabilized (at least three minutes at 

constant flow) since there may be a lag time between the 

adjustment and final flow. 

G. Check whether the bag valve is in the open position. If 

the valve is in the closed position open the valve and 

and record the time on the quality control sheet. 

H. Remove the bag for analyses at the end of the 24-hour 

period. KE|:P THE BAG IN A LIGHT-SEALED CONTAINER AT ALL 

TIMES. 

Data for each sample collected must be entered on a quality 

control sheet_ as jshown in Figure 3 (see Appendix A). Prior to 

use, the Tedlar bags should be evacuated and filled with 

purified nitrogen three times to flush out the old sample. 

Before sending the bags into the field, they should be checked 

to make sure that the vacuum has been maintiained. Remove from 

service any bag that has experienced any leakage. 
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ANALYTICAL PROCEDURES 

Bag samples collected must be analyzed within 72 hours of 

collection, o^ ̂ horter period i f notified by the Executive 

Officer, for total orgcinic compounds and toxic air-contaminants 

using analytical methods identified in Table 1 (see Appendix A) 

or equivalent meiihods approved by the Executive Officer. NOTE 

THAT ALL BAG SAMPLES MUST BE KEPT IN LIGHT-SEALED CONTAINERS TO 

AVOID PHOTOCHEMICAL REACTIONS. 

REPORTING OF THE RESULTS 

The following data roust be submitted to the Director of 

Engineering wiihin_45 days after the end of the quarterly 

reporting period for the l a n d f i l l or 4 5 days after the 

analytical results are available whichever i s sooner. A 

different submittal time may be implemented upon approval of the 

Executive Officer. 

A. Volume concentration of total organic compounds (reported 

as methane and total non-methane hydrocarbons). 

B. Volume concentration of toxic air contaminants identified 

in these guidelines. 

C. Barometric sea level pressure (inches of mercury) on the days 

the samples were collected. If a barometer is not availeible 

at the landfill site, use the National Weather Service data 

at the nearest station. 

8 
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D. Wind speed and direction data. 

E. A drawn to scale landfillVtopographic map with sampling 

locations clearly marked £md numbered. / 

F. Quality control data sheets. 
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I, 

INTRODUCTION 

Vinyl chloride (CĤ 'CHCll is a colorless, flammable gas at ambient 
temperature and pressure. Tne United States Environmental Protection Agency 
(EPA) lists vinyl chloride as a Group A carcinogen (Human Carcinogen) and 
the International Association for Research on Cancer (lARC) lists vinyl 
chloride as a Group 1 carcinogen (Agent of Human Carcinogenicity). 

Part A of this report is an evaluation of vinyl chloride's uses, 
emission sources, ambient and indoor air concentrations, and population 
exposure in California. Also included are discussions of the physical 
properties and atmospheric persistence of vinyl chloride. California Health 
and Safety Code section 39655 (Assembly Bill 1807, 1983) states that 
substances listed by the EPA as hazardous air pollutants (section 112 of the 
Clean Air Act) shall be identified as toxic air contaminants (TACs) by the 
Air Resources Board (ARB). Therefore, because the EPA has listed vinyl 
chloride as a hazardous air pollutant, the ARB is directed by statute to 
identify vinyl chloride as a TAC. 

The ARB is the state agency responsible for the identification of 
TACs in their non-pesticidal uses. The California Health and Safety Code 
section 39655 defines a TAC as "an air pollutant which may cause or 
contribute to an increase in mortality or an increase in serious illness or 
which may pose a present or potential hazard to human health". The findings 
of the Part A report are considered with the health effects findings (Part B 
report) of the Department of Health Services (DHS) to determine if a 
compound should be identified as a TAC by the ARB. 
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Several different limit of detection (LOD) values are mentibned in 
this report, including those used for: the establishment of the 1978 ambient 
air quality standard, the South Coast Air Quality Management District 
(SCAQMD). investigation of BKK and Operating Industries, Incorporated (Oil) 
landfills, the Landfill Gas Testing Program, indoor air studies, and the ARB 
20-station ambient toxic air contaminant monitoring network. These LODs 
indicate levels at or above which vinyl chloride concentrations are not only 
detectable, but are also quantifiable. In a number of the analyses listed, 
vinyl chloride was detected below the LODs. This report discusses the 
derivation of the LOD for each of the analyses. 

In 1978, the ARB adopted an ambient air quality standard for vinyl 
chloride of 10 ppbv averaged over a 24-hour period in response to 
information associating the development of human cancer with exposure to 
vinyl chloride. The standard represents the limit of detection (LOD) for 
vinyl chloride in 1978 and is not currently recognized as health-protective. 
The standard specifies an analytical procedure with the same method of 
calculating the LOD as that used by the ARB's Monitoring and Laboratory 
Division (see Section A, Chapter III and Appendix VII). The identification 
of vinyl chloride as a toxic air contaminant would allow the implementation 
of health-protective control measures at concentrations below 10 ppbv. 

Vinyl chloride is primarily used for the production of polyvinyl 
chloride (PVC). PVC is fabricated for use in several products of which many 
are used by the construction industry. Finished connercial PVC products are 
not expected to be significant sources of vinyl chloride due to current 
processing and shipping procedures. In California, the identified sources 
of vinyl chloride emissions are: landfills, publicly-owned treatment works 
(POTWs), and PVC production and fabrication facilities. 

Available information shows that landfills are a potential major 
identified source-category of vinyl chloride emissions in California. Vinyl 
chloride has been detected in the ambient air near landfills as well as in 
the internal gas of landfills. Additional studies have shown that vinyl 
chloride can be formed in the many landfills where chlorinated organic 
compounds were disposed as well as landfills where vinyl chloride and 
halogenated industrial waste were disposed. 

In this report, ambient monitoring data and meteorological data 
are used with an atmospheric dispersion model to estimate population 
exposure to vinyl chloride near two California landfills. The modeling 
estimates show that people living near these landfills may have been 
exposed to elevated levels of vinyl chloride. Also, preliminary data from 
the Landfill Gas Testing Program required by section 41805.5 of the 1986 
California Health and Safety Code are presented (see Appendix VI for a table 
of the Landfill Gas Testing Program data). The results indicate there is a 
potential for elevated ambient vinyl chloride exposure for people residing 
near other landfills. 
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In addition to estimating ambient air exposure, this report also 
evaluates indoor air exposure to vinyl chloride. Based on limited 
monitoring data, indoor air exposure to vinyl chloride is probably not 
significant for the majority of the population. However, for people 
residing near some landfills, inhalation of Indoor air may represent the 
most significant source of vinyl chloride exposure. This is because vinyl 
chloride can migrate underground from landfills and accumulate in nearby 
structures. 
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II. 

PRODUCTION. USES AND EMISSIONS 

Although vinyl chloride is not produced in California, several 
thousand tons are used each year in the state for the production of 
polyvinyl chloride (PVC). The PVC which is produced is primarily used by 
fabricators for the production of materials used by the construction, 
packaging, electrical, and transportation industries. 

Based on available data, landfills are a potential major 
identified source-category of vinyl chloride emissions in California. Other 
known emission sources of vinyl chloride in the state include PVC production 
and fabrication facilities, and sewage treatment plants. 

A. PRODUCTION 

Commercial 
in 1936. During the 
produced (CEN, 1984) 
tons, vinyl chloride 
the United States in 
imports, exports, and 
1985a: US DOC, 1985a; 
chloride production i 
More recent estimates 
tons and 4.2 mi 11 ion 

production of vinyl chloride in the United States began 
first year of production, two thousand tons were 
With a reported annual U.S. production of 3.8 million 

ranked 21st on a list of the most produced chemicals in 
1984 (CEN, 1985a). Figure II-l shows the production, 
use of vinyl chloride from 1974 through 1984 (CEN, 
and US DOC, 1985b]. During this 10-year period, vinyl 
ncreased at an average annual rate of 3% (CEN, 1985a). 
for U.S. vinyl chloride production are 4.7 million 
tons for 1985 and 1986, respectively (CEN, 1987). 
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FIGURE II-l 

NATIONAL VINYL CHLORIDE PRODUCTION. IMPORTS, EXPORTS, AND USE 

4.000-r-

3.500 - r 

j 3.000-r 

I 2.500-r 

c 
09 
S3 
o 

£1 

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

Year 

Two facilities in California currently use vinyl chloride to 
produce PVC. Two other facilities in the state that were producing PVC 
ceased production, one in 1982 and the other in 1985 (Personal 
Communication, 1985a, 1985b, 1985c; and Zwiacher, W. et al., 1983). 

B. CURRENT AND PROJECTED USES 

About 96 Percent of the vinyl chloride produced in the U.S. is 
used to manufacture PVC. The remainder is either exported or used to 
manufacture 1,1,1-trichloroethane (methyl chloroform) (U.S, DH&HS, 1978; and 
McPherson, W., 1979). Sixty percent of the PVC is used for fabricating 
various plastic materials used by the construction industry. Specifically, 
PVC is used by the construction industry for pipe fittings, flooring, 
paneling, and roofing. PVC is also used by the packaging, electrical, 
furnishings, transportation, recreation, apparel, and medical industries. 

The growth of the vinyl chloride industry is closely tied to PVC 
use. Historical data for California show the number of housing units in the 
construction industry increased from approximately 1.0 million units in 1981 
to 1.8 million units in 1986 (U.S, DOC, 1987). If this growth in the 
construction industry continues, the PVC use by this industry is also 
expected to increase. Data are not available to forecast the use of PVC in 
other sectors. However, the total United States demand for PVC has been 
forecasted to increase by approximately 3 to 5 percent annually from 1985 to 
1990 (CMR, 1985). 

C. LAND.FILLS: A POTENTIAL MAJOR EMISSION SOURCE 

Landfills are estimated to be a potential major source-category of 
vinyl chloride emissions in California. However, because landfills vary in 
the amount and composition of wastes they accept as well as the waste 
disposal methods used, estimating total vinyl chloride emissions for the 
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state's hundreds of landfills Is not possible.' To better understand why all 
landfills are potential vinyl chloride emission sourceŝ  this section 
presents information on the types and number of landfills in California, the 
disposal methods employed, the causes of vinyl chloride emissions from 
landfills, vinyl chloride emission estimates for landfills, and some methods 
used to control landfill emissions. 

1. Types of Landfills 

There are three types of landfills in California: Class I sites 
(e.g., BKK, located in West Covina) which accept all types of wastes 
including hazardous materials; Class II sites [e.g.. Operating Industries, 
Incorporated (Oil), located in Monterey Park] which normally accept only 
"non-hazardous" wastes but can accept certain types of hazardous wastes 
(ARB, 1982b); and Class III (municipal or sanitary landfills) sites which 
can accept only household wastes. In California, there are twenty Class I 
sites (at present, only two of the 20 sites are accepting hazardous waste), 
approximately 200 Class II sites, and approximately 2000 unclassified and 
Class III sites (ARB, 1982b; WRQCB, 1990). 

2. Land Disposal Methods 

Landfarming, surface impoundments, and landcovering are often used 
as waste disposal methods in California. These disposal methods may be 
practiced by more than one type of landfill. For instance, any of the three 
types of landfills may employ landcovering as a disposal method. However, 
only Class I and II sites may contain surface impoundments. In addition, 
the same landfill may employ more than one disposal method. For 
landfarming, heavy oil sludge is spread several inches thick over the land. 
The sludge is then cultivated into the soil at frequent intervals. This 
cultivating process ensures a better aerobic decomposition of the wastes 
(Thibodeaux and Hwang, 1982). Surface impoundments, often called 
evaporation ponds or lagoons, are used to dispose of certain types of liquid 
wastes. As the name implies, surface impoundments allow the wastes to be 
evaporated into the atmosphere. 

Landcovering is most often used at Class III sites or municipal 
landfills. In landcovering, wastes are spread over theland. At the end of 
each day, the wastes are covered with approximately six inches to 12 inches 
of cover. Ultimately, the wastes are covered with a layer of cover material 
that is at least four feet deep. 

3. Landfill Emissions 

Emissions of vinyl chloride from landfills mainly occur by two 
mechanisms: 1) direct vinyl chloride emissions from disposed wastes which 
contain vinyl chloride; and 2) the formation of vinyl chloride from the 
biodegradation of chlorinated hydrocarbons. Other minor mechanisms by which 
vinyl chloride emissions may occur include chemical reactions such as 
pyrolysis, surface photolysis, and hydrolysis of trichloroethylene and other 
chlorinated hydrocarbons, and off-gassing of PVC (Molton et al., 1987). 
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Direct Emissions. Direct emissions of vinvl chloride can bnlv 
occur at landfill sites where vinyl chloride containing wastes were 
previously disposed. Because vinyl chloride containing wastes cannot be 
legally disposed in Class II or Class III landfills. Class I landfills 
(e.g., BKK) at which vinyl chloride has been disposed are probably the 
largest source of direct emissions of vinyl chloride. However, because 
vinyl-chloride-containing wastes may have been illegally disposed. Class II 
and Class III landfills may also emit vinyl chloride directly. 

Formation of Vinvl Chloride. Because vinyl chloride can be formed 
from the biodegradation of chlorinated wastes, emissions cf vinyl chloride 
may occur from any landfill site including Class II and Class III sites 
where no vinyl chloride has been disposed. Of the three landfill disposal 
methods, it appears that landcovering and landfarming are most likely to 
produce the conditions necessary for the formation of vinyl chloride. 

Results of an ARB sponsored study demonstrated the formation of 
vinyl chloride when soil samples from two municipal landfills were incubated 
with chlorinated hydrocarbons (Molten et al., 1987). Similar results were 
obtained when sludge samples were incubated with chlorinated hydrocarbons. 
The evaluation of the biological mechanism showed that vinyl chloride 
production occurred predominantly under anaerobic (without oxygen) 
conditions. Subsequent experimentation with carb6n-13 labeled chloroethanes 
and chloroethenes yielded carbon-13 labeled vinyl chloride as well as other 
biodegradation products. These results are in agreement with other studies 
which evaluated the biodegradation of chlorinated hydrocarbons to produce 
vinyl chloride (Kleopfer, 1985; Beeman, et al., 1978; Wood et al., 1980; and 
Parsons et al., 1984). Figure II-2 illustrates the pathways by which vinyl 
chloride is formed from the dehalogenation (chlorine removal) of chlorinated 
ethenes and ethanes. In addition, the figure indicates the relative rate by 
which the various compounds are degraded. Not all of the compounds 
presented in this scheme have necessarily been unequivocally demonstrated to 
form vinyl chloride. However, given the current state of information, they 
should be regarded as vinyl chloride precursors. 

Although the disposal of halogenated wastes from industrial 
operations is now substantially restricted, for decades these materials were 
disposed in Class I landfills as well as some Class II landfills throughout 
the state. The halogenated wastes are composed of many of the chlorinated 
compounds which can lead to the formation of vinyl chloride. However, the 
amount of halogenated wastes previously disposed in these facilities is 
unknown. Therefore, without monitoring data that shows otherwise, all Class 
I and Class II facilities (this includes open and closed facilities) should 
be regarded as potential vinyl chloride emission sources. 

Industrially generated halogenated wastes were never permitted to 
be disposed in Class III facilities. However, many of the chlorinated 
compounds which can.lead to the formation of vinyl chloride are used 
extensively in consumer products, which after use typically end up in Class 
III landfills. The amount of chlorinated compounds remaining In consumer 
products and disposed in landfills is not known. However, because of the 
widespread use of these compounds in consumer products, all Class III 
landfills (this includes open and closed facilr.es) should be regarded as 
potential vinyl chloride emission sources. 
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FIGURE II-2 

ANAEROBIC BREAKDOWN SEQUENCE VIA REDUCTIVE DEHALOGENATION 
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Source: Cline and Viste, 1984. 

Methods of Estimating Landfill Emissions. Several models have 
been developed to estimate volatile organic gaseous emissions from hazardous 
waste landfills (Thidobeaux, 1981; Hwang, 1982; Shen, 1981; and Hartley, 
1969). The models usually apply to specific landfill operations such as 
landfarming, surface impoundments, etc. However, these models are difficult 
to use because they require a number of input parameters such as waste 
composition, wind speed, and ambient conditions which are not commonly 
known. These models involve the use of Pick's Law (Pick's Law describes the 
diffusion of a species through a layer of fluid) and may be appropriate for 
estimating direct emissions of volatile compounds such as vinyl chloride. 
However, because the models do not consider factors such as formation, they 
may not be appropriate for estimating vinyl chloride emissions where 
formation is occurring. 

A method to estimate vinyl chloride emissions where formation may 
be occurring is to establish monitoring stations around landfill sites to 
measure the 24-hour average ambient concentrations cf the compounds of 
interest. The ambient concentrations along with appropriate meteorological 
data can then be used in dispersion models to back-calculate the emission 
rate from the landfill site. This is the method that was used to estimate 
vinyl chloride emissions from BKK and Oil. 
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Landfill Emission Estimates. Table II-l summarizes vinyl chloride 
emission estimates for the state's laridfills. As indicated in the table, 
vinyl chloride emissions have been estimated for BKK and Oil landfills. The 
vinyl chloride emission estimates for BKK and Oil make several assumptions. 
These assumptions are: 1) vinyl chloride is emitted from an area of 
approximately 1,700,000 meters'̂  for BKK and 330,000 meterŝ  for Oil; 2) 
annual average emission rates of vinyl chloride from BKK and Oil are within 
the ranges estimated in Table III-4; and 3) emissions of vinyl chloride are 
uniform over the entire area of the landfill that is estimated to emit vinyl 
chloride. 

Further testing is necessary to estimate emissions from landfills 
other than BKK and Oil. Thus, for the 1987 and 1986 inventory years, total 
vinyl chloride emissions from California landfills were probably greater 
than those estimated in this report. 

TABLE II-l 

VINYL CHLORIDE LANDFILL EMISSION ESTIMATES* 

Source 
Source Emissions 
Type (tons/year) 

Inventory 
Year Ref. 

Class I Landfills 
BKK, West Covina 
Other Sites-

Area 
Area 

44-197 
NA 

1987 ARB,1988b 

Class II Landfills 
Oil, Los Angeles 
Other Sites 

Area 
Area 

4-51 
NA 

1986 ARB, 1988b 

Class III Landfills Area NA 

* - These emission estimates assume that the vinyl chloride emission rates 
are uniform throughout the year over the area of the landfill that is 
estimated to emit vinyl chloride. 

NA - Not Available 
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Based on 1987 monitoring data for BKK, ARB staff estimate a vinyl: 
chloride eniission rate ranging from 0.75 to 3.32 micrograms meter" 
second" (see Table III-4). For BKK landfill, this translates to estimated 
vinyl chloride emissions ranging from 44 and 197 tons per year. Over BKK's 
history it is not known how much vinyl-chloride-containing or halogenated 
wastes were disposed at the landfill. However, in 1984, BKK received 
approximately 136,000 tons of volatile or toxic wastes. An unknown .portion 
of these wastes were halogenated solvents (ARB, 1982b). For Oil, ARB staff 
estimated a vinyl^chloride emission rate ranging from 0.31 to 4.42 
micrograms meter" second' (Table III-4). For the Oil landfill, this 
translates to estimated vinyl chloride emissions ranging from 4 to 51 tons 
per year. The amount of halogenated wastes disposed at Oil over Its history 
is unknown. However, in 1982, Oil received 9,200 tons of volatile or toxic 
wastes. As with BKK, an unknown portion of these wastes were halogenated 
solvents (ARB, 1982a). 

Monitoring results available for several other landfills are as 
follows: Flux measurements on the surface of the Scholl Canyon sanitary 
landfill (a former Class II landfill located in Glendale, California) showed 
vinyl chloride concentrations ranging from non-detectable to 180 ppbv (parts 
per billion by volume) at various locations (Todd and Propper, 1985). In 
addition, tests conducted by the SCAQMD at several other Class II landfill 
sites from 1981 to 1985 confirmed the presence of vinyl chloride in landfill 
surface gas or gas collection systems (Coy, 1985). 

To partially address the lack of monitoring data from other 
landfills throughout the state. Health and Safety Code section 41805.5 
(AB 3525 and subsequent amendments by AB 3374) required the development and 
implementation of landfill monitoring guidelines and the reporting of 
monitoring results. The law required the ARB to establish guidelines for 
landfill operators to monitor gas migration, gas constituency, and the 
ambient air at many of the hazardous and municipal waste landfills in 
California. The testing guidelines identified vinyl chloride as one of the 
compounds requiring monitoring. Although the choice of vinyl chloride 
analytical methods was left to individual laboratories performing the 
analysis, the guidelines specified an ambient vinyl chloride detection limit 
of 2 ppbv and provided an example of a vinyl chloride method with an 
achievable detection limit of 2 ppbv. In this example method, the limit of 
detection (LOD) is based on 3 standard deviations of runs near the method 
detection limit (within 10 standard deviations of the method detection 
limit) (ARB, 1986; ARB, 1987). This means of calculating the LOD is the 
same as that used by the ARB's Monitoring and Laboratory Division (see 
Appendix VII). 24-hour ambient vinyl chloride concentrations ranging from 
the detection limit of 2 ppbv to 15 ppbv were detected at 24 (10 per cent) 
out of the 251 landfills at which ambient monitoring was performed. Vinyl 
chloride concentrations ranging from the detection limit (see Appendix VI, 
Table 1 for the method of determining the detection limit) of 106 ppbv to 
72,000 ppbv were detected in the internal gas of 160 (47 per cent) out of 
the 340 landfills at which internal gas testing was performed (Appendix VI). 

4. Gas Collection SvstPms 

For some landfills, emissions are required to be controlled to 
reduce odors as well as emissions of methane and toxicants. However, gas 

A-10 



control systems have been installed at some landfills as a resource recovery 
and/or energy conservation measure. For example, BKK transmits collected 
landfill gases to either one of two flare stations and/or to a five megawatt 
gas turbine for use as a fuel In generating electricity. Both well 
(vertical piping) and trench systems (horizontal piping) are used to collect 
landfill gases. In 1983, BKK installed a number of wells and gas collection 
lines to help control gaseous emissions. Although there are still potential 
sources of gaseous emissions such as cracks at the landfill surface, pipe 
connections and valves, and burner exhaust, ambient concentrations of vinyl 
chloride near BKK have been declining. Since installing their gas 
collection system, BKK has continued to expand the system by adding wells 
and trenches. Since installing a gas collection system at Oil, ambient 
concentrations at the perimeter of the facility have continued to decline. 
Due to the lack of violations of the state standard for vinyl chloride (10 
ppbv), ambient monitoring at the perimeter of Oil was discontinued by the 
SCAQMD in early 1987. Currently, Oil Landfill is a federally listed 
superfund site managed by the EPA. 

A we 11 
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to collection pi 
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In the trench system, a.network of perforated pipelines is laid in 
trenches within the waste at approximately 200-foot intervals horizontally 
and 80-foot intervals vertically. To support the pipes and to allow the 
migration of the generated gases, approximately 2 feet of uncrushed gravel 
are packed around the pipelines. These pipelines are then connected to a 
main collection pipe where gases are withdrawn (Sanitation Districts of 
Los Angeles County, 1984). 

D. OTHER KNOWN EMISSION SOURCES 

Other than landfills, emissions of vinyl chloride occur from: PVC 
production and fabrication, publicly-owned treatment works (POTWs), ethylene 
dichloride production, vinyl chloride production, methyl chloroform 
production, caprolactam production, and incomplete incineration of chlorine 
containing materials (Sittig, M.. 1981; Zwiacher. W.. et al.. 1983; and 
Lamorte, M., 1978). In California, the identified sources of vinyl chloride 
emissions that can be quantified are PVC production, PVC fabrication, and 
POTWs. Table II-2 provides estimates of vinyl chloride emissions for 
identified sources. Currently, there are no known vinyl chloride, ethylene 
dichloride, methyl chloroform (TCA) or caprolactam production facilities 
operating in the state. 

TABLE II-2 

SUMMARY OF VINYL CHLORIDE EMISSION ESTIMATES FOR OTHER SOURCES 

Source Source Emissions Inventory Reference Source Emissions 
Type Tons/Year 

Inventory 
Year 

PVC Production Point <0.5 

PVC Fabrication Point 0.75 

POTWs Point 1.7 

On-site Wastewater 

Treatment Plants Point NA 

Waste Incinerators Point NA 

Transportation and 
Accidental Spillage Area NA 

1988 

1982 

1985 

ARB, 1988b 

Zwiacher, et al., 1983 

Chang, et al., 1987 

NA - Not Available 
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.1. Polvvinvl Chloride, /PVCl Production 

Three PVC producers reported emitting a cumulative total of 3 tons 
of vinyl chloride in 1984 (Personal Coimiunication, 1985a, 1985b, and 1985c). 
In 1982, vinyl chloride emissions from these producers were estimated to be 
1.4 tons (Zwiacher, W., et al., 1983). All three producers reported that 
they were in compliance with the South Coast Air Quality Management 
District's (SCAQMD's) Rule 1163. This rule requires that vinyl chloride 
emissions from designated plants not cause ambient vinyl chloride levels to 
exceed 10 ppbv (parts per billion by volume) during any 24-hour period when 
measured beyond the plant's property line (Personal Communication, 1985a, 
1985b, 1985c; and ARB, 1980). Rule 1163 was adopted by SCAQMD as part of 
their program to control vinyl chloride emissions to 10 ppbv. 

In 1984, the PVC producers operating in the state reported using 
closed systems. Incineration, routine leak surveys, and maintenance programs 
as control technologies to comply with existing standards for vinyl chloride 
emissions (Personal Communication, 1985a, 1985b, and 1985c). The primary 
control method used by the two PVC producers currently operating in 
California is incineration. One facility (facility A) uses an afterburner 
with an operating temperature of approximately 2000 F while the other 
facility (facility B) uses a catalytic-type incinerator. Both facilities 
have a monitoring system that continuously measures the vinyl chloride 
concentration within various areas of the plant. Portable hydrocarbon (HC) 
detectors are used to pinpoint leaks detected by the area monitoring system. 
These plants are also inspected at least once a year by the SCAQMD 
Enforcement Division to ensure compliance with district rules (Personal 
Communication, 1985d). 

The SCAQMD periodically conducts ambient monitoring for vinyl 
chloride near the two PVC producers In California. In addition to the 
SCAQMD's monitoring program, the SCAQMD requires one of the PVC producers 
(facility A) to monitor the ambient air for vinyl chloride at the perimeter 
of their facility on a daily basis. The other PVC producer (facility B) is 
not required by the SCAQMD to conduct ongoing offsite ambient monitoring for 
vinyl chloride. This is because: 1) historically, the facility has not 
exceeded the ambient air quality standard for vinyl chloride; and 2) the 
process that is used to manufacture latex emulsions is not expected to 
result in vinyl chloride emissions as great as those associated with the 
other facility which produces PVC resins. Generally, 24-hour average 
concentrations near these facilities are below the 10 ppbv standard. 
However, in October of 1988, the SCAQMD reported concentrations as high as 
20 ppbv for facility A (Molita, 1989). As a result, the SCAQMD plans to 
conduct ambient monitoring more frequently at this facility to ensure 
compliance with the ambient air quality standard for vinyl chloride. The 
SCAQMD's monitoring results indicate that this PVC producer may contribute 
to the public's exposure to vinyl chloride. Therefore, this faciIity should 
be investigated in more detail when considering control measures to reduce 
the public's exposure to vinyl chloride. 

Table II-2 lists the cumulative vinyl chloride emissions es.timates 
from the two PVC producers in California at less than 0.5 tons for 1987. 
This estimate is substantially lower than the 1984 estimate of 3 tons when 
three PVC producers were operating in California (Personal Communication, 
1985a, 1985b, 1985c). 
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2. Polvvinvl Chloride Fabrication 

Polyvinyl chloride (PVC) can be fabricated into several products 
such as PVC pipes, pipe fittings, plastics, etc. Some major fabrication 
processes are extrusion (to shape by forcing through a die), calendering (to 
press between rolling cylinders), molding, and bonding. PVC contains the 
vinyl chloride monomer as a residual from the PVC production processes. 
Residual vinyl chloride (RVC) in PVC ranges from 0.002 ppmw (parts per 
million by weight) to 10 ppmw (U.S. EPA, 1982). When PVC is fabricated into 
final products, vinyl chloride is emitted. 

The SCAQMD identified 33 PVC handling and fabrication facilities 
under its jurisdiction with an estimated usage of 75,000 tons of PVC in 
1982. The SCAQMD staff assumed that all vinyl chloride is emitted from the 
fabrication processes. Using this assumption and a maximum RVC of 10 ppmw 
in PVC, the SCAQMD estimated that these handling and fabrication facilities 
emitted approximately 0,75 ton of vinyl chloride in 1982 (Zwiacher, 1983). 
This estimate represents an upper-bound condition because the maximum RVC 
was used to estimate emissions, and because all RVC from the Incoming PVC 
was assumed to be emitted from the fabrication processes. The vinyl 
chloride migration studies conducted by the Environmental Protection Agency 
(EPA) indicated a much smaller percentage of monomer is released during 
fabrication (U.S. EPA, 1982). A typical release of vinyl chloride in the 
extrusion process was only 10 percent of that In the PVC (U.S. EPA, 1982). 

3. Public!v-owned Treatment Works 

Publicly-owned treatment works (POTWs) are wastewater treatment 
plants that are owned by public entities, and which consist of wastewater 
collection systems, wastewater and sludge treatment facilities, and effluent 
and sludge disposal systems. Users that discharge wastewater into POTWs are 
normally classified as commercial, industrial, and residential. The two 
primary mechanisms that result in emissions of organic gases are 
volatilization and biodegradation. Because POTWs treat wastewater which can 
contain vinyl chloride and halogenated compounds from industries, vinyl 
chloride can be volatilized during the treatment processes.. In addition, 
chlorinated hydrocarbons such as trichloroethylene and 1,2-dichloroethane 
could be biodegraded to vinyl chloride. 

Halogenated hydrocarbons including vinyl chloride have been 
measured at wastewater treatment plants throughout the nation, including 
California (U.S. EPA, 1980). A preliminary study of two wastewater 
treatment plants, one in Los Angeles and another in the Sacramento Valley, 
indicated that vinyl chloride was present in the anaerobic digester tanks. 
Concentrations of up to 2.6 ppmv have been measured (ARB, 1985). These 
digester tanks are equipped with pressure/vacuum (P/V) valves to equilibrate 
the inside and outside pressure of the tanks. These P/V valves are 
potential sources of vinyl chloride emissions along with fugitive emissions 
associated with pipe fittings and valves. 
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In a study performed by the University of California at Davis 
(UCD), researchers used a mass balance approach to estimate that 
approximately 1.7 tons of vinyl chloride were emitted by POTWs in California 
in 1985 (Chang et al., 1987). Specifically, the difference between the 
concentration of vinyl chloride in the POTW influent and effluent was 
assumed to be emitted to the atmosphere. This approach may be useful in 
assessing which POTWs constitute a threat to public health. However, 
because this approach does not take into account the formation or 
degradation of vinyl chloride within POTWs, the resulting emission estimates 
should only be considered rough approximations. In response to the need for 
more information concerning emissions of toxicants from POTWs, ARB is 
currently funding a research contract. When the research is complete, the 
resulting report will contain the most recent Information concerning the 
estimation of emissions of toxicants from POTWs and POTW collection lines. 
The report will also address the efficacy of POTW odor control systems on 
reducing emissions of toxic compounds. 

E. OTHER POTENTIAL EMISSION SOURCES 

AlongI with the sources discussed in Section D, there are several 
other potential sources of vinyl chloride emissions in California. These 
include on-site wastewater treatment plants, incineration of PVC materials, 
and transportation of vinyl chloride. 

1. On-site Wastewater Treatment Plants 

As presented in the discussion on POTWs, wastewater treatment., 
facilities are sources of vinyl chloride emissions. At several industrial 
facilities such as oil refineries, chemical manufacturers, etc., industrial 
wastewater is normally treated before being discharged. These wastewater 
treatment plants are also potential sources of vinyl chloride emissions. 

2. Waste Incinerators 

Vinyl chloride has been identified as a combustion product in the 
flue gas of an incinerator burning plastics (Boettner et al., 1973). It has 
also been hypothesized to form upon the combustion of PVC materials (Ahling 
et al., 1978). PVC materials are used extensively in automobile's 
upholstery, bumper parts and floor mats. When these materials are 
incinerated, vinyl chloride is a likely pollutant In the Incinerator 
exhaust. Hospital waste incinerators are another potential source of vinyl 
chloride emissions since much of the hospital waste such as syringes and 
plastic bags are PVC-containihg materials. 

3. Transportation and Accidental Spillage 

Another potential source of emissions is the accidental spillage 
and/or leakage of vinyl chloride that Is being transported either by rail 
car, tank car, or marine vessel. Vinyl chloride is transported by rail cars 
to the two PVC producers currently operating in California. As far back as 
records are available, there have been no reported accidents involving vinyl 
chloride in the state (Office Of Emergency Services, 1985; California 
Highway Patrol, 1985). 
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III. 

EXPOSURE TO VINYL CHLQRTDF 

A. AMBIENT MONITORING IN CALIFORNIA 

To date, vinyl chloride has not been detected in California's 
ambient air except near known emission sources. However, in order to assure 
that vinyl chloride continues to pose no significant health risk in the 
background atmosphere of the state, a vinyl chloride screening procedure is 
routinely performed by the ARB's laboratory on samples collected from the 
state's 20-station ambient toxic air contaminant network. Bimonthly 
through-the-probe audits by the ARB Quality Assurance Section using known 
concentrations of vinyl chloride confirm that the screening procedure 
detects the presence of the compound. The screening procedure has not 
detected vinyl chloride in samples collected at the monitoring stations of 
the toxic air contaminant ambient monitoring network since the 
implementation of the procedure in 1988. Should vinyl chloride be detected, 
the ARB's Monitoring and Laboratory Division would begin immediate 
monitoring and investigation of the cause. Appendix VII describes the 
method for calculating the limit of detection (LOD) used by the ARB's 
Monitoring and Laboratory Division. 

California Health and Safety Code Section 41805.5 required 
hazardous and municipal landfills throughout the state to conduct monitoring 
for several contaminants including vinyl chloride. 24-hour averaged ambient 
vinyl chloride concentrations ranging from the detection limit of 2 ppbv 
(the Testing Guidelines for Active Solid Waste Disposal Sites example method 
for calculating the LOD is discussed in Section C of Chapter II under 
Landfill Emissions Estimates) to 15 ppbv were detected at 24 out of the 251 
landfills tested for ambient concentrations (see Appendix VI). 

In recent years, the South Coast Air Quality Management District 
(SCAQMD) frequently measured 24-hour average ambient vinyl chloride 
concentrations above the SCAQMD's LOD of 2 ppbv at two South Coast Area 
Basin (SCAB) landfills: BKK Landfill and Operating Industries Incorporated 
(Oil) Landfill. The SCAQMD used the following method for determining the 
vinyl chloride LOD: 1) a 10 ppbv standard was analyzed a minimum of 10 
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times, 2) response was calculated as peak height (in millimeters) times the 
attenuation of the signal, 3) the precision of the measurement at 10 ppbv 
was 0.5 millimeters, 3) the minimum observable peak was taken to be four 
times 0.5 millimeters or 2 millimeters which corresponds to the reported LOO 
of 2 ppbv (Barbosa, 1990). The analysis in this report estimates ambient 
concentrations and population exposure to vinyl chloride near BKK and Oil 
because they are the only landfills in the state where vinyl chloride has 
been routinely monitored on a long-term basis. 

The SCAQMD's monitoring program for vinyl chloride at BKK and Oil 
consisted of six monitoring stations. Three stations were located on the 
southern borders of each landfill. Previous monitoring around both 
landfills indicated that the southern borders were generally where the 
highest concentrations were detected. All samples were collected in Tedlar 
bags over 24-hour periods and subsequently analyzed by gas chromatography 
employing a flame ionization detector. Details of the SCAQMD's sampling and 
analysis procedures are provided in Appendix I. 

BKK Landfil 
located near Monterey 
landfills in relation 
the BKK and Oil landf 
III-3. These figures 
approximate locations 
to the landfills. As 
Oil are adjacent to a 
that the area served 
housing. 

1 is located near West Covina while Oil Landfill is 
Park. Figure III-l shows the locations of the two 
to major freeways. In addition, topographical maps of 

ills are provided respectively in Figures III-2 and 
show the approximate perimeter of the landfills, the 
of the monitoring sites, and the proximity of streets 
indicated by the maps, the southern borders of BKK and 
network of streets. However, the maps do not show 
by these streets consists of single-family residential 

FIGURE III-l 

THE LOCATION OF BKK AND Oil LANDFILLS IN RELATION TO MAJOR FREEWAYS 

.mmttm mnK 
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FIGURE III-2 

BKK LANDFILL AND THE SURROUNDING AREA 

Boundary Line 

^T^A Sampling Sites 

I - 1 KIlometer 
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FIGURE"III-3 

Oil LANDFILL AND THE SURROUNDING AREA 

— Boundary Line 

A Samp 11ng Si tes 

J - 1 Kilometer 
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The 24-hour average ambient air samples used to estimate 
population exposure near BKK were collected from January through December of 
1987. 24-hour ambient air samples used to estimate population exposure near 
Oil were collected from January through December of 1986. When the exposure 
analysis was performed, these sampling periods represented the most recent 
calendar years of monitoring data that were available. For BKK, 337 to 345 
samples were collected in 24-hour periods at each of the monitoring sites; 
of those sites, a range of 55 to 90 percent of the samples were below the 
LOD of 2 ppbv. For Oil, 128 to 264 samples were taken at each of the 
monitoring sites; of those sites, 32 to 100 percent of the samples were 
below the LOD. 

The ambient vinyl chloride monitoring data for BKK and Oil are 
summarized in Tables III-l and III-2, respectively. Each table provides the 
number of samples taken at each site, the percentage of samples below the 
LOD, an estimate for the values below the LOD, the estimated mean 
concentration, and the maximum 24-hour concentration that was measured. 

Calculation of mean concentrations for stations was complicated by 
the presence of concentrations below the LOD. The concentrations below the 
LOD must be included in the calculation although their exact values were not 
known. 

ARB staff has used a method proposed by Gleit (1985) to calculate 
the means. Gleit's method assumes that the sample of concentrations is a 
random sample from a normal distribution. Data that are judged not to be 
normally distributed may be transformed to approximate normality. 
Inspection of the vinyl chloride data suggested that they were lognormally 
distributed, and Gleit's method was applied to the logarithms of these data. 
The calculated means were then transformed back to the original units. 

Gleit's method accounts for the concentrations below the LOD by 
setting them equal to the "below-LOD mean," the mean of. the portion of the 
normal distribution below the LOD. Setting the unknown concentrations to 
their average value seems intuitively reasonable, and the simulations 
reported in Gleit's paper show that his method is more accurate than other 
commonly used approximations. A detailed description of the method used to 
estimate the concentration of data below the LOD is provided in Appendix II. 

The estimated values for 24-hour averaged samples below the LOD 
ranged from 1.0 ppbv to 1.1 ppbv for BKK and from 1.0 ppbv to 1.2 ppbv for 
on. As previously indicated, the specific value for each station is shown 
in Table III-l for BKK and Table III-2 for Oil. Because all samples for 
site 1 of on were below the LOD, Gleit's method could not be used to 
estimate their concentration. A value of one-half the LOD (1.0 ppbv) was 
assumed for samples below the LOD based on the possibility that many 
contained between zero and 2 ppbv vinyl chloride. 
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TABLE III-l 

SUMMARY STATISTICS FOR THE JANUARY 1987 THROUGH 
DECEMBER 1987 MONITORING DATA FOR VINYL CHLORIDE 

NEAR BKK LANDFILL 
(Concentrations are reported in parts per billion by 
volume (ppbv) and are based on measurements averaged 
over a 24r-hour sample collection period.) 

Station 1 Station 2 —Station 3 

Number of samples 337 337 345 

Percent of Samples Belon the LOQ* 73 90 55 

Estimated Concentration for'' 

Samples Below the LOD l.Q 1,0 1.1 

Estimated Mean̂  

Concentration 1.7 1.2 2,6 

Maximum 24-Hpur Concentration̂  7 8 15 

a - The SCAQMD's limit of detection (LOD) for vinyl chloride is 2 ppbv. 
b - Gleit's method was used to estimate the concentration of samples below 

the LOD. 
c - California's Ambient Air Quality Standard for vinyl chloride is 10 ppbv 

for a 24-hour averaging period. 

A-25 



TABLE III-2 

SUMMARY STATISTICS FOR THE JANUARY 1986 THROUGH 
DECEMBER 1986 MONITORING DATA FOR VINYL CHLORIDE 

NEAR on LANDFILL 
(Concentrations are reported in parts per billion by 
volume (ppbv) and are based on measurements averaged 
over a 24-hour sample collection period) 

Station 1 Station 2 Station 3 

Number of Samples 

Percent of Samples Below the LOD* 

Estimated Concentration for'' 
Samples Below the LOD 

Estimated Mean'' 
Concentration 

Maximum 24-Hour Concentration'' 

264 

100 

1.0 

1.0 

220 

41 

1.1 

2.0 

8.3 

128 

32 

1.2 

2.0 

9.8 

a 
b 

d -

The SCAQMD's limit of detection (LOD) for vinyl chloride is 2 ppbv. 
Gleit's method was used to estimate the concentration of samples below 
the LOD, except for station 1. 
California's Ambient Air Quality Standard for vinyl chloride is 10 ppbv 
for a 24-hour averaging period. 
All samples are below 2 ppbv. 

The estimated mean vinyl chloride concentrations using 24-hour 
averaged ambient measurements ranged from 1.2 ppbv to 2.6 ppbv for the 
monitoring stations at BKK and 1.0 ppbv to 2.0 ppbv for the monitoring 
stations at Oil. The estimated mean vinyl chloride concentrations are shown 
in Tables III-l and III-2. For all stations, except station 3 of BKK, the 
estimated annual mean concentration is equal to or less than the SCAQMD's 
LOD for vinyl chloride. 

Tables I I I - l and III-2 also l i s t the maximum 24-hour average 
concentration of vinyl chloride for each monitoring station at BKK and Oil, 
respectively. For BKK, the maximum 24-hour average concentration was 15 
ppbv (measured at station 3); for Oil the maximum 24-hour average 
concentration was 9.8 ppbv (measured at station 3). These concentrations 
can be compared to ARB's ambient air quality standard for vinyl chloride of 
10 ppbv for a 24-hour averaging period. The standard was adopted in 1978 in 
response to information which associated vinyl chloride with the development 
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of cancer in humans. However, the standard is not necessarily health 
protective; it simply represented the LOD for vinyl chloride testing at the 
time it was adopted. According to the procedure specified in the standard, 
the LOD is based on 3 standard deviations of the method detection limit 
(within 10 standard deviations of the method detection limit). This method 
of calculating the LOD is the same as that used by the ARB Monitoring and 
Laboratory Division (see Appendix VII). For the monitoring periods 
presented in this report, BKK exceeded the state standard for vinyl chloride 
11 times (all exceedances occurred at site 3) while Oil did not exceed the 
standard. Based on previous years of monitoring data, the number of 
exceedances at BKK and Oil has decreased substantially. In fact, due to the 
lack of exceedances of the standard, the SCAQMD discontinued routine 
monitoring for vinyl chloride at BKK in 1989 and at Oil in early 1987. The 
reduction in ambient concentrations of vinyl chloride near BKK and Oil 
landfills has been attributed to the installation of gas collection and 
flare systems. 

In an effort to represent the uncertainties associated with the 
estimated mean concentrations of vinyl chloride, the staff developed a 
statistical treatment for calculating upper and lower bound estimates of the 
mean concentration at each monitoring station. This method takes into 
account factors such as sample size, variance of the data, and an estimate 
of the uncertainty associated with the sampling and analysis method. 
Table III-3 shows the estimated mean concentration as well as the upper and 
lower bound estimate of the mean concentration for each monitoring station 
at BKK and Oil. 

The following text discusses the statistical treatment that was used: 

a) After reviewing the ambient vinyl chloride monitoring data for BKK 
and on, the staff observed that the data appeared to be 
lognormally distributed. Because available software only analyze 
data that are normally distributed, vinyl chloride monitoring data 
were first converted from a lognormal distribution to a normal 
distribution. This was done by using the logarithms of the data 
for the analysis. The statistical analysis system (SAS, 1982) was 
used to calculate the standard error about the mean. The standard 
error calculated from the logarithms of the data is then converted 
back into concentration units by taking the antilogarithms. 

b) The upper and lower bound estimates reported for the mean 
represented two standard errors. For the error associated with 
sampling and analysis,. ARB staff used an overall uncertainty factor 
of + 20 percent to calculate the upper and lower bound estimates of 
the mean. This was in agreement with the actual error which was 
estimated to be + 1 ppbv in the range of 1 ppbv to 50 ppbv. The 
lower bound estimate represented two standard errors for the data 
with each sample concentration reduced by ZO percent. The upper 
bound estimate represented two standard errors for the data with 
each sample concentration increased by 20 percent. Uooer and lower 
bound estimates for each station are shown in Table III-3. Because 
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a l l values for station 1 of Oil are below the LOD, the upper and 
lower bound estimates represented ±20 percent of one-half the LOD. 

B. ESTIMATING AMBIENT CONCENTRATIONS 

Annual average vinyl chloride concentrations were estimated for a 
41 X 41 grid of one square kilometer cells surrounding each landfill with 
the use of the Industrial Source Complex Short Term (ISCST) Gaussian model. 
In order to predict the annual average concentration of vinyl chloride in 
each of the 1681 square kilometer cells, the ISCST model required the 
emission rates for each landfill as input. Emission rates were estimated 
for BKK and Oil using the range of estimated annual mean concentrations at 
each of the monitoring stations. 

The estimated emission rates were derived by ratioing estimated annual 
mean concentrations over modeled concentrations for each station. 

TABLE II1-3 

UPPER AND LOWER BOUND ESTIMATES OF THE ANNUAL MEAN 
CONCENTRATIONS OF VINYL CHLORIDE AT BKK AND Oil LANDFILLS 

Lower-bound Annual Mean Upper-bound 
Estimate Concentration Estimate 

BKK Landfill 

Station 1 1.2 1.7 2.1 
Station 2 0.9 1.2 1.4 
Station 3 1.9 2.6 3.4 

on Landfill 

Station 1* 0.8 1.0 1.2 
Station 2 1.4 2.0 2.8 
Station 3 1.4 2.0 2.6 

- All samples were below the LOD of 2 ppbv. 

The modeled concentrations were determined by assuming a landfill emission 
rate of 1 gram per square meter per second (gram meter" second" ) in 
conjunction with historical meteorological data. Each landfill was 
represented as an area source. Based on review of topographical maps as 
well as information concerning the landfills disposal history, BKK was 
assumed to emit vinyl chloride from an area of approximately 1,700,000 
meters while Oil was assumed to emit vinyl chloride from an area of -
approximately 330,000 meters . These assumed areas approximated the 
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area where wastes had been disposed. Meteorological data for 1981 at the 
SCAQMD's Walnut and Upland stations were used for BKK and Oil, respectively. 
Meteorological data from these stations were used for this study because 
Walnut was considered the most representative station for BKK where 
processed data were aval$ble while Upland was considered the most 
representative station for Oil where processed data were available. These 
data were entered into the ISCST model to calculate the annual average 
modeled concentration at each monitoring station. Because one year of 
meteorological data was used, one modeled concentration was obtained for 
each monitoring station at BKK and Oil. For each site at BKK and Oil the 
modeled concentration was divided into the estimated mean concentration 
(from Table III-3) of its respective monitoring station. The resulting 
factors or ratios were then multiplied by the assumed emission rate (1 gram 
meter" second" ) to estimate a landfill emission rate for each monitoring 
station that will result in an exact match between estimated and modeled 
concentrations. Equation (1) illustrates the procedure that was used: 

Estimated Assumed Estimated Modeled 
Emission Rate « Emission Rate x (Concentration / Concentration) (1) 

The estimated landfill emission rates for each monitoring station at 
BKK and Oil are given in Table III-4. The emission rate derived from the 
estimated mean concentration for each monitoring station and the emission 
rates derived from the upper and lower bound estimates of the mean 
concentration for each monitoring station are listed. The greatest range.of 
estimated emission rates for BKK was from 0.75 microorams meter' second" 
(lower-bound at station 2) to 3.32 micrograms meter" second" (upper-bound 
at station 3). For Oil, the estimated emission'rates ranged from 
0.31 micrograms meter" second" (lower-bound at station 1) to 4.42 
micrograms meter" second" (upper-bound at station 3). 

Using the full rangeof emission rate estimates (0.75 to 3.32 -
micrograms meter" second" for BKK and 0.31 to 4.42 micrograms meter" 
second" for Oil), a range of estimated annual average vinyl chloride 
concentrations was derived for the 41 by 41 grid of one square kilometer 
cells. Each landfill was located in the center of the grid and was 
represented as an area source. As previously stated, BKK was assumed to 
emit vinyl chloride from an area of approximately 1,700,000 meters while 
on was assumed to emit vinyl chloride from an area of approximately 330,000 
meters . These areas approximate the area where wastes were disposed at 
each landfill. However, because subsurface migration of landfill gases has 
been observed at BKK and Oil, it is possible that emissions of vinyl 
chloride occur over an area substantially greater than where wastes were 
actually disposed. The ISCST model used the range of estimated emission 
rates assuming no plume rise in conjunction with historical meteorological 
data to predict a range of annual average concentrations for each of the 
1681 one-square-kilometer-cells. The annual average concentrations of 
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TABLE III-4 

ESTIMATED EMISSION RATES OF VINYL CHLORIDE 
FROM BKK AND OII_LANDFILLS, 

(micrograms meters" second" ) 

Lower-bound* Average'' Upper-bound*̂  

BKK Landfill 

Station 1 1.36 1.80 2.30 

Station 2 0.75 0.97 1.20 

Station 3 1.88 2.55 3.32 

on Landfill 

Station 1 0.31 0.38 0.46 

Station 2 0.52 0.74 1.04 

Station 3 2.69 3.46 4.42 

a - These emission rates were derived from the lower-bound annual mean 
concentration. 

b - These emission rates were derived from the annual mean concentration, 
c - These emission rates were derived from the upper-bound annual mean 

concentration. 

vinyl chloride predicted for the one-square-kilometer cells'within the grid 
centered on BKK, ranged from less than 0.1 ppbv to approximately 22 ppbv. 
For on, the range was from less than 0.1 ppbv to approximately 3.8 ppbv. 

In order to obtain these modeling results, several assumptions were 
made. These assumptions may act to elevate or reduce the estimated annual 
average concentrations of vinyl chloride predicted for the cells surrounding 
BKK and Oil. The primary assumptions were as follows: 

1) Vinyl chloride was assumed to be emitted from an area of ~ 
approximately 1,700,000 meters'̂  for BKK and 330,000 meters for 
on. Although these areas approximate the area where wastes were 
disposed, data were not available to demonstrate that these 
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areas actually represented where vinyl chloride emissions 
occurred. Emissions of vinyl chloride might have occurred over an 
area which is either larger or smallerthan that assumed. 

2) Emissions of vinyl chloride were assumed to occur continuously and 
uniformly over a given area of each landfill. In reality, vinyl 
chloride was not likely tp emanate uniformly over the surface of 
the landfills. However, the data required by the model to take 
this Into consideration were not available. If emissions of vinyl 
chloride vary over the surface of the landfills, the annual 
concentrations estimated for some cells would be expected to be 
underestimated while others would be overestimated. 

3) This study did not use meteorology for the same year as the vinyl 
chloride measurements. Because there was not a great deal of 
variation in meteorological data from year to year, the degree of 
error from using a meteorological year different than the vinyl 
chloride measurement year was estimated to be less than ± 50 
percent. 

Because the emission rates were derived by model calibration to known 
vinyl chloride concentrations, the uncertainty was at a minimum near the 
monitoring sites. Alternatively, as the distance from each monitoring 
station increased, the uncertainty associated with the estimated 
concentration increased. 

e. POPULATION EXPOSURE 

The population exposure to vinyl chloride near BKK and Oil was 
estimated by using the grid cell concentrations estimated from the ISCST 
model in conjunction with 1985 updated census data. Estimates of the 
cumulative population exposed to various concentration levels of vinyl 
chloride near BKK and Oil landfills are shown in Tables III-5 and III-6. 
The 1985 residential population estimates were determined for each one 
kilometer grid cell with the concentration determined at the center of each 
cell by the ISCST model. The 1681 grid cells, with their associated 
populations, were sorted from high to low by concentration. The grid cell 
populations were then summed tp determine the cumulative population exposed 
at or above certain levels of vinyl chloride. For Tables III-5 and III-6, a 
lower bound of exposure was estimated. This range of exposure is based on 
upper and lower bound estimates of the vinyl chloride emission rate frpm 
each of the two landfills. Table II1-5 shows that approximately 730,000 to 
2,000,000 people were exposed to an annual average concentration of at least 
0.05 ppbv of vinyl chloride from the BKK landfill. Approximately 17,000 to 
130,000 of these people were exposed to an annual average concentration of 
at least 1.0 ppbv frpm this facility. Table IIIr-6 shows, that approximately 
33,000 to 1,100,000 people were exposed to an annual average concentration 
of at least 0.05 ppbv o.f vinyl chl pride, from the Oil landfill. 
Approximately 0 to 22,000 of these people were exposed to an annual average 
concentration of at least l.Q ppbv vinyl chloride from Oil. 
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TABLE III-5 

RANGE OF CUMULATIVE POPULATION EXPOSED 
TO VINYL CHLORIDE NEAR BKK 

Range of Cumulative Population 

Lower-bound 
Estimate 

Upper-bound 
Estimate 

Exposed to Vinyl Chloride 
Concentrations (ppbv) at 

or above: 

2,154,000 2,154,000 >0 but <0.0l'̂  
2,026,000 2,154,000 0.01 

732,000 1,970,000 0.05 
374,000 1,431,000 0.1 
17,000 131,000 1.0 

0 54,000 2.0 
0 28,000 3.0 
0 20,000 4.0 
0 14,000 5.0 
0 7.000 6.0 
0 2,500 7.0 

2--1 a - The exposure estimate is based on an emission rate of 0.75 ug/m s 
2 -1 

b - The exposure estimate is based on an emission rate of 3.32 ug/m s . 
c - According to the model, the entire population was at least exposed to 
vinyl chloride concentrations between 0 and 0.01 ppbv. In addition, the 
calculated population-weighted exposure for this population was estimated to 
range from an annual average of 0.08 to 0.34 ppbv vinyl chloride. 

In addition to estimating the cumulative population exposure to 
vinyl chloride for people living near.BKK and Oil, the population-weighted 
exposure results were calculated. The population-weighted exposure was 
calculated by multiplying the estimated annual average concentration for 
each cell by the population represented by the cell. The exposure results 
for the 1681 cells were subsequently summed and divided by the total 
population represented by the 1681 cells. For BKK, the population-weighted 
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TABLE III-6 

RANGE OF CUMULATIVE POPULATION EXPOSED 
To VINYL CHLORIDE NEAR Oil 

Range of Cumulative Population Exposed to Vinyl 
Chloride 

Concentrations (ppbv) at 
Lower-bound 
Estimate 

Upper-bound 
Estimate 

or above: 

4,287,300 4,287*300 >0 but <0.01̂  
272,000 3,111,000 0.01 
33,000 1,073,000 0.05 
12,000 445,000 0.10 
0 22,000 1.0 
0 12,000 1.5 
0 6,000 2.0 
0 6,000 3.0 

2-1 

a - The exposure estimate is based on an emission rate of 0.31 ug/m s . 
? 1 

b - The exposure estimate is based on an emission rate of 4.42 ug/m s . 
c - According to the model, the entire cumulative population studied waS at 

least exposed to vinyl chloride concentrations between 0 and less than 
0.01 ppbv. In addition, calculated population-weighted exposure for 
this population wias estimated to range from an annual average of 0.004 
to 0.06 ppbv vinyl chloride. 

exposure estimates showed that approximately 2,000.000 people were exposed 
to an annual average vinyl chloride concentration ranging from 0.08 ppbv to 
0.34 ppbv. For Oil the population-weighted exposure estimates showed that 
approximately 4,000,000 people were exposed to an annual average vinyl 
chloride concentration ranging from 0.004 ppbv to 0.06 ppbv. 

The model was also used to estimate the annQial average 
concentrations for the maximum exposed individual at each landfill. For 
BKKi the maximum exposed individual was estimated to be exposed to an annual 
average concentration ranging from 2.3 ppbv to 10.3 ppbv. For Oil, the 
maximum exposed individual was estimated to be exposed to an annual average 
concentration ranging from 0.6 to 8.7 ppbv. 
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The population exposure estimates for BKK and Oil suggest that 
other landfills in California that emit vinyl chloride may expose the nearby 
population to elevated concentrations. Chapter II of this report discusses 
other vinyl chloride monitoring data that are available as well as 
preliminary data on the Landfill Gas Testing Program (see Appendix VI). 

D. INDOOR EXPOSURE TO VINYL CHLORIDE 

With the exception of some homes located near landfills, indoor 
concentrations of vinyl chloride are not expected to be substantially 
greater than outdoor concentrations. Although data are limited, the above 
statement is supported by the following facts: 1) few indoor sources of 
vinyl chloride have been identified; and 2) most studies that have monitored 
for indoor concentrations of vinyl chloride fail to detect it. However, 
landfills have been identified as a source of emisisions that contributes to 
elevated indoor levels of vinyl chloride in nearby residences. Grab samples 
from some houses located near landfills have shown vinyl chloride at 
concentrations up to 100 ppbv. 

We estimate that people living near landfills may be inhaling up 
to 2600 micrograms of vinyl chloride a day (see Appendix III for 
assumptions). For these individuals, inhalation of vinyl chloride indoors 
is expected to represent the most significant source of exposure. A more 
detailed discussion of indoor exposure to air contaminants is presented in 
Appendix III. 

1. Potential Sources of Indoor Vinvl Chloride 

There are several potential sources that can contribute to indoor 
concentrations of vinyl chloride. These sources include landfills, 
polyvinyl chlor.ide (PVC) products containing residues of vinyl chloride, 
water that contains residues of vinyl chloride and cigarette smoke. For 
most homes, these sources are not expected to result in substantially 
elevated indoor levels of vinyl chloride. However, for some homes located 
near landfills, staff believe that landfills may represent the most 
significant contribution to indoor levels of vinyl chloride. 

Vinvl Chloride From Landfill Gas. There are at least two ways 
that vinyl chloride emissions from landfills may contribute to indoor 
concentrations of vinyl chloride in nearby residences: 1) homes that are 
located downwind from landfills can receive vinyl chloride through direct 
outdoor air influx into indoor environments; and 2) landfill gases 
containing vinyl chloride can migrate underground and enter homes through 
substructures. The rate of accumulation of vinyl chloride indoors depends 
on several factors including soil permeability, source strength, air 
exchange rate and structure of the home. In addition, higher indoor 
concentrations may occur because vinyl chloride is more rapidly destroyed in 
outdoor air than indoor air. Outdoor destruction proceeds more quickly 
because vinyl chloride's reaction with hydroxyl radicals is the compound's 
dominant atmospheric removal mechanism and because hydroxyl radicals are 
formed in the presence of direct sunlight. 
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Plastic Materials and Cdnsumar Products. Plastic products made of 
PVC and other vinyl chloride polymers are ubiquitous in most homes. Because 
vinyl chloride monomer can remain in the PVC resin for an extended period of 
time, an indirect source of indoor vinyl chloride emissions may come from 
the release of unreacted vinyl chloride monomer from these plastic products. 

Emissions of unreacted vinyl chloride monomer have been 
substantially reduced due to improvements in monomer stripping technology 
(Wheeler, 1981). In the past, residual vinyl chloride concentrations in PVC 
resins at the time of shipment, were as high as 2000 ppm. Currently, PVC 
resins contain about 10 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 temperature processes In which PVC resins are melted and 
made into final products. Thus, consumer products made of PVC resins no 
longer contain elevated reslduai levels of vinyl chloride monomer and, 
therefore, are not expectjed to be an important contributor of indoor levels 
of vinyl chloride. 

Vaporization from Water Sources. Because activities such as using 
water for cooking, heating and showering can promote rapid vaporization of 
vinyl chloride frpm water, contaminated surface or ground water may increase 
indoor vinyl chloride levels. 

In California, surface water is generally free of vinyl chloride 
(Sharrp, 1987). In assessing ground water quality, the California 
Department of Health Services reported, based on a limit of detection of 0.5 
micrograms/liter, that one out of the 2,947 wells for large public water 
systems that were sampled had detectable levels of vinyl chloride (DHS, 
1986). The maximum concentration found in that well was 23 micrograms/1 iter 
with a median value of 20 micrograms/liter. Vinyl chloride has not been 
detected in wells used for small public water systems (DHS, 1987). 
Therefore, vinyl chloride in the water supply is not believed to 
significantly impact indoor air concentrations of vinyl chloride. 

Cigarette Smoke. Vinyl chloride has been identified in the smoke 
of cigarettes (1.3 to 16 nanograms/cigarette) and of little cigars (14 to 27 
nanograms/cigar). (lARC, 1985; Hoffmann, Patrianakos and Brunnemann, 1976). 
The vinyl chloride level in the mainstream smoke may be estimated by the 
total inorganic chloride content of the tpbaccp. However, the contribution 
from tobacco smoke does not appear to have a significant impact on the 
indoor concentration of vinyl chloride. 

2. Indoor Monitoring Data 

Indoor air data .can be obtained either by personal air sampling pr by 
fixed-site air sampling. In iperspnal sampling, the sampling equipment Is 
carried by an individual and air samples are taken whereyer the individual 
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may be. In contrast, fixed-site air sampling refers to air samples taken at 
fixed locations. Personal air sampling data generally provide a more 
realistic estimate of individual exposure. Because most people spend 80 to 
90 percent of their time in indoor environments, personal air sampling data 
are strongly weighted by indoor air exposure data. 

Personal Sampling Data. Based on limited personal sampling d^ta, 
it appears that indoor air exposure to vinyl chloride is low. Nine subjects 
in New Jersey and three subjects in North Carolina were monitored for 5 to 
10 hours on three separate occasions for several days over a 6-month period. 
All of the 138 air samples taken were below the LOD which was reported to be 
20 ppbv (Wallace et al., 1984). The procedure for calculating the LOD was 
not described in the paper and the subcontractor who conducted the 
monitoring could not be located for his definition of LOD. 

Pjxed-site Sampling Data. For a study conducted in California, 
fixed-site monitoring stations were installed to monitor indoor and outdoor 
air concentrations of vinyl chloride. Based on the analysis of 32 indoor 
samples taken in eight homes during the summer season for two twelve-hour 
sampling periods (daytime and nighttime), concentrations of vinyl chloride 
were all below the LOD. The samples were analyzed by two analytical methods 
with LODs ranging from about 0.2 ppbv to 58 ppbv (0.55 and 148 micrograms 
meter~'')(Pellizzari et al., 1989). The LOD as defined by Pellizari et al. 
is a value where the measured signal of the analyte is three times that of 
the noise of the instrument. Therefore, values below the LOD are not 
reported. 

A similar study was conducted in Baltimore where indoor air 
concentrations of vinyl chloride in about 160 homes were monitored by 
fixed-site sampling stations. Based on partially analyzed results, vinyl 
chloride was not detected in indoor air environments. The LOD was reported 
to range from 10.2 ppbv to 15.7 ppbv (26 to 40 micrograms meter" ) 
(Pellizzari, 1987). 

Special Situation Air Monitoring. In 1981, the SCAQMD collected 
24-hour bag samples in the vicinity of BKK landfill. Over 500 air samples 
were taken at two outdoor sites and at four indoor sites downwind of the 
landfill (SCAQMD, 1982). All of the samples (approximately 120 samples) 
that equaled or exceeded the state vinyl chloride standard of 10 ppbv (26 
micrograms meter" ) were taken inside the residences. The highest recorded 
indoor vinyl chloride concentration was 50 ppbv (130 micKograms/meter" ). 
The LOD was reported to be 2 ppbv (5.2 micrograms meter" ) (see section A, 
Chpater III for the SCAQMD method for calculating the LOD). 

In 1984, the South Coast Air Quality Management District (SCAQMD) 
sampled water meter boxes at the property lines of a few homes adjacent to 
on Landfill as a screen for landfill gas migration. Water meter boxes are 
below-ground enclosed boxes containing an apparatus which measures the 
amount of water used by a household. The 10 grab samples taken from inside 
water meter boxes of homes adjacent to Oil Landfill showed vinyl chloride 
levels ranging from 13 to 36000 ppbv. This finding prompted a 1985 South 
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Coast Air Quality Management District indoor air grab-sample study which 
showed vinyl chloride concentrations ranging from 8 to 100 ppbv (20.8 - 26Q 
micrograms meter" ) in some homes near the landfill (SCAQMD, 1985). 
Presently, indoor concentrations of vinyl chloride in these residences are 
believed to be substantially lower because of the installation of gas 
collectors and flares (Coy, 1987). Oil is now a federal superfund site 
managed by the EPA. 

E. EXPOSURE THROUGH OTHER ROUTES 

While the main objective of this report is to estimate exposure 
through the air, exposure to vinyl chloride may also occur from the 
ingestion of food and water that contain residues of vinyl chloride. The 
Health and Safety Code specifies that the ARB shall identify the relative 
contribution to total exposure to the contaminant from indoor 
concentrations, taking into account both ambient and indoor environments 
(California Health and Safety Code, 1989). The Inclusion of these data 
provide a useful perspective of the overall exposure to vinyl chloride 
through environmental media. The estimated daily dose of vinyl chloride 
from different environmental media are presented in Table III-7. From the 
table, exposure to vinyl chloride from the indoor air of homes not located 
near landfills, food, and water appears to be minor. However, for people 
living in houses located near landfills. Indoor exposure to vinyl chloride 
may represent the major source of total vinyl chloride exposure. The need 
for total exposure assessment and some of the issues and concepts involved 
in total exposure estimates are discussed in Appendix III. 

1. Water Ingestion 

The major source of drinking water for California is surface water 
which is not expected to have detectable levels of the highly volatile vinyl 
chloride. Ground water used for public water systems is also relatively, 
free of vinyl chloride with concentrations typically below 0.5 ug liter 
(DHS, 1987, 1986). Based on this information, staff believe that exposure 
to vinyl chloride through drinking water is not important under ordinary 
situations. 

2. Food .Ingestion 

Vinyl chloride is not routinely monitored for in U.S. food 
products. However, before 1973 vinyl chloride was found in food and 
beverages packaged in vinyl chloride polymer materials (lARC, 1979). At 
that time, levels as high as 20 mg" kg" (ppm) of vinyl chloride monomer 
were present in alcoholic beverages packaged in this material. Vinyl 
chloride was also found in edible oils, butter.and margarine at 
concentrations ranging from 0.05 - 14.8 mg kg" . In 1986, the Food and Drug 
Administration (FDA) proposed to limit the maximum amount of residual vinyl 
chloride monomer in rigid and semi-rigid food containers to 10 ppbw and the 
maximum amount of vinyl chloride monomer allowed in polymeric coatings and 
films which contact food to 5 ppbw. The regulation was not promulgated 
because the FDA believed that monomer stripping processes leave no residue 
of vinyl chloride monomer. In 1986, the Food and Drug Administration (FDA) 
estimated that the lifetime-averaged individual exposure to vinyl chloride 
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from food and beverages packaged with vinyl chloride polymer materials would 
not exceed 25 nanograms per day (FDA, 1986). An estimate of today's 
potential for vinyl chloride exposure from food Ingestion is not possible 
because, to the ARB's knowledge, current information on the levels in food 
and food packaging are not available. 

TABLE III-7 

ESTIMATED VINYL CHLORIDE EXPOSURE THROUGH DIFFERENT MEDIÂ  

Media Daily Dose Reference 

AIR 
Ambient Air 

not near landfills 

near landfills 

Indoor Air 

<104 to 780 ug 

homes not near 
landfills 

<11 ug 

homes near landfills up to 2600 ug 

INGESTION 

Drinking water: 
Surface/Ground Water 

Food including 
beverages 

<1 ug 

< 0.025 ug 

Table III-l, 1990 

Pellizari et al., 1989 

SCAQMD, 1982 

DHS, 1986; 1987 

FDA, 1986 

a - The assumptions that were used for Table II-7 are provided in Appendix 
III. 

b - The dose from exposure to ambient air not near landfills was not 
calculated because the ARB's ambient monitoring network has not detected 
vinyl chloride. 
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IV. 

PERSISTENCE IN THE ATMOSPHERE 

A. PHYSICAL PROPERTIES 

The chemical structure of vinyl chloride (chloroethene, chloroethylene) 
is CH.>= CHC1. Vinyl chloride is a sweet smelling, colorless gas at ambient 
temperature and pressure. It polymerizes in light or in the presence of a 
catalyst. Vinyl chloride is readily flammable and forms explosive mixtures 
in air. Upon combustion, i t is degraded mainly to hydrogen chloride gas 
(HCI), carbon monoxide (CO), carbon dioxide (COj) and traces of phosgene 
(Clj,C=0). Vinyl chloride is expected to volatilize rapidly from water (H-O) 
systems. Experimental data indicate that for an i n i t i a l concentration of 1 
ppm at a solution depth of 6.5 cm and a stirring rate of 200 rpm, the 
average evaporative half-life of vinyl chloride at a temperature of 
approximately 25 C is 27.6 minutes (Dilling, 1977). Another study 
determined that distilled water spiked with 16 ppm vinyl chloride lost 96 
percent of the vinyl chloride within two hours (U.S. EPA, 1974). Although 
it is soluble in ethanol (CH2CH2OH), industrial solvents, and a number of 
organic liquids, vinyl chloride is only slightly soluble in water. Vinyl 
chloride's physical properties are shown in Table IV-1. 

B. ATMOSPHERIC PERSISTENCE 

Reaction with hydroxyl radicals (OH) is the dominant mechanism removing 
vinyl chloride from the troposphere (Cupitt, 1980; Atkinson, 1986a). 
Estimates of vinyl chloride's tropospheric lifetime range from 0.5 to 5.8 
days. However, for reasons provided later in this section, ARB staff 
believe that a tropospheric lifetime ranging from 1.6 to 3.9 days is 
representative of typical atmospheric conditions. The rate at which this 
reaction proceeds depends on the temperature and the tropospheric 
concentration of both vinyl chloride and hydroxyl radicals. The temperature 
dependence of the reaction rate is incorporated in the rate constant for the 
reaction of vinyl chloride with hydroxyl radi-cals. The product of the rate 
constant and both species concentrations gives the rate at which vinyl 
chloride is being degraded (Finlayson-Pitts and Pitts, 1986). 
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TABLE IV-1 

PHYSICAL PROPERTIES OF VINYL CHLORIDE 

Properties Value Reference 

Boiling point, 1 Atm 

Molecular weight 

Vapor Pressure, 20 °C 

Sol. in water, 25°C 

Partition Coeff. 
H20/Air 10°C 

0ctanol/H20 Partition Coeff, 

Specific gravity, 20/4 °C 

Flash pt. open ciip 

Liq. Dens. -14.2 €g/cm 

Heat capacity, 27°C 

-13.37 °C 

62.5 

2530 mm Hg 

O.llg/lOOg H2O 

0.02 

20.7 

0.912 

-77.8°C 

0.969 

16.1 

Merck Index. 1983 

Merck Index, 1983 

Merck Index. 1983 

Kirk-Othmer. 1980 

McConnell, G., et al . , 1975 

Withey, 1976 

Kirk-Othmer, 1980 

Kirk-Othmer, 1980 

CRC Handbook, 1985 

CRC Handbook, 1985 

The tropospheric lifetime of a compound is an estimate of the time 
required for a given amount of the compound to decrease to 1/e (0.368) of 
its original concentration (at time zero). The tropospheric lifetime (T) 
of vinyl chloride is related to the rate constant (k) and the hydroxyl 
radical concentration ([OH]) by the equation (1): 

(k[OH]) -1 (1) 

In deriving the above equation, it is assumed that hydroxyl radicals are at 
a constant steady state concentration in the troposphere. 

Estimates have been made for the rate constant resulting from 
vinyl chloride's reaction with hydroxyl radicals. Perry et al. (1977) 
estimate^ the absolute rate constants over the temperature range of 299 
Kelvin ( K) to 426 K. The limiting high pressure rate constant for a , 
temperature of 299 K is estimated to be 6.60 + 0.66 x IQ" cm molecule" 
second' . Howard determined rate constants for the reaction of vinyl 
chloride with hydroxyl radicals at 296 K over a range of pressure where the 
highest pressure employed had not reached the limiting high pressure regime 
(Howard et al., 1976). However, when data obtained by Howard are 
extrapolated to the high pressure limit, the resulting rate constant of 
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-12 3 -1 -1' approximately 7 x 10 cm molecules second is in good agreement with 
the value reported by Perry (Perry et al., 1976). Using a different 
technique, a study by Liu. et al. over the temperature range of 313 to 423 K 
was also in good agreement with Perry, et al. (Perry, et al.,1976; Liu, et 
al., 1989). Table IV-2 summarizes the rate constant estimates, atmospheric 
lifetime estimates, average temperature assumed, and the method used to 
estimate the rate constant for the reaction of vinyl chloride with hydrojtyi 
radicals and ozone (0^). 

The 24-hour average hydroxyl radical concentration in the 
troposphere has been estimated to range from 3 x 10 to 3 x 10 molecules 
cm" (Hewitt & Harrison, 1985). Because hydroxyl radicals are only present 
during daylight, the actual range for daytime concentrations is twice the 
24-hour averages given above while nighttime concentrations are essentially 
zero. Prinn, et al. derived the most reliable average hydroxyl radical 
concentration df 7.7 X 10 molecules cm" using the ambient tropospheric 
concentration and emission inventory of methyl chloroform (CĤ CCU) (Prinn, 
et al., 1987). Daytime hydroxyl radical concentrations vary aepeliding on 
many factors including photolytic activity and the concentration of ozone as 
well as other pollutants in the troposphere. 

Using the rate constant determined by Perry et al. for an average 
tropospheric temperature of 299 K and a rangê of hydroxyl radical 
concentrations ranging from 3 x 10 to 3 x 10 molecules cm" , the estimated 
tropospheric lifetime for vinyl chloride ranges from: 

6 3 0.6 days for [OH] a 3 x 10 molecules cm 

to 

5.8 days for [OH] » 3 x 10 molecules cm" 

As previously indicated, the concentration of hydroxyl radicals in the 
troposphere can vary considerably. However, several researchers recommend, 
24-hour average hydroxyl cadical concentrations which are between 0.5 x 10 
and 1 X 10 molecules cm" (Prinn et al., 1987; Winer, 1978; Singh et al., 
1983; Cupitt, 1980; Cox et al., 1976; Davis et al., 1976). By using this 
range of 24-hour_average hydroxyl radical concentrations (0.5 x 10 to 1 x 
10 molecules cm" ) in conjunction with the rate constants determined from 
Perry's rate constant at 299 K, the resulting range in atmospheric lifetimes 
is from 1.6 days to 3.9 days. Using Howard's adjusted rate constant derived 
by extrapolating to the high pressure limit, and the same range of hydroxyl 
radical concentrations (0.5 x 10 to to 1 x 10 molecules cm" ), the 
atmospheric lifetime estimates for vinyl chloride ranges from 1.6 to 3.3 
days. 

A-43 



TABLE IV-2 

ATMOSPHERIC LIFETIME AND REACTION 
RATE COilSTANt ESTIMATES FOR VINYL CHLORIDE 

Reactant 
Rate® 
Constant 

Temperature 
(Kelvin) Mfiilmd 

Atmospheric^ 
Lifetime 
(days) References 

OH 6.6 ± 0.66 X 10'̂ 2 299 FP-RF*̂  1.6. - 3.9̂  Perry et a l . , 1977 

°3 2.45 ± 0.45 X 10"^^ 298 S-FTIR® Zhang et al., 1983 

°3 2.3 X 10"^^ NR S-FTIR® 50 Gay et a l . , 1976 

O3 6.5 X 10"^^ 295 S-UV9 4.9 years Sanhueza et al. 1976 

3 -1 -1 a - Rate constant units are cm molecule second . 

b - The atmospheric lifetime is defined as the time required for a given amount 
of the compound to decrease to 1/e (0.368) of" its original concentration 
(at time zerp). 

c - FP-;RF = Flash photolysis, resonance fluorescence. 

d - Assumes a 24-^our average hydroxyl radical concentration ranging from 0.5 x 
ip° to 1 X 10** moleculM cm^ (Cup^i, 1980). ' ' 

e 

f -

g -

NR-

- S-FTIR = Static system, Fourier transform infrared absorption spectroscopy. 

- Assumes a 24-hour average 0- concentration of 1 x 10̂  molecules cm" 
(Singh et a l , , 1978). 

- S-UV = Static system, ultraviolet absorption. 

Not Reported 

radica 
double 
react i 
result 
(HCOGl 
reacti 
demons 
Tuazph 
formyl 
unity 
within 

The i n i t i a l sttsp in the reaction of y^ny} chloride with hydroxyl 
Is proceeds by the aclidltibn of hydroxyl radical to the carbon-carbph 
ijpnd. Although subsequent steps in the reaction mechanism are unknown, 
oh products have been identified (At^ The major proiduct 
ing from hydroxyl radical attack on vinyl chloride is formyT chloride 
). Within the experimental erro^ two independent studies, the 
on of one molecule of vinyl chlbriilie with hyiSroxyl raciicals was 
trated to yield'one molecule of fo.rmyI chloride (Pitts et a l ^ . 1984, 
et a l . . 1988). An ARB'sponsored study demohstrjated that the yield of 
chloride from the reaction of hydroxyl radicals with yinyl chloride is 
(one molecule of formyl chloride for each molecule of yinyl chloride) 
the experimental error pf the study (Pitts et a l . . 1984). The 
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observed unit yield of formyl chloride implies a corresponding unit yield of 
formaldehyde (HCHQ) and shows that the reaction of vinyl chloride with 
hydroxyl radicals proceeds by essentially 100 percent cleavage of the double 
bond. Equations (2) through (6) summarize the overall reaction scheme which 
seems most likely (Pitts et al., 1984). 

OH + CH2=CHC1 > HOCHgCHCl (2) 

0 0-0* 
2 1 

HOCH2CHCI > HOCH2CHCI (3) 

0-0* 0-0* 
I I 

HOCH2CHCI + NO > HOCH2CHCI + NO2 4) 

. 0-

I 

HOCHgCHCl — > CHgOH + HCOCl (5) 

CH2OH + O2 > HCHO + HO2 (6) 

This reaction was confirmed in a study by Tuazon, et al. (Tuazon, et al.. 
1988). 

Under atmospheric conditions, the reaction of vinyl chloride with 
ozone is not expected to be important compared to its reaction with hydroxyl 
radicals (Atkinson. 1986a; Atkinson and Carter. 1984). Several rate constant 
estimates have been made for the reaction of vinyl chloride with ozone. Based 
on these rate constants, atmospheric lifetime estimates range from about 47 
days to approximately 5 years (Zhang et al., 1983; Sanhueza et al., 1976). 
Table IV-2 summarizes the atmospheric lifetime and rate constant estimates 
along with other pertinent information for vinyl chloride's reaction with 
ozone. Due to the variability among the estimated rate constants, a review 
publication made no recommendations as to the rate constant for the reaction 
of vinyl chloride with ozone (Atkinson and Carter, 1984). Furthermore, 
because the reaction of ozone with vinyl chloride can be complicated by 
secondary reactions, the rate constants provided in Table IV-2 should be 
considered to be upper bound limits. 

Products resulting from the reaction of ozone with vinyl chloride 
in the absence of scavengers are formyl chloride and formic acid (HCOOH) 
(Zhang et. al., 1983). Other products resulting from the reaction of ozone 
with vinyl chloride include carbon monoxide, carbon dioxide, formaldehyde, and 
hydrochloric acid (Gay et al., 1976; Zhang et al., 1983). 

A relative rate technique was recently employed to obtain a rate 
constant for the gas-phase reaction of vinyl chloride and the nitrate 
(NO.,) radical (Atkinson, et al., 1987). The rate constant ratio of k(NO.,+ 
vinyl chloride)/ k(N03+ ethene) at 298 ± 2°K is 2.08 ± 0.09 with the roofft 
temperature rate constant for the reaction of the nitrate radical with ethene 
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(CH-sCHp) is 2.1 X 10' cm molecule" second"!- 5°''*̂ "̂ "9 measured 
rates leads to a rate constant of 4.4 X 10' cm molecule" second" at 298 ± 
2 K for k(N02+ vinyl chloride). The measured average lower tropospheric 
nitrate radical concentration over continental areas ranges from less than 1 
ppt to 430 ppt (Atkinson, et al., 1986). Assuming an average value of 10 ppt 
(2.4 X 18 molecule cm" ) ± 10 would give a vinyl chloride lifetime of 2120 
days with respect to reactions with the nitrate radical. 

As stated, the most Important atmospheric removal mechanism for 
vinyl chloride is its daytime reaction with hydroxyl radicals. Vinyl chloride 
does not absorb in the actinic ultraviolet region, hence photolysis need not 
be considered. 

Little is known about the formation of vinyl chloride in the 
atmosphere. However, under experimental conditions, vinyl chloride has been 
shown to be a photodissociation product of 1,2-dichloroethane (CHpClCHpCI) 
(Yano and Tschulkaw-Roux, 1980). In the study, 1,2-dichloroethane 
photodissociated when irradiated with ultraviolet light at 147 nanometers (nm) 
under pressure and in the presence of nitrous oxide (NO) and carbon 
tetrafluoride (CF.) additives. Although it was not the purpose of the study 
to identify vinyl chloride formation pathways, vinyl chloride was one of the 
photodissociation products. Since wavelengths of ultraviolet light below 290 
nm do not reach the troposphere, this formation pathway is not important for 
vinyl chloride in the atmosphere. 
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C. PRINKING WATER 

The relative contribution of drinking water to daily exposures of vinyl 
chloride appears to be insignificant. The average concentration of vinyl 
chloride in drinking water is estimated to be below the limit of detection 
(0.5 ppb or 0.5 ug/l). 

D. ASSUMPTIONS 

Some of the assumptions used for making the daily dose estimates from 
different environmental media are: 

1. The average person ingests 2 liters of drinking water per day; 

2. The average person inhales an average of 20 cubic meters of air 
daily; 

3.. Dermal exposure is negligible: and 

4. 1002 of the pollutant ingested or inhaled is absorbed. 

-7-



Table 1: Estimated Doses Of Vinyl Chloride Exposure Thrqiugh Different Media 

Melia Dai W Dose Refs. 

AIR 

Indoor Air 

Homes not near 

landfills less than 11 ug Pellizzari et al.. 1989 

Homes n̂ ar landfills up to 2600 ug SGACIHP, 1982 

Eim 

Including beverages less than 0.025 ug FD̂ , 1986 

WATER-DRINKINGPURPOSES 
Surface/Ground Water less than 1 ug CDHS, 1986; 1987 

-8-



APPENDIX A - INDOOR AIR EXPOSURE 

Prediction of health risk from pollutants depends upon knowledge of total 
personal exposure to the pollutants. For direct exposure to air pollutants, 
the dose of pollutant received through the respiratory system is the basic^ 
quantity needed for risk assessment. In general, that dose depends on: a) 
the pollutant concentration in the environment occupied by an individual 
(exposure concentration); b) the length of time spent in that environment 
(exposure duration); c) the rate of breathing in that environment; and d) 
other physiological factors. Exposure through air can be estimated by using 
only the first two parameters, exposure concentration and exposure duration. 

Historically, outdoor air concentrations of an air pollutant have been 
used as a surrogate for estimating personal air exposure. However, studies of 
indoor environments and of personal exposures to pollutants have revealed that 
indoor concentrations of some pollutants are regularly higher than outdoor 
concentrations of those pollutants. In addition, human time-activity pattern 
studies show that people spend most of their time in non-outdoor 
microenvironments such as in their homes, work places, transportation vehicles 
and public buildings. On the average, people spend 80-90 percent of their 
time indoors. 

The California Legislature recognizes the importance to risk assessment 
of considering both indoor air exposure and outdoor air exposure. The current 
.statute requires the Board, when identifying toxic air contaminants, to assess 
exposures in indoor, as well as outdoor, environments (H&SC Sec. 39660.5). 
This combined indoor plus outdoor, or total air, exposure assessment permits 
more accurate public health risk estimates for airborne toxics. Indoor air 
exposure information can also provide direction for the control of many toxic 
air contaminants. 

An even more realistic estimate of total air exposure would be the sum of 
the products of the pollutant concentration in each microenvironment and the 
fraction of time people spend in that microenvironment. However, 
time-activity and indoor/personal monitoring data are limited and insufficient 
at this time for quantifying the concentration of most air pollutants in each 
microenvironment. Based on this limited database, indoor air exposure 
assessment of most of the toxic air contaminants will be crude estimates. 

Risk assessments, based only on outdoor air concentrations, may greatly 
underestimate health risk to the public. For some pollutants present in high 
concentrations indoors, ventilation with clean air is the only feasible method 
of reducing exposure. The Board must, therefore, manage outdoor 
concentrations of toxic air contaminants, not only to reduce significant 
outdoor exposures where they occur, but also to preserve a clean air supply 
for controlling indoor exposure to these substances. 



APPENDIX B - TOTAL EXPOSURE FROM ALL MEDIA 

The concentrations of some pollutants have been measured in different 
environmental media such as air, water, food, pesticides and drugs. Ideally, 
these measurements can be integrated to estimate the total exposure to those 
pollutants through all the environmental media. Total exposure data are 
critical for setting priorities and formulating regulatory actions that can 
best achieve overall personal risk reduction. 

While one of the main objectives of this report is to define exposure 
through the air medium, personal exposure data through other media are also 
included. Exposure data are presented according to three basic routes of 
exposure which are inhalation, ingestion, and skin absorption. 

The combination of exposure data from all media will allow the 
determination of the total human exposure to a toxic air contaminant through 
the environment. To determine the added risk caused by a particular 
exposure, both the shape of the dose-response curve and the previously 
existing exposure level must be known. Although the exposure through a 
particular medium may be small, its addition to exposures through other media 
could provide a total dose in excess of a postulated "safe level". 

In addition, the pathway of pollutants in the environment is dynamic and 
complex. Pollutants emitted into the environment in one medium can remain in 
that medium, transfer to another medium, and/or disperse into a number of 
media. This results in different routes of exposure. For example, solvents 
emitted as water pollutants can become airborne and cause exposure through 
inhalation. Airborne lead particles can be deposit onto food and result in 
exposure through ingestion. Thus* inclusion of exposure through all media 
will provide a more accurate exposure estimate for each route of exposure, 
including inhalation, which is the Board's primary concern. 

Documenting exposure to toxic substances through different media can 
serve as a stimulus for coordinated risk reduction efforts among different 
regulatory agencies. Other regulatory agencies are more likely to increase 
their efforts in reducing the overall exposure through other media if they are 
made aware of such exposure data. 
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APPENDIX IV 

INFORMATION REQUEST LETTER WITH ATTACHMENTS AND RESPONSES 



ME OF CALIFD5NIA GEORGE P E U K M E J I A N , G o v m o r 

IR RESOURCES BOARD 
)2 Q STREET 
). BOX 281S . 
CRAMENTO. CA 95812 

Apri l 4, 1985 

Dear S i r or Madam: 

Subject: Request for Information Regaraing Vinyl Chloride 

I am v.riting to request information on the health effects of vinyl chloride as 
part of our toxic a i r contaminant program. This program is based on Health 
and Safety Code Sections 39650, et seq. which require the ARB to ident i fy 
conpounas as toxic a i r contaminants and once ident i f ied to develop and adopt 
control measures for such compounds. After consultation with the staf f of the 
Department of Health Services (DHS), we have selected vinyl chloride as a 
canoidate toxic a i r contaminant to be evaluated In accordance with the 
provisions of Health and Safety Code Sections 39650, et seq. During our 
evaluation of vinyl chlor ide, we wi l l consider a l l avaTlable health 
information regarding this compound. Addi t ional ly , we are so l i c i t i ng 
information regarding possible biological production of vinyl chloride. 

Before the ARB can formally identi fy a compound as a toxic a i r contaminant, 
several steps must be taken. (First , the ARE must request the Department of 
Health Services to evaluate the health effects of candidate compounds. 
Seconc, the ARB staf f must prepare a report which includes the health ef fects 
evaluation ana then submit the report to a Sc ient i f i c Review Panel for i t s 
review. The report submitted to the Panel wi l l be made available to the 
public. Information submitted in response to this request w i l l be considered 
in the ARB report to the Panel. Although any person may also submit 
inforination d i rect ly to the Panel for i t s consideration, I urge you to submit 
a l l infornation at this time for our consideration in the development of the 
report for the Panel. The Panel reviews the suff ic iency of the information, 
methoas, and data used by the DHS in i t s evaluation. Last, after review by 
the Sc ien t i f i c Review Panel, the report with the written findings of the Panel 
w i l l be considered by the Air Resources Board and w i l l be the basis for any 
regulatory action by the Board o f f i c i a l l y to ident i fy a compound as a toxic 
a i r contaminant. 

Prior to fonTially requesting the DHS to prepare a health effects evaluation of 
vinyl chlor ide, v/e are providing, pursuant to the provisions of 
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Section 39660(e) of the Health and Safety CTode, an opportunity to interested 
parties to submit information on the health effects of vinyl chloride which he 
or she believes would be important in DHS's evaluation of vinyl chlor ide'as a 
candidate toxic a i r contaminant. 

In March 1985, we received a reference search on vinyl chloride health effects 
using the MEDLINE and TOXLINE Information Services. These information 
services include material available to the public in late 1984. The attached 
bibliography l i s t s the references from this information search. We are 
requesting pertinent information on vinyl chloride health e f fec ts , including 
any material that .may not be available to the publ ic, that is not included in 
the attached bibliography. 

Pursuant to the provisions of the Public Records Act (Government Code Sections 
6280 et seq.) , the information you pirovide wi l l be a public recorc and subject 
to puFTic disclosure, except for trade secrets which are not emission aata or 
other information which is exempt from disclosure or the disclosure of v/hich 
is prohibited by law. The information may also be released to the 
Environmental Protection Agency, which protects trade secrets and confidential 
information in accordance with federal law, and to other public agencies, 
which are also required to protect such information. 

To expedite the review process, we ask that any information which you believe 
should be regarded as "trade secret" be clear ly marked and separated from 
other information. You may i-dentify portions of the information you submit as 
"traae secret" in accordance with Health and Safety Code Section 39660(e). 
The claim of trade secrecy must be supported upon the request of the Ai r 
Resources Board. Other information claimed to be trade secret and information 
otherwise claimed to be exempt from disclosure may be ident i f ied as 
confidential i r acco»"aance with Section 910"!1, T i t le 17, Cal i fo rn ia 
Administrative Cooe. Section 91011 requires that the claim of conf ident ia l i ty 
be accompanied by specif ieo supporting information. 

I would appreciate receiving any relevant information you wish to submit by 
May 19, 1985. Your help in expediting our review w i l l be greatly 
appreciated. Please send the information to the attention of: 

William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Re: Vinyl Chloride 
Cal i forn ia Air Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

If you have any further questions regarding health effects information, please 
contact Mr. John Satchelder at (SI 6) 323-1505. For any other questions, 
please contact Kr. Don Ames at (916) 322-8285. 



April 4, 1985 

If you are not the person to whom this request should be addressed, please 
forward it to the appropriate person in your organization. Also, please let 
us know whether you would like to continue to receive information inquiries 
for other candidate compounds, and if not, if there is anyone in your 
organization to whom such requests should be sent. 

Sincerely, 

^yi/l/^<^ ' 
j ^ P e t e r D. V e n t u r i n i , Chief 
' ^ S t a t i o n a r y Source D iv is ion 

c c : Alex K e l t e r , DHS 
Lor i Johnston, DFA 
Wayne Morgan, Pres ident , CAPCOA 
Jan Bush, Executive Secretary, CAPCOA 
David Howekamp, EPA Region IX 
Assenblywoman Sa l l y Tanner, Chairwoman, Committee on Toxic Mater ia ls 
Senator Ralph D i l l s , Chairman, Committee on Governmental Organizat ion 
Senator Ar t Torres, Chairman, Committee on Toxics and 

Pub l ic Safety Management 
Emil Mrak, Chairman and S c i e n t i f i c Review Panel 

Members 
APCOs 

Attachment 
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ones . u i iJ III i l . i ie. Ilic . inc i ic ics ' . i t l i i i i i i u -dc t l Cnii isiLv.s's li ivk n l a i i i sc i i sus 

i i i i ' l l ie isMic III :iL'tc|>l:il<ii: l isk 

A i i icaMi i i : 111 g i i i i h i i kc In i l i 'c is i iu i i i iakc is in l l ic l i ne o l i i iKv i lu i i i l y 

ami lack o l lonscnMis is | i iov i i le i l by l l ie i i l iserval io i i l l iul i i B i i L i l o i y i l e t l -

kiiins invo lve n i i i ia l as wel l as ecuiiui i i iL values. We may l iegi i i w i l l i l l ie 

o l i sc i va i io i i ihal l l ie sac i i l i t e o l un i i id iv idnal I IH llie l ie i ie l i l o l H i;ioii|> is 

aete|ilal>le if ihe U n e l i l served is ll ie g i i i i i | r s s iuv iva l o i ll ie fn l l i l ln ien i o l 

some oil ier basic need. 1 lie sacr i l i te is moral ly umiccepial i le , l iowever . i l i l 

is lor no more in i |u i i ian i ln-ncl i l l l ian l l ie | i i ov is ion o l i l ic l imni ies o l our 

consmi i ing soc ie ly . Tliat some i i iusi die so l l ia l Jt l can cut is one l l i i ng ; l l i. i l 

some musi die so l l ial a l l can have see- l l i iougl i IIMKI packaging is a n o i l i c r . " * 

r a i l i c i i l a i l y wheie non essenl ia l pr inlucis are lo r icerned, ll ie long l e i m goal 

of lo«ic si i l isiai iees co i i i ro l and Ihe long lerni e l l c c i of each regulat ion 

should lie III channel economic g iow i l i away l i o m i i id i is i i i cs l ia /a i i ions lo 

heal lh and towards safer |ir(>Jucls and forms o l em| i loy i i i c i i l 

A s Ihe case snidy in I'ait II shows, il ie | i i i i l i le i i is o l dec id ing under 

n i ice i la in ly and of Italancing i i ic i i i i i i i ic i is i i rable i i i le ics is li:ive pervaded Ihe 

legi i la t ion o l V C Ke luc l a i ue lo lace these dif f icul t p ioh l i ins accounts in 

| ia i l lof Ihe lac i thai in mole than lou i years the agencies have sel s landaids 

lof on ly iw i i o l the ii iajor sources of cx | iosu ie lo V C . Wh i le the s lanJa ids 

that have l ivei l set and Ihe pi.uposuls that have l>eeii put i o i w a i d aie by nu 

means totally de f i c ie i i l . t l ieic liuve l iccn s ig i i i l icuni insla i iccs in w l i i i l i the 

.igencies have made f i ic l i ia l ly or logical ly i i is i ippoi lahle cn i ich is io i is . of i l l 

wh ich tl iey have ig i io ied evidence and fai led lo draw conchis ions the 

evidence vir tual ly deinaritls. In al l instances, Ihe agencies have held back 

l i o i i i impos ing standaids Ihal would rei|uire any s ign i l i can i economic 

change in the rcgu la leJ inJus l r ies Ihe industr ies' prof i ts, vohmie o l pro

duct ion 1)1 the legula led substances, and luiure g iow l l i p ios j icc ls have l icei i 

v i i tua l ly una l lec tcd Une may i| i iestioii whetiier the l iencl i ts of V C produc

t ion and use aie substantial e iu iugh lo j i is l i ly such ext ieme de le icnce to Ihe 

UHi Kliiiiy vuliic i i i aK i iK i iU UIC mi l M I CJMI> iituilc .•. Iltr J n l i m lii>ii t>rlMc«;ii l i m j i i i iJ 

l o o j t>.i^l..iKiiiK I vi ' t^i ' l ly. cc t i iuHi tu lMj l ie l l ic |i<iMliiinlli.il i ic i i l i . l i l k i ' . i v i i i i i f cJ .11 .l l ltnllCMII 

l l i i t i t g . i i l . U c u u \ c u l ll ie d i f l i i u l l y « l ii i i ikii i i i M I i iui i) ! o l l l icvc v j l u t |IUI|:IIIL'II|'> iV r . t f . 

£ i u l u M . i n L i l t u n J L i m h . . uyn i note H . .tl (I'H 'Jfi. 71H l lu l l l i t . l . l l ic i i l iy o l i i i . i k i i i | l lw 

I141J Jet.ikiuiik Juc^ IIOI icqui fc us lo i i \o id iliukiiitl l l ic ckJ lLUI oiKS And ii i ic i K c d i iol y tcepi 

Ihc view l l u l l l ie vuluekol ii SiKiely l i iu \ l tic re||»ldcd .i% i l lvti ihile. Ilie^ i l t i i i ige i l l J in:iiiiicr noi 

lol ly oi idefsUHid. iMil i e i l . i n l y i iol l iee l l on i ihe tiilliicni.c% *tt KUIII | IS. MILII .I\ llie l iuMi ie l l 

coini i io iHly. wii t i s l i i i i ig riilitneiiil in lc ies is in (uiii i iulin): l l ic i iMte iMkMi i . Liinsuillii i lt l ieliaviiir 

of llie ( i i i l i l i . A» l*fofc%uii Tf ibe ( lul l i l : " IWIe e jnni i l siniii ly a\ i i i inc ll i; i l * e tituil \t4lt1t niuic 

wticn i 'onf ionl ing itie ol l iniuic i foeslini i of vrl icl l ici i.e i. i i i i l ouf i l t i l J icn . .nitl l l i r i r c l i i ld ieu I 

i : l i i ldiel i . 10 li>e i l l - -mid m/i iy - a (i lksli i oo t id llil>c. Ik ' i i i l M i l In l l i u i i -ih.itil I ta l l i f 

l . t n in W l i l N V A I I ' I S C I I N I I l i I 61. 7 0 | l . T i i l i e . ( S i l ie l l i im, i ) Vii>%cd% l ' j ; f . ) (e inph»m 

il l Uf i | i l i : i l l Sr r i i l l o l ln l l in^ in . A a / i j l r rH i i i i l l l i .m. int Vi ihirt i iml I 111 i/ti/iiii.<ilil/ / V r n i n n l . 
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industr ies- ma ikc i (...sii ioi, l l . iv ,|„c.Mi.Hi is puisue. l in l l ie sections l l ia l 

f o l l ow . c: ic l . i l c la i l ing the legnlatofy situation wi th regard t.i one , „ ,e o l 

Mie many sources n l human e>|insnie In V C 

II 
V I N Y I . ( ' I I I I IHIDI C A S i : " i t l l D Y 

•t -111 ImrtHlut i i im 10 V i n y l C l i l o i i i l e 

In the pievioHs secti. in t\ic problems of . lec id ing umlef nr icet iai i i ly and 

Uc len i im ing S .K la l ly acceptable risks we ic discussed as Ihey apply I.. l o , i c 

substances rcgul i . i i .m gencfal ly In this case study. IIHTSC pr.rfilems are 

consi . lere. l as ihcy have aflecte.l agency i lec is io i i mak ing wi th rcs |«c i to the 

regulahon o l v m y l c l i l . i . i i le Tlrc- case s imly k g i r i s w i th essenl ia l l iack-

E in im i l ma le i ia l o n the'appl icat ions o l V C . „ „ the imiusir ies wh ich create 

I fa i is fo i i i , . ai:d use it. and on its deadly pro|)ei l ies .Subsection I surveys Ik-

c l i e m i c a r s n.es ii iul the industries associated w i l h them .Sii l .seclion 2 

surveys V C s lo.xici iy and Ihe sources o l l iuri ian ex|msure l o i l 

/.^ Vinyl Chloriili- 1 Uxes iiiiil the Aism itileJ liuliinries 

The carc inogen v iny l chh.r ide is l l ie basis o l ihc second innsi wi i le ly 

us.:d plastic in li.e Uni ted .Stales " V C . a gas. is nia.le l r , .m ,KI..K.I ieinicals 

and c l ihnn ie W h e n p i i l yme i i / ed into | .o lyv i i i y | c i do i i i l e . a so l i d , i l is 

ful i r icaled into a phen ei ial array o l prndi ic ls V C was first ni i n i i f a i tmed 

t om ine i c i a l l y in Ihe l l r i i l cd Slates in |i>V»;»-' |,y | i ,7f, v C pr iKhic l inn 

exceetled .V.S b i l l i n i i p o u n d s . " 

Ihe wi i le v a i K l y o l uses of I ' V C is lest imony |o i(s adaptabi l i ty | he 

majnr use nf I ' V C is in cnns l iuc l io i i pi .Hhicts; other iiii|>oilaiir uses aie 

packaging an.l l onsuii ier pr.Kl i icis ,. l a l l k inds I igure 1 sumi i ia i i / es the 

itpii l tcalions of I ' V C in | .J7. | W . H K I ,. metals, g lass, other p last ics, an.l other 

inulerials can si ihsi i iu le lor rieaily a l l nf I ' V C ' s uses, but I ' V C is p i c l c i f e d 

U c a u s e of lK:ller |>eiloimance or hiwer cost " l l n w e v c i . there are only a 

few uses lor wh ich no i l i i ec l \uhsl i t i i les e.xi'si " 

.Several direct uses of V C gas itself once cx i s l e i l . but these have k e n 

Uisconl inuei l In Ihe late l941)s, V C was tested for use as an an:,estheiic, bm 

i m " . >e..n (• 4 I M . . N I " « . N . . . 11 

!»«>. al H I'lilycil.il. iie IS ilic hijIicM s.iluiiir |>1,IMIC U 

t l OSHA i;rm,tnr,il Sliimluril/..r H ' . iii/i/ ,i mile 1. ;il H HWl 
• I I C l t - ( - l t n „ i . „ l , r . n , / ( » / , i , i d , . ( • „ , > , 1;.,,: , N l . s A l l , M „ | l 

«4 ' . . ' . • n . l n . , , , , 1 , 1 , 0 , , l l , i „ i , p v r , l m u „ ^ , V / i t . . . M i \ l 1971 f l 

nieia 1 P a T " 1 " : ' ' " ' ' " " " • " K A s s . cn . id , l ic I ns i 

' i l . d . , I IVV 1.1^1 | „ i , . . | ( , . , „ „ „ -
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i l svas i c j c i ic . l l iecause i l upset cardiac I t incl ion." ' ' ' I ' l ieie arc a lso ini l icatint is 

lh:it V C sv:is once used as a refr igeiari l in c iMi l ing e i p i i p m e i i l . " Un t i l laic 

l *J7V d smal l | icrcci i tagc of the V C p i iHluccd was used as an aerostil 

p io |w l la i i l in some cosme l i cs , d rugs, pest ic ides, and o i l i c i consumer p iod -

t icls. In 197^1, when V C s carc inoge i i i c i l y bf.>cailic gei ie ia l ly k n o w n , m i l 

l ions of V C pio|)cl lc( l aerosols were st i l l on l l ie murkel or in consumer 

lian.ls The use of V C in aerosols has since l ieen p i o l i i b i l e t l . " 

r i g n i c I illnslrale.s l l ic cyc le of V C ' s c i e a t i t M i , l i ans fo ima l i on , use, ami 

tlis|>nsal. and the routes of lu imun ex|Hisurc. I l ic rc are three industries of 

central ini|>orlame. 1'lie V C in.lustry pr ix l i iccs V C front ( ic l tuchemicals. 

i'lie I ' V C it i i luslry |M>lynieri/cs the gas intit Ihe so l id p last ic , known in its 

raw lorn i as resin. 11ie fabr icat ion tnihislry convcr ls I ' V C ics i i is tnio l i i i i s l i -

ed p i iHlucis leady fur consumer use or for i i i co ipu ia t inn into products o l 

othei in i l i ist i ies It is in these l luee inihislr ies lhat l l ie w inkers are i i insl 

l ieavi ly ex|Mised lo V C . and ihal the known human cancers have occurred 

O.itsi. le o l i l icse plants, aildit i iMial |>eoplc arc cx | iosed lo V C in two 

niajni ways I ' i is l , V C emiss ions escajic f rom fac l in ies to the su i iou i id ing 

-uii ^ .Secoii i l , since ihc po l y i i i c r i / a l i on process is iin|>erleci, some V C 

lemains a gas trapped In I ' V C materials. Ih is residual esea|ies f rom tlic 

plast ic in later p iod i ic t ion in iabr ica l inn plants aiul l i eyn i id . aiit l in suhse-

ipieiit use and il is|io.sal. 

A s one moves ihi tHigh the pr iK l i ic l inn cyc l i : of V C and I ' V C , the 

i iui i i l ier o l plants and CiUiipatiies increases, unti plants l iecoine smaller and 

i iuire lalKir i i i le i is ivc. 11ie V C i i i i l i i s l iy is co i i i | iosed iif III companies 

.i|H:raiing IS p la. i ls ; in V l l ^ , .Sl iel l , l>nw. i i i i i l (MNHli ic l i . logelher l iel. l ^ti 

| ie icei i i of cap: ic i ty. ' ' " In l'>7.S, 2.) companies operating .17 plants comp i i scd 

Ihe I ' V C i iuhis l ry. Good r i ch is the major P V C prt iduccr w i th IS percent; 

F i ies tone, C o n o c o , U n i o n Ca rb ide , Ko r i l en , D i a m o n d Sl ia inr iK 'k , and Ten-

i ieco each produce l ic tween l i ve and nine percent.* ' I l ie ie are about B.CKKJ 

fabr icat ion cni i ipanies of all s i zes . * ' I leyond l l i is|<oii i l i iK lus t i iesrease to l ie 

i . lenl i l i 'd p i i i n :u i l y by their use of V C . 

Ml I Isli I. r .11., Kiiiiilf. A S.iiiri Mcld. .^mtlhr.M .V WII Niut iiii. Hilh I'm if r 'hl.'n.lr. 

H A l l . M i l l SI s I tv. W.I IIV47I 

117 i t T s . .1 . I N . H I S I R . S . I l s i a i . s . AM.l l i l S t l IM IN.V R l 1 tl*M.tl 

MH I III- l:iiL- td lliese iicusnls is dis.'iissi'tl in Ills- ICS. i'linip.iii) iny miu-s ^^I - .^^ ia/ra. 

HI k ins . V C s'si Mpcs diis-Llly into the .ut SiniK- Ic ives the pLii i .s in ct tbienl wmer. nnisl 

ttl tills V C ct.i|>iiiii.rs i i i l i i Ihc ui. Si in ie. Iwisieve.. c i i l c i s i l l inking ss LI.C. S f r I*'PA I Jsk l't>.ie 

R c p i i i l . iH/iri. mi lc Ht. HI S. Itt. Appendices .11 11. l :NS'.Hi iN\t. .M si P H . I I I . . . i . ^ A1.I.M V. 

I 'M. . t f . l S IMS , \ s s . s S k . . N . II. S l ' S l ' . i n . l C s H l . N l H . . H S . N H n i N k l M . W % . t « i R l M l P l . . . 

Cii :«.R.ssi 7. ?l. Ill 11 1*1 | | i | 7S | |h fu ' in . i l i c i s i l c i l ..s r P A P H . I .s . i \sMs Ht 1.1*111^ ttaiNm-n', 
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AS the a.-.sc l.^.iies indicate, .he VC" and I'VC' 
.iailv ctincei.tia.ed Ihey are als.i vc,iic;illy tntegiateil In 1972. iX i v ' " . . 
o V C iiiKluced was sold to I'VC plants owned by V C companies, altiiough 

„i is ligu.c l.:i.l .1 .eil I...... «.l l - - e n . in 1 *2 as the industries grew. 

Ilic (:.ct lh.,t Ihc V C a.i.1 I'VC imlusi.ies conlai.i only a small .iumlH.r 
..I .elatiscly concentrated and i.iiegra.ed linns has ma.le rl " ^ Y ' « 
industries to s,«ak with one voice in ..••|f"ta...ry pr.Kcedings regarding Ou: 
,in,iis ol their technological and ecomuiiic capabilt.ies to control V C expo-

su.cs The sirial i.urke. slrncture als akcs .1 ihf lKul. 
uttt: CO I c ml measnies and m ile.e.mi.ie the incidence ol those cos.s 

on ptikJuci pii^cs, profits, wages, auJ other inputs. 

Mosi V C phints die oiH:n-aii, resembling oil .eliiK-iies. They are 
|,..a,ea in ,>..,u.l,.eJ a.cas it, watt.i slates--ptiticlpdlly l imisiana. Texa 
Ke. ucky .. I Califo.nia - I'VC p is are ench.sed. but still e.m V C and 

Slates. New Jersey. Ohio, and M:.ssachusetts are i.ia,o, I VC-produi.ng 

slates.''' 

Only about one third ol lotal V C production is ,Kilyme.i«d al llic .ite 
al which it is pt.Kl.iceJ Most V C nms. be .rai.s,K.,lcd between V C and V L 
; : ...ai..l by rail ta..k ca,. ...d also by lank .ruck and barge ... add.l.on 
P V C .esin IK t.a..spi.r.ed between Ihe P V C and la.iiicalion plams. ih.s 
is iln.ie |iii...arily by trait, and truck 

V C and P V C plants a.e highly ...ccl.ani/eJ and ei.ipU.y u teldtively 
small iminber of workers At any one linie. Iheie a.e o..ly about l ,(X« 

... 1 ees in the VC i s.ry. ....y dbout 5 5.K. in the ^ ^ ^ ^ C ^ 
Taking into accoun. the no.n.al tu ver ol workers, about 0 0.X mpio 
ees are estimated to have wo.ked in ll.ese mdusUies since 1939 I db. c 
,i.n, plants a.e .....re labor i...ensive The number ol fabrication workc 
estiniated al 150,1)00.« Ibese wo.ke.s a.e suhjecl tu miicl. lower exiK.su es 
nl V C than the wo.ke.s i.i V C anil I'VC pla..ts, as the e.posu.e .. the 
labricatmn woikcis conies only Horn cscapmg V(^ lesid.ial " e size o 
llie gi.iup, hosvevvr. gives rise lo lears that even a l.iw incidence of cancers 

n.ay clai.n a huge im.iilier of lives 

..I I . ,s ,c. I) Si is l l Ins l l i u l . 1 m il H s - r i i l : I cm is l i n | S.n.lies id ll.c t Itcs.s o l 

. i s .d . I M I A S . ' : , . . . d s to. V iny l < de. ,a III 1 .Sep . . 1. | W he . e « . d « 

SiK' l l I sii.hiinis ln ip; is l S. i idy l 

IJ. u al t . l 5: I f ' M IS . " " " ^ ' " , , 
I p.\ S i l l M l . n SNII l . i l l N l i .1 K l n w . . . i v ' i l n* ' " 'I 
I P A task l i i l i e Kep i i l l . i n ( i ' " m"*' ' 

Snell | : s . i . p i " ^•'"•1>' " " " " " " " ••>• * * y , . , „ , , , „ : , „ , i „ 

l k , L e , \ l . e nun iU ' l nt cans nt ...ese . n i k e i s . I ....«e to.e 

„ . u p i e s c n cs. ie i iu ' ly h i , l i n is i iKnse in .lie siii.ill | • 
•M I p.k l.isk l . n .e Mep.n i . l i.; ifn II..U'h*. .a 11 
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< I he VC and I'VC wi.ikers aic lepiesented primarily by three unions: 
Ihe United Uiiblier Woikcrs, the United Sleelworkcrs, and the U i l , Chemical 
and Aio...ic Woikcrs. On their own a..d ll.roiigh the Industrial Union 
Dcpaiinicnt ol the AIM.-CIO, these unions were major pailicipanls in setting 
Ihe V C occ.ipalional ex|iosuie standard. The fabricatiiMi tk-oikcis arc repre
sented by a variety of uiiiin.s, and some ate not unioni^cil al all. 

I he technological and economic capabilities ol the V C , P V C , and 
Iabricalinn industiies lo Inwer the release of V C — i n plants, lo llie stiiiound-
iiig ai l , anil tiirough later escaping residual in PVC—have lieen coristaiiily 
at issue in the icgi.lalory acrioiis ilesciilied in subseip.e..t sections. I he 
dilliculiy ol piedicting the lutuie iechnohigical and economic limits to 
changes in these industries is discussed elsewheie,"" but here it is useful to 
give some in.lii^'atinn ol their dearly den.onslratcd past and present 
capabilities. 

Without need for any significant Iechnohigical bieakthroughs, in Ihe 
four years since V C s carcinogenicity became clear, Ihe V C , P V C , and 
labricarion industries have significantly reduced their leleases uf V C . In 
resiMinse the regnlalions UT the threat of regulations, the V C ind P V C 
industries have been shown tu be able lo reduce workplace airlHiriic concen-
iralinns of V C fioin alwul 230 parts per million (ppm) lo abuui une ppm," " 
Id reduce V C cmissiuns lo the outside by about 93 peicei i l . "" and lo reduce 
llie V C lesiilual content uf fiHid packaging by several tnilcis uf iiiag-
nilude."" New pta.ils lace no dillicultics mecltng Ibcse lowered levels."" 
I'nilhein.oie. there is no sign lhat the limils ol current lecl.nologies have 
been leacheil a.ul the |>ossibilily len.ai.is (hat (unda..Knial lechnotugical 
bicakihinugl.s could occur 

I hese reductions have lieci. achieved without any significant economic 
stt ain on the companies or damage lo P V C s inarkel |>osilii.n and future 
giowih prns|iecls. Tl.iougl.oul lite lOfitls and early l97Us, P V C cunsimip-
lion grcsv al a staggering rate as prices declined and the numlier uf uses 
i..cicased.""' In 197.1, the business analysts forecast uni..lciii.p.cd giuwih; 
the majnr p.iiblen. ex|ieriei.ced al thai l inK was the light supply i l l |vt 
loclieniical .aw nialc.ials."" 

11)1 Sec nines 61-7! . u p i a . 

Itti Sse les i jvei i i i ip. inyi i i f miles ?77. l i t . m i r/i/#y. 

1.11 r:i*.\ I I S . lu/ ira ii i i ic H.t. al 1-4, I iPA Si I. N.I. n A N . I I . i . iNn A . N . i i i a i , tup in .loic 

HI. M i l l H 

.04 See K'si ;ii.tifiip.iityin|{ nine WS in/r,i 

MIS 7'V'f' ftii//i fliif ,1/ Uoiiunl,. tnlii luhtlaU.m, Cm Mil s. W.. K, Sc|H IV \-ilh. *t ti. 

Id 

liMi SVe SiiL'll I . i i i i i i i i iK liii|t.iel Si i i t ly . iw/no lui.c VI. a . I l l . , csb ih i . I l l 2; IJ*A I IS. 

.n/ ' /g nine K l . .,i * . 

|07 7i^>ir .11,111,liner 5'u/iji/y /Yujrwet fVC l'u..lmtti. C....M. A I.NII'H Ni.»t. May H. 
n n . ,11 h 
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Ihe ln..(: term .isks nl V C e\p.is..ie may nsit W limited lo livei 
,,angiosaun.i.:. (hie slu.ly nl I'VC svoikc.s iile.uilicd a statistically signili
cani excess inci i lccc nl ca..cc.s of.the l.iain a..d the respiiiii.uy sysic. i i ."* 
A sliHly ol the cat.scs ol death an.o.lg labiicaiioii w..ikeis i.le.ilifii'd r.o liver 
angiosaicon.as, but il did suggest at. i..creased inciileiice ol cancels ol Ihe 
digestive syste... a..n..ig both men and wmnen and the breast and the urinary 
syslciii ill wi . i i ien. ' " Hviilciice nf ulliei effects has appeareil in populalioiii 
olliet Ihan winkers One study has shown a stulistically signilica... excess of 
birth delects a.kl central nervous syslei.i tnn.ois a.no..g IIH: children ol 
la..iilies in ll.iee Ohio cni.....ui.ilies Ihal have linsled P V C pLn.ls In. as h.ng 
as 28 years. '" 

I .Aniiiuil liiiiiifuiyf iiiiil olhfr (nr.. fur i itriimiittnitiiy 

V C s carciiiiigenicily has lieen confirmed by the resulls of expeririKr.ts 
on animals and by other lalHtratory tests. V C has lieen shown to cause 
cat.cer in ani...als both when inhaled a.id wlun ingested The first hint that 
llu: chemical causes ca.wer ca.iie from the publication in 1971 of the results 
of Italian ex|>eiiincnts sponsined by the l:ui(i|K:an a..d A...eiican V C and 
I'VC piixlucers. In these lests lals ii.l.ali.ig high concctiaiions ul V C 
(}U,(X)t) ppn.) iievelo|ied caiK'cruut lun.nis uf llie skin, h.ng, and iMine."* 
r'uitliei lests sponsuied l.y llie pruUucers were curR'liided and re|Hulcd lu the 
Occupalii.nal Safety and l leall l . Ad..iinisliation (OSIIA) in eaily 1974. As 
shall lie see., in the case study of OSIIA's staiulard selling, the data niiived 
al a cincini lime. On l-ehiuary IS, at OSIIA's facl-finding Iwaring un V C , 
llie Italian researchers re|M>rted their then-unpublished findi..gs lhat V(^ had 
i..d..ced a..giosarcoriia nf llw: liver in rals i.il.alir.g cnncenlraliiins as h.w as 
I V i pp.n.*'"' On Apfi l 15, OSIIA received reports fiinii tests c.n.ducted in 

I .fl la l ^ i s t i i i s . A ( l a l l ey . Adir lo/ i ly Sfudy 11/ W. i i k t t i m Ihe Munuln t tu t f .1/ V iny l 

{-hlortje und .11 /*o/>fn#fl, 16 J . Oc. ' . i rA.HlNAI k l l .1 MW 11*17-11. .SVC'I I /HI Monsnn. Pc lc ts , A 

l id ins. in. hi i / i . .n in ' t* i t M t . n i i l i l . Amtnig Vinyl (-f i l imje l i ' . i i i e e i . I n . I . 1 . 1 . . . Ann | 7 , 1474, 

a. 1117 

1.7 C l . a i / / c . N is lnds , A Wintg, Miir l i i l i t j r Aintmg ^in/i/nyeef 1 1 / C V C f- 'n/ in iof i i r i , I V l . 

( K . u r sn iLs i s . KI..1 621. 6?ll |tV77) l l i c fc ina l .c i sited as Afi i i fu/ifv / inti.ng I 'ubiuat l t in 

(.'nipliiyceil H ie uol l io is mi.ed a nui.it ic. o l Itasss in .tic design and d.i.a f.n .lieif s..i,ly .ha. 

p i c i l u d c d d .a* . i . g l i . n i sonslusiuns l i o n . it. In p....ieol:ir. .. vsutil.rtic osel i . l .11 l id low .li« 

rH.|Nilj.ii.n III la lnKa. isHi . . . n k c i s l.H s..inc yeats i i i .o .he Iti.o.e. as a sn i l i . i e . i l ki.e.H'y | ic . i i id 

n u y no. ye. have elapsed lot S.11.K c f l e i . s 10 nianites. . hcuse lvcs 

IIS. I.i lan.e, (>n.iijfrnf'r u n j Muliigrntt- f t i t l in Ci tmini in i l i r t v i l k l \ i tyt inyt Chhir ide 

( l o d i K f l o i . h u t i l i l i t l , 271 A N N S , s N Y . A . A. I SI . At. M l i m ) ('/ t idi i i . le. M c M i s h a e l . 

Wagoncf . Wa i t uc i l e i . A t alk. I l r n r l i r H i t k l 11/ V iny l C l i l . i r id r . I l . l I S M . . . A p i 1. 1*776. al 

711 ( l i nd in l i i K i c a s c d Ictal hiss a im i i i | wives uf w. i i ke is espuscd lo V( * l 

IIV V io la . t l iKi i t l i . A Capntu . Onrag fn i f Hrt /Hint f uf k i t l S i m . I i ingt. unit t l i inrt lit 

Vinyl CIt tor iJt . II C A - M I . H H. SI sKt I. 516 111.711 jhc.c inaf .cr C l e d a s ' O n . neenir Kej f ion.e 11/ 

N o l l (u l'( 'I 

140. (k jsnpal ionid Sale.y a.id I tc id lh Adnunis..a. i . . i t , F.mtrgint y Tti t i ini iury S l a n J a t J l o r 

h i p i t i u i r III Vinyl I Itlori.lr. t t I cd H e | I!. .1.'11*174| |hcir i i i .>l lr i . i led .is f I.S((.-I Kfiwrgrni y 

I tmiiorury S l a n J a i J fur VI ' | 

David t). Oonigtr 
1] 

Illinois i l l similai lesults in mice at the hiwest level of exi>osuie then k i n u 
tested, .̂ 1) p| in. . ' " 

Ani.nal test results SIIHHI at Ihis point until caily 1975. ll wai rF|>ortCil 
Ihen that r/iiff f(irj/i by rals of as little as approMinately 17 iiiilligiariis |<i 
kilogram t.f btnly weight produces live, angiosarcoma ami uilMrr cuiicers.'*' 
Most recently, in September 1976, the resulls of anutliei round ol iiihalalion 
experinieiils ilemoiistralcd itiul V C causes liver angiosiircunia in rait al 25 
|ipm, und that it causes ma iiny tumors at oiu: ppin. the lowest cui.ce.itia 
tion yet tested.'*" 

The animal ex|Krin.ems also supixm suspicions thai V C causes human 
cancers ..ther than angiosarcoma of ihc liver. 17ie'cx(H:rimenls have sh..wii 
Increase.l cancer irrcideiKe al many sites olhcr Ihan llic liver, including the 
lungs, spice... brain, and, as already noted, breast.'" l:x|K:iinM:hts ileint.n-
stiBling Ihe iiiduciiun of cancer in Iwo species other than rats—mice ami 
hamsters -̂  fu.l lK. confirm that V C is carcimigcnic In the iiniinal cx|ie.i. 
ments Ihc subjccls were exposed to consian.. pinhniged doses i.f V C ILe 
need was noted in mid-1974 lor studies of I IK effects uf si.igle and S|M.iadic 
doses, lypical of n.aiiy humans' ex,...sure ' « Such a study is IM.W n,:aiii.g 
completion. Iiul ihe resulls aire noi yel available 

d. Ailtliliimiil huvians al risk 

l.l addition to .scvcial hundred tlinusdnd wiwkcrs in V C aikl P V C 
production and in P V C fabrication, milliuns ol Americaii have Iwen, aiui 
continue to I K , cxpo.sed lo V C Fi is l . about 4 6 milliim jKUple live within 

N t O S I I A IV . / l i ned S f u n J o r d / o r I T . tuyra r...le tJ4. al l A . i l M \ h t fctui t t u l Iht 
l .ahan . t s n . also sh . i . i i , g I I K i i n l i k i i im ot l i v e a n g i o i a i c i n u a. Ml ppm. * t t t published in 
c u l y I1I7J kl., l i . , i« Jl 1 c l . m i n e . Cue . i n , . , , „ i , i , , 7 l „ , , i , , „ „ „ / l ' .nW( * / , . , i J , ( • « „ , , ; , j l | „ „ / „ 
2 4 6 A N M S . S N Y A l s i i S, 1. IV l I1V75) 

, '' < i''''"!.' «••"•>'•'. A Chiceu. (,/, h/liih Oniiintrn. (V/ l l.„„t., 11, V,n,l, 
&W»ilf„ifo/Vr lio (hole Wel «u«.. (Onc.ig.m, f / / , . f . ,./ VC Ailnl,n,t,.,.J OrM,,,, Rcl, 
h i l l m l n a r , H „ . , m ) . O i . ( ) s r t . . » i . V . t * . | ) , c . I»7< p . i , i n i i . d icpt int on l i le in o l l i . e , o l 
.he tn.tiigy Law Ouarmty). 

' • " ' " " . ' ' e s a i , k.^ili.im i.i ,hc Mcinlis .s . i l .he I | H : . I „ C . , i p „ , , . i , , 

C o u p l o , .he l : .pe. .n ie i . la l U i i . assays .in V iny l I hhi. idc C au i i i . . s c i ne i . , . i .m. j . c i l l | . i i . c i i i . i r 
.Cf cited as M jh i i . i i k le i .n i fandumi 

144. See smnccs cited in noles 140 141 iu|i, , j 

I4t l I ' A S i . i N A N t i r . l . l N U M H i n i H . . loyiM n.iic w.. i . V , l n n j d « i . « BICIJ IHI 

hl<> ,d V I have been slHi..n to n.n.alc bac le i ia and >e.isls in .he ••<l..ick lests ' | ,« mn.a jenis l 

ly . i c e . t g . t i i p t i em i . Uaia lc . UaionsrIU. Ha i .sch . I l i m n c . l i . C a leUini. C O . M K , C / I i 

N K . . . I t punn i . Rosel l in i . A Hossi . l i . Ju i , , , , , i>t C n f Mul i , l i . .n t and C n t C o n t , „ i u n , t y 

V iny l t k l i i n d , A(e,„( i , . / ; ,r i i * Y ta t I . 17 C S N H H H I St A H . .. 3.M | IV77|. and s.nMits ci ted 

I fcccin. M. i l a | cmc i l y as .cvealcd in . I K S C ICSIS co i .c la le t . -e l l with ca .c imnen ic i .y S „ 

M c C a n n A ni t tc \ . .ufoo nulc 57; F rom A I , < / „ ^ „ , „ n , n . , a p , a t M t S7 

146 V C Ut,m,ig%. l a p m nule I, at HO 11 l i ia te inenl o l I),. 1he..d.Me It Tufkelsun) 

147 TclephiMK i n i e . v i c . ssiih th l . iscph k ic t ai ichl in t ) . ,ec . .« . Hiv is iun i.l l o s K t d , . , , 
•nd Medic ine. C i u i s u n i c I' l. idiic. S.itely r . i i i i in i ; , i . . i , . | ch . 17. IV7II 

Ui-

•"""'T'''?!1!IHM!i!? 

I..! . .• ! i i : ; r ' ' , 



T i l l 

T€ 
CC 
A C 

U f i v 

llu: d 
wmhif 

l i i l . i l t 

fC'lJtJi 

H.v.lh/ 

INHkll 

stalul 
IKXUC 

Liikiii 
Ijlei I 
the U 

V< 
fust, 
plasti 
Ajiiui 
Uie g 
lluou 
pitxii 
til tu 

lU'.IU 

14 Tuilc Subililnctl Coiilrot 

live miles ol a V C or P V C p lan . . ' " In 1974, uboul 220 million (IOUIKIS of 
V C escaped iiilu li.e air surrounding such plants. ' " 'UM; plant iu:igl.bi.r> 
appeal tu have been exposed lu mure than u..e pp..i less than 10 |ieicer.l ul 
tlie lin.e.'*" One air sample, however, measured YS ppm tieai a p la i i l . ' " 
suggesting that there may lie short te...., liKaliAed (wak exposuies In 
atldition, V C is lou.td i.t the sludge waste und water cffliieiu ul iliese plants. ' 
V C has been luuiid in sludge al levels as high as 3,1)00 p p m , ' " and in water 
effluent as high us 20 p p m . M u s t ul ihis V C csca|Kt into Ihe uir surround
ing Ihe plants; '" some, however, makes its way iiilu drinking water. '" 
These V C emissions In the ai..hie..t air have liecn hii|ilicated as ihe cause uf 
increased rates ol cancer and birth defects in llie siniuuiiding cum-
munities.'" 

Another large g.o.ip uf peisuns is exposed lo V C released i.i tiunsiMnla-
linii Only aboul iiiu: ll.iid uf V C piuduction is |Kjlyiiu:ii/ed ul the site where 
it is prtKliiced Hie test must lie sbipiK-d lielween V C und P V C fucluries 
uiiile. piessuic as a liipiificd gas. AUiul 95 percciil uf this is sliip|>ed in rail 
laiik cars, and the rest in tank iiucks. lunk vessels, und barges. '" ILcsc 
tanks may leiik, puncture, ur expliKle. sun.etinu:s in lieavily pupulaleJ 
a ieas. ' " Uctween 1971 and 1974, there were ul leusi 24 accidental iclcasci 
ul V C Iton. rail tunk curs ahirre."" As V C diffuses Innn the site uf a spill ur 
an acci.leni, liui.sp<nluliun wuikeis, ticaiby lesideiilt. liuvcUcrs, and OIIKI 
bysta.iilers can receive shuil-tcrn. exposures to V C cuncentraliims languig 
from a few parts per billion (ppb) lo thousands of ppm. Traiis|)orlaliuti 
wuikcis and emergency personnel such us firemen and police ulficers may 

I4t t P A . N i l l l imo l E m l i l l i i n S landard fo r Ha ia rdou t A l , Pu l l i i l an l i . S landard fur V iny l 

C h l o r i d , . 41 Fed R e | . 46.560 (1976) Ikc fc inadc, c i l cd a l E F A S l a n d a i J for V C \ . 

I4y. E P A S( i l H . l f l c ANU T k l l . N K ' A i R t i Y i a r , j u p m note VO, a. 18 

150 Id. 
lit Id 
t i l St, Id. 
151 E P A Ta l k Fu .ce K c p o i l . lupra note 85. at 1 

154 Id. 
155 Id . ap | i i , al ) l ' ) 2 . 
156 Sec note iV laiuil 
157. Sec i o u , c c l c i ted in note 1)8 i i i p ru . 
158 E P A Task potse K c p o i l . i u f i a mile 15, al 7. 

159. Sec note 160 l/i/ea. 
160 l^tuil o l thcle accidei. l t uccuf fcd In t e t a i a.id Luu i l i ana , the i t a l c i iv i lh the h l | |h t i l 

co fKcn t .a . iun i u l V C and P V C lac l l l l i e l T h e e we,< teve.a l o.her accident ! invutvi i i f no 
fc lea ic . Data un i c c i d e o l l and f c tea l c i i l det ivcd Ituin a cuniputef tile uf the Ucpa i l n i t n l of 
T tan ipo t lB i ion which i c c o t d i inc ide iUi o l h a i a . d o u i n i a t c i a l i tcakafc ut a c c i d e n t du f i n i thit 
per iod, and (lOin Ihc appendi i lo M R. Rer . N o 1081, 9]d C o n ( , 2d S e n )U 14 (1974). a . K 
accident. In f u r l Wayna , Indiana, nccc i t i l a led l l ic evacuation o l 4.500 people. Id. a . 12. Wl ien 
a tail tank car tup lu .c t . a i inocb a l lO.UUU gallo.it of V C c i c a | i c i and l e . o i n l .0 i l l l a i c u u t 
t .a lc . the l i f u . c lof .he i. iaaiinum tank l i f e cun ie l l .o i . i an inle.vicsv w i l h M a i y W i l l i a i u l , 
C l iemica l t n g i n c c i , Depai.nienI of T i a n i p o r l j l i o n . O l l i c c of t l a f a i d o n i k la le i ia t i ( i p c a l l o n l , 
( k . . 21. 1976 

David D Duni/tr 3J 

be .subject lo re|iea.ed ex|)osuies and, if accidents occur in li.e san.e places, 
so may reside.its and bystanders, 'll.ese cx|Misures arc less sustai..ed than 
tlHise sulfercd by V C and P V C workers u.iil pla.it neighU.rs, but |it:ak 
concentiations may reach those exjiciienccd l.y P V C |K.ly..ieri7atii>n reailnr 
clea.ie.s, the innsl heavily ex|H»sed occupational group. 

I hi id, |ienple ure ex|Hised in V C through cnnsumer piiMlucts, ItMid, and 
drinking water. Until late 1973 ur early 1974, V C was used as an aerostil 
pru|iellui.l hi drug, cosmetic, fiesticiile, and ulher consumer products.'" The 
user of a VC-pro|ielled aerosol priTil.icl sucli us a hair spray or a pesticide in 
• small, ench.sed space such as u baihionn. n.ay have k e n exposed tu shmt 
teiin cni.ce.urations approaching 4(X) ppm, and |iersons may have had a.. 
Bveruge ex|Misure liuni ull VC-piti|ielled pitHlucis in their hi....es eip.ivalent 
to an iveiuge ex|Misufe til uliout 16 ppn. In Ihe l.iclniies '* ' V C bus Inen 
dclectt:d in Ihe uir uf riHiiiis tieslily painted wilh cciluiii latex paints, but nu 
V C emissions have k e n detected in u li.nilcd sampling of oll.rr ..ew I'VC 
products ur Ir.nii uutomubile interiors."'' V C leaches into IIKHI and liever-
agcs fioni the mine ihuii 3IX) million (Mninds of P V C packaging ar.d other 
P V C food cut.raci materials used u.u.uuily V C ulsoe.iters drinking water 
Irom raw water supplies and by leaching fio.ii increasingly c.ntni.un P V C 
pi l ie"* ' One study esti.i.ates uveruge American daily h.....un ir.luke ol V C 
lhro..gh fund, wulcr, and air at 34 micrograms."^ 

H H : hazurdunsness uf non-occ.pulional cx|Kisures to V C is even less 
well understiMid ihan the lisk lo the wt.ikers. Tlie danger from inhaling 
extremely low concentrations uf V C , or from single ur sporadic exposures lu 
high V C ciHiceniratiuns, is unknown. Si...ilaily, the relative risks of ingest
ing and inhaling V C are unknown." ' Thus the urgency of reducing ur 
eliminating these sources of exposure is impossible to assess. 
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lA iw . IV76I 
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South Coast 
AJR QUALITY MANAGEMENT DISTRICT 
8150 FLAIR DRIVE. EL MONTE. CA 91731 (818) 572-6200 

April 22. 1985 

Mr. wmiam V. Loscutoff, Chief 
Toxic Pollutants Branch 
California Air Resources Board 
P.O. Box 2815 
Sacramento, California 95812 

ir Hru-^i Dear Hr,-JIIb&eutoff; 

Vinyl Chloride 

In response to Mr. Venturini's request for information on the health effects 
of vinyl chloride, we are submitting several references which could be of use 
1n your toxic air contaminant program. These references were not included in 
your bibliography dated March 1, 1985. Also, information regarding possible 
biological production of vinyl chloride may be obtained from Dr. Freeman Allen 
of Pomona College. ._ _ » 

We would l ike to continue to receive information inquiries for other candidate 
coinpounds and to be kept informed of your program's progress. 

Very truly yours. 

Jo Anne Aplet 
Director of Planning 

JAA:cas 

Enclosure 
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May 7, 1985 

Mr. W i l l i a m V. L o c u s t o f f , Chief 
T o x i c P o l l u t a n t s Branch 
Re: V i n y l C h l o r i d e . 
C a l i f o r n i a A i r Resources Board 
P.O. Box 2815 

Sacramento, C a l i f o r n i a 95812 

Dear Mr. L o s c u t o f f : 
Reques-c f o r P u b l i c H e a l t h 

Information Regarding V i n y l C h l o r i d e 

P a c i f i c Gas and E l e c t r i c Company r e c e i v e d your A p r i l 4, 1985 
request f o r a d d i t i o n a l p u b l i c h e a l t h i n f o r m a t i o n r e g a r d i n g V i n y l 
C h l o r i d e . We have reviewed the b i b l i o g r a p h y attached t o your 
request and concluded t h a t we are unaware of any a d d i t i o n a l 
i n f o r m a t i o n which would be of use t o you. 

S i n c e r e l y , 

l e 



Chemicals 
^ r ^ 

CMor-Alkali Business Unit 
PPG Chemicals 
One PPG Place ' 
Pinsburgh, Pennsylvanla'ISSTS 

May 13, 1985 

Mr. Wi l l iam V. Loscu to f f , Chief 
Toxic Po l l u tan t s Branch 
C a l i f o r n i a A i r Resources Board 
P.O, Box 2815 
Sacramento, CA 95812 

Re: V iny l Ch lo r ide 

Dear S i r s : 

Re la t ive to your request fo r heal th information pn y iny l ch l o r i de , we have no 
informat ion which was not covered in the MEDLINE and TOXLINE information 
se rv i ces . 

We thank you fo r asking fo r our input . 

S incere ly you rs , 

C le te M. Smith 
Technica l Serv ice 

CMS/rs 
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Additional References on 
Vinyl Chloride Health Effects 

Albert, R.E. Letter to R.S. Naveen, EPA, "Comparison of Vinyl Chloride 
Carcinogenic Risks with Risk From Other Pollutants," Washington, D.C, June 
16. 1978. 

Edmonds, L. "Birth Defects and Vinyl Chloride." Proc. Conference on Women and 
the Workplace. Washington; D.C. 1975. also Teratology 17. 137 (1978). 

Equitable Environmental Health. Inc. "Epidemiological Study of Vinyl Chloride. 
Workers, Final Report." Prepared for Manufacturing Chemists Association, 
Washington, D.C, January, 1978. 

Graniger, R.6., A.E. Walker, and A.M. Ward. "Vinyl Chloride Monomer-Induced 
Disease: Chemical, Radiological and Immunological Aspects," Chapter II in 
Induced Disease; Drug, Irradiation, Occupation, L. Preger. ed.. Grune and 
Stratton, London, 1980. 

Kuzmack, A.M. and R.E. McGaughy. "Quantitativ-e Risk Assessment for Community 
Exposure to Vinyl Chloride," U.S. EPA, Washington, D.C, December 5, 1975. 

National Academy of Science. Principles of Toxieologieal Interactions 
Associated with Multiple Chemicals Exposures 1981. 207 p. AD-A093 809/2 
PC AlO/MF AOl. 

National Cancer Institute (1978). Vinyl Chloride - An Information Resource. 
112 p. HRP-0028012/3 PC A06/MF AOl. 

National Institute of Occupational Safety and Health (1977). A 
Cross-Sectional Epidemiologic Survey of Vinyl Chloride Workers. 50 p. 
NIOSH Pub. No. 77-177, NTIS No. PB-274. 

Ziskind, R.A., Smith, D.F., and Spivey, G.H. Health Effects in Children 
Exposed to Vinyl Chloride. Final Report to U.S. Environmental Protection 
Agency, SAI-068-81-569, January 1981. 



Air Products and ChemiealB, inc. 
53» 53= 
Ai'e'-.icv.r.. PA tSIOS ~ 
Te^cc-r-;* (215) <ei-.49n 

16 Apr i l 1985 

PRODUCTS 

W. V. Loscutoff 
Chief, Toxics Pollutant Branch 
CARB 
Box 2815 
Sacramento, CA 95812 

Re: Vinyl Chloride 

Dear Mr. Loscutoff: 

We are happy to provide some information re la t i ve to vinyl 
chloride in response to the Apri l request of P. D. Ventur in i . 
This inc ludes: 

1. A paper by me given at the APCA, New Orleans meeting. 

2. A paper presented at a CMA seminar in Washington, 
9 December 1983. 

3. An unpublished review by me on the safety and health 
aspects of vinyl chlor ide, which contains several 
references not in the bibliography with the 
Venturini l e t t e r . 

4. A report from Br. J . Surg. 71 322 (1984) of an apparently 
successful l i v e r resection on an ASL pat ient . 

5. An a r t i c l e from EST ̂ 9 277 (1985) on biodegradation 
of TCE to VC. Note especial ly reference 10, Parsons, 
e t . a l . , for corroborating evidence. You may want to 
get the Dade County report "An Investigation into the 
Source of Vinyl Chloride Detected at the Preston and 
Hial iah Water Treatment Plants" by J . C. Ba i te r , 1983, 
for more de ta i l s . 

6. A summary of a report on a 1984 bioassay by CIVO. 

I hope that these are useful to you in your evaluation of 
th is substance. 

Ver 

lanager 
RegfTlatory Response 

JTB:csb 



To 

From 

INTEROFFICE 
MEMORANDUM 

L. B. Tepper 

J . T. Barr 

Date 21 Auqust 1984 

Subject Surgical Removal of Angiosarcoma 

Corporate Medical Department 
(Lec«llon. Or^inuatton, or 0*p«rtm*nt) 

Regulatory Response 
(Loccllon, Or9 *n i« t ion , or OapartiiMftl) 

cc: G. Bays 
H. L. Watson 

The attached art icle is a report of an apparently successful 
surgical removal of an angiosarcoma from the l iver of a PVC 
worker. It appeared at Br. J . Surg. 71_ 322 (1984). 

J . T: Barr 

JTB:csb 

(320) 



Short notes snd cas« reports WHO 

V i n v l c h l o r i d e i n d u c e d h e p a t i j K j G <i 1 IbS^wcriontal. ultrasound showed a large dense tumour of the right 
^ ' - hcpaticlobe with arcas.ol'necrosis. The **Tc hepatic scan coafirmed 

/^^^ djtc presence of an ill.defined filling defect in the inlerior pan of the 
'"'^'^ rtght lobe with tviio small defects at the iewi of the hiium. 

The livercomputerized lomogiapbyconfirmed the imcgtityofthe 

angiosarcoma 

Y.A. Louagie. P. Gianello> P.J. Kestens. F. 
Bonbled and J.G. Haot 
Department of Surgery of the Alimentary Tract, 
Louvain-en-Woluwi! A/Iedical School, and St. Luc Hospital, 
1200 Brussels. Belgium 

Correspondence to: Dr Y.A. Louagie. 20 Avenue d'Huart 
(bte 3). 1150 Brussels, Belgium 

The relationship between v-inyichloride exposure and 
human angiosarcoma of the liver (ASL) received attention in 
1973 when a case of this rare tumour was diagnosed at 
autopsy'. 

Case report 

.A 39-year old rmn was first seen in July 1979 with pain in the right 
upper quadrant. The liver \̂ -as palpated at the right costal margin. 
Oral cholecystography and barium swallow were normal and liver 
funaion tests were in normal limits. From 1965 to 1970 he had 
cleaned reactors used for the polymerization of the vinvlchloride 
monomer in PVC and was thus exposed to high amounts. 

He was admitted 3 months later with persisting right upper 
quadrant pain, loss of appetite and fatigue. The liver edge was by 
then hard and 4 cm below the costal margin. The ESR was accele
rated (80 rnm/h) and alkaline phosphatases and CCTP were 
cle\-ated. Carcino-embryonic antigen (CEA) and a fetoglobulin 

left lobe. 
A selective angiogiaphy of the celiac artery cevealed a byper-

vasculurized tumour of Ehe right hepatic lobe iFigur^l). 
Al a right thoracophrcnolaparotomy the tumour'was found to be 

confined to the right lobe. An extended right hiJsectoiny was then 
performed. The postoperative recovery w« uneventfiil and the 
patient was sent home «ith a monihly administration of Vincristine 
(I mg iV) and .Adriamycin (ISO m̂ -m* IV) which was discontinued 
in June 1981. 

Repeated controls up to September 1981 by lix-er scan and 
computerized lomogiaphy remained normal. The patient is still in 
good health 38 months alter the resection. 

Pathology 

The reseaed specimen nas 20S0 %. On macroscopical examination, 
the main tumour (13-S x 8 cm> was yellowish and spongy and 
contained c\-siic and haemorrhagic zones. A second' smaller 
haemorrhagic mass was found at the inferior aspect of the: right lobe 
surrounded by numerous purple masses 

Macroscopically. the main tumour showed large areas of necrosis 
and haemorrhagic pseudocystic spaces {Fifcwel'U These spaces wvre 
surrounded by areas of dense \-ascuiar proliferation. The sinusoids 
were lined with variabK- sized irregular sarcomatous cells with 
h\-perchroinatic nucleL Elsewhere. blood-fiUed spaces were 
surrounded by sarcomaious cells. The sarcoma ceils encompassed 
adjacent liver cells and bile ductules and infiltrated the paren-
L-h>-ma. The pathological diagnosis of multicentric angiosarcoma 
was made. The rest of the liver was normal except for some 
moderately enlarged poml tracts. Progressive fibrosis separated 
hepatoeytes at the margins of the portal tracts from adjacent hepatic 

Ficure-1 ScU-ciivc aniiio\!raphy ol'llw cii'liac- aricrv. The hyper-
> <JM iiltirizcil iiimoiir i\ utppUcd hy an ahlcrior hraiu h lurnnx i ol llic 
rfjii licpalw aricry 



Short notes and case repons-

cord cells. Anisocaryosis and anisocyiosis were frequent. A cross-
section biopsy of the left lube showed normal tissue with slight 
hcpatocyiic anisocaryosis. The lymph nodes taken from the liver 
hilum wvre hyperplastic. The main features ofthis tumour were its 
multicentricity and the prcscitcc of mild fibrosis. 

Discussion 

The occurrence of liver angiosarcoma in vinylchloride 
polymerization workers was reponed in 1974**'. Prolonged 
exposure and long interval from initial exposure is required 
before liver disease becomes apparent. The average interx'ai 
is 12 years (range 6-29)'. Our patient was exposed for 
5 years and became s>Tnptomatic 14 years later. 

It is a rapidly progressing fatal disease, especially in 
adults. The clinical features include rapid liver enlargement 
with haemorrhagic ascites, fast deterioration and cachexia 
usually with death within 6 months. 

The treatment is disappointing and chemotherapy and 
radiation of palliative value only. If the diagnosis is made 
early, the disease is localized and there is no associated liver 
fibrosis or porul hypenension. reseaive operation might 

• prove to be curative. Howcxer. there are few reported cases 
of successful operative removal of hepatic angiosarcoma and 

' the longest survival has been 16 months'. 
- In pur case the tumour was contined to the right lobe and 
': there was no sign of the cMcnsivc fibrosis. So far the patient 

is apparently free of disease after 38 months. This itJ". to our 
knowledge, the longest published survival. -.f" 

References 
1. Creech JL Jr. Johnson MN. Angiosarcoma of the li\-er in the 

I manutaaurc of PoK-xinyl Chloride. J Ocaip .Met/ 1974; 16: 
1 150-1. 

2. Block JB. Angiosarcoma of the liver following vinyl chloride 
exposure. J.-I.U.-l 1974:229:53-;. 

3. Heath OV. Rak H. Creech JL Jr. Characteristics of cases of 
angiosarcoma of the liver among vinvl chloride workers in the 
United States. .Inn .V )•. lead Sii 1975:246:221-4. 

4. Adam YC. Hu\os AG. Hajdu SI. Malignant \ascular tumours 
of the liver. .UmSurg 1972:175:375-83. 
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faee morphology, there was no evidetice that the stuface 
nodules were composed of any special, tinique element. 
These particles from these particular collections seem to 
be quite similar to the micrometer size particles emitted 
in the ash (2). It is not dear, therefore, why the collected 
ash shows a bimodal distribution of micrometer size par* 
tides centered arotuid 5 nm and submicrometer size par
ticles centered around 0.5 ^m. X-ray photoelectron 
spectroscopy (XPS) and depth profile XPS have been 
applied to these samples to determine surface composition. 
Results of these analyses will be presented in the near 
future. 

pared for EPRI, Palo Alto, CA, by Southern Resear 
Institute. Birmingham, AL, BatteQe Columbui Labonitor 
Columbus. OH. and Roth AaaociatM. lac RockviUe. M 
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Anserobic Degradation of Trlchforoethylene in Soil 

Region VII Laboratory, U.S. Environmental Protection Agency. Kansas City. Kansas 66115 

David E. Jackson^ 

Ecology and Environment. Inc.. Kansas City, Kansas 66101 

Charles J. Wurrey 

Department of Chemistry, University of Mtssot̂ . Kansas Ctty, Missouri 64110 

n When trichloroethylene (TCE) isotopicaily labeled with 
one '-'C atom is used and gas chromatography/mass 
spectrometry is employed to monitor the production of 
1.2-dichloroe'thylene-'̂ i (DCE), it has been demonstrated 
that reductive dechlorination of TCE takes piace in the 
soiL Microbial involvement in this process is indicated 
since unsterilized soil samples yielded up to 78 ppb of 
labeled DCE while sterilized soil samples produced none. 
Isomer specificity was also found; only 1,2-DCE was 
produced—no 1,1-DCE was observed. 

Introduction 
Since trichloroethylene (TCE) is a major industrial 

solvent (234000 metric tons produced annuaJQy, worldwide 
(i)) used for degreasing and cleaning metal parts and 
electronic components, it is perhaps not surprising that 
TCE haa found its way into the environment In fact, TCE 
appears to be widely distributed in the aquatic environ
ment (7). 

However, the environmental fate of TCE has not been 
well documented, and considerable controversy still exists 
conceming its behavior in environmental matrices. Early 
literature references have concluded that and C] halo
genated hydrocarbons are not metabolized by microor
ganisms (2,5). More recent studies, however, axe split on 
the issue of whether TCE is biodegTa:ded (4-7), with one 
•esearch group reporting both 'no appreciable anaerobic 
l.egr&dation" and 40% degradation of TCE in similar 
lethanogenic culttires {8, 9). 
In a very recent publication. Parsons et aL have dem-
tstrated that tetrachloroethylene (herein referred to as 
rchloroethylene, PCE) is reductively dechlorinated to 

?re«ent addreaa: J>epaniaent of Civil Enpaeerinc. Uaivertity 
llinoit. Urbana. IL 61801. 

TCE, dichloroethylene (DCE), and vinyl chloride in Flo
rida muck/surface water microcosms (10). Whether TCE, 
which was present aa a 1.6% impurity in the PCE study, 
was similariy biotransformed was not directly mvestigated 
but was implied by the results for PCE (10). 

Therefore, in order to determine whether TCE itself 
undergoes biodegradation, we have undertaken a study 
using TCE with single atom ^ isotopic labeling, soil from 
a TCE spill site in Des Moines (ii), and very sensitive gas 
chromatography/mass spectrometry (CJC/MS) analytical 
techniques. Since DC&^Ci cotild only arise via a soil or 
soQ-microbe-induoed reductive dechlorination of TCE-'^Cj, 
this experimental method should provide concrete evidence 
in support of such a pathway. The results of O\JT inves
tigation of this problem are reported herein. 

Experimental Section 
Materials. Since any microbes present had probably 

adapted to TCE, soil samples were collected at the Des 
Moines site, at depths of 1-2 ("A" samples), 6-8 ("B" 
samples), and 15-17 ft ("C samples), by using an 18 izL 
long by 2 in. o.d. split barrel sampler (ii). These soil 
samples were analyzed by GC/IAS for the presence of TCE 
and DCE. In spite of the TCE sludge application having 
been discontinued in 1979 (ii). all soil samples contained 
6 ppb of "native" (unlabeled) TCE. No DCE's were found 
in any soil sample. (An analysis of the Des Moines TCE 
sludge itself by this laboratory and by an independent 
testing laboratory showed very high levels of TCE (3000 
ppm), but no DCE was detected.) 

T(^E-"C, was purchased from Merck Sharp & Dohme 
botopes. Single ̂  labeling was used to produce molec
ular and fragment ion peaks which did not have the same 
m/z values as the ''Cl/'^Cl natural Jc*'-' 
GC/MS analvsi' ' 



ii? 
Rflure 1. Representative mass spectra of trtehloroethyJene and 1,2<Uchloro«ihytene: (A) trichksroethyiene: (B) trichloroethytene-''C,; (O 
1,2-dichloroethytene: (D) 1.2-dk:Ak>roeihyten».̂ C,. 

contamination. Volatile organic standards were ptirchased 
from Supelco, Inc., and were diluted appropriately with 
methanol to contain 200 ppb of TCE and DCE. Soybean 
meal was obtained commercially. 

Methods. Five grams of soil from each depth was 
placed in 5-oaL amber vials which had been baked at 150 
°C for 3 h to remove any adhering volatile organic com-
potmds. One gram of soybean meal was added to eadi vial 
to ensure anaerobic conditions, and the vials were then 
filled with "organic-free* distilled water (which had been 
purged with nitrogen). (Organic-free water is distilled, 
passed through a carbon column, and checked for organics 
by using GC/MS methods.) The vials were sealed with 
Teflon septa. Samples to be sterilized were placed in an 
autoclave for 30 min at 15 psL Elach vial was then injected 
with 10 Mg of TCE-"Ci (2000 ppb, or Mg/kg). Duplicates 
of each S2unple were prepared. The sealed vials were 
transferred into COj/H] Anaerobic-Paks (BBL, Division 
of Eioquest), which were then placed in an incubator at 
23 *C. As much as possible, the samples were kept in the 
dark to avoid photolytic degradation of the TCE. Subsets 
of the vials were removed for analyses at 6.17, and 41 
weeks. 

Control and method blank samples were prepared as 
i'oUows: (1) Vials containing only organic-free water, both 
with-and-without the TCEl-"Cx spike, were prepared to • 

' monitor volatilization losses and to check for cross-con
tamination throughotJt the procedinv. (2) Vials containing 

TCE to DCE by the soybean meal itself or any "foreign" 
microbes and to monitor adsorption of the TCE onto this 
organic matter. (3) For the 6-week samples only, vials 
containing soils A-C, soybean meal, and water without the 
TC£-"Ci spike were prepared as method blanks. 

For the analyses, the contents of each vial were trans
ferred to a 25-mL vial by tising organic-free water to 
eliminate headspace again, sealed with a Teflon septimi, 
mixed, and allowed to settle. Five milliliters of the su
pernatant liqtiid was then removed for volatile organics 
analysis using a Finnigan Model OWA GC/MS and 
standard purge and trap methodology (12,13). Detection 
limits for TCE and DCE by this method are estimated to 
be 1 ppb. 

Results and Discussion 
All compounds involved in this study were identified by 

their characteristic GC elution times and mass spectra. 
(Figure 1 shows the observed mass spectra of labeled and 
unlabeled TCE and DCR) Both qualitative and quanti
tative identifications were effected from several selected 
ion mass chromatograms for each substance. For example, 
the ions at the listed m/z values were used for the analyses 
of the following compotmds: TCE (m/z (95,97,130,132, 
134); TCE-"C, (m/z 96, 98,131,133,135); DCE (m/z 61, 
63. 97.99): DCE-"Ci (m/z 62, 64, 98,100). No confusion 
resulted from peaks having the same m/z values for these 
substances since each compouiid (exdusive of its isoto- % 



Table L AaounU («tc/kK) of 1.2-DicUoreethylene.'*C| 
Prodaced by Decradation ef TrichioroethyIene-'*C| ia 
Uasterilized Soils 

time, weeks 
6 

17 
41 

•oil A" 
S 

28 
78* 

•oOB* 
7 

31 
27 

•oilC* 

11 
8 

25 

* S«e text for sofl depth designations. Results ore averages for 
duplicate samples; raiiges were ±£0%. *No duplicate value was 
obtained. 

for the and ^ compotmds were identical This as
sumption appears to be valid since we observed nattiral 
abimdance ̂  peaks in the unlabeled TCE and D<3E 
spectra having 2% of the intensity of the corresponding 
^ peaks (theoretical value 2.2%). The pertinent results 
of this study are discussed as follows: 

(1) In the water-only samples, no cross-contamination 
was observed at any stage of the experiment. Therefore, 
no exogenous substances appear to have entered the sam
ple vials. 

(2) The vials containing the water with the TCE-"Cj 
spike showed considerable variability in their percent re
coveries, indicating substantial and inconsistent volatil
ization losses of the TCR We were thtis unable to obtain 
reliable quantitative data measuring the conversion of TCE 
to DCE by following the rate of loss of T C K Any ex
periment that measures only the loss of TCE appears to 
suffer from these volatilization problems and ^om ad
sorption problems (to be discussed next). No degradation 
products of TCE-"Ci were observed in these water and 
TCE-'^Ci samples, so soil or microorganisms contained in 
the soil must be present to effect this conversion. 

(3) In the samples containing water, soybean meal 
(whether sterilized or not), and the TCE-^'C] spike, no 
conversion of TCE-^Cx to D(IE-"Ci was observed. Thus, 
these control samples eliminate the soybean meal as a 
potential source of TCE degradation. However, adsorption 
of the TCE on the soybean meal was significant. From 
50 to 60% of the T C E spike was adsorbed after 6 weeks. 
As seen from the sterilized soO samples (where, except in 
one case of incomplete sterilization, no conversion of TCE 
to DCE occurred), another 10-15% of the T C E was ad
sorbed on the soiL Thus, adsorption losses pose another 
major problem in a study like this. Experiments that 
monitor the loss of, for example, TCE and attribute it 
solely to degradation are potentially suspect, particularly 
if care is not taken to accotmt for volatilization and ad
sorption losses. 

(4) The 6-week method blanks (containing water, soil, 
and soybean meal with no TCE-"Ci spike) showed no 
generation of any substance (TCE or DCE, labeled or 
imlabeled) not already present in the soil itself. 

(5) Conversion of TCE-"Ci to DCE-"Ci was noted in 
all tmsterilized soils. Table I stmunarizes the amotmts of 
labeled DCE produced. As seen from fable I, a general 
and gradual increase in the amoimt of DCE-^Cj produced 
occurs with time. (Of course, due to adsorption and vol
atilization losses, the amoimts of DCE-"Ci actually pro
duced are no doubt larger than those reported here. Acttial 
amoimts of T C E —" DCE conversion in "real" soils may 
be even larger than those reported here, since the soybean 
meal added to ensure anaerobiosis may well have been a 
more attractive energy source for the soil microbes than 
the TCE. Indeed, breakdown products of the soybean 
meal were also noted in the tmsterilized soil samples.) 

(6) With one exception, no sterilized soils demonstrated 

soil samples showed the presence of 2 ppb of DCE-^Cj. 
This may, however, be the result of an incomplete steri
lization since this was only observed for one of the longest 
time samples. 

Since conversion of TCE-"Ci to DCE-"C, occurred 
almost exdusively in tmsterilized soils, microbial partici
pation seems certain. Some caution should be exerdsed 
in drawing this conclusion, however, since Kaufman (14) 
has reported that autodaving changes liot only the bio
logical properties of the soil but also its physical and 
chemical properties. Nevertheless, on the basis of our 
results for TCE and those of Parsons et aL (iO) for PCE, 
it appears that the degradation of TCE to DCE in the soil 
is indeed of biological origin. 

(7) Only l,2-DCE-"Ci was produced whenever TCE-"Ci 
was degraded. No Ll-DCE-^Ct (which elutes more rapidly 
than 1,2-DCE) was fotmd in any sample. Under our ex
perimental conditions, ci5- and trans-l,2-DCE coeluted 
(and cannot be differentiated on the basis of their mass 
spectra). Thus, we could not identify which geometrical 
isomer was formed, or if a mixture of the two was pro
duced. (In their study of PCE biodegradation. Parsons 
et aL (iO) were able to separate the cis and trans isomers 
chromatographically. They fotmd that cis-1,2-DCE is 
significantly favored over the trans isomer.) 

Summary 

By using TCE isotopicaily labded with a single ^ atom, 
we have shown that TCE is definitely dechlorinated m the 
soil to 1,2-DCE. Isomer specificity was also observed; no 
1,1-DCE was detected. The TCE — DCE degradation 
appears to be biological in nature, since soU samples which 
had been sterilized exhibited no such conversion. 

Since it has been shown that microbes that have adapted 
to degrade one member of a homologous series have also 
simtiltantMUsly adapted to degrade other members of the 
same series (i5), the possibility exists that DCE can be 
further biotransformed into vinyl chloride in soils. Mon
itoring data at the Des Moines site (ii) and elsewhere (16), 
this work .xnd the work of Parsons et aL (iO) all strongly 
support this DCE — vinyl chloride contention. Consid
ering the well-known carcinbgenidty of vinyl chloride, 
further research along these lines is definitely warranted. 
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Gas-Ph^e Hydrogenolysis of Polychlorobiphenyis 

Jeffrey A. Ma 

Gortaeus Laborati 

Peter Mulder, and Robert Louw* 

The University of Leiden, 2300 RA Leiden, Tha Netherlands 

• Chloroarenes in an ranosphere of hydrogen are ther
mally dechlorinated to yi^d HCI and benzene as major 
products between 700 and 925 "C, with residence times 
of ca. 10 s. Polychlorobiphenyis (PCBs) are both dechlo
rinated and split into chlorinateii benzenes, with splitting 
about twice as fast as dechlorinadon. Thermal hydro
genolysis, which occurs via radical mechanisms involving 
H atoms, may therefore be considerecKas a useful method 
for workup of (toxic) chlorinated wast 

Following studies on thermolysis (1-3) inA on several 
free-radical gas-phase aromatic substittmons—Chlorination 
(4), cyanation (5), nitration (6), and oxidation (/V-^e are 
now engaged in thermal conversions of benzene and de
rivatives with hydrogen. Within this category, "njKlro-
cracking" of chlorinated arenes deserves spedal attention. 
Is generaL reaction 1 is of potential interest as a methc 

Ar(R)Cl + Hj — Ar(R)H + H Q (1) 

for dechlorination of (highly) chlorinated indiistrial waste 
materials etc Thermolysis of chlorinated benzenes in an 
excess of Hj (quartz flow reactor, atmospheric pressure, 
residence time 5-15 s) proceeds smoothly at 750 "C and 
shows very high degrees of conversion (HCI formation) at 
ca. 900 "C (8). Sooting is tmlmportant'even at 900 '*C 
provided that the H^iarene molar intake ratio is above 10. 
Aliphatic and olefinic chlorides, in generaL react much 
faster than chlorobenzenes (8). 

Folychlorobiphenyls (PCBs) have fotmd widespread 
application, especially as transformer oiL its use and dis
posal entailing considerable envirorunental problems. We 
therefore thought it worth while to examine the behavior 
of PCB in hydrocracking (eq 1). Our observations, in-
duding those on appropriate model compoimds reported 
below, confirm our expectation that PCB can be com
pletely converted into HCI and non-chlorinated organic 
products, mainly benzene. Hydrocracking thus constitutes 
an environmentally clean altemative to incineration. 

Representative examples with Arocior 1248 (Cl " 48% 
wt) are outlined in Table L That conversion of PCB is 
essentially complete and is illustrated by Figtire 1. De
chlorination of chlorobenzene (PhCl) is ^97%; mono-
chlorobiphenyls are seen in minor amotmts only, biphenyl 
comprising ca. 0.7% on the PhG feed. This biphenyl 
stems from PhCl—or better, from benzene tnade 

Table I. Thermolysis of PCB ia Chlorebenaene with 
Hydrogen* 

T.'C 
T . S 

conversion* of PCBs, % 
PhCl,," % 
PhCl,.' % 
Ph„'% 
ClPh,.'"' % 

715 
8.9 
(ca. 10) 
4.8 
1.2 
0.010 
0.053 

760 
8.3 
28 
8.5 
U 
0.034 
0.18 

805 
8J 
70 
1.5 
0.10 
0.040 
0.13 

875 
7.6 
>99JS' 
0.2 
0 
0.60 
<0.03 

PhH:PbCl molar ratio 0.059 0.19 0.92 35 

•Spiralized quaitz tiibtilar flow reactor (3.5 m. 46 em*); inflow 
(sunol/b): H,.. 221 ± 4; PbO. lOJti Arocfalor 1248 (0.69): duration 
of runs 40-65 min ; product collected in a trap cooled with liquid 

* By GLC with PhBr as intemal standard; total of surface area 
from dichlorobiphenyl on (xeteation time > 27 min. Figure 1), as
suming response to be independent of chlorine content. These 
numbers parallel those for degrees of dechlorination of FhCL 
PbCI, or Ph(n, under the same conditions. ' Mole percent on PCB 
in X 0.5. 'Mole percent on benzenes out. 'Isomer distribution 
" >rtho:mcta.-para. %): run 1. 40:25:35; nm 2. 37:27:36: run 3. 
32»^:35. 'Isomer distribution (ortho.-meta:para. %): run 1. 
31:3iL35; run 2, 32:35:33: run 3, 34:38:28. 'Confirmed by GC with 
electrap capture detection. 

The di\and trichlorobenzenes dearly stem firom splitting 
of PCB uid accotmt for ca. 6% of the Arochlor feed. 
Chlorobenzex^ is produced via the same route but is ob
scured by its i l ^ ais diluent. Its amount can be estimated 
from what is km̂ wn about the composition of the PCB 
mixture. Specificity, the identified portion of Arochlor 
1248, ca. half, is coznjfxjsed of the following ratios of phenyl 
units; PhiPhCUhClisPhClj = 0.02:1:1.3.-0.16. If changes 
due to the small degTe\of dechlorination are neglectedi 
PhCl from PCB would Urns be 1:(1.3 + 0.16) X 6 4%, 
so as to give a total degree Of splitting of about 10%. PhCl 
alone yields ca. 6% of HCI under these conditions so this 
ihode of hydrogenolysis is ao^ut twice as fast as dechlo
rination. 

As we have reported elsewherk (8,9), methane is also 
formed, ranging from 0.27« (run lyio 1% (nm 4) on PhQ 
feed; small amounts of and CsH^ and traces of C3H3 
are also produced. 

Simultaneous splitting and dechlorination of PCB will 
cause the yields of PhCls and PhCL to pass through â 
maximtim with increasinz teihtserature. TVip "WTTIP VinMe 



T H E D O W C H E M I C A L C O M P A N Y 

October 5, 1984 

THE OOvyCENTER 

MOLANO, MOfiGAN «BS40 

Document Control Officer 
Management Support Division 
Office of Toxic Substances (WH-557) 
U.S. Environmental Protection Agency 
401 M Street, S.W. 
Washington, D.C. 20460 

AIRBORNE 

Dear Sir/Madam: 

Attached for your information please find a copy of a summary 
of a report on a Lifespan Oral Carcinogenicity Study of V i n y l 
Chloride in Rats which we recently received and which I 
discussed with David Williams on Tuesday, October 2, 1984. 
This study was conducted in Europe by Civo Institutes TNO and 
was sponsored by Verband Kunstofferzeugende rndust:rie E . V . 
(VKI). 

It is our understanding from VKI that the EPA w i l l soon be 
receiving a copy of the f ina l report. We do not have a copy. 

Upon review of this summary, we have been unable to determine 
whether this study presents any substantial r i sk information 
under the EPA's Statement of Interpretation and Enforcement 
Policy. 43 Fed. Reg. 11110 (March 16 , 1978). I t appears from 
the minimal data presented in this summary that the study is 
corroborative of effects already documented in_ the s c i e n t i f i c 
l i terature . 

S incerely, 

i>hn A. Gray 
Attorney 
2030 Wiilard H. Dow Center 
517/636-0933 

Attachment 

Dcc: F. 0. Hoerger, 2020 WHDC 
H. Schumacher, Horgen 
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1. The eral eatciBa(«»Xctty ef TICJI chlerS«« aoaoMr <VO() was «saatM4 

iB a lXfa•^•a stikir U*< v k a ) vttk tlvi «r««M •< Wlstar rscs, «sek 

e*a«lstiBX •< 100 M l M sarf IOO «zc*fL for tht cep-4«s* cr*u#-

wfalck ceBrrts*« 50 oslaa-aid 50 faaUaa. TCB ««• «4Blalss«r»4 

cecp«ratlB« pelrrl«7l chletltft (rrC) pe«tfar vltb a bt(h TQl centaw 

. late tha 41«c. Tta <iat vas 4atl7 far a ^rled ef 4 eessecw* 

Civ* fcoura, vbcresa (oo4 vaa vltbdnwa <erlst tb« ecKer 20 tiaura. Tbe 

as« af chis way ot «ral ?a( »£alBiatraCtea raasltetf la Cb« foUowtat 

«xr«a«>n lavalsl O (watraX). O.OU. O.U aarf 1.3 %X Vm/kg Vady 

Mlghtyday. Aa «acra coaczol (reay o( 100 rats/sax was heusa« la a 

iaparaca mea. 

AddlttonaJ, sacslUta ffrosM •t IS aala aad 10 faiiala rata, aaeb r«» 

ealTlBc cha aaaa czaatsaac as cba aala (taoys vara uaad for dateiml" 

aatleaa ef (lutachleaa lavals ta. tba llTcr cftar f and 18 •eatha, 

Obsarcacleas wara aada «f general appaaraace •ercallty, (Tovtb, Xeod 

Intake, thxoabecrce ceust, prethrpabia tiaa, tlutatblena lavaXe le tha 

liver, sroaa pacbslcsr asd alexeaceple ^attelacr tha liver aad o< 

a l l ireasly vltlbla tusMira or praauaabla tiMiara la tba abdealaal 

cavley, tbe glaade ef Zymhal tad cbe aasary glaads. 

2. Caaaral baalcb, b«hartour, body valgbc aad feed lataka vara eec ad-

yarsaly affacCtd by tba caac tubscaaea. 

3. Ia tba saeood balf ef tba ax^riatstal parlod, aercallty la tbe astca 

' coatrel group «aa higbar ttiaa la all otbar groopa. This was aost prob

ably dua ca a high lasl^aaee ef cbreele respiratory dlsaasa la tba 

ascra ceacrel gr«vP< ftsal itagt of aba atudy, tbe aortallty la 

cha CDp-deaa greop uaa slightly hlgbar thaa la tba lower desa grovpa 

â ad tha ceacrels. ^ 

4. TfcreabecTta ecaag. pretbro»bla tiaa and llvar tlutatbloae lavla did 
aec shsv ersasaaat-tclacad dlffersaeaa aaaag tba groups. 



S. t claarly titghar laeldaaec af grosaly vlalbla, tiawwam, IKar 

ulcs Waa fouad la both aataa aad fanalaa of tba top-deaa group tban->a 
say et tha other groups. Karaovar, It faaalaa af the tap*doao group 
Cha laeldaasa of hapstlc eyata was censldacably bfgbot thsa la canr 
trola. 

i . Mleroaceple aaaftlaaclea of Cbs llvar rs«calod laerassad laaiidanees af 

llvar-eall pelyrorphlia. hapattc tysts. foci of cellular altarattea, 

aaoplaatlc nodulas and hepatocallalar catclaoaaa la cba top-do»a "group 

aa ceaparad to tba eeatrel group, Sarsevax, a bapatlc aaglosateeaa waa 

fouad la oaa aala aad tve faaalas of tha toy-doae group, wkareaa ae 

such cuaaure ware aacouatarad la aay of cha othar groups. 

Tha anker ef aalnals baarlag foal of aallalar altaratloa la tha liver 

waa alao scatiatleally algBlfleaacly laetaaaad la faaalaa of tha 

ald-dosa group aa coapatad ea eeocTols. Ia addition, la feaalaa but 

Bot~ia aalaa, tba Ineldanea of baacphllle foci ef callular altaratloa 

la tha llvar waa acatlttleally sltalflcantlv hlgbar_la.>«h-tha^l^jg^ 

sod cha atd-dos« trouo thaa la th« gnntrol croua. 
I 

7. There vaa ao avtdaaea ef VCM-faadlag affactlag che iBeldeaes of ab-

dealaal aeaochalloaaa ar tba type aa'd ieeldaaee ef aaaaary glaad tw-

aoura. Ve Zyabal glaad cusaur waa fouad. 

>. Ic vas eeoeludad Chac usdar che ceadlclana ef the preaeet axparlaaaci 

- VCl ac a level of 1.3 ag/kg bcdy vai the/day ladueaa oaoplaatlc aod 

aea-neoplascie ehaagas la tha liver of race, 

- VQ( at a laval of 0.13 agAt body weltkt/dsy aay lead te aore feaale 

rata bearlag foet ef aallular altaratlaa la tba liver, 

- VQl sc Icvelo ef 0.01* or 0.13 ag/kg body walghc/day aay raaalt la 

aa lacraaaad lacldaaea of baaochllle feci af callular altaratloa la 

tba llvar of feaale rata, 

- 0.13 BC VQt/kg body watght/day Is a *no-eb»arv«d-«dTarsc-«ffact~ • 
laval* with raspoct co the laducclea of tuaayrs la rata. 



» « . ; g 5 . a . 

9. Usk aaclaatlOB baaad oa ena reaulta of the prsaaac rat atudy and 

taking Ute aeeouac cha pnideeee ef cha llaaar aadal applied and a laaaae 
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thirties, largely using existing rubber processing equipment, for it 
was rubber which it initially replaced in the market. For the same 
reason, the use of polyvinyl chloride (PVC) was sequestered by the 
government during the war years, and it was not until the early 
fifties that widespread consumer applications developed. PVC is 
now a mature product, and its growth rate falls in step with the 
Gross National Product. Presently, about six billion pounds are used 
annually in this country, and about four times that in the world. 

Some of the broader toxieologieal attributes of vinyl chloride 
(VC) were recognized in the thirties. It was known to be an anes
thetic, but problems with cardiac arrythmia prevented its use in that 
application.̂ ^ As pathological techniques improved, industry scien
tists recommended in the early sixties that exposure be limited to 
50 ppm. because of temporary liver enlargement in animals at that 
level,̂ ' but the American Conference of Governmental and Indus
trial Hygienists considered this overly conservative and accepted 
instead the 500 ppm recommendation of Harvard scientists.*̂  Tffis 
was the value adopted by the Occupational Safety and Health 
Administration (OSHA) in its formative days. 

Also in the early sixtira, the European industry recognized 
among its workers a disease termed acroosteolysis, AOL, which is a 
degenerative disease of the bone tufts, particularly in the fingers, 
that is accompanied by Reynaud's phenomenon.̂ ' An extensive epi-

2/ W. F. vcn Oettigin, "The Halogenated Hydrocarbons, Their 
Toxicity and Potential Dangers," Public Health Service Publication 
No. 414 (Washington, D.C: U.S. Department of Health, Education 
and Welfare, 1955). 

3/ T. R. Torkelson, F. Oyers, and V. K. Rowe, "The toxicity of VC 
as Determined by Repeated Exposures of Laboratory Animals," 
American Industrial HN'giene Association Journal, XXII (1961), p, 
354. 

4/ American Conference of Governmental and Industrial Hygien
ists, "Documentation of the Threshold Limit Value, 1963" (Cincin
nati, OH, 1963). 

5/ S. Suciu, J. Drejman, and M. Valaskai, "Study of Diseases 
Caused by Vinyl Chloride." Medical Intern.. XV (1963), p. 967. 
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demiological survey here and in Europe found about a hundred possi--
ble cases which were associated closely with manual cleaning of 
reactor walls between polymerization batches, but neither the pre
cise etiological agent nor the disease mechanism was identified."' 

An attempt was made to reproduce this disease in rats by the 
medical department of one of the European producers. An exact 
duplication of the human disease was not seen, but many of the rats 
develooed tumors at numerous sites. The reporting of this finding by 
Viola"' in 1970 evoked little interest in the regulatory community, 
possibly because of the very high doses used, several thousand ppm, 
which were frankly toxic to the animals, and the facrt that the 
tumors were largely metastatic from the Zymbal gland, an organ not 
present in humans. 

Nevertheless, both the European and domestic producers 
formed consortia to perform bioassays at low^ concentrations and 
also began epidemiological surveys of their employees. «-

Preliminary results of the European bioasscr̂  became available 
first in early 1973, and showed tumor development at much lower 
concentrations in organs which do have human counterparts. This 
result was transmitted to regulatory officials tliat summer, and 
industry screening of employee records was intensified.®^ This re
sulted in the recognition that winter by an industry medical director 
of a cluster of three rare liver tumors termed angiosarcoma, ASL, in 
the employees of one facility.̂ / The reporting of this fact to 

6/ W. A. Cook, et aL, "Industrial Hygiene Evaluation of Thermal 
Degradation Products from PVC Fetus in Meat-wrapping Opera
tions," Arch. Environ. Health, XXII (1971), p. 74. Also, B. D. Diman, 
et al., "Occupational Acroosteolysis I, An Epidemiological Study," 
ibid., p. 61. ' • 

7/ P.L. Viola, "Pathology of Vinyl 
Levoro. LXI (1970), p. 174. 

Chloride," Medicina del 

8/ A. W. Barnes, "ICI Ends Its Silence on Vinyl Chloride," 
Chemical Engineering News. (July 8, 1974), p. 21. 

9/ J. L. Creech and M. N. Johnson, "Angiosarcoma in Workers Ex
posed to Vinyl Chloride as Predicted for Studies in Rats," Joumal of 
Occupational Medicine. XVI (1974), p. 150. 
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govemment officials led to the current regulatory status of vinyl 
chloride. 

It also led to a virtual explosion of research on the chronic 
toxicity of VC. The body of scientific Hterature on the oncogenicity 
of vmyl chloride is as large cs that for any other substance. It is 
recognized that VC is a classical procarcinogen. Metabolism by the 
mixed function oxidase in the liver converts it to the ultimate car
cinogen, an epoxide. Detoxification of this intermediate by the 
sulfhydryl CTOup of glutathione or other proteins removes the toxic 
potentiaL^ Both of those mechanisms are saturable.An over
load of the metabolic step assures that the vinyl chloride wiU pass 
through the Uver and some wiU be metabolized in other organs. An 
overload of the detoxification step aUows escape of the toxicant 
into the sinusoidal passages of the liver where interaction with the 
chromosomal protein causes ASL to develop. An overioad of both 
mechanisms can lead to tumor development outside of the liver, as 
is seen in mice and rats at very high doses. Despite the laî e data 
base, however, information on the precise mechanism of these vari
ous steps StiU is lacking. We do not even understand why some per
sons respond with AOL and some with ASL, but none with both 
diseases. 

REGULATORY STANDARDS 

OSHA proceeded promptly in early 1974 to set an emergency 
temporary limit of 50 ppm for worker exposure, and later that year 
reduced the limit to one ppm, the current figure. Industry was given 
a grace period during which respirators could be used to meet this 
requirement, but now that level must be met by engineering prac
tices.̂ '̂ 

10/ W. K. Lelbach and H. J. Marsteller, "Advance in Intemal 
Medicine end Pediatrics " Springer-Verlag. XLVH (New York, 1981). 

11/ R. Hefner, P. W'atanabe, and P. Gehring, "Percutaneous Ab
sorption of Vinyl Chloride Gas in Rhesus Monkev," Toxicologv and 
Applied Pharmacolcgv. XXXIV (1975), p. 529. ' • 

12/ OSHA Standard for Vinyl Chloride, 29 CFR 1910.1017. 
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The Environmental Protection Ag^tey (EPA) promulgated a 
combined engineering and works practice standard in 1976 which has 
resulted in ambient concentrations in the fractional ppb range near 
producing or using facilities.̂ ^^ 

In the meanwhile, the Food and Drug Adninistration (FDA) and 
Consumer Product Safety Commission (CPSC) established prohibi
tions on the use of VC in aerosol or other ecrsumer applications, a 
practice which had been discontinued in 1973. Tlie Bureau of 
Alcohol, Tobacco and Firearms of the Treastry Department (BATE) 
had already banned the use of PVC liquor bottles in 1973 because of 
concem for taste effects from migration of residual VC into the 
contents. In 1975 the FDA proposed revoecticn of the generally 
regarded as safe (GRAS) status of rigid FVC packaging under the 
Delaney clause, also because of migration corxems, but that 
proposal never has been promulgated, and tlie FDA has stated that it 
is considering withdrawal of the'proposal and recommending to 
BATF the reauthorization of plastic liquos* bottles in light of the 
current very low residual monomer levels in fabricated PVC articles. 

Other regulations have followed es nerw staturtes and rules have 
come into play. The Department of Transpcrtation (DOT) and the 
Coast Guard regulate the transportation of VC, of course, and VC Is 
listed as a priority pollutant and hazardous waste under various 
water and solid waste rules, and has a reportable quantity of one 
pound under Superfund. 

Did the existing laws operate satisfactorily at the time of 
discovery of the chronic hazards of VC? It afrpeais that they did. A 
leading medical authority who was deeply ir. vclved in the worker 
health evaluation in 1974 has termed VC a ?SwC-cess story." Reeval
uation of the risk to employees imder the c- ppm standard by a 
conservaitive nonthreshold extrapolation mettsr:-" yields a lifetime 
estimate of less than 10~̂ , a risk level whi^ is not thought to be of 
concern. The comparable risk estimate for the general populace is 

13/ EPA Standard fbr Vinyl Chloride, 40 CFE 61.60; 

14/ P. J. Gehring, P. G. Watanabe, and C K. Park, "Risk of Angio
sarcoma in Workers Exposed to Vinyl Chloride as Predicted for Stud
ies in Rats," Toxicology end Applied Pharmeeologv," XLIX (1979), 
p. 15. 
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several orders of magnitude lower. EPA has stated on several 
occasions that it believes that vinyl chloride is regulated adequately. 

RISK ASSESSMENT 

Risk assessment' has been a popular avocation among those 
interested in VC, and more than a dozen have been performed.̂  
These can be divided generally into two classes: those which rely 
solely on animal data; and those which attempt to incorporate the 
human experience. 

Those in the first class yield similar results, and show the 
normal spread of estimates from the various mathematical models in 
common use. These range from 1,500 to 10"̂  ppb for a lifetime risk 
of 10 , or eight orders of magnitude. It is necessary to eliminate 
the high-dose data points, that is, those over 2,500 ppm from the 
Maltoni data^°/ in order to get reasonable fits to most jnodels, 
because these doses show broad systemic toxicity. The lower doses, 
500 ppm and below, as a group fall into a general pattem on a log-
probit plot, but individual two or three dose experiments show tre
mendous differences in slope when plotted separately. The popular 
multihit model predicts a lifetime risk of 10"̂  at fractional ppb 
levels. 

The human factor was accounted for in two ways. The EPA 
used some preliminary emplovee epidemiological data to confirm its 
animal-based extrapolation.̂ '̂ / Unfortunately, the human data were 

15/ J. T. Barr, "Risk Assessment for Vinvl Chloride in Perspec
tive," (Paper 82-9.2 presented at the 75th" Annual Meeting of the 
Air Pollution Control Association, New Orleans, LA, 1982), Lines 20-
25. 

16/ C. Maltoni, et al., "Vinyl Chloride Carcinogenicity Bioassays 
(BT Project)," (Paper presented at "Le Club de Cancerogenese 
Chemique," Institute Curie, Paris, November 10, 1979). 

17/ A. M. Kusmack and R. E. McGoughy, "Quantitative Risk 
Assessment for Community Exposure to Vinyl Chloride," (Washing
ton, D.C: U.S. Environmental Protection' Agency, December 5, 
1975). 
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selected from those locations known to have ASL cases, while other 
facility data were omitted. They also were in error on the past 
exposures by more than en order of magnitude. This resulted in an 
estimate of 20 cases per year from the estimated 1974 ambient 
concentrations for the population within five mUes of production and 
processing facilities. , 

The EPA seldom bothers to check its estimates against avail
able data, so it sometimes comes up with results such as that made 
for arsenic a few years ago that would have predicted 18 million 
cases of skin cemcer a year in this country ii it had been applied to 
Agency data on the average arsenic concentrations in drinking 
water. Similarly, a survey of all known ASL cases in this country for 
the ten years before 1974 showed no cases associated with residency 
near such plants,rather than the 200 predicted cases. It is rea
sonable to assume that if any cases had developed since that time, 
the publicity associated with it would have brought them to light. 
Thus we have 110 million-person years of negative history for nearby 
residents. This places an upper limit on risk of less than 10"'̂  per 
ppm-yr. 

Two studies applied pharmacokinetics in an attempt to obtain 
relevant human data. Gehring and coworkers estimated a lifetime 
risk of 10"̂  at one ppm from the probit model, based on a biotrans
formation of rat data. The luiconstrained linear model predicted no 
risk at less than 99 ppm.̂ ^̂  

Anderson, Hoel and Kaplan carried this procedure one step 
further, and applied it to bound metabolic products, rather than to 
the total amount metabolized. Their results gave a lifetime risk of 
10"'' at less than one ppm, with the probit model, or at less than two 
ppm with the linearized multistep modeL̂ ^̂  

18/ H. Popper, et aL, "Development of Hepatic Angiosarcoma in 
Man Induced by Vinyl Chloride, Thorotrast, and Arsenic," American 
Joumal of Pathology, XCn (1978), p. 349. 

19/ P. J. Gehring, P. G. Watanabe, and C. N. Park, Toxicology and 
Applied Pharmacology, XLIX (1979), p. 15. 

20/ M. W. Anderson, D. G. Hoel, and N. L. Kaplan, "A General 
Scheme for the Incorporation of Pharmacokinetics in Low-dose Risk 
Estimation for Chemical Carcinogens, ibid., LV (1980), p. 154. 

l i 
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Thus we see that risk is in the eye of the estimator, but it is 
Clear that estimates incorporating human data reflect the human 
expenence for VC far better than do the direct application of ani-
mal data. 

There was understandable unc ertaintv on the part of both the 
regiilators and industry in 1974. This was the first commodity chem
ical to be regulated under the relatively new statutory situation as 
the result of new information. Nevertheless, both the regulatory 
agencies and industry acted promptly to reduce exposures and emis
sions to an acceptable leveL 

The current count of occupational ASL cases is about 100 
woridwide, with 30 of these in this countrv.21/ AU these cases had 
their first exposure in. 1964 or earlier, and there appears to be room 
for optimism that the steps taken in the mid-sixties because of the 
AOL information will have prevented any significant number of 
cases developing from exposures commencing after that datel Cer-
tamly it is reasonable to expect that there have been no new cases 
initiated after the early seventies. 

Had TSCA been in place in the mid-sixties, would it ha.-e made 
any difference in the courae of events? It appears unlikely that it 
would. Certainly the AOL discovery would have resulted in a series 
of 8(e) notices to TSCA. The probable outcome of that would have 
been either a recommendation from the Interagency Testing Com
mittee (ITC) for more tests, or a Section 4 testing requirement. It is 
possible that, because of its commercial importance, VC could have 
been placed on the ITC list before the AOL data became available. 
Additional data could have been called for under Sections 8(a) and 
(d). The result of all this most Ukely would have been a negotiated 
testing rule, under which industry would have initiated a series of 
studies which would have culminated in a bioassay, and the car
cinogenicity of VC would have been discovered in due time. Yet, 
this is precisely what did happen in the absence of TSCA, except 
that the preUminaries were omitted, and the bioassay was performed 
concurrently with the screening tests. Thus it is possible that the 

Ca^es!*Ap^rt7rl98r"°"^ communication. Liver Angiosarcoma 
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final critical data were obtained earlier than would have occurred 
under present conditions. 

Bear in mind that most of today's powerful testing methods 
were not available twenty years ago. That fact would not have been 
changed by legislative fiat, and any decision made at that time had 
to be made in light of the available knowledge. 

If the data of Viola suddenly became available today instead, 
would there be any significant difference in the outcome, or the 
timing of that outcome? Probably so, but only because of the vastly 
more powerful scientific tools which we have available to us now. 
Neither the speed of agency motion nor the rate at which industrial 
facilities can be built or modified has increased. If anything, the 
latter has slowed, given the multiplicity of permits and approvals 
now required. Overall, it is possible that if today we knew nothings 
more about VC than was known in 1970, we would arrive at a regur̂  
lated state a few months earlier than was achieved in 1974, but 
scientific progress, and not legislative or regulatory, advaneementy 
should get the credit. 

What if VC were to become a new product today? Would it run 
the same course in which it would be 40 years before there was full 
recognition of its chronic potential? Certainly not. Again, however, 
the reason is due more to scientific progress rather than statutory 
development. 

One change might be apparent. If VC were the subject of a 
Premanufacture Notification (PMN) today, rather than being the 
model to which all other aliphatic olefins are compared for struc
ture-activity analysis, it would be judged by the others in its 
family. This comparison would be less dogmatic than the reverse is 
now. Ethylene and vinylidene chloride are not animal carcinogens; 
the relevance to humans of the carcinogenicity of high doses oi 
trichloroethylene (TCE) is equivocal and controversial; and vinyl 
acetate has only a preliminary "non̂ negative" report. Thus, this 
class-of'substances would have lost its leader for structure activity 
comparison, and a decision as to the need for further testing from 
that analysis would not be clear-cut, based on analogous compounds. 

Neither would a full minimum premanufacture data (MFD) set 
be of any great assistance. VC responds poorly to the classical inr 
vitro tests, and only recently has it become possible to obtain reprpr 
ducible positive results in many of these. If the position were taken 
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"little lists" for the executioners apparently is too great to be re-
sisted,^"'' as Lester Lave pointed out recently. 

We believe that EPA can best obey its statutory mandate by 
developing a more efficient system for establishing priorities, and by 
implementing more effectively its Section 9 procedures. 

BIBLIOGRAPHY 

American Conference of Governmental and Industrial Hygienists. 
"Documentation of the Threshold Limit Value, 1963." Cincinnati, 
OH, 1963. 

Anderson, M. W.; Hoel, D. G.; and Kaplan, N. L . "A General Scheme 
for the Incorporation of Pharmacokinetics in Low-dose Risk 
Estimation for Chemical Carcinogens." Toxicology and Applied 
Pharmacology," VoL LV (1980), 154. ' ' 

Barnes, A. W. "ICI Ends its Silence on Vinyl Chloride." Chemical 
Engineering News, (July 8, 1974), 21. 

Barr, J . T. "Risk Assessment for Vinyl Chloride in Perspective." 
Paper 82-9.2, 75th Annual Meeting of the Air PoUution Control 
Association, New Orleans, LA (1982). 

BtuT, J . T. "Establishing Regulatory Priorities." Toxic Substance 
Joumal. VOL IV (1983). 290. 

Cook, W. A. "Industrial Hygiene Evaluation of Thermal Degradation 
Products from PVC Fetus in Meat-wrapping Operations." Arch. 
Environ. Health, VoL XXH (1971), 74. 

Creech, J . L., and Johnson, M. N. "Angiosarcoma of Liver in Manu
facture of PVC." Joumal of Occupational Medicine XVI (1974). 150. 

-.•••xsfii 

26/ Lester Lave, "The High Cost of Regulating Low Risks," W âll 
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troductlon 

e conblnation of circumstances which found the carcinogenic hazard 
vIny) chloride (VC) being discovered al about the same time as the 
ience of risk analytis was undergoing rapid development, and the 
eit commercial Interest and long history of use of the substance has 
suited In a body of literature and phamacological data greater than 
i can expect to have for nost substances. It is therefore Instruc-
it to review the aiany risk assessiients which have been prepared for 
against the available biological Inforaiatlon to determine If we can 
aluate the extrapolation methods used, and to discuss the current 
gulitions for VC In light of this comparison. 

tards of Vinyl Chloride 

is necessary to decide first which of the hazards presented by VC 
ould be the basis for the risk estimation. The substance presents 
e acute hazards of frostbite from exposure to the liquid, of anes-
?sia at concentrations over 8,000 ppm and suffocation at higher 
-iccntratlons (von Oettinger. 1955). It also forms explosive mixture! 
air above 3.75 volume percent, and so the efforts to control the 
/sical safety of operations generally preclude exposure to acutely 
<lc concentrations. 

ii^ control efforts were reinforced In the nld-1960's where it was 
ĉovered (Suciu, 19G3) that workers who had been exposed to very 
]h levels of VC developed "vinyl chloride disease," the primary 
lifestation of which was acroosteolysis (AOL), a degenerative disease 
the bone tufts in the hands, and more rarely of the feet and lumbar 
lion. Although crippling to some degree, this dliease It not fblal, 
t Is at least partially reversible if exposure is eliminated (Graniger, 
iker and Ward, 19B0). 

lost ten years later It was found that some of the workers having 
lilar exposure also were developing angiosarcoma of the liver (ASL). 
apidly fatal disease. Oddly enough, there is only one possible 
e of a worker developing both AOL and ASL (Stafford, 1961) among 
eO-p)us cases of AOL and 90-plu$ cases of ASL now known worldwide, 
hough both are diseases of the vascular system. Several large 
demiology studies were conducted on workers exposed to VC (Baxter 
I Fox, 1976; Chiazze, 1980; Duck, Carter and Coombu, 1975; Equitable 
Ironmental Health, 1978; Fox and Collier, 1977; Frentzel-Beyme, 
nitz. and Ihelss. 1978; Iheriault and Allord, 1981), and ASL was 
only fatal disease found consistently to be in excess In these 

persons. Animal studies have shown an excess of tumors al other 
sites, but the lowest exposures at which these occur are considerably 
higher than lhat for ASL. For exanple, Maltoni (1979) reported the 
following data: 

Site 

Forestomach papillomas: 
Neuroblastomas: 
Zymhal gland carcinomas: 
Nephroblastomas: 
Liver angiosarcoma male: 

female: 
Hamnary adenocarcinoma: 

Concentralion For 
Significant Elevation 

30,000 ppm 
10,000 ppm 
10,000 ppm 

250 ppm 
200 ppm, 
50 ppm. 
5 ppm 

50 mg/kg 
16.7 mg/kg 

The low concentration for onset of mammary tumors was of concern when 
a preliminary study of fabrication employees reported an excess of 
breast tumOrs (Chiazze, et al., 1979) but a follow-up case*contro11ed 
study (Chiazze, 1980) found no association between the cases and VC 
exposure. The largest study of VC-PVC workers in the United Slates 
reported slight excesses of brain and lung tumors (Equitable Environ
mental Health. 1978). but this was not seen In the other studies 
referenced above. The excess of brain tumors was snail, and not dose-
or exposure-related. The overall excess of lung tumors resulted from 
an excess In one plant only, and reexamination of those cases also 
showed no association with VC exposure (Waxweiler. 1978). 

Vinyl chloride has been found to be active in several In vitro muta-
genetlc tests with bacteria and yeasts (Hopkins. 1979) and H appears 
to cause chromosome abnormalities In exposed worlters, but these changes 
are reversible when exposure Is reduced (Hansteene, 1978) and several 
studies of neighborhoods around PVC plants have failed to Ihow a 
supportable association with birth defects (Edmonds. 1975, 1976). It 
is not a teratogen In rodents (Johns. 1977). 

Therefore It appears reasonable to assimie that If there Is any signif
icant chronic risk other than ASL, It Is considerably smaller than 
that for ASL, and that an adequate risk assessment can be based on 
only the liver tumors. 

NOTE TO EDITORS 

Under tho new federal copyright law, 

publication rights to thli paper ara 

retained by the aulhor((). 
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lleyitw of Risk Assessments 

1. Schneidcrman, 1975 

One of the first atlcmpls lo utilize animal data to estimate 
risks at very low exposures was that of Schneiderman. Mantel and 
Brown (1975). They used preliminary Maltoni resulls to compare 
the estimates obtained from three possible mallicmalical models. 
Th$g99X assurance level of a "safe" dose al a lifetime risk of 
10 was estimated from several extrapolation models as follows: 

Log Probit (slope =1) 73 ppb 
Logit (slope = 3.45) 119 ppb 
Logit (slope 2.3, one-hit) 2.1 ppb 

The authors discussed the recognized difficulties of extending 
these rat data to humans and of providing animal experiments that 
could answer satisfactorily the question of human risk at very 
low doses. 

2. Kuzmack and McGaughy, 1975 

The EPA was the first group to attempt a human risk assessment 
for vinyl chloride (Kuzmack and McGaughy. 1975). This pioneering 
effort attempted to use both animal and human data, and to show 
comparative results from both the linear and log-probit mg|iels. 
11 concluded that there was an Individual risli of 71 x 10 ' per 
ppm of lifelimr exposure to VC by Uie llnpnr extrapolation mrthod, 
and lhat the log-probIt results were one-tenth to one-hundredth 
of lhat. 

This effort is subject to several serious criticisms. The ' 
exposure data used for human experience was that from a group 
with less than average exposure, while the ASL rate was chosen 
from only those plants which did report cases, and ignored the 
remainder of the population. Thus, their incidence rate of 7.5X 
compares to an actual figure of about O.IX. 

They used as their primary method a linear extrapolation of rat 
data, which often has been seen to overestimate the actual rates 
by at least two orders of magnitude, and they assumed the total 
cancer rate to be twice that found for ASL. 

This same estimate was used by the EPA (1979) to estimate the 
concentration of VC in drinking water which would produce various 
levels of risk. These estimates are. of course, subject to the 
same criticisms. 

NIsbet (1978) challenged the estimate of Kuzmack and McGaughy 
(1975) when it was used by Wilson in testimony before the OSHA 
hearing on Its generic cancer policy. Nisbet stated that his 
calculations showed the risk lo be 10-30 times greater, by the 
tame calculation method. Wilson (1978) suggested several flaws 

In the Nisbet procedure. Including the fact lhat he chose for his 
pxlropol<ilion onr point al 25 ppm from Mallnni experimenl BT-15, 
and lhat this point is not in good agreement wllh the whole body 
of dala. Furlher, he chose to use total cancer incidence in the 
rals. including those at zymbal glands, which have no counterpart 
in humans. Boih Wilson and Kuzmack and McGaughy had used a 
factor of two limes ASL to account for possible cancer at other 
sites. Wilson did acknowledge a mathematical error which made 
his results half the proper number. 

Albert (197B) applied this same general procedure lo other poten
tially carcinogenic air pollutants In the United Slates and 
calculated the expected annual cancer deaths as follows: 

Arsenic 15.6 
Benzene 77.8 
Cadmium 26.2 

. Coke ovens 149.5 
VC (after regulation) 1.0 

3. Gehring, 1979 

Gehring, et al., (1979) applied an experimentally derived bio
transformation correction (Gehring, el al.. 1978) to rat data and 
estimated the incidence In humans al two different exposures by 
means of four different extrapolation models. Their estimates at 
SOO and 200 ppm T̂A bracket the observed experience for humans 
whpn derived .from the probit and the unconstrained linear models. 
The linear-lhrough-zero and one-hit models consistently over
estimated the Incidence. Although not considered by the authors, 
the linear and probit models match rather closely tho total U.S. 
experience of occupational ASL al an assumed 1,000 ppm exposure. 
The linear model predicts no incidence below 99 ppfgin humans. 
The probit model predicts a human risk of 1.5 x 10 al I ppm. 
Thus, a mechanism for adjusting for the difference In metabolisn 
between animals and humans appears lo be useful. 

A limitation of the Gehring procedure Is that It uses partial 
Maltoni data, and tests the results against the CĤ  epidemiology 
study. That study was not the "end of the experiment"; it stopped 
at the end of 1973, and several deaths have occurred since then. 
Neither did It cover the entire population, but onlynhe employees 
of those plants which met certain criteria for data retention and 
length of operation. The Stafford (1901) data docs cover the 
entire population and extends the history for seven years. The 
size of the population is not known, but a reasonable estimate, 
based on normal worker turnover rales and the number of plants 
not Included in the CHA study. Is certainly not less than 25,000. 
This would give a gross Incidence of aboul O.U. Of these, the 
number actually exposed to substantial exposures would be about 
25-30 per plant al any one time. Multiplication by 25 plants, 
and a factor of three for the turnover during this period, would 
give about 2,000 highly exposed persons, f<or an effective Incl-
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drnce of Just over IX. Personal experience would Indicate that, 
for,the period prior to 1964, when all of the first exposures of 
the fatal 26 cases had occurred, the average exposures of this 
highly exposed group certainly was in excess of l,ODO'ppn for the 
working day. Maltoni (1979) found a IX Incidence al about 
1-10 ppm In rals. Calculation of the dose equivalent to a IX 
Incidence in rats gives 0 ppm by the linear method and 7.5 ppm 
from the log-probit equation for the combined Maltoni inhalation 
experiments. This crude and subjective estimate would then say 
that man Is about 100 times as resistant as the rat to VC inhala
tion, a figure generally in agreement with other estimates (NCAB, 
1979). 

Food Safely Council 1978, 1980 

The Food Safely Council has recommended (FSC, 1978) the use of 
the gamma multi-hit model because of its flexibility in handling 
dose response data of varying curvtlinearity at low doses. It 
has calculated (FSC. 1960) the maximum likely and lower 97.5X 
limit doses for substances at various risk levels and with 
different models. For VC, at 10 risk, these results are as 
follows (based on early Maltoni data): 

One-hit 
Armitage-OoT) 
WeibutI 
Multi-hit 

-2 
2.0 X 10., ppm 
2.0 X lO.q ppn 
2.1 X 10 .-ppm 
3.9 X 10 ppm 

For this substance, the goodness of fit of the Welbull model 
(0.56) was superior to lhat of the mulll-hit (0.32). Neither of 
the other two models gave acceptable fits. This was In part 
because of the concave shape of the curve, which Included all of 
the high doses in the dose response data. 

). Dow, 1979 

A Dow Heath Team performed a relative risli estimation for several 
compounds (Langer, el al., 1979) which considered probable expo
sure, the consequence of exposure, the physical state of the* 
substance during processing, andthe current exposure standards. 
This resulted In a value of 480 for VC in a "closed system but 

' with employees In the vicinity." The same procedure assigned 
hazard rating values to some other substances as follows: 
benzene. 10; phosgene, 410; hydrogen sulfide, 5; arsine. 9.700; 
and 6is-chlorofflelhy1 ether. 69,700. In a batch operation with 
occasional manual handling, the hazard rating for VC Increased to 
9.700 by this method. 

6. Hehir, 1980 

Hehir, et al., (19B0) conducted a series of tests for the Consumer 
Product Safely Commission, a part of which consisted of exposing 
rats and mice to a series of short, high exposures, rather than 

the usual extended low dosage. They included one-hour exposures 
to rals and mice at 50, 500, 5,000, and 50,000 ppm, 10 and 40 
hour exposures al 500 ppm, and 49 and 100 one-hour exposures al 
50 ppm. After lifetime observation Ihey found no effects on 
rals, or their offspring, nor on mice exposed to less than 
500 ppm. Those exposed lo over 500 ppm developed pulmonary 
adenomas, but they also had suffered from pneumonitis. 

They considered the published data on animal exposures and 
concluded that there was a lifetime dose below which no oncogenic 
response 1s° seen. This was estimated to be 5,000 ppm-hrs for 
mice and greater than 50,000 ppm for rats, regardless of whether 
the dose was administered over a short or long period. This 
concept of equality of effectiveness for ail modes of exppsure 
does not have general acceptance and would not appear to be 
correct, based on our present understanding of carcinogenesis. 
Dose-rate effects are, of course, well known. However, the 
degree-to which this can<be extended to all types of effects Is 
not known. 

These authors also used the Crump-Guess model (Crump. Guess and 
Deal, 1977) to evaluate their data on mouse pulmonary cancer, and 
estimated that exposure to 5.000 ppm VC doubles the probability 
of cancer, while 50.000 ppm Increased the risk nine-fold. In 
view of the fact that pneumonitis was present in a)) animals 
exposed above 500 ppn, It Is questionable If this was a direct 
oncogenic response, or the result of an nongenetic event because 
of severe lung damage. Maltoni (1979) also reports an Increase 
In lung tumors In mice, but not In rats or hamsters. Thus, the 
significance of this finding to risk In humans Is questionable. 

7. Anderson, 1980 

Anderson, et al., (1980) extended the work of Gehring, el al., 
(1970 and 1979) lo Incorporate the amount of metabolic products 
from VC which actually was bound lo the DNA of exposed rals, 
(Gehring and Blau, 1977) rather than the total amount metabolized. 
They assigned various values to the parameters in a Michael is-
Mcnlen equation depicting the kinetics of the metabolic process, 
and compared the results from extrapolation to low doses by 
log-probit and multi-hit models. They found lhat the two extrap
olation models responded quite differently to these variations at 
very low doses, and that It was not possible lo select one model 
as the more appropriate from the high-dose data. Use of the 
values of Gehring for the primary paramelerĵ gave estimates of 
the dose equivalent to lifetime risks of 10 of less than I ppn 
for the probit model and less than 2 ppm for the nultistage' 
model, a correspondence which the authors pointed out was better 
than the precision of Interspecies comparisons. 

6 • 
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8. EPA, 1980 

The final version of Ihe water quality criteria document for VC 
(LPA, 1980) used a different approach for risk estimation. The 
slope of the incidence of all tumors at the lowest doses of 
Maltoni experiment BT-I was adjusted for the fraction of exposure, 
the equivalent feeding level to give the same blood concentration 
of VC as by inhalation (see Wilhey and Collins, 1976). and the 
ratio of the surface area of humans,vs. rats, to produce an 
estimate that a lifetime risk of 10* would be caused by drinking 
2 1/day of water containing 20 g/1. There is some confusion in 
the mathematics given in the report, and the assumptions on which 
thê adjustmcnls are made are far from having general acceptance, 
although generally following NAS recommendations. II nppears 
lhat this procedure overstates the risk by several orders of 
magnitude. 

9. NAS, 1980 

The National Academy of Science (1977) calculated the upper 95X 
confidence limit for risk from drinking water containing vinyl 
chloride from the probabilistic multistage model and earjv Maltoni 
rat dala. They report (NAS. 1980) a lifetime risk of 10 ^ as 
being equivalent to 3.0610 mg/kg/day. For a 70 kg person 
consuming 2 1/day, this would calculate to an acceptable level of 
1 g/1. The difference between the EPA and NAS numbers comes 
from the different curve-fitting methods for the animal dala. 

<0. Gaylor and Kodcll (1900) applied linear "interpolation" lo the 
same early Maltoni dala used by the Food.Safely Council (1978) to 
'arrive al a predicted maximum risk of 10 The upper 97.5X 
confidence limit of the animal data was taken as one point on the 
Interpolative line, and zero incidence at zero exposure as the 
other. ]bis produced a lower 97.SX confidence limit dosage of 
7.1 X 10 * ppm for a lifetime risk of 10 in rals. Their.appll-
catlon of the Armltage-Ooll multistage model gave 5.2 x.lO ppn 
as the dosage at 10 lifetime risk compared lo 2 x 10 by the 
Food Safety Council. The diffcrcitcc Is due lo alternative assump
tions on the value of the exponential dose term. 

Crump and Guess (1980) reviewed some of the earlier risk eslimalcs 
for vinyl chloride In drinking water, and recalculated the risks, 
using the one-hit and multistage models. They arrived at an 
upper 95X confidence limit of lifetime risk for drinking water 
containing 1 g/1 of VC of 4 x 10* , based on early HaltonI 
inhalation data. Using the assumption lhat a 0.2% Incidence of 
ASL In workers had resulted from a lifetime exposure of 70 g/kg, 
Ihey obtained a maximum likelihood risk of 10* from 0.34 g/1 by 
both the multistage and linear models, wilh 9SX lower confidence 
limits of the same risk at 0.24 g/1. These two models reduce to 
a linear form when used at very low-doses and with the assumption 
of no threshold value. 

These authors cite EPA dala on the occurrence of VC.in public 
water supplies which by their methods yield a lifetime risk of 
3.7 X 10 , or 12 deaths per year from this cause In the United 
Slates. None of these has been observed, despite the accumula
tion of IS years' dala on ASL deaths (Popper, 1978). 

12. Scott (1901) ascribed the decreased Incidence of tumors in rats 
at the higher doses to a cell killing process, and adopted the 
Wcibull model to account for this. Application of the model to 
some early HaltonI data produced a curve which fit the data from 
50-10,000 ppm. He did not attempt lo extrapolate to doses beyond 
the experimental range. 

13. Carlborg, 1901. also applied tho Wcibull model to 31 bioassay 
reports on a variety of animal carcinogens. He concluded thai 
the one-hit model was not appropriate and that carcinogens could 
be divided into categories according to the shape of the curve, 
e.g., (oncavo or convex., lie found lhat the early Maltoni data on 
VC fell into the former category. Application of his parameter 
estimates lo those data, assuming no spontaneous Incidence of 
ASL, gives 2.5 x 10' ppm for a lifetime risk of 10 for rats. 
Later calculations including all of the published Maltoni data 
did not change the results significantly (personal communi
cation). 

He found the Welbull shape parameter to be approximately 0.5. 
which is assumed to be the number of stages for tumor Initiation. 
This Is consistent with the finding by Gehring (1977) of a satur
able metabolic path which produces the proximate carcinogen. It 
also suggests Ihal the number of "stages" Is the number of flnlle-
ralc steps before the rate-limiting step. There may be other 
stages following, but they are not rate controlling. Actually, 
there appears to be al least two saturable mechanisms Involved In 
the pharmacokinetics of VC, the metabolism to the ultimate carcin
ogen and Lho dctoxiflcalton by sulfhydryl groups. 

14. One further evaluation of human risk can be made from the expert* 
ence of persons residing near VC-PVC plants. The EPA estimated 
(Kuzmack and McGaughy, 1975) that five million persons lived 
within five miles of tiiese plants, and were exposed to an annual 
average concentration of 17 ppb. The present distribution of 
plants was generally well-estobiIshed by 1959, thus we have 22 
years of history, or about liO million person-years. About five 
or six of these plants, with 1-2 million neighbors, go back 
another 20 years, but these data are not firm enough for Inclusion. 

The fact lhat no case of ASL has been confirmed as arising from 
these amb1cnt,axposures places the upper bound of risk at less 
than 2.7 x 10 per ppm-yr. II Is believed that the exposure 
data were overestimated by EPA, and thus this result may be too 
low, but it is In the same general range as that arrived at by 
Gehring (1979) and Anderson (I9B0) after making corrections for 
pharmacokinetics. 

8 • 
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Extending this crude calculation, these five million persons arc 
now supposed by (PA to be exposed to 0.2 ppb (probably a high 
figure), which would predict no more than 0.0003 deaths per year, 
or one per 3,700 years in that whole population due to VC exposure. 
But it also must be recognized that with approximately 20 cases 
per year of ASL in the general population, there can be expected 
from a purely statistical basis tliat there should be one case 
every two years or so among this group of 5 million plant neigh
bors. 

ĥe resulls of these estimates djscussed above are compared In Table I, 
ifter conversion to a uniform 10 lifeline risk. Estimates 5, (Dow 
)979) and 12 (Scott, 1981) were not in a form to permit this comparison, 
êe OSHA, (1980), for references to a few other estimates that were 
'>ol considered here. 

11 can be seen that the results f|JI Into two major categories, those 
"hich project that the risk of 10 occurs al exposures of greater 
than I ppm, and those which find that risk In the ppb range. The 
estimates which yield the higher allowable exposures are based on 
human data (Nos. 3, 7 and 14) or use a log-probit extrapolation model 
(Ho. 2, second estimate), or predict a threshold (No. 6). The 
remainder generally are based on the linear, non-threshold model, and 
oiake no biological correction. The result Is a difference of 3 or 4 
orders of magnitude. The estimates which yield the higher allowable 
exposures are In belter agreement with human experience than are those 
of the other group. , , 

Additional Dala 

All of the extrapolations reported here have used for the original 
Maltoni data from his experiment BT-1. He has now reported (Maltoni. 
1979) three other comparable inhalation experiments on the same Strain 
of ra)LS, and one on another strain, in addition lo two Ingestion 
studies. The results of these experiments are shown In Figure 1, on a 
log-probtl scale. II can be seen that they all follow a similar 
oattern, but that there are large variations in slope between the 
various data groups. Table III contains the log-probtl equations 
calculated from some of the Individual expcrlmnnls, and various groups 
]f experiments. Excellent fits are obtained for a single experiment, 
IS would be expected from the small number of dala points, bull adequate 
Mts are obtained for the group as a whole. Inclusion of the historic 
control data on ASL (O.OgX spontaneous incidence) did not affect the 
rit substantially, except for the very low dose dala. Inclusion of 
Ihe 0;0 (origin) as a data point did give significantly poorgt fits. 
The combined experiments indicate that a lifetime risk of 10 for 
rats is obtained from a dose In the 1-2 ppb range. 

similar variation Is seen with the other mathematical expressions, 
luch as linear or exponential equations. 

Regulatory Status 

The current regulatory status of vinyl chloride is summarized in Table 
II. The first regulatory action on VC was taken in 1973 when the 
Bureau of Tax, Alcohol and Firearms prohibited the use of rigid PVC as 
liquor containers. This was based on It being present as an adulterant, 
and not on any consideration of risk. The Consumer Product Safety 
Cnmffllssion (CPSC), the Food and Drug Admiristration, (FOA), and the 
EPA all acted to ban the use of VC as an aerosol propellant thus 
establishing a zero risk position. Tlie FDA proposed (FDA, 1975) lo 
withdraw the prior sanction status of rigid PVC as a food package 
component because of the concern for residual VC that might migrate. 
The FDA has taken no furlher action on this proposal, and now Is 
considering a "constituent" policy which would permit a lifetime 
exposure at some jcceptable risk level. This risk has been proposed 
recently to be 10 lifetime for the gluttonous consumer. As was 
discussed above, the EPA required a best available technology approach 
which reduces the average exposure to those within 5 miles of a plant 
to about 0.2 ppb, by EPA estimates. OSIIA established a rule in 1974 
which set I ppm for 8 hours as the maxifflum permissible exposure, and 
also set 0.5 ppm as an action level below which most features of the 
regulation did not apply. These were chosen as feasible levels, and 
not necessarily "safe'* doses (OSHA, 1974; EPA, 1976). 

The EPA has established an exposure to the general population only 
O.IX of that allowed In the workplace. The CPSC has required zero 
exposure, and the FDA has considered that approach. Depending on 
which method of estimation the FOA may choose. Us allowable exposure 
could be either greater or less than those currently set by EPA and 
OSIIA. II has been estimated that the maximum amount of VC ingested by 
the average European, who uses much more plastic packaging lhari we, is , 
le}s than L g/day, (CEFIC, 1976) which would be In the order of a 
10 ' or 10 lifetime risk by even the most conservative models. 

There have been various estimates made of the cost-effectiveness of 
the Federal regulation for vinyl chloride. Graham and Vaupel (1981) 
estimated that the OSHA rule cost $7.5 million per life saved, and 
$490 thousand per life-year saved over the option of leaving the 
exposure limit al SO ppm. Luken and Miller (1901) slate that the 
Imputed value of a life from the OSIIA standard Is $4 million. Morrell 
(1982) uses an annual cost of $20 million and an annual benefit of 0.1 
life saved to derive a cost/benefit of $200 million per life for the 
OSIIA rule. The [PA has reported (EPA, 1979) that the cost of compli
ance with Us VC standard was )296 million through July 7. 1981, and 
will be an additional $470 million during the next fiva years, all In 
1977 dollars. If the EPA estimate of up to 20 dealths per year were 
correct, this would be a cost of $4.7 million per life. However, as 
discussed here, there is no evidence that any lives hava been saved by 
this rule. 

There are many difficulties In obtaining accurate estinates of this 
type, and serious problems In deternining the proper value to be 
assigned to a life, nevertheless, the doublfur-nature of the claims 

10 
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for any ilgniricanl benefit from these rules suggests lhat at best, 
these rfgiilations are excessively costly to society. Therefore, we 
nust allcmpt to improve both our data base and our methods (or inter-
irellng and applying the data. 

liscussion 

Vhat can be learned from this exercise other than the already 
ecogniicd fad lhat various extrapolation models can yield very 
iifferent results? In this case, at least, there are several points 
'hich are worth considering. 

1. Vinyl chloride is no exception to the rule that human dala always 
must be incorporated whenever possible. The epidemic of occupa
tionally induced ASL which was feared in 1974 has not materialized, 
probably due to the steps that were taken in the early 1960'$ to 
reduce exposure because of the discovery of AOL. No Instances of 
ASL from exposure to VC in the general population have been 
substantiated. The overprediclion of occupational cases was due 
to the underestimation of worker exposure and overrellance on raw 
animal data without proper pharmacokinetic adjustment. We are 
not now able lo extrapolate reliably between similar species and 
certainly noi from rodents to humans, without much additional 
data. 

2. The regulations for vinyl chloride were not based primarily on 
scientific data, but on socioeconomic and political decisions. 
This Is no surprise (Crandall and Lave, 1981), but Is a fact 
which should be acknowledged openly, along with the understanding 
that this position will continue to penalize good science. 

3. Mathematical extrapolation models are not adequate In themselves 
for predictions of risks much beyond the experimental range, no 
matter how good the lit is to the dala in Ihe observed range. 
The variability of relatively small experimental groups adds to 
the error range. Ihus, bioassays intended for quantitative risk 
assessment applications should be at as low doses as possible, 
and as large as possible, and should be interpreted very cau
tiously. 

4. The current stale of the art Is such lhat quantitative risk 
assessments may be useful for determining relative risks from 
similarly acting carcinogens, but are not suitable for across-
the-board application to all mechanisms of carcinogenesis. 

This is not lo say that we should abandon efforts al developing 
more effective risk assessment methods. We must, however, recognize 
the problems Inherent in blind application of mathematical models 
without proper assessment ol the available biochemical data, or 
an understanding of how applicable the experimental data are to 
humans. 

We have available lo us at least as much dala regarding vinyl chloride 
as wc have for any other substance, and we still have difficulty in 
deriving a suilable expression for risk from a purely mathematical or 
statistical basis. Only when human relevance is considered can we 
arrive al a prediction that approximates actual experience. 

The regulators are faced with a tremendously difficult task when they 
are presented wilh a few pieces of animal dala which suggest the need 
for concern and polential regulation. We must develop a suitable 
program to obtain and use as much relevant dala as possible to assure 
that rational regulations are possible. The vinyl chloride experience 
can help us understand the kind of data which are needed. 

3785-Al 
2/19/82 
Ibh 
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TABLE I 
SUMMARYOF 

QUANTITATIVE RISK ASSESSMENTS FOR VC 

riMATE BASE EXPOSURE FOR 10 " 
NO. AUTHOR SPECIES LIFETIME RISK COMMENTS 

1 SCHNEIDERMAN, 1975 RAT 73 ppb LdCPROOlt 
119 ppb LOGIT SLOPE • 3.45 

2 ppb LOGITSLOPE 2.3, I HIT 

2 KUSMACK l l McCAUGHY. RAT. HUMAN Mppb LINEAR THROUGH ZERO 
1975 MO 1400 ppb LOG-PROBiT 

3 GEHRING, 1976 RAT, HUMAN > 1 ppm BIOTRANSFORMAL DATA ANO 

•1 
LINEAR OR LOG-PROBIT 

4 FOOD SAFETY COUNCIL, 1980 RAT 2 X 10 6 ppb WEIBULL , 

6 HEIIIR. 1980 RAT, MOUSE THRESHOLDS SEEN IN 
OOTH SPECIES 

; ANDERSON, 1980 RAT, HUMAN > I ppm DNA BINDING 

B EPA, 1080 RAT 4 ^ G / 0 A Y FOOD OR WATER 

B NAS. 19B0 RAT 3 X 10^ MG/KG/DAY WATER 

10 GAYLOR & KODELL, 1980 RAT 0.7 ppb UPPER iB7.6% CONFIDENCE 
LIMIT OF LINEAR MODEL 

0.5 ppb ARMITAGE DOLL MODEL 

t l CRUMP 8i GUESS, 1080 HUMAN 0 . 7 G / D A Y APPLYING WORKER DATA TO 
WATER, UPPER 99% 

RAT 0.6 fl G/DAY CONFIDENCE LIMITS 

13 CARLBORG, 1B8I HAT 2.6 X 10 S ppb WIEBULL 

14 THIS PAPER HUMAN > 1 ppm NEGATIVE EPIOEMIOLOOY 
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TABLE_III 
EQUATIONS FOR CURVES FITTED TO VARIOUS SINGLE 

AND COMBINED MALTONI EXPERIMENTS 

CONCENTRATION 
LINEAR LOG PROBIT AT 1 0 - S R I S K , 

EXPERIMENT V"ax • b P« a IN DOSE b (LOGPROa iT l . ppm 

a b r a b r 

BT-I 0.26 3.36 0.97 0.35 2.76 0.99 0.03 
PLUS CONTROLS 0.27 2.47 0.97 

BT.2 3.05 -8.59 1.0 1.60 0.88 1.0 23 
PLUS CONTROLS 1.52 •1.13 0.88 

BT-15 6.5 •1.06 1.0 . 0.69 3.46 1.0 0.34 
PLUS CONTROLS 5.28 •O.30 0.95 

A L L INHALATION STUDIES (4) 0.26 3.07 0.91 0.27 2.98 0.82 0.002 
PLUS CONTROLS 0.27 2.80 0.91 

A L L INGESTION STUDIES 12) 1.75 0.15 0.95 0.30 3.22 0.88 0.002 
PLUS CONTROLS 1.74 0.20 0.95 

A L L STUDIES (6) 0.29 3.60 0.73 0.27 3.05 0.82 0.001 
PLUS CONTROLS 0.29 3.41 0.72 

A L L STUDIES; LOW DOSES O N L Y 0.51 2.53 0.75 0.42 
PLUS CONTROLS 1.03 0.97 0.79 0.17 2.71 0.49 0.0002 

J 



APPENDIX V 

HEALTH EFFECTS REQUEST TO DHS AND LETTER OF RESPONSE 



M e m o r a n d u m 

Kenneth Kizer, Director 
Department of Health Services 
714 P Street 
Sacrainfinto, CA 348i 

Oct. : June 17, 1985 

SubMCt: , . 
Evaluation of , 
Vinyl chlorx0fe 

I am writing bkO request formally that the Department 
evaluate the health effects of vinyl chloride as a candidate toxic 
air contaminant in accordance with Assembly Bil l 1807 (Tanner). 
According to Health and Safety Code sections 39660-62, your 
Department has ninety days to submit a written evaluation and 
recommendations on the health effects of vinyl chloride to the Air 
Resources Board and may request a thirty day extension. 

Attached for your staff's consideration in evaluating 
vinyl chloride are: Attachment I - a suggested l i s t of topics that 
we believe should be included in your vinyl chloride evaluation and 
recommendations; Attachment II - a list of references on vinyl 
chloride health effects which were presented in an ARB letter of 
public inquiry; Attachment III - additional references and comments 
received from the public in response to the inquiry letter; and 
Attachment IV - ambient vinyl chloride concentration data and 
emission data which should be used to estimate the range of risk to 
California residents as required in Health and safety code Section 
39660(c). 

My staff is available for consultation in conducting this 
health effects evaluation. We look forward to continuing to work 
closely with you and your staff in carrying out this legislative 
mandate. If you have any further questions regarding this matter, 
please contact me at 445-4383. 

Attachments 

cc: jananne Sharpless 
Alex Kelter, w/attachments 
Raymond Neutra, w/attachments 
Peter D. Venturini 
Assemblywoman s a l l y Tanner 
Claire B e r r y h i l l 
Emil Mrak, chairman and Members 

of the S c i e n t i f i c Review panel 
Senator Ralph D i l l s 
Senator Art Torres 
John Holmes ARB 



ATTACH:-'.E::T IV .1. 

SUMMARY Or AMBIENT Vlim CHLORIDE CONCENTRATIONS 

Vinyl chloride has been produced in one industrial 
facility and used by four facilities in California, a l l of them in 
the South Coast Air Basin (SCAB). In May 1978, the Air Resources 
Board (ARB) adopted an ambient air quality standard for vinyl 
chloride of 10 ppb, 24-hour average, subsequent ambient monitoring 
in the SCAB found the 10 ppb standard tc be exceeded frequently in 
the vicinity of these facilities fror. 1979-1981. However, since 
1982 the recent monitoring data for VC near these vinyl chloride 
facilities has shown a l l values tc be belov 10 p?b, without a 
determination of the actual value. These reductions in ambient 
concentrations are likely cue to the closure of the production 
facility in 1982 and impler.entaticn of regulations by the South 
Coast A.ir Quality Kanageinent District (SCAQMD) designed to reduce 
vinyl chloride emissions. 

Vinyl chloride has been detected in the community near the 
BKK Class I landfill in VJest Covina. In 1983, the Department of 
Health Services (DHS), ARB, and zhe South Coast Air Quality 
Management District issued a report detailing ambient concentrations 
(report attached). As the report indicates, the average vinyl 
chloride concentrations varied with location. The worst case 
residential location. Station A, had mean 24-hour VC concentrations 
of 7.1-7.3 ppb, with a maximum reading of about 39 ppb. Data for 
this report were collected over three r-.onths (July 19-October 15, 
1982), with 24-hour samples taken five days per week. 

A newly discovered potential source of vinyl chloride 
emissions into the air is that of sewage treatment facilities. An 
EPA contractor recently made some estinates of vinyl chloride 
emissions, as well as other volatile aromatic compounds, from the 
"Top 20" sewage treatment plants, nctionwice. (Please see Appendix 
D of Versar Memorandum, Attachment JVC.) In this document, the 
Hyperion facility, which is located in the SCAB, was calculated to 
release 171 metric tons/year of vinyl chloride. ARB staff modeled 
this emission estimate (assumptions on Attachment IVB) and predicted 
8 ppb above any background as an annual average vinyl chloride 
concentration. The 24-hour maxinum VC concentration prediction is 
23 ppb above background. ARB and SCAQMD plan to confirm these 
estimates with source and ambient vinyl cbloride testing at the 
Hyperion facility in the summer of 1985. 



Summary of the Health Effects or Vinyl Chloride 

HEALTH EFFECTS 

The health effects of vinyl chloride have been reviewed by several 

sources. Two good reviews are by the International Agency for Research on 

Cancer (lARC, 1979) and the U.S. Department of Health, Education and 

Welfare (U.S. HEW, 1978). 

A. Carci nogenici ty 

1. Humans - Epidemiological studies have shown that vinyl 

chloride causes angiosarcoma-of the l i v e r in humans. Strong evidence 

also exists that vinyl chloriae may cause cancer of the central 

nervous system, especially glioblastoma multiforme. Evidence also 

exists that vinyl chloride induces cancers of the lung and lymphatic 

system but this evidence i s weaker. (lARC, 1979; U.S. HEW, 1978) 

2. Animals - Vinyl chloride has been shown to be carcinogenic in 

several animal species after oral and inhalation administration. 

Liver angiosarcomas were observed in mice, rats and hamsters exposed 

to vinyl chloride. Other tumors seen were mammary adenocarcinomas, 

lung adenomas, Zymbal gland tumors and angiosarcomas at s i tes other 

than the l i ve r . Doses in the inhalation experiments ranged from 50 

to 10,000 ppm. A signi f icant increase in some tumors (angiosarcomas) 

was seen at the low dose (50 ppm) l eve l . (lARC, 1979; U.S. HEW, 1978) 



B. I'iutagenesi s -. • • / 
Vinyl chloriae is mutagenic in several test systems. Vinyl chloridfe 

has been found to be mutagenic in several strains of bacteria, insects and 

mammalian cells. Chromosomal aberrations have been induced in workers 

exposed to vinyl chloride. (lARC, 1982) 

C. Teratogenicity 

Evidence that vinyl chloride causes teratogenic effects in humans or 

animals is equivocal. Vinyl chloride has been implicated in causing 

increased fetal deaths in the wives of vinyl chloride exposed worker's and 

birth defects in children of workers. Evidence is inconclusive. (lARC, 

1979) 

D. Pharmacokinetics 

The metabolism of vinyl chloride has been reviewed by several authors 

(lARC, 1979). Absorbec vinyl chloride is eliminated predominantly via 

metabolism and exretion of metabolites into the urine. A small amount is 

excreted via the expired air as unchanged vinyl chloride. As the 

concentration of vinyl chloride to which an animal is exposed is raised, a 

larger percentage of the absorbed dose is eliminated as unchanged vinyl 

chloride in the expiree air. The initial product of metabolism is 

believed to be chloroethylene oxide. Vinyl chloride, in the presence of a 

microsomal enzyme fraction, binds to RNA ih vitro and to RNA and DNA in 

vivo. Chloroethylene oxide- is believea to be involved in the covalent 



binding to^kNA and DNA. Since an abundance of animal pharmacokinetic 

data exists, it may be possible to incorporate it into the 

dose-response assessment. (IARC, 1979) ' / 

E. Acute and Chronic E f fec ts (non-carc inogenic) 

Acute exposure to v iny l ch lo r ide causes n a r c o s i s , ca rd iac 

i r r e g u l a r i t e s and l i v e r and kidney t o x i c i t y . These e f f e c t s are seen a t 

r e l a t i v e l y high doses. L iver t o x i c i t y i s ev ident as c e n t r i l o b u l a r 

degenerat ion, hepat ic f i b r o s i s and nec ros i s . Degeneration of bone, nerves 

and 

connect ive t i s s u e i s seen a f te r chron ic exposure. A c r o o s t e o l y s i s , a 

degeneration of the bones in the f i n g e r s , occurs i n workers. Disturbances 

in l i v e r , kidney and pulmonary funct ion a l so occur a f t e r chronic exposure. 

I I . THRESHOLD 

The U.S. EPA proposed a National Emission Standard fo r v i n y l ch lo r i de i n 

1975, which was promulgated in 1976. The proposal f o r the emission 

standard s ta tes that there i s no known th resho ld for v i ny l c h l o r i d e ' s 

tox ic e f f e c t s . (Federal Regis ter , 1975) ' 

I I I . DOSE-RESPONSE ASSESSKENT 

The U.S. EPA's Carcinogen Assessment Group has performed a r i s k assessment 

of v iny l c h l o r i d e ' s carcinogenic e f f e c t s (U.S. EPA, 1975). The potency 

slope fo r v i ny l c h l o r i d e , derived from an animal i nha la t i on study, 

i s 1.75 X 10 "^ (mg /kg /day ) ' \ 
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Chief, Stationary Sources Division 
Air Resources Board Sobjech Hĝ ^̂ ^ Effects 
1102 Q Street of Vinyl Chloride 
Sacramento, CA 95814 .. -

RECEIVED 
Public Health 

•rem : 714 P Street 
Sacramento, CA 95814 FIA>i o 0 1989 
(916) 445-2927 • " 

.> 
Z jTf.'.c-Ttury Scurco 

Lr'.-Ision 
/Ji: r.czz--j.Tzoz bz-ard 

Attached is the dociiment prepared in response to your request for the assistance 
of the Department of Health Services in evaluating the health effects of vinyl 
chloride as a potential toxic air contaminant. 

Harvey F. Collins, Ph.D. 
Deputy Director 

Attachment 

cc: Jack C. Pamell, Director of Food & Agricultxire 
Califomia Department of Food & Agriculture 
1220 N Street 
Sacramento, CA 95814 

Jananne Sharpless, Chairwoman 
Air Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

Assemblywoman Sally Tanner 
The State Capitol 
P. 0. Box 942849 
Sacramento, CA 94249-0001 

Copies of document can be requested from: 

Califomia Department of Health Services 
Hazard Evaluation Section 
2151 Berkeley Way, Room 515 
Berkeley, CA 94704 



APPENDIX VI 

LANDFILL GAS TESTING PROGRAM 



Statft-1aw»(HefrUtirand -Safety-CodesSdcUoirAlSOSIS) requlrer own«rs-or~ 
operators-of all actlvoeand- «onw»lnacttveirland«IU to-perfornrair-quality 
solid wast«3Lass«ssiuntrtest.1ng'to*charactor1z»L ther gas:: within landfills and
the ambientralr-aroundrthe-TandtlllSr-and.̂ tor̂ determtnvIf the landfin gasi 
Is migratlnĝ underground-beyond-the-sltê boundarierv- Ten specified air-
contamlnants-were* selected to bê tested̂ for-basedronrhealth effects::̂  
associated with-long-temrezposurei parttcirlarly carcinogenicity, and the-
avallability of- sam̂ llng and analys1s::awthodr;- The-ten*specified 
contanlnantsiwere-as.follows:, vinyl chloride,-benzenev ethylene'̂ dlbronlde,-
et hy 1 ene- d 1 ch 1 ori de v methyl ene- chl ori de, percM oroethyl eno, car bon~ 
tetraehlorlde,LLl-trlchloroethaneTCmethyl chloroform), trlchloroethylene,-
and chlorofomrr In addition, landfill gas-samples.were-also analyzed-for~ 
oxygenv nitrogen-̂  methanol- and carbon-dioxide. 

To accomplish the testing required by state law, the Air Resources-
Board (ARB) and the California Air Pollution Control Officers Associatlon-
(CAPCOA) prepared guidelines outlining a testing program-to Identify sites: 
that pose a potential risk to public health. These guidelines were approved 
by the ARB for non-hazardous waste sites In December-1986 and for hazardous, 
waste sites In January 1987. 

State law requires landfill operators to report the testing results to 
their local air pollution control district. The districts, in turn, submit-
sunroaries of the testing results to the ARB and determine if the sites pose 
a threat to human health or the environment-. The ARB was required to 
summarize the data submitted by the districts in two reports to the 
Legislature, due by July 1, 1988 and July 1. 1989. The first report 
described the early implementation of the landfill testing program. The 
second report, presented to the Board on June 9, 1989, summarized statewide 
results of the solid waste disposal site testing reported to the ARB. The 
report presented preliminary findings based on the results, and described 
ongoing testing and evaluation activities. 

The preliminary findings were that: 1) one or-more of the specified 
contaminants, selected as indicators of hazardous waste, were present in 
approximately 24& out of the 356 landfills tested, regardless of whether the 
site accepted hazardous waste or-non-hazardous waster 2) hazardous and non-
hazardous waste sites appeared to be similar in their ability to produce-
toxic gases: 3) in some'cases, toxic gases escaped from landfills and 
dispersed into the ambient-air; and-4) methane at-concentrations exceeding 
the regulatory standard of five percent-was found to be migrating off-site 
underground at approximately 20 percent: of the sites. The Board asked that 
the staff return in 1990 with further analysis of the data. 



S1 nc«stiWBl989Frepamt=wa«rprMMit«d^f uetheiaranvlyrtss hai 
conductadcandraddltlonriK datishaa^baanrcQlleetcds. In Seiirwidnii 1990;~th«a^ 
further^analyslscwi 11 bexpretMt«d«to: th«*A1r^RetoiireMftBoardrat.aii^ 
informational presentattoirt. The^foV1ew1ng-ta^tes-are-«seecpted.-:froarthe ARBT 
staff report-andrsuanHurtzerthe flndlngarregardlng-the-presence^of vinyl , 
chloride in-the-landf 111 gas-and in the anb̂ ientr air-surrounding-
landfills tested-.^ The landfill testing-detectedivlnyl chloride-inside of 
approximately half of the^ landf Ills testedrandrln-the-aobieiiti-alr-at-
approzlmately ten-percent:of the sites.-tested^ 

The limited testing-conducted was.designed;to be used:^for-screen1ng-
purposes as described In the testing guidelines-.- For-thatireeson; vinyl 
chloride may be present-rin the ambient-air-at: additional landfills, but was 
not detected In the limited one to three-days of'ambient:testing specified 
in the testing guidelines for the program;- Further^ interpretation-of the-
data from specif Ic sites must-also consider-factorr sudras how the testing 
was carried out, along with location, size and proximity to sensitive 
receptors. Further-information may also be available in the complete 
testing reports- submitted by site operators-to the air pollution control 
districts. 



TABLE 1 

CONCENTRATION STATISTICS OF VINYL CHLORIDE IN LANDFILLS* 

Number of Landfills Where Detected: 160 

Total Landfills Tested: 340 

50th percentile (median): 106 ppbv (detection limit)** 

75th percentile: 1000 ppbv 

95th percentile: 9800 ppbv 

Maximum: 72,000 ppbv 

* See Attachment A for landfill gas testing guidelines. 

The Testing Guidelines for Active Solid Waste Disposal Sites suggest an 
analytical procedure for internal landfill gas testing with the same method 
of determining the limit of detection (LOD) described in Appendix VII of 
this document. The Guidelines specify that the detection limit is not to 
exceed 500 ppbv. Because many results below 500 ppbv were measured and 
reported, a statistical detection limit of 106 ppbv was calculated by 
averaging the results below 500 ppbv. 



ATTACHMENT A 

Landflll Gas Testing 

If the disposal site has an operating interior gas collection system, samples should be, 
taken from- the system; additional wells need not be installed. Each installed weli should 
be to a depth of at least 6 feet below the bottom of the intermediate or final cover. The 
well should not penetrate any leachate liner. During installarion the contraaor should 
cake appropriate steps to mitigate the public nuirance of gas escape. All wells should be 
capped when not being sampled. 

To locate the wells, draw a box around the 
disposal site on a scale map with the box sides 
100 feet outside the filled area edge. The 
sides should nin north-south, east-west 
Connect the opposite comen with diagonals. 
Locate 5 points: Point A at the diagonal 
intersection, point B at the center of the 
largest sector formed by the diagonals and 
the filled area, point C at the center of the 
next larger sector, point D at the center of 
the next larger sector, and point E at the 
center of the smallest sector. Figure 1 is 
ah example. Five samples should be taken, 
one sample from each well and analyzed for 
the Attachment 1 compounds. 7 ^ 

Figure I: Well Locadon Example 

To complete the HSC 41805J5 requirements for characterizing landfill gas, the owner should 
perform an investigadon of methane emissions from one 50,000 square-foot grid of the 
disposal site along with the landfill gas test llie grid seliected should be approved by 
the APCO and the owner should use methods describdl in these guidelines. 

1. Protocol 

The technician should make certain thie seal around the top of the well does not allow air 
infiltration. The well should hot be sampled until 24 houra after the instalktion is 
complete. To sample the well, the technician attaches the pump andT withdraws at least 2 
well volumes firom the well. The technician then attaches the bag and draws a ten liter 
sample at a one liter per minute rate. The bag should be in a light sealed container and 
should be analyzed within 72 hours. 

if the owner chooses i6 leave the well intact for fuhirc siampling, the pipe should be 
capped or a valve installed to prevent gas leakage. If the owner removes the well, the 
hole should be filled and resealed to prevent gas escapie. 

2. batii 

For each sample, the owner should record: 

ifL Date, ume, and sample Ibcadbh. 

b. Methane; CO ,̂ oxygehj and niorogcn cbncentraaons. 

c. Concentrations of compounds listed in Attachment 1, Ahalyrical mediods are included 
in Attachment 2. 

d. The operating schedule, status, and gas quantity ex'nacted for any landfill gas 
collection system for the previous 3 days for each day sampled. 



ATTACHMENT 1 

SPECIFIED AIR CONTAMINANTS 

Detection Limits, ppb 
COMPOUND Air Disposal 

Chloroethene (Vinyl Chloride) CH^rCHCl 2 500 

Benzene 2 500 

1,2-Dibromoethane (Ethylene Dibromide) BrCHjCHjBr 0.5 1 

1,2-Dichloroethane (Ethylene Dichloride) ClCHjCHjCl 0.2 20 

Dichloromethane (Methylene Chloride) CH^a, 1 . 60 

Tetrachloroethene (Perchloroethylene) CljCiCClj 0.2 10 

Tetrachloromethane (Carbon Tetrachloride) CCL 
4 

0.2 5 

1,1,1-Trichloroethane (Methyl Chloroform) CH3CCI3 0.5 10 

Trichloroethylene Hac:ca2 0.6 10 

Trichloromethane (Chloroform) CHCI3 0.8 2 



ATTACHMENT 2 

The choice of analytical method is left up to the individual laboratory performing the 
analysis. The methods provided in Attachment 2 are provided as examples of methods which 
can be used to sample and aiudyze for the specified air contaminants identified in 
Attachment 1. The methods are used by ARB laboratories to quantify the compounds Usted 
at or below the detection limits specified in Attachment 1. Table 2-1 summarizes the 
method detection limits achievable by these metiiods and the detection limits to be 
reponed for these guidelines: 

TABLE 2-1: METHOD DETECTION LIMrTS 

COMPOUND 
Method Detection Limits, ppb 

Guideline Haagen-Smit Aerometric Da^ 
Lalxniatory Division 

Chloroethene (Vinyl Chloridb) 2 1 

Benzene 2 0.5 0.5 

1,2-Dibromoethane (Ethylene Dibronoide) 0.5 o.6i 0.005 

1,2-Dichloroethane (Ethylene Dichloride) 0.2 0.2 0.1 

Dichloromethane (Methylene Chloride) 1 1 0.6 

Tetrachloroethene (Perchloroethylene) 0.2 0.004 0.01 

Tetrachloromethane (Carbon Teoachloride) 0.2 0.02 -

1,1,1-Trichloroethane (Methyl Chloroform) 0.5 0.004 O.0O4 

Trichloroethylene 0.6 0.005 0.02 

Trichlbrothethahe (Chlbrofoirn) 0.8 0.004 0.02 



ATTArHnENT B 

AMBIENT AIR MONTTORING 

HSC 41805.5 requires that air adjacent to disposal sites be tested and analyzed for 
specified air contaminants. To comply with HSC 41805.5, disposal site owners should 
conduct ambient air monitoring at the perimeter of the disposal site. The test should 
adequately characterize the contaminants in the air. The air column listed in Attachment 
1 shows the lower detection limits to be achieved in parts per billion. Each disposal 
site should perform the ambient air sampling on three separate, not necessarily 
consecutive, days. 

At sites where the owner has chosen to characterize only the gas above the disposal site 
using the integrated surface sampling technique, all specified air contaminants must be 
tested and analyzed for in the air samples. A site where landfill gas testing is used and 
where chloroethene (vinyl chloride) is identified in the landfill gas, then the ambient 
air samples need only be tested for chloroethene (vinyl chloride). 

The guidelines contain three suggested procedures for testing the ambient air. These 
procedures were developed to cover differences in topography and climate which may occur 
at different sites. Each option has two pans. One addresses sites with different day 
and night wind pattems and one addresses sites with the same day and night wind pattems. 
The option chosen will depend on the results of the meteorological survey. 

A. OPTION 1 

1. General Procedures 

HSC 41805.5 requires that air adjacent to disposal sites be tested and analyzed for 
specified air contaminants. If the disposal site has a gas collection system which does 
not operate continuously, at least one of the sampling days should be a day before the gas 
collection system is tumed on after a typical inoperative period. This option requires 
twenty-four hour samples to be taken on 3 separate, not necessarily consecutive, days. 

2. Meteorological Survey 

A meteorological survey should be conducted prior to ambient air sampling in order to 
determine the local wind flow pattems which will subsequently be used to help identify 
the number and location of samplers required for an effective ambient air monitoring 
program. The operator should submit the survey to the APCO prior to ambient sampling, as 
pan of the monitoring plan. The survey should summarize how wind flow patterns at the 
site will be characterized based on: previously collected on site meteorological data, 
data collected nearby (e.g., local airpon data), proximity to water or terrain which may 
influence diumal variations (e.g., daytime upslope winds, nighttime downslope, or sea 
breeze conditions), or a plan for.on site meteorological data collection prior to ambient 
monitoring. In completing an on site meteorological survey prior to monitoring, wind 
sensors should be located nine to twelve feet above the ground and a minimum of sixty feet 
from obstacles such as trees, shrabbery, and buildings. 

3. Ambient Air Sampling 

a. General Sampling Criteria 

At the completion of the meteorological survey, and on approval of the APCO, ambient air 



TABLE 2 

CONCENTRATION STATISTICS OF VINYL CHLORIDE IN AMBIENT AIR SAMPLES 
COLLECTED AT THE PERIMETERS OF LANDFILLS* 

Number of Landfills Where Detected: 24 

Total Landfills Tested: 251 

50th percentile (median): 2 ppbv (detection limit) 

75th percentile: 2 ppbv 

95th percentile: 2 ppbv 

2nd highest value: 13 ppbv 

Maximum: 15 ppbv 

* See Attachment B for ambient air testing guidelines. 



sampling equipment will be installed at the appropriate locations which will be determined 
bv: 

1. Site topography, 

21 Meteorological survey, and 

3. Locai land use pattems. 

The samplingequipmentshouldbelocated 
at or near the perimeter of the waste 
disposal site, in the clear and away 
from surrounding obstructions. The 
inlet probes for the ambient samplers 
should be located between six and nine 
feet off the ground (reaching height) 
and a minimum of sixty feet from 
obstacles such as trees, shrubbery and 
buildings. Air flow around the inlet 
probe should be unrestriaed in an arc 
of at least 270 degrees with the 
predominant wind direction for greatest 
expected. pollutant concentration 
potential included in the 270 degree 
arc. The sampler locations should be 
carefully selected to ensure the 
predictad prevailing wind pattems for 
the sampling date will come across the 
main body of the disposal site to the 
downwind station. Wind speed and 
direction measurements will continue to 
be collected throughout the ambient air 
sampling period to verify that the . . 
meteorological criteria are met 

Hgure 4: Option 1 
SOURS: Soiuh Coan A Q M D 

Ambient air samples will be collected over a 24-hour period beginiting and ending at 10:00 
A.M. using the self-contained portable sampling imits described in Equipment Description. 
In general, 24-hour and directionally controlled sampling will be required to ensure that 
maximum contaminant concentrations are identified for each sampling period. However, 
directionally controlled sampling may not be required at sites which have a constant wind 
direction for 24 hours. All samples will be removed firom the samplers immediately after 
the 24-hour sampling period and analyzed for the required compoimds. It is recommended 
that the sample be analyzed within 72 hours of collection. 

b. Specific SampUng Criteria 

i. At sites that experience different day and night wind flow panems, a minimum of two 
24-hour samplers and two directionally controlled samplers wiU be required. Twenty-four 
hour samplers will be placed at the upwind and downwind site perimeters based on the 



prevailing wmd direction. The directionally controlled sampler<s) located downwind of 
the disposal site should be placed at sites which will sample under the stable (drainage) 
wind conditions identified in the meteorological survey. The directionally controlled 
sampler located upwind of the disposal site should be placed near the upwind 24-hour 
sampler. The 24-hour samplers will operate continuously for the specified 24 hours and 
the directionally controlled samplexs will only operate when the wind direction is within 
a wind sector allowing air to pass across the disposal site to the downwind sampler. This 
will allow the downwind directionally controlled sampler(s) to only collect air that has 
passed over the disposal site and the upwind directionally controlled sampler to only 
collect air that has not passed over the disposal site. 

ii. At site that experience a constant wind direction for 24 hours, a minimum of two 24-
hour samplers will be required. A 24-hour sampler will be place both upwind and downwind 
of the site based on die prevailing wind direction so that the upwind sampler only 
collects air that has not passed over the disposal site and the downwind sampler only 
collects air that has passed over the disposal site. Additional 24 hour samplers should 
be placed at locations which will sample under the stable (drainage) wind conditions 
identified in the meteorological survey. Since the wind direction does not change, these 
24-hour samplers will act as directionally controlled samplers as well as 24-hour 
samplers. Comparison of the results from these samplers will provide information on 
ambient air quality standards and the effects the disposal site has on the ambient air 
quality. 

4. Sampling Conditions 

Ambient air sampling should be conducted on days when stable and unstable meteorological 
conditions are characterized by the following meteorological conditions: 

a. Stable nights with average wind speeds of five miles per hour or less. 

b. Daytime conditions with average wind speeds of ten miles per hour or less. 

No sampling will be conducted under the following adverse meteorological conditions: 

a. Precipitation 

b. Twenty-four hour average wind speeds greater than ten miles per hour. 

5. Equipment Description 

a. Bag Sampler 

1. Pump with a diaphragm made of non-lubricated Viton* rubber. The maximum pump unloaded 
flow rate is 4.5 liters per minute. 

2. One 10-liter Tedlar® bag with a push-pull valve consmicted of aluminum and stainless 
steel with a Viton® o-ring seal. 

3. Rotameter made of borosilicate glass with a flow range of three to fifty cubic 
centimeters per minute. The scale is in miUimeiers with major graduations (labeled) 
every 5 mm and minor graduations every 1 mm. 



4. Air fiow control orifice made with 316 stainless steel capillary mbing. 

5. Bypass valve. 

6. Httings, mbing and connectors made with 316 stainless steel or teflon. 

7. Qock timer with an accuracy that should be better than 1 %. 

b. Wind directionally controlled system 

1. Wind direction sensor with a vane which has a range of 0 - 540 degrees and a threshold 
of 1.00 mile per hour or less. 

2. Controller and indicator console with an indicator range of 0 - 360 degrees and an 
accuracy of ± 2% of full scale. 

c. Wind speed and direction morutoring with continuous recorder. 

1. Anemometer three cup assembly with a range u)f 0-50 miles per hour and a threshold of 
0.75 miles per hour or less. 

2. Wind vane with a range of 0 - 540 degrees and a threshold of 1.00 miles per hour or 
less. 

6. Wind Data Reporting 
Wind data (speed and direction) will be 
reponed as an hourly average. For 
example, the data collected between 1:00 
P.M. and 2:00 P.M. will be averaged and 
reponed as the 1:00 P.M. hourly 
average. Wind speeds will be reported 
in miles per hour. Wind directions will 
be reponed using the sixteen point 
scale (sixteen directional points 
corresponding to the mariner's compass 
rose on which each direction is 
equivalent to a 22 1/2 degree sector of 
a 360 degree circle). For example, wind 
directions wouM be N, NNE, NE, E ESE, 
SE, SSE, S, SS W, S W, WSW, W, WNW, NW, 
and NNW. 

B. OPTION2 

1. General Procedures «. — »—-

HSC 41805.5 requires that air adjacent 

See Option 1. Figure 5: Option 2 
Sooice: South Coast AQMD 



to disposal sites be tested and analyzed for specified air contaminants. These guidelines 
require diat 24-hour and less than 24-hour ambient air sampling be conducted on three 
different, not necessarily consecutive, days. 

2. Meteorological Survey 

See Option 1. 

3. Ambient Air Sampling 

See Option 1, Subsection 3a, General Sampling Criteria. 

a. At sites that experience different but predictable day and night wind flow pattems, a 
minimum of two 24-hour samplers and two less than 24-hour samplers will be required. One 
24-hour sampler will be placed both upwind and downwind of the site based on the 
prevailing wind direction. The less than 24-hour samplerfs) located downwind of the 
disposal site should be placed at sites to sample under the stable (drainage) wind 
conditions identified in the meteorological survey. The less than 24-hour sampler located 
upwind of the disposal site should be placed near the upwind 24-hour sampler. The stan 
and stop times for the less than 24-hour samplers will correspond to the stable (drainage) 
conditions identified by analyzing the the hourly wind roses. The 24-hour samplers will 
operate continuously for the specified 24 hours and the less than 24-hour samplers will 
only operate when the wind direction is coming across the disposal site to the downwind 
sampler. This will allow the downwind less than 24-hour sampler(s) to only collect air 
that has passed over the disposal site and the upwind less than 24-hour sampler to only 
collect air that has not passed over the disposal site. 

b. At sites that experience a constant wind direction for 24 hours, a minimum of two 24-
hour samplers will be required. A 24-hour sampler will be place both upwind and downwind 
of the site based on die prevailing wind direction so that the upwind sampler only 
collects air that has not passed over the' disposal site and the downwind sampler only 
collects air that has passed over the disposal site. Additional 24 hour samplers should 
be placed at locations which will sample under the stable (drainage) wind conditions 
identified in the meteorological survey. Since the wind direction does not change, these 
24-hour samplers will act as directionally controlled samplers as well as 24-hour 
samplers. Comparison of the results fnjm these samplers will provide information on 
ambient air quality standards and die effects the disposal site has on the ambient air 
quality. 

4. Sampling Conditions 

See Option 1. 

5. Equipment Description 

See Option 1. 

6. Wind Data Reporting 

See Option 1. 



C. OPTIONS 

1. General Procedures 

HSC 41805.5 requires that air adjacent to disposal sites be tested and analyzed for 
specified air contaminants. These guidelines require that 24-hour ambient air sampling be 
conducted on three different, not necessarily consecutive, days. 

2. Meteorological Survey 

See Option 1. 
3. Ambient Air Sampling 

See Option 1, Subsection 3a, General 
Sampling Criteria. 

a. At sites that experience different 
day and night wind flow pattems, a 
minimum of three 24-hour samplers will 
be required. One 24-hour sampler will 
be placed on both upwind and downwind of 
the site based on the prevailing wind 
direction. Additional 24 hour samplers 
will be located downwind of the disposal site 
at sites which will sample under the 
stable (drainage) wind conditions 
identified in the meteorological survey. 
In addition, one 24-hour sampler will be 
placed in the vaciiuty of the disposal site, 
approximately one rnile away, so it will 
not be affected by the disposal site 
emissions. This 24-hour sampler should 
also be approximately one mile away from 
other possible major emission sources so 
that the sample it collects will 
represent the background concentrations 
for the area. This background sampler 
whould be located in the clear and away 

Figure 6: Option 3 
Sonm: South Coaa AQMD 

from surrounding obstructions. Its inlet probe must be located between six and nine feet 
off the ground (breathing height) and a minimum of 60 feet from obstacles such as trees, 
shrubbery, and buildings, flow around the inlet probe must be unrestricted All of 
the 24-hour samplers wiU operate continuously for the specified 24 hours. Comparison of 
the results from the samplers will- provide information on the ambient air quality 
standards. 

b. At sites that experience a constant wind direction for 24 hours, a minimum of two 24-
hour samplers will be required A 24-hour sampler will be placed both upwind and downwind 



of the site based on the prevailing wind direction so that the upwind sampler only 
collects air that has not passed over the disposal site and the downwind sampler oniy 
collects air that has passed over the disposal site. Additional 24-hour samplers should 
be placed at locations which will sample under the stable (drainage) wind conditions 
identified in the meteorological survey. Since the wind direction does not change, these 
24-hour samplers will act as less than 24-hour samplers as well as 24-hour samplers. In 
addition, one 24-hour sampler will be placed in the vicinity of the disposal site, 
approximately one mile away, so it will not be effected by the disposal site emissions. 
This 24-hour sampler should also be approximately one mile away from possible major 
emission sources so that the sample it collects will represent the background 
concentrations for the area. This background sampler should be located in the clear and 
away from surrounding obstmctions. Its inlet probe should be located between six and 
nine feet off the ground (breathing height) and a ntinimum of sixty feet from obstacles 
such as trees, shrubbery and buildings. Air tlow around the inlet probe should be 
unrestricted. All of the 24-hour samplers will operate continuously for the specified 24 
hours. 

4. Sampling Conditions 

See Option 1. 

5. Equipment Description 

See Option 1. 

6. Wind Data Reporting 

See Option 1. 

D. GENERIC ANALYTICAL METHODS 

HSC 41805.5 directs the ARB to publish testing guidelines "specifying air contaminants to 
be tested for and identifying acceptable testing, analytical and reporting mehtods. The 
following generic analytical methods contain a brief description of the standard operating 
procedures (SOP) used by the ARB to sample and analyze specific compounds. Speciflc SOPs 
are contained in Attachment 2. 

1. Method for Vinyl Chloride 

Ambient samples are collected over a 24-hour period in a thirty liter Tedlar® bag using a 
low-volume sampler. 

Samples are analyzed using chromatography with Flame Ionization or Photo Ionization 
Detection and preconcentration techniques. Resultant concentration peak is identified by 
retention times and quantified by reference to calibration standards. 

2. Method for Carbon Tetrachloride, Chlororurm, Ethylene Dibromide, Ethylene Dichloride. 
Methyl Chloroform, Methylene Chloride, Perchloroethylene, and Trichloroethylene 

Ambient samples are collected over a 24-hour period in a thirty liter Tedlar® bag using a 
low volume sampler. 



Samples are analyzed using-gas chromatography with Electron Capture Detection and 
preconcentration techniques. Resultant concentration peaks are identified by retention 
times and quantified by references to calibration standaids. 



ATTACHMENT 1 

SPECIFIED AIR CONTAMINANTS 

Detection Limits, ppb 
COMPOUND Air Disposal 

Chloroethene (Vinyl Chloride) CH^rCHCl 2 500 

Benzene 2 500 

1,2-Dibromoethane (Ethylene Dibromide) BrCH^CHjBr 0.5 1 

1,2-Dichloroethane (Ethylene Dichloride) ClCHjCHjCl 0.2 20 

Dichloromethane (Methylene Chloride) CH^Cl, 1 60 

Tetrachloroethene (Perchloroethylene) CljC:CCl2 0.2 10 

Tetrachloromethane (Carbon Tetrachloride) CCI, 0.2 5 

1,1,1-Trichloroethane (Methyl Chloroform) CH3CCI3 0.5 10 

Trichloroethylene Hac:ca2 0.6 10 

Trichloromethane (Chloroform) CHC13 0.8 2 



ATTACHMENT 2 

The choice of analytical method is left up to the individual laboratory performing the 
analysis. The methods provided in Attachment 2 are provided as examples of methods which 
can be used to sample and analyze for the specified air contaminants identified in 
Attachment 1. The methods are used by ARB laboratories to quantify the compounds listed 
at or beiow the detection limits specified in Attachment 1. Table 2-1 summarizes the 
method detection limits achievable by these methods and the detection limits to be 
reponed for these guidelines: 

TABLE 2-1: METHOD DETECTION LIMTTS 

COMPOUND 
Method Detection Limits, ppb 

Guideline Haagen-Smit Aerometric Data 
laboratory Division 

Chloroethene (Vinyl Chloride) 2 - 1 

Benzene 2 0.5 0.5 

1,2-Dibromoethane (Ethylene Dibromide) 0.5 0.01 0.005 

1,2-Dichloroethane (Ediylene Dichloride) 0.2 0.2 0.1 

Dichloromethane (Methylene Chloride) 1 1 0.6 

Tetrachloroethene (Perchloroethylene) 0.2 0.004 0.01 

Tetrachloromethane (Carbon Tetrachloride) 0.2 0.02 -

1,1,1-Trichloroethane (Methyl Chloroform) 0.5 0.004 0.004 

Trichloroethylene 0.6 0.005 0.02 

Trichloromethane (Chloroform) 0.8 0.004 0.02 



APPENDIX VII 

ARB MONITORING AND LABORATORY DIVISION'S METHOD 
FOR CALCULATING THE LIMIT OF DETECTION 



Quality Control Manual 
February 9, 1989 
Revision: Prelim. Draft 4 

Analytical Limits of Detection (LOO) must be calculated. 
LOD for each method must be calculated by the following 
equation (reference): 

LOD » A • 3S 

where 

The 

^ is the least squares intercept calculated from the 
multipoint data (section 4.1.2). 

i is the standard deviation of replicate determinations of 
the lowest standard. At least 3 replicates are required. 
The lowest standard must be run at 1 lo 5 times the estimated 
detection limit. If data Is not available In the 
concentration range-near the detection limit, i may be 
estimated by: 

i s RSD X A 

where R5Ii is the relative standard deviation of the lowest 
standard analyzed. 

The equation as listed above was obtained from the Compendium of 
Methods for the Determination of Toxic Organics In Ambient Air. 
Research Triangle Park, North Carolina: U.S. Environmental 
Protection Agency; 1984 April: Method T)l. Publication No. EPA-
600/4-84-041. 

Mote that the Laboratory Services Section policy Is to report all 
analysis results above the analytical limits of detection. However, 
data errors may approach ± lOOX at levels < 10 x LOO.-

All analysis methods must be written In detail as a Standard 
Operating Procedure to be used in the laboratory. Any subsequent 
revisions or Improvements are documented. The procedures are 
reviewed yearly by laboratory management and the Quality Assurance 
Section to Insure that they are being followed properly. 
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1.0 EXECUTIVE SUMMARY 

Vi n y l chloride i s a short-chain halogenated hydrocarbon used 
predominantly i n the manufacture of p o l y v i n y l chloride and various packaging 
and construction products. Vinyl chloride has a very low degree of acute 
t o x i c i t y , with two-hour inhalation LD50 values ranging from 27,419 ppm i n mice 
to 236,215 ppm i n rabbits and guinea pigs. Exposure to high concentrations 
can lead to narcosis, cardiovascular and respiratory i r r e g u l a r i t y , 
convulsions, cyanosis and death. Several human deaths have been a t t r i b u t e d to 
occupational exposure to very high levels of v i n y l chloride. Autopsies of 
these patients revealed congestion of the l i v e r , spleen and kidneys. Acute 
t o x i c i t y symptoms are thought to occur above 100 ppm. 

Chronic exposure of workers to v i n y l chloride has been shown to lead to 
" v i n y l chloride disease", characterized by occupational acro-osteolysis, 
vasospasm of the hands sim i l a r to Raynaud's syndrome, dermatitis, c i r c u l a t o r y 
and central nervous system al t e r a t i o n s , thrombocytopenia, splenomegaly and 
changes i n l i v e r function. Eight symptoms commonly reported by workers 
exposed to v i n y l chloride (including dizziness, headaches and nausea) were 
observed even at dose levels below 50 ppm. 

V i n y l chloride has been shown to induce cancer i n animals i n utero. but 
has not been shown to cause any other reproductive or developmental effects i n 
rats, mice and rabbits. Epidemiologic studies of f a m i l i e s of v i n y l chloride 
workers or communities having v i n y l chloride processing f a c i l i t i e s suggested 
the p o s s i b i l i t y of an increased incidence of b i r t h defects and spontaneous 
abortions among people at r i s k ; however, subsequent reviews of these studies 
have concluded that there i s inadequate evidence to l i n k environmental or 
paternal exposure to v i n y l chloride with b i r t h defects or spontaneous 
abortions i n humans. 

The noncarcinogenic effects occur at concentrations near or above 10 
ppm, which i s greater than four orders of magnitude above possible general 
ambient levels i n C a l i f o r n i a (0.5 ppb). The noncarcinogenic effects, also 
occur at concentrations greater than 3 orders of magnitude above the highest 
concentrations measured near l a n d f i l l s (10 ppb). Consequently, DHS s t a f f do 
not expect noncarcinogenic adverse health e f f e c t s to occur from acute or 
chronic exposures to v i n y l chloride i n ambient a i r . 

The International Agency for Research on Cancer (lARC). the United 
States Environmental Protection Agency (EPA) and the C a l i f o r n i a Department of 
Health Services (CDHS) have i d e n t i f i e d v i n y l chloride as a chemical for which 
there i s s u f f i c i e n t evidence of carcinogenicity i n both humans and 
experimental animals. Chronic inhalation and o r a l exposures of rats, mice and 
hamsters to v i n y l chloride have been associated with an increased incidence of 
malignant and benign tumors at several s i t e s including the l i v e r , lung, 
mammary gland and the nervous system. In humans, epidemiological studies of 
occupationally exposed workers have linked v i n y l chloride exposure to 
development of a rare cancer, l i v e r angiosarcoma, and have suggested a 
relationship between exposure and lung and brain cancers. 

Although pharmacokinetic studies i n humans exposed to v i n y l chloride are 
rare, l i m i t e d evidence indicates that, following i n h a l a t i o n of low levels of 

1-1 



v i n y l chloride (3 to 24 ppm), up to 71% (with a mean value of 42%) of the 
given dose may be absorbed. V i n y l chloride absorption appears to depend on 
i t s metabolism, which i s a dose-dependent, saturable process. Due to 
saturation of the enzyme systems responsible for the metabolism of v i n y l 
chloride (cytochrome P-450 and alcohol dehydrogenase), exposure to 
concentrations above approximately 250 ppm would not necessarily be expected 
to lead to a perceptibly increasing incidence of tumor development. 
Metabolism of v i n y l chloride leads to formation of chloroethylene oxide and 
chloroacetaldehyde, two reactive intermediates which undergo covalent binding 
to c e l l u l a r macromolecules and are thought to be responsible for the toxic 
effects of v i n y l chloride. These and other metabolites may be further 
metabolized and excreted i n the urine. Unmetabolized v i n y l chloride i s 
eliminated p r i m a r i l y i n exhaled a i r . 

V i n y l chloride i s mutagenic i n both prokaryotic and eukaryotic test 
systems, with s i g n i f i c a n t l y greater genotoxicity seen a f t e r metabolic 
ac t i v a t i o n . DHS s t a f f have found no evidence of a carcinogenic threshold 
l e v e l and the s t a f f recommends that v i n y l chloride be considered as not having 
a threshold for carcinogenicity. 

Several studies of carcinogenicity of v i n y l chloride i n animals and i n 
occupationally exposed workers have been analyzed for r i s k assessment 
purposes. The lowest l i f e t i m e equivalent concentration associated with an 
increased incidence of tumors i n laboratory animals i s 0.06 ppm or 6 to 60-
f o l d above p o t e n t i a l human exposure concentrations. Although measurements of 
actual exposure levels are not available for v i n y l chloride, worker exposure 
estimates have been used to evaluate the Waxweiler et a l . (1976) study. Based 
on these estimates, the present analysis calculates that the 95% upper 
confidence l i m i t (UCL) on l i f e t i m e unit r i s k of contracting cancer from v i n y l 
chloride, assuming l i v e r , brain and lung cancer are a l l r e l a t e d to v i n y l 
chloride exposure, i s 4.5 x 10"^ Ppb' In the case that only l i v e r cancer i s 
assumed to be linked to exposure, the UCL on unit r i s k i s 2.5 x 10'^ Ppb' . 
These predictions are uncertain due to inadequate exposure data, follow-up 
time and other methodological problems. Evaluation of animal experiments by 
the l i n e a r i z e d multistage model yie l d s predictions of UCLs on un i t r i s k s for 
humans to be i n the range of 3.7 x 10" to 20 x 10"^ ppb"''". Evaluation of 
animal tumorigenicity data indicates that v i n y l chloride's carcinogenic 
potency i s dependent on sex, tumor s i t e and age of exposure. Taking a l l these 
factors into account, DHS s t a f f conclude that the best estimate to use i n 
order to assure the public health i s the top of the range of animal UCLs of 
unit r i s k , 20 x 10' ppb' The ov e r a l l range of UCLs on un i t r i s k suitable 
for regulatory purposes i s 2.5 x 10"^ to 20 x 10'^ PPb' . 

Vin y l chloride has not been detected i n the ambient a i r of C a l i f o r n i a 
( l i m i t of detection = 0.5 ppb) except at certain "hot spots". A i r Resources 
Board (ARB) s t a f f has monitored v i n y l chloride emissions from the BKK 
hazardous waste s i t e i n West Covina and the O i l l a n d f i l l i n Monterey Park. 
Estimates of peak exposure concentrations for maximally exposed receptors 
range from 2 to 10 ppb at the BKK l a n d f i l l and from 0.6 . to 9 ppb at the O i l 
s i t e . A i r Resources Board s t a f f has estimated that between 17,000 and 131,000 
individuals. may be exposed to 1 ppb at the BKK s i t e . The model predicts that 
the 95% upper confidence l i m i t on cancers due to l i f e t i m e exposure of 131,000 
residents to 1 ppb would be i n the range of 3 to 36. Based on the finding of 
v i n y l chloride-induced carcinogenicity and the results of the r i s k assessment. 
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DHS s t a f f finds that v i n y l chloride i s an a i r pollutant which may cause or 
contribute to an increase i n mortality or an increase i n serious i l l n e s s , or 
which may pose a present or potential hazard to human health. 

1.1 V i n y l Chloride Highlights 

I. National and International Evaluation (Other Agencies' Evaluation) 

A. International Agency for Research on Cancer (lARC) 

1. Short-Term Tests: S u f f i c i e n t evidence of mutagenic a c t i v i t y 
e x i s t s . both with and without an exogenous metabolic 
act i v a t i o n system. 

2. Animal carcinogenicity bioassays: S u f f i c i e n t evidence of 
animal carcinogenicity by o r a l administration or in h a l a t i o n 
e x i s t s . 

3. Human evidence: S u f f i c i e n t evidence of carcinogenicity to 
humans ex i s t s . Occupational exposure to v i n y l chloride has 
been linked with development of angiosarcoma of the l i v e r , 
and has been associated with tumors of the brain and lung 
and of the hematopoietic and lymphatic systems. V i n y l 
chloride i s grouped under lARC category 1. meaning that i t 
i s causally associated with cancer i n humans. 

B. U.S. Environmental Protection Agency (EPA) 

1. Short-Term Tests: S u f f i c i e n t evidence of mutagenic a c t i v i t y 
e x i s t s . both with and without an exogenous metabolic 
activation system, for both DNA damage and mutation. 

2. Animal carcinogenicity bioassays: S u f f i c i e n t evidence of 
animal carcinogenicity by administration o r a l l y or by 
inhalation exists. 

3. Human data: A number of epidemiological studies have linked 
v i n y l chloride with angiosarcoma and other forms of 
neoplasms. S u f f i c i e n t evidence exists to indicate that 
v i n y l chloride is a human carcinogen by inhalation. 

C. Conclusions: Both EPA and lARC have concluded there i s ample 
evidence that v i n y l chloride i s genotoxic and i s carcinogenic i n 
both animals and humans. 

I I . Exposure Sources 

A. A i r Levels 

1. Throughout 1987 the South Coast A i r Quality Maintenance 
D i s t r i c t monitored near two l a n d f i l l s i t e s i n the Los 
Angeles area. The highest annual average obtained at any of 
three stations near the BKK s i t e was 2.6 ppb, and the 
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highest annual average at any of three stations near the O i l 
s i t e was 2.0 ppb. 

I l l . Quantitative Risk Assessment 

A. Range of Extrapolation: Animal to human exposures i n a i r for 
calculated l i f e t i m e d a i l y exposure. 

1. Experimental to ambient: V i n y l chloride has not been 
detected i n ambient a i r , except at "hot spots". 

2. Experimental to "hot spots": The lowest exposures i n the 
animal studies are approximately 10- to 20-fold higher than 
the highest r e s i d e n t i a l exposures. 

B. Range of Risks: 

The human r i s k s associated with the equivalent of a continuous, l i f e t i m e 
exposure to v i n y l chloride have been estimated using the l i n e a r i z e d multistage 
model from both animal carcinogenicity bioassays and epidemiological studies 
of exposed workers. The current DHS analysis obtained UCLs on unit r i s k s for 
humans estimated from animal data i n the range from 3.7 x 10'^ Ppb'''" to 20. x 
10"^ ppt>' , depending on experimental exposure l e v e l s , tumor type observed, 
and sex, species, and age of animal evaluated. The DHS analysis also obtained 
a UCL on unit r i s k of 4.5 x 10'^ for l i v e r , lung, and brain cancer and 2.5 x 
10'^ for l i v e r cancer only from an occupational study. 
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2.0 METABOLISM AND PHARMACOKINETICS 

2.1 Summary 

Experimental evidence has suggested that v i n y l chloride must undergo 
transformation to a reactive metabolite(s) by the l i v e r to be t o x i c . Based on 
this information, the best dose-response data would consider the amount of 
v i n y l chloride actually absorbed and metabolized rather than the reported 
exposure or administered dose concentrations. Reports of the v i n y l chloride 
metabolism i n humans are sparse, but l i m i t e d evidence indicates that, a f t e r 
inhalation exposure to low concentrations, up to 71% (average = 42%) of a 
given dose was absorbed (Krajewski et a l . , 1980). Based on t h i s study i t i s 
assumed that 71% of an inhaled v i n y l chloride exposure may be absorbed by 
humans at ambient concentrations. Unmetabolized v i n y l chloride i s eliminated 
primarily v i a the lungs. Unlike the r e s u l t s i n other species, the percent 
absorption of v i n y l chloride at the concentrations tested i n humans did not 
depend upon concentration. Data from rodent studies suggest that the 
absorption of v i n y l chloride depends on i t s rate of metabolism and the extent 
of metabolic saturation. The metabolic pathways of v i n y l chloride exhibit 
substantial satuation at exposure concentrations above 100 ppm i n the monkeys 
and above 200 ppm i n rats. 

Metabolism of v i n y l chloride involves the cytochrome P-450 mixed-
function oxidase system. The f i r s t step i s thought to be epoxidation of the 
double bond to form the reactive epoxide chloroethylene oxide, which may 
undergo a number of further reactions, including binding to c e l l u l a r 
macromolecules. Intramolecular rearrangement of the chlorine atom may also 
occur, r e s u l t i n g i n the formation of chloroacetaldehyde, another reactive 
intermediate. In addition, alcohol dehydrogenase has a role i n v i n y l chloride 
biotransformation, because inh i b i t o r s of t h i s enzyme can s i g n i f i c a n t l y reduce 
the amount of v i n y l chloride metabolized. Section 2.3 of t h i s report provides 
a detailed discussion of v i n y l chloride metabolism. 

2.2 Absorption. D i s t r i b u t i o n and Excretion 

2.2.1 Inhalation 

The pharmacokinetics of v i n y l chloride following i n h a l a t i o n has been 
studied i n f i v e species of experimental animals. The uptake of v i n y l chloride 
at higher doses appears to depend on i t s metabolism. The metabolic breakdown 
of v i n y l chloride i n rats and monkeys (and perhaps i n other species) i s a 
dose - dependent, saturable process (Buchter et a l . , 1980, F i l s e r and Bolt, 
1979). Substantial species differences have been observed i n the rates of 
v i n y l chloride clearance, with f i r s t - o r d e r metabolic clearance rates ( i n 
liters/hour/kg body weight) for the elimination of v i n y l chloride decreasing 
in the order of mouse (25.6) > g e r b i l (12.5) > Wistar rat (11.0) > Rhesus 
monkey (3.55) > rabbit (2.74) > human (2.02) (Buchter et a l . , 1980). 

Results from inhalation exposure studies i n humans, monkeys, and rats 
using d i r e c t and i n d i r e c t test methods indicate that v i n y l chloride i s rapidly 
absorbed and metabolized, quickly d i s t r i b u t e d throughout the body, and 
excreted by the kidneys. Unmetabolized v i n y l chloride i s expired by the lungs 
and, to a l i m i t e d extent, expelled i n the feces. 
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Several l i m i t e d studies have been conducted i n humans measuring v i n y l 
chloride absorption following inhalation exposure. Krajewski et a l . (1980) 
observed that f i v e male volunteers exposed to 3, 6, 12, or 24 ppm v i n y l 
chloride for s i x hours by a "face only" chamber absorbed an average of 42% of 
the dose regardless of concentration. Large i n t e r i n d i v i d u a l v a r i a t i o n i n the 
degree of v i n y l chloride retention was observed, with one i n d i v i d u a l retaining 
71% of the dose at the time exposure was terminated; no other in d i v i d u a l 
retained greater than 45%. This finding indicates a large range of 
i n t e r i n d i v i d u a l v a r i a b i l i t y . Concentration of v i n y l chloride i n expired a i r , 
measured for 90 minutes a f t e r cessation of exposure, decreased to ne g l i g i b l e 
amounts a f t e r only 30 minutes post-exposure. The quantity of unmetabolized 
v i n y l chloride exhaled was considered negligible and constituted roughly 4% of 
the in h a l a t i o n concentration of v i n y l chloride to which subjects were exposed 
(Krajewski et a l . , 1980). Thus, humans metabolized up to 96% of the absorbed 
v i n y l chloride dose. 

Buchter et a l . (1978) reported that humans exposed to 2.5 ppm v i n y l 
chloride retained 26-28% of the administered dose (Krajewski et a l . , 1980). 
Substantial i n t e r i n d i v i d u a l differences were reported i n th i s study. These 
differences appear due to differences i n the adipose tissue mass among 
ind i v i d u a l s , although t h i s hypothesis has not been confirmed i n follow-up 
studies (Buchter, 1979; Buchter et a l . , 1978; Bolt et a l . , 1981). 

Pulmonary absorption of v i n y l chloride by rats occurs rapidly. Blood 
levels of v i n y l chloride increase with the dose. Blood concentrations quickly 
decline a f t e r cessation of exposure; unmetabolized v i n y l chloride i s exhaled 
(Withey, 1976; Hefner et a l . , 1975a; 1975b; 1975c). 

Evidence from both whole animal and "nose-only" i n h a l a t i o n studies i n 
rats indicates that the rate of pulmonary uptake of v i n y l chloride i n a closed 
system i s p a r t i a l l y dependent on the extent of metabolism (Bolt et a l . , 1977; 
Hefner et a l . , 1975a; 1975b; Withey, 1976). In the "nose-only" exposure 
system used by Hefner et a l . (1975a), pretreatment of rats with either 
pyrazole or 95% ethanol s i g n i f i c a n t l y reduced both the uptake (as calculated 
from the disappearance of v i n y l chloride from the exposure chamber) and 
metabolism of v i n y l chloride. This held true for both exposure le v e l s . 
Pyrazole- pretreated rats were exposed to either 65 or 1234 ppm, while 
ethanol-pretreated rats were exposed to 56 or 1034 ppm. 

Several groups of investigators have presented additional data 
concerning the uptake, metabolism and disposition of v i n y l chloride following 
inhalation exposure (Bolt et a l . , 1976; 1977; Hefner et a l . , 1975a; 1975b; 
Buchter et a l . , 1977). In an investigation into the d i s p o s i t i o n of v i n y l 
chloride. Bolt and co-workers (1976) exposed male Wistar rats to i n i t i a l 
concentrations of "less than 100 ppm" C labeled v i n y l chloride (apparent 
range 1-50 ppm) i n a closed system for six hours. The h a l f - l i f e for v i n y l 
chloride disappearance from the chamber was about 68 minutes. From this 
study, the authors estimated that approximately 40% of the inspired v i n y l 
chloride was absorbed by the lungs (Bolt et a l . , 1976). Pulmonary uptake of 
v i n y l chloride by rats was completely blocked following pretreatment with the 
cytochrome P-450 i n h i b i t o r s 6-nitro-1, 2,3-benzothiadiazole or 3-bromophenyl-
4(5)-imidazole (Bolt et al.,.1976). Uptake of v i n y l chloride appeared to be 
linked to i t s metabolism, since 24 hours after pretreatment with the 
r e l a t i v e l y s h o r t - l i v e d P-450 i n h i b i t o r 3-bromophenyl-4(5)- imidazole the uptake 
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of v i n y l chloride had returned to control l e v e l s . Following exposure, the 
l i v e r and kidney contained the highest levels of v i n y l chloride metabolites 
(Bolt et a l . , 1976). In an attempt to determine the exact minimal 
concentration of v i n y l chloride i n a i r necessary to achieve metabolic 
saturation, Bolt et a l . (1977) exposed groups of rats to a wide range of v i n y l 
chloride concentrations and showed that saturation occurred at 250 ppm. 
First-order k i n e t i c s occurred at exposures less than 250 ppm, while zero-order 
k i n e t i c s predominated at higher exposures. 

Hefner and colleagues (1975a; 1975b) exposed male Sprague-Dawley rats to 
i n i t i a l v i n y l chloride concentrations ranging from 50 to 1,167 ppm i n a closed 
nose-only inhalation system. The rate of uptake of v i n y l chloride by the 
animals (as calculated from the rate of disappearance of v i n y l chloride from 
the chamber atmosphere) was approximately three times greater for doses less 
than 105 ppm (range 50 to 105 ppm) than for doses greater than 220 ppm (range 
220 to 1,167 ppm). After an i n i t i a l e q u i l i b r a t i o n period and regardless of 
the administered concentration, v i n y l chloride disappearance from the chamber 
apparently followed f i r s t - order k i n e t i c s . The h a l f - l i f e for atmospheric 
v i n y l chloride at concentrations below 100 ppm was 86 minutes compared with 
261 minutes for concentrations greater than 220 ppm. Hefner et a l . (1975b) 
concluded that the predominant pathway for metabolism of v i n y l chloride by 
rats exposed to 100 ppm or less i s saturable and that t h i s metabolism was 
i n h i b i t e d by pyrazole and ethanol. 

Studies i n rats and monkeys suggest that, a f t e r absorption, v i n y l 
chloride i s rapidly distributed to a l l tissues reached by the bloodstream 
(Duprat et a l . , 1977; Buchter et a l . , 1980). Lipids or l i p o p r o t e i n s , rather 
than proteins, transport v i n y l chloride i n the blood (Bolt et a l . , 1977). 
Studies of the d i s t r i b u t i o n of •''^C-labeled v i n y l chloride i n rats indicated 
that, immediately after inhalation administration, the l i v e r (predominant s i t e 
of metabolism) and the kidneys ( s i t e of excretion of polar metabolites) 
contained the highest concentrations of ^^C a c t i v i t y , followed by lungs, 
spleen, and small intestine (Watanabe et a l . , 1976a; Bolt et a l . , 1976). 
However, C counts quickly decreased after cessation of exposure. In one 
study, v i n y l chloride metabolite concentrations decreased s i g n i f i c a n t l y i n 
these tissues 48 hours after a single inhalation exposure (50 ppm for f i v e 
hours) compared to measurements made immediately a f t e r exposure ended (Bolt et 
a l . , 1976). 

Watanabe and co-workers (1976a) also examined the fate of •'"'^C-vinyl 
chloride following inhalation exposure i n rats. Male Sprague-Dawley rats were 
exposed to 10 or 1,000 ppm v i n y l chloride i n whole-body metabolism cages for 
six hours and were observed for an additional 72 hours. After exposure to 10 
ppm v i n y l chloride, urinary r a d i o a c t i v i t y accounted for 68%, expired v i n y l 
chloride for 2%, expired CO2 for 12%, feces for 4%, and carcass and tissues 
for 14%, respectively, of the recovered r a d i o a c t i v i t y . After exposure to 
1,000 ppm, urinary r a d i o a c t i v i t y accounted for 56%, expired v i n y l chloride for 
12%, expired CO2 for 12%, feces for 4%, and carcass and tissues for 15% of the 
recovered r a d i o a c t i v i t y . The patterns of pulmonary elimination of 
unmetabolized v i n y l chloride following exposure to 10 or 1,000 ppm were 
sim i l a r and could be described by f i r s t - o r d e r k i n e t i c s , with h a l f - l i v e s of 
20.4 and 22.4 minutes, respectively. A corresponding biphasic elimination of 
urinary r a d i o a c t i v i t y following inhalation exposure to 10 or 1,000 ppm v i n y l 
chloride was observed; the h a l f - l i v e s for the i n i t i a l phase were 276 and 246 
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minutes, respectively. The l i v e r and skin contained the highest 
concentrations of r a d i o a c t i v i t y 72 hours after exposure to either dose. The 
authors concluded that since "the rate of elimination of v i n y l chloride per se 
from the lungs or C a c t i v i t y i n the urine was not d i f f e r e n t i n rats exposed 
to 10 or 1000 ppm," the dose-dependent fate (the r e l a t i v e amount of v i n y l 
chloride excreted by the two d i f f e r e n t routes) was not a t t r i b u t a b l e to 
saturation of the excretion pathways. The results are i n agreement with the 
hypothesis that the metabolism of v i n y l chloride becomes saturated at high 
exposure levels (Watanabe et a l . , 1976a). 

Gehring et a l . (1978) have investigated the extent to which the 
metabolism of v i n y l chloride i n rats quanitatively follows Michaelis-Menten 
k i n e t i c s . Over the exposure range of 1.4 to 4600 ppm for s i x hours the data 
follow approximately the Michaelis-Menten equation with: 

Vm = 8558 + 1147 (SD) /ig/6 hr, maximum v e l o c i t y ; 
Km •= 860 ± 159 (SD) / i g / l i t e r (336 + 62 (SD) ppm), saturation constant; 
R = 0.88, c o r r e l a t i o n c o e f f i c i e n t . 

The pharmacokinetics of inhaled v i n y l chloride i n a closed system has 
also been examined i n Rhesus monkeys (Buchter et a l . , 1980). Uptake of v i n y l 
chloride appeared to depend on i t s metabolism and to be a dose - dependent, 
saturable process. When monkeys were exposed to concentrations up to 200-300 
ppm i n a closed system, v i n y l chloride disappearance from the chamber followed 
apparent f i r s t - o r d e r k i n e t i c s . At higher exposure levels (up to 800 ppm), 
zero-order k i n e t i c s were observed, implying metabolic saturation. The f i r s t -
order clearance rate was 3.55 liters/hour/kg. The clearance rate f e l l by 90% 
after pretreatment with the aldehyde dehydrogenase i n h i b i t o r , disulfiram 
(Buchter et a l . , 1980). 

Gargas et a l . (1986, 1988) have used gas uptake data to determine the 
k i n e t i c constants of v i n y l chloride and other organic gases i n the F-344 male 
rat. The r e s u l t s for v i n y l chloride are Vj^^^ = /xmol/h, near previous 
values; K^i = 0.1 mg/l blood, lower than previous values by 10-fold; and 
blood-air p a r t i t i o n c o e f f i c i e n t = 1.68, near recent determinations. See also 
Chen^and.Blancato (1989), _ 

Liver microsomal enzyme a c t i v i t i e s and raacromolecular covalent binding 
in rats following either single or repeated exposures to v i n y l chloride were 
compared by Watanabe et a l . (1978a). One group of rats was exposed by 
inhalation to 5,000 ppm nonlabeled v i n y l chloride 6 hours/day, 5 days/week for 
7 weeks, and then exposed to carbon-labeled v i n y l chloride on the l a s t day. 
The fate of the labeled v i n y l chloride from these rats was compared with a 
separate group exposed for a single 6-hour period to 5,000 ppm of labeled 
v i n y l chloride. The a c t i v i t i e s of aniline hydroxylase and p-nitroanisole 0-
demethylase were the same i n rats exposed once or repeatedly or i n unexposed 
control rats. Covalent binding to hepatic macromolecules was greater i n rats 
repeatedly exposed as compared to those given a single exposure. Watanabe et 
a l . (1978a) concluded that this "increase i n hepatic macromolecular binding 
indicates that repeated exposure augments the reaction of e l e e t r o p h i l l c 
metabolites with macromolecules, and this may be expected to enhance potential 
t o x i c i t y , including carcinogenicity". Chronic exposure (28,000 ppm, seven 
hours/day, f i v e days/week for 2, 4 or 6 weeks) was found to increase 
glutathione reductase a c t i v i t y , glutathione -S-epoxide transferase a c t i v i t y . 
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glutathione-S-aralkyl transferase a c t i v i t i e s , and glutathione l e v e l s i n rat 
l i v e r and to depress cytochrome P-450 levels (Du et a l . , 1982). This suggests 
that a reactive metabolite of v i n y l chloride can destroy cytochrome P-450 and 
disrupt several enzymes that may effect i t s chronic t o x i c i t y . 

2.2.2 Intragastric. Intraperitoneal. Intravenous. Dermal, and 
Oral Administration 

Uptake and absorption of v i n y l chloride administered by i n t r a g a s t r i c 
(IG), intraperitoneal (IP) and intravenous (IV) administration follows the 
patterns observed i n inhalation studies. I t appears from these studies that 
the quantity of v i n y l chloride metabolized by these routes i s dependent on the 
quantity administered. 

Green and Hathway (1975) examined the excretion pattern of single doses 
of 0.25 and 450 mg/kg of radiolabeled ^'^C-vinyl chloride administered to rats 
by the IG, IP, and IV routes. More than 90% of the administered dose was 
excreted within the f i r s t 24 hours. Exhalation of unmetabolized v i n y l 
chloride i s the predominant route of excretion for each route of exposure at 
the high dose and for the low-dose intravenous exposure. After IG 
administration of the high dose, more than 90% of the dose was exhaled as 
unmetabolized v i n y l chloride and less than 1% as CO2, while 5% of the 
administered r a d i o a c t i v i t y was found i n the urine. At the low dose, urinary 
excretion accounted for 72% of the dose, unchanged exhaled v i n y l chloride for 
4% of the dose, and CO2 for 13% of the dose. About 100 times more v i n y l 
chloride was metabolized at the higher dose l e v e l than at the lower dose (an 
1,800-fold difference i n dose). These observations suggest that the 
metabolism of v i n y l chloride i s saturable by administration of a single- dose. 
In another experiment, chronic IG dosing with unlabeled v i n y l chloride at 3, 
30, or 300 mg/kg d a i l y for 60 days did not a f f e c t the rate or route of 
elimination of a single dose of radiolabeled v i n y l chloride from the body. 
Based on these re s u l t s , the authors suggested that v i n y l chloride 
excretion data for a single dose may also apply for chronic exposure to v i n y l 
chloride. 

Watanabe and associates (1976b) examined the excretion of •'"'^C-labeled 
v i n y l chloride following single o r a l doses of v i n y l chloride i n rat s . Their 
results were s i m i l a r to those of Green and Hathway (1975). After 
administration of a single oral dose of 0.05, 1, or 100 mg/kg of the labeled 
v i n y l chloride to male rats, urinary metabolites accounted f o r 68, 59, and 
11%, respectively, of the administered dose while the CO2 i n expired air. 
accounted for 9, 13, and 3%, respectively. Pulmonary elimination of 
unmetabolized v i n y l chloride represented only 1 to 3% • at the lower dose 
l e v e l s , but 67% at the higher dose l e v e l . Pulmonary clearance of the 0.05 and 
1 rag/kg doses was monophasic, with h a l f - l i v e s of 53.3 and 57.8 minutes, 
respectively. Clearance of the 100 mg/kg dose was biphasic, with h a l f - l i v e s 
of 14.4 and 40.8 minutes for the fast and slow phases, respectively. 

Absorption of v i n y l chloride after o r a l administration has been measured 
i n rats, both i n diet studies (Feron et a l . , 1981) and gavage studies (Withey, 
1976; Watanabe, 1976b). In these reports, almost 100% of the administered 
dose was absorbed, suggesting extensive g a s t r o i n t e s t i n a l uptake of v i n y l 
chloride. Maximum blood concentrations of v i n y l chloride were observed within 
10-20 minutes following dosing with aqueous or vegetable o i l solutions (dose 
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range 12.5-28.2 mg per rat (Withey, 1976). Green and Hathway (1975) observed 
absorption of 98.7% from the ga s t r o i n t e s t i n a l t r a c t following an o r a l dose of 
450 mg/kg. 

Limited percutaneous absorption (0.03% of dose) following whole body 
exposure (excluding the head) to either 800 or 7000 ppm of v i n y l chloride has 
been demonstrated i n monkeys (Hefner et a l . , 1975c). The usefulness of this 
study i s l i m i t e d , however, since only one monkey was exposed at each dose 
l e v e l . Exposure times were li m i t e d to 2.5 hours for the 800 ppm group and 2 
hours for the 7000 ppm group. The majority of.the absorbed v i n y l chloride was 
eliminated i n the expired a i r (Hefner et a l . , 1975c). 

2.3 Metabolism 

Metabolism of v i n y l chloride involves both microsomal and nonmicrosomal 
enzymes and res u l t s i n the conversion of v i n y l chloride to 2-chloroethylene 
oxide and subsequent oxidation to 2-chloroacetaldehyde and monochloroacetic 
acid. This saturable pathway appears to operate at low exposures (< 100 ppm), 
leading to the production of polar metabolites, which are predominantly 
excreted i n the urine. 

The i n i t i a l studies of Hefner and colleagues (Hefner et a i . , 1975a; 
1975b), suggested a possible role of alcohol dehydrogenase i n the metabolism 
of v i n y l chloride. Following exposure of Sprague-Dawley rats to low 
concentrations (< 200 ppm), v i n y l chloride was metabolized to 2-chloroethanol, 
chloroacetaldehyde, and monochloroacetic acid by an alcohol dehydrogenase 
(ADH)-mediated pathway. Pretreatment of rats with pyrazole or 95% ethanol 
s i g n i f i c a n t l y reduced both the uptake and metabolism of inhaled v i n y l chloride 
(Hefner et a l . , 1975a). This i n h i b i t i o n now appears more l i k e l y due to 
competition by a P450 isozyme (Brady et a l . 1989). 

Another proposed pathway, which involves only microsomal enzymes, is 
that following the formation of chloroethylene oxide, i t may spontaneously 
rearrange to form 2-chloroacetaldehyde and, subsequently, monochloroacetic 
acid (Kilbey, 1981). The epoxide, chloroacetaldehyde, and monochloroacetic 
acid can then undergo conjugation- with glutathione. Further metabolism' of 
these glutathione conjugates can produce a number of compounds, some of which 
have been i d e n t i f i e d i n the urine of animals treated with v i n y l chloride 
(Figure 2.1). S p e c i f i c a l l y , monochloroacetic acid, S-(carboxymethyl)cysteine, 
N-acetyl-S-(2-hydroxyethyl) cysteine, N-acetyl-viriylcysteine, and 
t h i o d i g l y c o l i c acid have been found i n the urine of rats exposed to v i n y l 
chloride by the inhalation and oral routes (Green and' Hathway, 1975; 1977; 
Watanabe et a l . , 1976a; i976b)'. Thiodiglycolic acid' and chloroaeetic acid 
have been detected i n the urine of workers exposed' to atmospheric v i n y l 
chloride (Muller et a l . , 1978'; Heger et a i . , 1982). The generation of CO2 
from v i n y l chloride has been postulated t c occur through the t r i c a r b o x y l i c 
acid cycle or the one- or two-carbon pools, with chloroaeetic acid or 
chloroethylene g l y c o l as the s t a r t i n g intermediate (Woo et a l . , 198'5)'. 

Studies by Bolt and co-workers (1976) indicate that the cytochrome P-450 
system i s involved i n v i n y l chloridemetabolisra. Their r e s u l t s demonstrated 
that the uptake of 50 ppm v i n y l chloride i n a closed system was completely 
blocked by i n h i b i t o r s of cytochrome P-450, such as 3-bromophenyl-4(5)-
imidazole or 6-nitro-1,2,3-benzothiodiazole. Pretreatment with the 
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i n s e c t i c i d e dichlorodiphenyl trichloroethane (DDT), an inducer of cytochrome 
P-450, was e f f e c t i v e i n enhancing uptake and absorption. However, 
phenobarbital, another P-450 inducer, has shown no ef f e c t on v i n y l chloride 
metabolism (Guengerich and Watanabe, 1979), possibly due to s e l e c t i v e 
induction of d i f f e r e n t cytochrome P-450 isozymes by the two compounds. 

Chronic ethanol treatment has been shown to potentiate the carcinogenic 
effect of v i n y l chloride i n male Sprague-Dawley rats (Radike et a l . , 1981). 
Animals were exposed by inhalation to 600 ppm v i n y l chloride four hours/day, 
fi v e days/week, for one year. Ingestion of 5% ethanol i n water 
(volume/volume, v/v) ad libitum was begun four weeks p r i o r to v i n y l chloride 
exposure and continued for l i f e or u n t i l the termination of the experiment, 
2.5 years a f t e r the f i r s t v i n y l chloride exposure and 1.5 years a f t e r v i n y l 
chloride exposure was terminated. The incidence of l i v e r angiosarcoma i n rats 
exposed to v i n y l chloride and ethanol was 50% (40/80) versus 23% (18/80) i n 
rats exposed to v i n y l chloride alone and 0% (0/80) i n animals treated only 
with ethanol. Radike and associates have suggested that t h i s potentiation of 
tumor formation may be due to the e f f e c t of alcohol on v i n y l chloride 
metabolism and a shared step i n the oxidation of ethanol and v i n y l chloride. 
The acetaldehyde product in ethanol metabolism may compete with 
chloroacetaldehyde for ADH. This would r e s u l t i n higher levels of 
chloroacetaldehyde. However, this metabolite may not be the ultimate 
carcinogen. Chloroacetaldehyde buildup may r e s u l t i n a decrease i n epoxide-
to-aldehyde conversion, leading to epoxide buildup and increased i n t e r a c t i o n 
with c e l l u l a r macromolecules. 

Radiolabeled v i n y l chloride has been shown to bind covalently to 
c e l l u l a r macromolecules i n vivo and i n v i t r o (Watanabe et a l . , 1978b; Woo 
et a l . , 1985; International Agency for Research on Cancer [lARC] 1979). 
Watanabe et a l . (1978b) exposed rats to C-vinyl chloride (range 1-5000 ppm) 
for s i x hours, and measured covalent binding of r a d i o a c t i v i t y to hepatic 
macromolecules, RNA and DNA, along with levels of hepatic glutathione. 
Binding of v i n y l chloride metabolites to l i v e r macromolecules did not increase 
proportionately with dose, but was instead related to the t o t a l amount of 
v i n y l chloride metabolized. Binding appeared to plateau above 500 ppm, while 
below 100 ppm binding was approximately proportional to the increase i n 
exposure. Depression of hepatic glutathione occurred only at exposure levels 
of 100 ppm or higher. Covalent binding to RNA or DNA was not detected for any 
exposure group (Watanabe et a l . , 1978b). However, a subsequent study found 
covalently bound v i n y l chloride metabolites attached to proteins and. nucleic 
acids i s o l a t e d from the l i v e r s of rats exposed to either 10 or 250 ppm v i n y l 
chloride for two hours. (Guengerich and Watanabe, 1979). Rat l i v e r DNA 
isolated from the two groups of exposed animals contained 0.04 and 0.9 pg of 
t o t a l bound metabolites per gram of wet l i v e r , respectively. Pretreatment 
with phenobarbital had no apparent e f f e c t on metabolism or DNA-binding of 
metabolites, but did increase binding to protein and RNA at the 10-ppm dose 
l e v e l . In v i t r o binding of 14C-vinyl chloride to proteins and nucleic acids 
appeared to be dependent on the t h i o l content of the proteins and the 
presence of reduced nicotinamide adenine dinucleotide phosphate (NADPH), 
oxygen, and microsomal enzymes (Guengerich and Watanabe, 1979). 

Both chloroethylene oxide and chloroacetaldehyde have been studied as 
possible reactive intermediates that could act as the "ultimate" mutagen or 
carcinogen formed from v i n y l chloride. The epoxide i s considered to be the 
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most b i o l o g i c a l l y active metabolite (Bartsch et a l . , 1975; Laib and Bolt, 
1977). Other researchers have proposed that chloroacetaldehyde may be a more 
eff e c t i v e a l k y l a t i n g agent (Woo et a l . , 1985). In vivo and i n v i t r o studies 
by Guengerich and Watanabe (1979) suggest that the mechanism for a c t i v a t i o n 
and binding of v i n y l chloride involves the release of the chloride atoms as 
chloride ions, either i n the actual activation mechanism or i n rearrangment of 
the metabolite or adduct. However, Guengerich and S t r i c k l a n d (1977) have 
demonstrated that neither chloroethylene oxide nor 2-chloroacetaldehyde appear 
to be responsible for destruction the heme group of cytochrome P-450 occuring 
after administration of v i n y l chloride. Other mechanisms (or reactive 
metabolites) may account for the destruction. See also Sections 6.2 and 6.6 
for recent discussions of the role of metabolites i n the mechanisms of 
genotoxicity. 
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Ihloiilf.lyi ol 1( .i< lu' 
(thladi.iccl tc .iriil^ 



3.0 ACUTE TOXICITY 

Several investigators have reviewed the toxic effects of acute exposure to 
v i n y l chloride. ( S e l i k o f f and Hammond, 1975; Torkelson and Rowe, 1981; EPA, 
1984b). The sections below present a b r i e f account of the p r i n c i p a l findings. 

3.1 Summary 

The acute effects of v i n y l chloride are s i m i l a r f o r humans and animals: 
central nervous system depression (anesthesia) and cardiac, c i r c u l a t o r y , and 
respiratory i r r e g u l a r i t i e s . Frostbite from contact of s k i n with l i q u i d v i n y l 
chloride has been reported. Repeated Inhalational exposure of humans to high 
concentrations of v i n y l chloride has been associated with narcosis, damage to 
the l i v e r , spleen, and c i r c u l a t o r y system, and a complex of symptoms i d e n t i f i e d 
as occupational acro-osteolysis. With the exception of acro-osteolysis, the 
occurrence of these toxic symptoms has also been confirmed i n experimental 
animals, The exact occupational exposure levels associated with these symptoms 
are not known, but are thought to be above 100 ppm. 

3.2 Animal Studies 

A report of exposures causing 50% l e t h a l i t y (LD^Q) i n groups of animals 
exposed to v i n y l chloride by inhalation for two hours indicates a low acute 
t o x i c i t y : 27,419 ppm i n mice, 47,640 ppm i n ra t s , 236,215 ppm i n guinea pigs, 
and 263,215 ppm i n rabbits. Toxic symptoms following exposure included narcosis 
accompanied by respiratory and c i r c u l a t o r y disturbances. Death was caused by 
respiratory f a i l u r e . Microscopic examination of a l l animals indicated damage to 
the lungs, l i v e r , and kidneys (Prodan et a l . , 1975a). 

3.3 Human Data 

Several human deaths following very high exposure (concentrations 
unreported) to v i n y l chloride have been reported. Autopsies revealed congestion 
of the l i v e r , spleen, and kidneys (Danziger, 1960, c i t e d i n Maltoni et a l . , 
1984). Lester and co-workers (1963) estimated that the short-term ( f i v e 
minutes) exposure l i m i t (STEL) of v i n y l chloride to which a human could be 
exposed without symptoms of acute t o x i c i t y was betrween 8,000 and 13,000 ppm. 
Suciu et a l . (1975) reported that workers exposed to v i n y l chloride ( l e v e l s not 
given) experienced euphoria, i n t o x i c a t i o n , and narcosis. They also reported 
generalized transient contact dermatitis after dermal exposure. 
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4.0 SUBCHRONIC AND CHRONIC TOXICITY 

Several investigators have reviewed the toxic effects r e s u l t i n g from 
subchronic and chronic exposure to v i n y l chloride. ( S e l i k o f f and Hammond, 
1975; Torkelson and Rowe, 1981; EPA, 1984b). The sections below present a 
b r i e f account of the p r i n c i p a l findings. 

4.1 Human 

Reports on the adverse effects of repeated occupational exposure to 
v i n y l chloride are based mainly on the observations of workers who have been 
the most heavily exposed. Those individuals were involved i n occupations 
such as cleaning autoclaves and centrifuges, or engaged i n drying and 
s h i f t i n g processes. They experienced a wide range of symptoms: a 
vasospastic disorder i n the hands s i m i l a r to Raynaud's syndrome; occupational 
acro-osteolysis, which included clubbing-like swellings and loss of bone from 
the terminal phalanges, scleroderma-like skin changes, and dermatitis; 
acrocyanosis, consisting of vascular changes and impaired thermoregulation; 
positive cold test reactions; capillaroscopic a l t e r a t i o n s ; paresthesias; and 
central nervous system symptoms. These c l i n i c a l sjnnptoms ( c l a s s i f i e d as 
" v i n y l chloride disease") were accompanied by c i r c u l a t o r y disturbances, 
thrombocytopenia, splenomegaly, and changes i n the l i v e r . The period of 
exposure before the f i r s t sign of symptoms was as short as one month to as 
long as three years. A year or two after removal from exposure, most of the 
abnormalities disappeared (Veltman et a l . , 1975; Wilson et a l . , 1967; Harris 
and Adams, 1967; L i l i s et a l . , 1975). 

Several studies have reported hepatotoxicity and impaired l i v e r 
function i n humans resulting from exposure to v i n y l chloride at 
concentrations ranging from 1 to 470 ppm (Marstellar and Lelbach, 1975; L i l i s 
et a l . , 1975; Thomas and Popper, 1975; Suciu et a l . , 1975). 

Repeated occupational exposure to v i n y l chloride has also been noted to 
resul t i n impaired pulmonary function ( M i l l e r et a l . , 1975; Gamble et a l . , 
1976) . I n t e r s t i t i a l pulmonary f i b r o s i s has been reported, but these 
p a r t i c u l a r workers were also exposed to p o l y v i n y l chloride dust. I t has been 
proposed, but not s a t i s f a c t o r i l y demonstrated, that i n t e r s t i t i a l pulmonary 
f i b r o s i s may be caused by v i n y l chloride-altered immune status ( L i l i s et a l . , 
1975; Ward et a l . , 1976). In a study of present and past workers affected 
with v i n y l chloride disease. Ward et a l . (1976) observed a range of symptoms 
associated with immune system dysfunction i n 19 of the 28 affected workers. 

From t h e i r study of occupationally exposed workers, Spirtas et a l . 
(1975) concluded that a dose-response r e l a t i o n s h i p existed between exposure 
to v i n y l chloride and certain acute (primarily neurological) symptoms. The 
investigators examined the frequency of eight symptoms i n d i c a t i v e of c e n t r a l 
nervous system disturbance, peripheral neuromuscular and neurovascular 
disturbance, and l o c a l i r r i t a t i o n . V i n y l chloride doses were estimated from 
company data describing probable exposure scenarios for d i f f e r e n t job 
descriptions. Exposure concentrations appeared to range from 0 to 200 ppm. 
They observed a s t a t i s t i c a l l y s i g n i f i c a n t dose r e l a t i o n s h i p i n the occurrence 
of f i v e of the eight symptoms (dizziness, nausea, headache, t i n g l i n g 
sensation i n arms and legs, and fatigue). These symptoms occurred a f t e r 
exposures to less than 50 ppm. These data support other observations i n 
humans that indicate v i n y l chloride may produce adverse health effects even 
at l e vels below 50 ppm (Spirtas et a l . , 1975). However, i t should be noted 
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the exposure estimates based on probable scenarious may not r e f l e c t 
i n d i v i d u a l exposures due to person-specific work practices. 

4.2 Animals 

Repeated inh a l a t i o n exposure to v i n y l chloride has been reported to 
re s u l t i n osteoporosis and t o x i c i t y to the l i v e r , kidney, spleen, lung, and 
testes i n c e r t a i n animals. The results of some of these studies are 
reported i n Table 4.1. 
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5.0 DEVELOPMENTAL AND REPRODUCTIVE EFFECTS 

5.1 Summary 

Experimental and epidemiologic studies have investigated the 
developmental and reproductive t o x i c i t y of v i n y l chloride. (Barlow and 
S u l l i v a n , 1982; Bardin et a l . , 1982; Hemminki and V i n e i s , 1985). V i n y l 
chloride crosses the placenta of experimental animals. Some data indicates 
i t may act as a transplacental carcinogen. No teratogenic effects were 
observed when v i n y l chloride was administered by i n h a l a t i o n at maternally 
toxic doses. A single unconfirmed report disclosed a teratogenic e f f e c t i n 
rats a f t e r v i n y l chloride exposure as low as 2.5 ppm. Evidence that v i n y l 
chloride causes male reproductive damage has been presented i n one 
experimental study and i n a few hunan case studies. Epidemiologic analysis 
of communities located close to p o l y v i n y l chloride plants have suggested an 
association between those locations and an increased r i s k of b i r t h defects, 
but none of the studies have adequately c o n t r o l l e d for a l l confounding 
variables, and no positive c o r r e l a t i o n has been made conclusively l i n k i n g 
v i n y l chloride exposure with harmful reproductive e f f e c t s . 

5.2 Teratogenic Effects i n Animals 

5.2.1 Inhalation Studies 

Rats: John et a l . (1977) reported that no developmental t o x i c i t y or 
defects occurred when pregnant Sprague-Dawley rats were exposed to either 500 
or 2500 ppm v i n y l chloride for seven hours d a i l y on days 6 through 15 of 
gestation. These concentrations proved toxic to the mothers, however. In a 
separate experiment, pregnant rats exposed to 2500 ppm v i n y l chloride by 
inhalation and 15% ethanol i n drinking water experienced greater maternal and 
f e t a l t o x i c i t y than animals exposed only to v i n y l chloride, but no 
teratogenic response was observed. However, f e t a l body measurements were 
lower among those rats that received ethanol and v i n y l chloride. These 
effects on fetuses were sim i l a r to those reported following administration of 
ethanol only (John et a l . , 1981). 

Ungvary et a l . (1978) exposed groups of three pregnant CFY rats to 
1500 ppm v i n y l chloride continuously on days 1 through 9, 8 through 14, or 14 
through 21 of gestation. An increased number of resorbed fetuses was found 
in the group exposed to v i n y l chloride during the f i r s t 9 days (p < 0.05), 
but no s i g n i f i c a n t effects were observed i n rats exposed at other stages of 
gestation. 

In a recent study reported i n abstract form, Radike et a l . (1988) 
reported that v i n y l chloride was a transplacental carcinogen capable of 
causing p e r i n a t a l oncogenesis. An increase i n the numbers of l i v e r 
carcinomas and angiosarcomas i n the o f f s p r i n g of pregnant rats exposed to 600 
ppm for four hours/day from day 9 to day 21 of gestation was obseiryed. Post
natal exposure of the pups to 600 ppm increased the incidence of l i v e r 
tumors. Co-administration of 5% ethanol with v i n y l chloride did not Increase 
the incidence of treatment-related malignancies. 

A single Russian study has reported an association betrween v i n y l 
chloride exposures of as low as 2.5 ppm during pregnancy and embryo 
l e t h a l i t y , teratogenicity, and f e t o t o x i c i t y i n rats (Mirkova et a l . , 1978, 
c i t e d i n Barlow and Sullivan, 1982). The study and i t s r e s u l t s were reported 
only q u a l i t a t i v e l y and no s t a t i s t i c a l data were published. Adverse e f f e c t s 
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reported included doubling of embryo mortality, a high incidence of cerebral 
malformations, and f e t o t o x i c i t y . 

Bi et a l . (1985) examined the effects of v i n y l chloride on t e s t i c u l a r 
seminiferous tubules i n rats. Groups of 75 male Wistar r a t s were exposed by 
inhalation to e i t h e r 0, 10, 100 or 3000 ppm v i n y l chloride for s i x hours/day, 
s i x days/week for three, s i x , nine or twelve months. Eight to t h i r t y rats 
were s a c r i f i c e d a f t e r each exposure period, with remaining animals k i l l e d 18 
months af t e r the i n i t i a l exposure ( i . e . , s i x months a f t e r terminating 
exposure). Incidence of seminiferous tubule damage for the c o n t r o l , 10, 100 
and 3000 ppm group were 19, 30, 37 and 56%, respectively. Changes included 
cytoplasmic vacuolation, nuclear condensation, fusion of spermatids and 
spermatocytes, and e p i t h e l i a l necrosis and degeneration. Seminiferous tubule 
damage i n the two higher dose groups was s i g n i f i c a n t l y greater than for the 
control group (Bi et a l . , 1985). 

Mice: Groups of 30 to 40 pregnant CF-1 mice were exposed by inhalation 
to either 50 or 500 ppm v i n y l chloride for seven hours/day on days 6-15 of 
gestation. Exposure to 500 ppm caused maternal t o x i c i t y while no maternally 
toxic effects were observed at 50 ppm. No developmental defects were 
reported i n fetuses exposed to either concentration. An increased number of 
resorptions and decreases i n l i t t e r size and f e t a l body weight were seen i n 
mice exposed to 500 ppm, but these effects were considered secondary to the 
toxic effects of v i n y l chloride i n the mother (John et a l . , 1977; 1981). 

Rabbits: No teratogenic or embryotoxic effects were observed i n the 
offspring of pregnant rabbits (15 to 20 per group) exposed by inhalation to 
either 500 or 2500 ppm v i n y l chloride for seven hours per day on days 6-18 of 
gestation. The incidence of resorptions was s i g n i f i c a n t l y increased i n 
rabbits exposed to 2500 ppm v i n y l chloride, a dose that produced other 
adverse e f f e c t s i n the dam (John et a l . , 1977; 1981). Simultaneous 
administration of 15% ethanol i n the drinking water and 500 ppm v i n y l 
chloride i n a i r resulted i n increased t o x i c i t y to the mother and produced 
defects i n the developing embryo not observed i n animals exposed to v i n y l 
chloride alone. 

5 . 3 Reproductive Effects i n Humans 

Several epidemiologic studies have been conducted to assess potential 
reproductive and developmental effects i n the families of v i n y l chloride 
workers (reviewed i n Wagoner and Infante, 1980; Clemmesen, 1982). Infante 
(1976) analyzed b i r t h c e r t i f i c a t e data obtained from a group of Ohio 
coimnunities, three of which contained v i n y l chloride polymerization plants. 
Although a s t a t i s t i c a l l y s i g n i f i c a n t increase (p < 0.01) i n b i r t h defects 
was observed i n the towns with v i n y l chloride f a c i l i t i e s (compared with the 
b i r t h defect rate f o r the entire State of Ohio), several other c i t i e s without 
v i n y l chloride f a c t o r i e s exhibited rates equally high and higher. 
Spontaneous abortion rates were also elevated i n wives of v i n y l chloride 
workers (Infante, 1976). Edmonds et a l . (1975; 1978) conducted two case-
controlled studies evaluating CNS malformations among o f f s p r i n g of v i n y l 
chloride .workers and families l i v i n g near polyvinyl chloride f a c i l i t i e s i n 
Paine s v i l l e , IN and Kanawha County, WV. More cases than controls l i v e d 
within three miles of the polyvinyl chloride plants (p < 0.02). In reviewing 
these three studies, Hemminki and Vineis (1985) concluded that there was 
inadequate evidence l i n k i n g environmental or paternal exposure to v i n y l 
chloride with b i r t h defects i n humans. 
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Theriault et a l . (1983) measured the incidence of b i r t h defects i n 
infants bom to residents of Shawinigan, Canada betrween 1966 and 1979. A 
v i n y l chloride polymerization plant had been operating i n the town since 
1943. Although the authors stated that some de s c r i p t i v e data suggested an 
association between ambient exposure to v i n y l chloride and b i r t h defects i n 
the exposed community, no s i g n i f i c a n t increases i n e i t h e r s t i l l b i r t h s or 
b i r t h defects were observed (Theriault et a l . , 1983). 
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6.0 GENOTOXICITY 

6.1 Summary 

Several authors have reviewed the genotoxicity of v i n y l chloride. 
(lARC, 1979; Duverger et a l . , 1981; Bartsch et a l . , 1975; SRI I n t e r n a t i o n a l , 
1983; Fabricant and Legator, 1981). V i n y l chloride causes genetic damage i n 
many test systems, including bacteria, fungi, higher plants, and i n v i t r o 
mammalian systems, as well as i n vivo i n Drosophila ( f r u i t f l y ) , rodents, and 
humans. Previous reviews have suggested that a metabolite of v i n y l chloride 
i s the major cause of the observed genotoxicity. However, v i n y l chloride has 
been observed to be mutagenic i n some i n v i t r o test systems without an 
exogenous a c t i v a t i o n system. This p a r t i c u l a r e f f e c t may be the r e s u l t of 
endogenous c e l l u l a r metabolizing enzymes, or the molecule i t s e l f may be 
genotoxic. From experiments i n laboratory animals v i n y l chloride does not 
appear to cause genetic damage to germ c e l l s , but does transform mammalian 
c e l l s and enhances virally-induced mammalian c e l l transformation i j i v i t r o . 
This strong evidence of the genotoxicity of v i n y l chloride suggests that i t s 
reported carcinogenicity proceeds by genotoxic mechanisms. Data that support 
this suggestion are summarized below. 

6.2 Mutagenicity 

V i n y l chloride i s mutagenic i n most major short-term t e s t s . I t s 
a c t i v i t y i s enhanced i n the presence of exogenous or endogenous metabolic 
a c t i v a t i o n , suggesting that a metabolite may be more mutagenic than the v i n y l 
chloride molecule i t s e l f . This observation i s supported by i n v i t r o 
experiments i n E c o l i examining mutagenesis by the v i n y l chloride metabolite 
2-chloroacetaldehyde (CAA). CAA generated predominantly cytosine-to-thymine 
(C-to-T) t r a n s i t i o n s and less often cytosine-to-adenine (C-to-A) transversions 
or other mutations at adenine (Jacobsen et a l . 1989). Further investigations 
(Jacobsen and Humayun, 1990) of CAA mutagenesis have provided evidence against 
a strong role for DNA repair by induction at SOS genes i n mutagenesis at 
cytosine lesions, suggesting that these predominant lesions do not block DNA 
r e p l i c a t i o n . Several investigators have marshalled evidence that 
chloroethylene oxide, the f i r s t metabolite of v i n y l chloride and an immediate 
precursor for CAA, i s responsible for mutagenesis i n vivo. See sections 2.3 
and 6.5. 

5.2.1 B a c t e r i a l Assays 

Several studies of v i n y l chloride have been conducted using the Ames' 
Salmonella typhimurium (S. typhimurium') assay (McCann et a l . , 1975; Bartsch 
and Montesano, 1975; Bartsch et a l . , 1975; Garro et a l . , 1976). These studies 
and others have recently been summarized (lARC, 1987). These studies indicate 
that v i n y l chloride apparently acts as a mutagen whose e f f e c t i s 
s i g n i f i c a n t l y enhanced i n the presence of l i v e r microsomal enzyme preparations 
from mice, rat s , or humans, and NADPH. For example, Bartsch and Montesano 
(1975) investigated the mutagenicity of v i n y l chloride i n a i r at 
concentrations of 0, 0.2, 2, or 20% i n both the absence and the presence of S-
9 f r a c t i o n obtained from l i v e r s of uninduced or phenobarbitone-induced r a t s . 
In the absence of metabolic activation, a dose-related increase of up to 15 
times background was observed i n S. typhimurium st r a i n s TA1535 and G46. In 
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the presence of S-9 from uninduced rats, the frequency of revertants was 
increased up to 23 times above background i n s t r a i n TA1530, and up to 16 and 
fi v e times above background i n strains TA1535 and G46, respectively. The 
frequency of revertants increased to approximately 28 times above background 
i n s t r a i n TA1530, and to 18 and s i x times above background i n s t r a i n s TA1535 
and G46, respectively, when S-9 from phenobarbitone-induced rats was used. In 
the same study, chloroacetaldehyde, a metabolite of v i n y l c h l o r i d e , proved 
mutagenic (15 times above background) i n s t r a i n TA1530 i n the absence of 
exogenous metabolic a c t i v a t i o n . Chloroethylene oxide was less toxic than 
chloroacetaldehyde, but was also mutagenic (nine times above background) when 
tested without exogenous metabolic activation. The authors proposed that the 
increase i n revertants i n the absence of an exogenous metabolic a c t i v a t i o n 
system was either the r e s u l t of nonenzymatic breakdown products of v i n y l 
chloride or a r e s u l t of compounds foirmed by b a c t e r i a l enzymes. However, the 
answer to t h i s question was not e f f e c t i v e l y resolved by t h i s study (Bartsch 
and Montesano, 1975). 

Salmonella typhimurium s t r a i n TA1538, which i s s p e c i f i c a l l y reverted by 
frameshift mutagens, was unaffected by concentrations of 20% v i n y l chloride i n 
a i r (Bartsch et a l . , 1975). V i n y l chloride i n water or methanol when tested 
i n S. typhimurium st r a i n s TAIOO, TA1530, TA1535 or G46, even with S-9 l i v e r 
f r actions from phenobarbital-induced mice, did e l i c i t a mutagenic response. 
The apparent i n a c t i v i t y of v i n y l chloride might have been caused by the rapid 
d i f f u s i o n of v i n y l chloride from the solution into the atmosphere (Bartsch et 
a l . , 1975). 

Other experiments have confirmed the mutagenic a c t i v i t y of v i n y l 
chloride i n Salmonella. V i n y l chloride was mutagenic i n S. typhimurium s t r a i n 
TA1530, both with and without activation, after incubation i n a v i n y l 
chloride/ethanol medium. This medium probably helped r e t a i n v i n y l chloride i n 
this system. The mutation rate increased when c e l l s were incubated i n the 
presence of u l t r a v i o l e t l i g h t and decreased when hydroquinone, a r a d i c a l -
trapping agent, was added to the incubation medium. These r e s u l t s and others 
suggest that r a d i c a l metabolites may also be important determinants of 
mutagenic a c t i v i t y (Duverger-Van Bogaert.et a l . , 1982; Garro et a l . , 1976). 

In at least one study, the increases i n v i n y l chloride-induced 
mutagenicity i n S. typhimurium s t r a i n TA1530 observed with the addition of 
l i v e r f ractions obtained from untreated or PCB-induced animals were s i m i l a r , 
(Garro. et a l . , 1976). V i n y l chloride was mutagenic i n s t r a i n TA1530 i n the 
presence of rat or mouse l i v e r S-9 fr a c t i o n from Arocior-induced animals. 
Mutagenicity was observed even i n the absence of an NADPH-generating system. 
Heat-inactivation of the mixed-function oxidase system did not r e s u l t in. 
decreased mutagenicity of v i n y l chloride. These results suggest that the 
mutagenic a c t i v i t y observed with v i n y l chloride i n the Ames' test i s not 
necessarily due to enzymatic a c t i v a t i o n by a mixed-function oxidase system. 

V i n y l chloride induced forward and reverse mutations i n Escherichia c o l i 
(E. c o l i ) s t r a i n 343/113 (Mohn, 1981) and forward mutations i n E. c o l i s t r a i n 
K12 with, but required metabolic activation with mouse l i v e r microsomes (Greim 
et a l . , 1975, c i t e d i n lARC, 1979). 

Chloroethylene oxide at concentrations of 2.5 mraol was more cytotoxic 
and mutagenic than chloroacetaldehyde at concentrations of 100 mmol when 
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tested i n E. c o l i s t r a i n K12A (Perrard, 1985). These r e s u l t s are consistent 
with those obtained i n the Salmonella typhimurium assay (Bartsch et a l . , 
1975) . 

6.2.2 Eukaryotic Systems 

Viny l chloride induced forward mutations i n the yeast 
Schizosaccharomyces pombe following either a host-mediated assay i n mice or i n 
v i t r o a f t e r metabolic ac t i v a t i o n with mouse l i v e r microsomes (Loprieno et a l . , 
1976; Bartsch and Montesano, 1975). Chloroethylene oxide was mutagenic 
without a c t i v a t i o n i n the same system (Loprieno et a l . , 1976). In 
Saccharomvces cerevisiae s t r a i n D4, v i n y l chloride ( i n concentrations of 
either 16 or 48 mM) induced gene conversion at the adenine-2 and tryptophan-5 
l o c i only i n the presence of mouse l i v e r microsomes (Loprieno et a l . , 1976). 
Vin y l chloride, both as a gas and as an ethanol s o l u t i o n , was tested for 
potential mutagenicity i n two strains of the fungus Neurospora crassa. There 
was no detectable mutagenic effect, either with or without metabolic 
acti v a t i o n . The authors suggested t h i s was because v i n y l chloride could not 
penetrate the conidia (spore) (Drozdowicz and Huang, 1977) . 

6.2.3 Cultured Mammalian C e l l Assays 

V i n y l chloride was tested i n the Chinese hamster ovary/hypoxanthine 
guanine phosphoribosyl transferase (CHO/HGPRT) system, an assay designed to 
detect mutations i n the gene coding for the HGPRT locus. V i n y l chloride (at 
concentrations of 10% i n a i r ) was mutagenic only i n the presence of complete 
S-9 mixtures from Arocior-induced rat l i v e r s . When various cofactors used to 
activate the l i v e r enzymes (for example, NADPH) were not included i n this test 
system, v i n y l chloride was inactive even at higher concentrations (Krahn, 
1979) . 

Forward mutations were induced i n V79 Chinese hamster lung c e l l s i n the 
presence of phenobarbital-pretreated rat l i v e r supernatant (15,000 x g) 
(Drevon et a l . , 1977, ci t e d i n lARC, 1979). Huberman et a l . (1975) reported 
that at concentrations of 6-13 mmol the v i n y l chloride metabolites 
chloroethylene oxide and 2-chloroacetaldehyde caused a dose-dependent 
induction of 8-azaguanine (four to eight times above background) and ouabain-
resistant (up to 23 times above background) mutants i n Chinese hamster V79 
c e l l s i n v i t r o . Both 2-chloroethanol and monochloroacetic acid (at 
concentrations of up to 2500 mmol) were found to be inac t i v e (Huberman et a l . , 
1975). 

6.2.4 In Vivo Mutagenicity Assays 

A s i g n i f i c a n t increase i n recessive l e t h a l mutations i n Drosophila 
melanogaster was observed after exposure to 850 ppm v i n y l chloride for two 
days. Exposure to 30 ppm for 17 days also caused an increase i n recessive 
l e t h a l mutations. Although v i n y l chloride was tested at concentrations 
ranging from 30 to 50,000 ppm, the mutation frequency rate reached a plateau 
at 10,000 ppm, a finding the authors a t t r i b u t e d to saturation of metabolizing 
enzymes (Verburgt and Vogel, 1977). However, v i n y l chloride did not cause any 
s i g n i f i c a n t increase i n dominant l e t h a l mutations, translocations, or entire 
or p a r t i a l sex-chromosome loss following exposure to 30,000 ppm for 2 days 
(Verburgt and Vogel, 1977). 
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Maier and Schawalder (1988) found a dose-dependent increase i n gene mutations 
at the 6-thioguanine locus i n f i b r o b l a s t - l i k e c e l l s i s o l a t e d from subcutaneous 
granuloma tissue of male Sprague-Dawley rats dosed with v i n y l chloride. This 
"granuloma pouch assay" i s believed to detect genotoxins activated by 
peroxidative pathways l i k e the xenobiotic co-oxidation pathway mediated by 
prostaglandin H synthase. Nevertheless, other factors precluded the 
conclusion that v i n y l chloride , was being metabolically activated by these 
pathways (Maier and Schawalder, 1988). 

6.3 Chromosomal Damage 

6.3.1 Dominant Lethal Tests 

V i n y l chloride f a i l e d to produce dominant l e t h a l mutations i n offspring 
of male CD-I mice exposed by inhalation to concentrations of 3,000, 10,000, or 
30,000 ppm, s i x hours/day for f i v e days, and then mated with successive pairs 
of untreated females over an eight-week period (Anderson et a l . , 1977). There 
was no evidence that v i n y l chloride had any mutagenic e f f e c t on any maturation 
stage of spermatogenesis. In addition, no s i g n i f i c a n t increase i n the number 
of post-implantation early f e t a l deaths, no evidence of preimplantation egg 
loss, and no reduction i n f e r t i l i t y were observed i n t h i s study (Anderson et 
a l . , 1977). 

Male rats were exposed to 0, 50, 250, or 1000 ppm v i n y l chloride by 
inhalation for s i x hours/day, f i v e days/week for 11 weeks (Short et a l . , 
1977). During the eleventh week of exposure, the rats were housed with two 
untreated females for seven evenings or u n t i l matings occurred i n both 
females. Although there was a s i g n i f i c a n t reduction i n the number of females 
who became pregnant when housed with males exposed to 1000 ppm v i n y l chloride, 
there was no s i g n i f i c a n t e f f e c t on t o t a l implants/female or dead 
implants/female i n those females that became pregnant (Short et a l . , 1977). 

No dominant l e t h a l mutations were produced i n Drosophila melanogaster 
following exposures of up to 30,000 ppm for two days (Verburgt and Vogel, 
1977). 

6.3.2 Chromosome Aberration/Sister Chromatid Exchange Studies 

6.3.2.1 Experimental Studies 

S i s t e r chromatid exchanges (SCE) and aberrant metaphases were increased 
rn chromosomes of bone marrow c e i l s of Chinese hamsters exposed to either 
1.25, 2.5 or 5% (v/v) v i n y l chloride i n a i r for 6, 12, or 24 hours. The 
greatest number of SCEs were seen after exposure to 2.5% v i n y l chloride for 24 
hours. The greatest number of aberrant metaphases was obseirved after exposure 
to 5% v i n y l chloride for 24 hours (Baisler and Rohrborn, 1980) . 

The mutagenic potential of v i n y l chloride was evaluated i n the mammalian 
spot: test. Female C57B1/6J Han mice were mated to male Han/T mice, then 
exposed to 4600 ppm v i n y l chloride i n a i r for f i v e hours on day 10 of 
gestation. No ef f e c t on l i t t e r s i ze or coat color was seen i n F^ offspring 
(Peter and Ungvary, 1980). 
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No i n d i v i d u a l clastogenic effect (including chromatid gaps, breaks, and 
fragments) was s i g n i f i c a n t l y increased i n bone marrow c e l l s obtained from 
male Wistar rats exposed to v i n y l chloride at 1500 ppm, s i x hours per day for 
five days. However, there was a s i g n i f i c a n t increase i n the number of c e l l s 
with any abnormality following this exposure scenario. Although the percent 
of c e l l s with gaps was elevated, no s t a t i s t i c a l l y s i g n i f i c a n t increase was 
observed when v i n y l chloride exposure was extended to three months (Anderson 
and Richardson, 1981). 

Walles et a l . (1988) observed induction of single-strand breaks i n l i v e r 
DNA by the unwinding technique. Female mice received exposures of 100, 250, 
and 500 ppm v i n y l chloride for 27 hours. Single-stand breaks increased i n a 
dose-dependent manner that appeared to saturate by the 500-ppm exposure. 
Measurements of adduct levels i n hemoglobin and in f e r r e d l e v e l s i n DNA also 
indicated a saturation effect. Calculations indicate a greater mutagenic 
e f f i c i e n c y of v i n y l chloride than other agents that have been s i m i l a r l y 
tested. The same techniques showed that 80% of the single-strand breaks are 
repaired i n 20 hours. 

6.3.2.2 Human Observations 

Several studies of chromosomal abnormalities i n the peripheral 
lymphocytes of workers exposed to v i n y l chloride were reported i n the lARC 
monograph (1979). Aberrations most frequently reported were fragments, 
d i c e n t r i c s and rings, and breaks and gaps. These e a r l i e r studies were of 
l i m i t e d value, involving small groups of workers with inadequate controls. 
For example, Leonard and associates (1977) examined lymphocytes from seven men 
working i n a v i n y l chloride plant and 11 workers i n a v i n y l chloride 
polymerization plant. The incidence of such chromosome aberrations as 
chromatid breaks and gaps were comparable i n a l l groups, but the degree of 
severity of the abnormalities obsery^ed was more severe i n ten of the 11 
polymerization plant workers than i n the seven workers from the other v i n y l 
chloride factory. The lack of controlled conditions greatly reduces the 
usefulness of th i s study. Vinyl chloride levels were less than 10 ppm at the 
time of the study, but were estimated to have been as high as 500 ppm i n 
e a r l i e r years. Also, several of the polymerization plant workers had been 
given X-ray treatment on the hands, but no controls had been exposed to 
s i m i l a r X-rays (Leonard et a l . , 1977). 

Another study of 56 workers i n the pol y v i n y l chloride industry suggested 
that occupational exposure to v i n y l chloride could have a measurable e f f e c t on 
the induction of chromosomal aberrations i n cultured lymphocytes obtained from 
these workers (Purchase et a l . , 1975). Exposure levels were not measured. 
Workers from both the test and control groups who had been exposed to X-rays 
or had had prolonged drug treatment or recent v i r a l infections were excluded 
from the study. However, the results from t h i s study and t h e i r s i g n i f i c a n c e 
were not discussed (Purchase et a l . , 1975). Kucerova and colleagues (1979) 
found that the frequency of SCE and other chromosomal aberrations was 
s i g n i f i c a n t l y higher i n workers exposed to 20-150 ppm v i n y l chloride i n a i r 
than i n unexposed controls matched for sex and age. Chromatid and chromosome 
breaks were detected i n the greatest frequency; chromatid and chromosome 
exchanges occurred only sporadically. 
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Some subsequent studies have v e r i f i e d these findings. The majority 
suggest that the frequency of occurrence of aberrations decreased with 
decreasing occupational exposure l e v e l s . For example, p o l y v i n y l chloride 
workers (N - 52) exposed to mean concentrations of 2.34 ppm v i n y l chloride had 
s i g n i f i c a n t l y greater numbers of chromosome breaks and chromosomal aberrations 
than did unexposed controls (N - 74) (Suskov and Sazonova, 1982). However, i n 
another study, workers exposed to low levels of v i n y l chloride showed no 
differences from controls i n the number of SCE or chromosome breaks. 
Si g n i f i c a n t differences had been seen i n the same population previously when 
occupational v i n y l chloride exposures had been higher (Hansteen et a l . , 1978). 

Cytogenetic studies of peripheral lymphocytes from 67 workers 
occupationally exposed for 15 years to v i n y l chloride (current occupational 
l e v e l of 5 ppm) were made to determine the location and frequency of 
chromosomal breaks (Fucic et a l . , 1990). Chromosomal breakage i n newborns 
presumed to have minimal exposure to clastogens i s found to be random (Funes-
Gravioto et a l . , 1974). In the 67 workers exposed to v i n y l chloride, some 
chromosomal locations were found to be more sensitive to breakage (non-random 
pattern of breaks). The authors conclude that v i n y l chloride induces 
l o c a l i z e d chromosomal breaks (Fucic et a l . , 1990). There i s however, some 
uncertainty concerning t h i s conclusion since t h i s study did not employ an 
unexposed control group for comparison. 

Cytogenetic studies of peripheral lymphocytes from 67 workers 
occupationally exposed for 15 years to v i n y l chloride (current occupational 
l e v e l of 5 ppm) were made to determine the location and frequency of 
chromosomal breaks (Fucic et a l . , 1990). Chromosomal breakage i n newborns 
presumed to have minimal exposure to clastogens i s found to be random (Funes-
Gravioto et a l . , 1974). In the 67 workers exposed to v i n y l chloride, some 
chromosomal locations were found to be more sensitive to breakage (non-random 
pattern of breaks) . The authors conclude that v i n y l chloride induces 
l o c a l i z e d chromosomal breaks (Fucic et a l . , 1990). There i s however, some 
uncertainty concerning t h i s conclusion since t h i s study did not employ an 
unexposed control group for comparison. 

A study pf a large number of polyvinyl chloride workers suggested that 
v i n y l chloride exposures below 15 ppm did not induce chromosomal aberrations 
(Picciano et a l . , 1977). When lymphocyte cultures from a group of 109 workers 
who had worked i n the plant (exposure periods ranged from one to 332 months) 
were compared with cultures from a control group of 295 pre-employment 
examinees, no s i g n i f i c a n t chromosomal differences were observed. The workers 
had been exposed to l e v e l s of 15.2 ppm v i n y l chloride before 1960, 11.4 ppm 
from 1960 to 1972, and 8.7 ppm between 1973 and 1974. The subjects and 
controls were not matched for age or for exposure to X-rays, however. 

Cytogenetic studies performed on lymphocytes is o l a t e d from 39 workers 
from a p o l y v i n y l chloride plant and 16 control males demonstrated a 
s i g n i f i c a n t increase i n chromosome-breakage frequency for the exposed workers 
(3.41% versus 1.79%, respectively). This study was repeated for 37 of the 39 
workers 2-2.5 years l a t e r , during which time the workers had only a minimal 
exposure to v i n y l chloride. More appropriate in-plant matched controls were 
selected for the follow-up study. In the repeat study no difference was found 
i n mean chromosome-breakage frequency between the workers and t h e i r controls 
(Hansteen et a l . , 1978). 
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6.3.3 Micronucleus Tests 

In CBA male mice exposed to 5% v i n y l chloride i n a i r , nearly a f o u r - f o l d 
increase i n micronucleated c e l l s was observed (Jenssen and Rcimel, 1980). 

6.3.4 DNA Damage/Unscheduled DNA Synthesis (UDS) Tests 

V i n y l chloride has been reported to induce unscheduled DNA synthesis i n 
adult rat hepatoeytes, but no experimental d e t a i l s were provided i n the 
publication (Probst et a l . , 1981). 

D i f f e r e n t i a l k i l l i n g was induced i n the r e p a i r - d e f i c i e n t E. c o l i s t r a i n 
polA i n assays using the standard disc and l i q u i d suspension methods 
(Rosenkranz, 1981). 

6.4 Mammalian C e l l Transformation 

V i n y l chloride, 20 to 50% i n a i r , has been reported to transform BHK 
c e l l s exposed (Styles, 1980). A clear p o s i t i v e transformation response was 
obtained i n BALB/c-3T3 mouse c e l l s exposed to v i n y l chloride; i n addition, 
v i n y l chloride (chamber concentrations 0-1024 ppm) caused a dose-dependent 
c y t o t o x i c i t y (Tu et a l . , 1985). An increased s e n s i t i v i t y to transformation by 
SA-7 virus was observed i n primary Syrian hamster embryo (SHE) f i b r o b l a s t s 
exposed to v i n y l chloride concentrations up to 194 mg/cm (75,781 ppm) (Hatch 
et a l . , 1981). 

6.5 Relationship to carcinogenesis 

Bolt (1986), Bolt et a l . (1986). Bolt (1988) and Van Duuren (1988) 
reviewed DNA adduct formation by v i n y l chloride (metabolites) and other 
halogenated mono- and bi-functional a l k y l a t i n g agents and related t h i s process 
to carcinogenesis. Products of v i n y l chloride reactions with DNA i d e n t i f i e d 
in vivo include 1,N^-ethenoguanine; 3N^-ethenocytosine (Eberle et a l . , 1989); 
7(2-oxoethyl)guanine (Singer and Grunberger, 1983) and N ,3-ethenoguanine 
(Laib et a l . , 1985). Singer et a l . (1987) found N , 3-ethenoguanine to be a 
highly e f f i c i e n t mutagen when incorporated into a single strand RNA template 
read by AMV reverse transcriptase. In contrast, 1,N -ethenoadenine, 3,N^-
ethenocytosine and 7-(2-oxoethyl)guanine were not markedly mutagenic (Singer 
et a l . , 1987; Barbin et a l . , 1985; Barbin and Bartsch, 1986; Singer and 
Spengler, 1986). Bolt (1988) and others have argued that chloroethylene oxide 
i s the ultimate genotoxic metabolite of v i n y l chloride based on i n v i t r o 
metabolism studies, i n vivo studies with a metabolic precursor of 
chloroacetaldehyde (2,2,-dichlorodiethyl ether), mutagencity data and 
carcinogenicity data. Further comparisons made between the nucleophilic 
s e l e c t i v i t y of v i n y l chloride metabolites (chloroacetaldehyde and 
chloroethylene oxide) and the carcinogenic potency of v i n y l chloride support 
th i s conclusion (Barbin and Bartsch, 1989; Barbin et a l . , 1990). 

Several investigations into the r e l a t i o n s h i p between DNA a l k y l a t i o n by 
v i n y l chloride and cancer s u s c e p t i b i l i t y have been made. In 11-day old and 
adult Wistar rats administered v i n y l chloride v i a inhalation, approximately 
5-fold more 7-(2-oxoethyl)guanine adducts per rag hepatic DNA were recovered 
from young than from adult animals (Ciroussel et a l . , 1990). In 7-day old and 
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13-week old BD VI rats dosed with 500 ppm v i n y l chloride for 2 weeks, 
approximately 6-fold more 1,N^-ethenoadenosine and 3,N -ethenodeoxycytidine 
adducts per mg of hepatic DNA were recovered from young than from adults 
animals (Croussel et a l . , 1990). In addition the investigators found these 
adducts i n the l i v e r , lung and brain of the group exposed s t a r t i n g at 7 days 
of age, i s consistent with tumors produced by v i n y l chloride i n these organs. 
The increased l e v e l of adduction i n young animals correlates with their 
increased s e n s i t i v i t y to the carcinogenic effects of v i n y l chloride (See 
section 7.1.4.3). 

6-8 



7.0 CARCINOGENICITY 

7.1 Animal Studies 

7.1.1 Summary 

Recent reviews of the evidence for the carcinogenicity of v i n y l chloride 
in laboratory animals include those by Kalmaz and Kalmaz, 1984, lARC, 1979, 
SRI, 1983, Kuzmack and McGaughy, 1975, and Purchase et a l . , 1987. Adequate 
experimental evidence exists to indicate that v i n y l chloride i s carcinogenic 
i n mice, r a t s , and hamsters when given o r a l l y and by i n h a l a t i o n . V i n y l 
chloride has been found to cause tumors i n a dose-related manner at several 
s i t e s , including l i v e r , lung and mammary gland. The oncogenic response 
appears to be a function of the s i t e , v i n y l chloride concentration, tumor 
type, species of animal, and route of administration. 

Although some evidence of v i n y l chloride-induced carcinogenesis has been 
observed by a l l routes of administration and i n a l l species tested, important 
discrepancies i n the protocols of many studies have l i m i t e d t h e i r usefulness 
i n quantitative r i s k assessment. These discrepancies include the lack of 
appropriate control groups, i n s u f f i c i e n t exposure time, or incomplete 
histopathology of the animals. Studies that have been used previously i n r i s k 
assessment include feeding studies (Feron et a l . , 1981; T i l et a l . , 1983) and 
a series of inhalation studies (Maltoni et a l . , 1984). In the Feron studies, 
l i v e r angiosarcomas and hepatocellular tumors (the primary s i t e ) were produced 
after chronic o r a l administration of v i n y l chloride. In the studies by 
Maltoni et a l . (1984) a wider variety of tumor types was observed. These 
studies and others are reviewed below. 

7.1.2 Intraperitoneal. Subcutaneous, and Transplacental 
Administration 

V i n y l chloride has been tested i n experimental animals by 
in t r a p e r i t o n e a l , subcutaneous, and transplacental administration, but for 
various reasons a l l of these studies were deemed inadequate for the evaluation 
of the carcinogenic r i s k of v i n y l chloride. These reports and the reasons for 
thei r inadequacy are described i n Appendix A. 

7.1.3 Oral Administration 

7.1.3.1 Studies by Maltoni and Associates 

Rats: Maltoni and associates assayed groups of 40 male and 40 female 
Sprague-Dawley rats after gastric intubation of 0, 3.33, 16.65, or 50 mg/kg 
v i n y l chloride i n o l i v e o i l fi v e days/week for 52 weeks. These animals were 
then observed for the remainder of t h e i r l i v e s (Experiment B T l l , Maltoni et 
a l . , 1984, lARC, 1979). Dose-related increases i n the incidence of seyeral 
types of tumors were observed, including l i v e r angiomas and angiosarcomas, 
nephroblastomas, and mammary tumors. In a subsequent experiment, 0, 0.03, 
0.3, or 1.0- mg/kg was administered by the same protocol, except that the dose 
groups contained 75 animals of each sex. Liver angiosarcomas were found i n 
one female i n 0.3 rag/kg group and two females and one male i n the 1.0 mg/kg 
group. No such tumors were observed i n controls (Experiment BT27, Maltoni et 
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a l . , 1984). No s t a t i s t i c a l analyses were reported' f o r any of these 
experiments. 

7.1.3.2 Studies by Feron and Associates 

V i n y l chloride i n soybean o i l was administered by g a s t r i c intubation at 
a dose of 300 mg/kg once d a i l y , f i v e days/week for 83 weeks, to 60 male and 60 
female Wistar rats; no vehicle controls were used. Of the 109 animals 
examined, 56 had angiosarcomas of the l i v e r and 52 had angiosarcomas of the 
lung (Feron et a l . , 1981). Although v i n y l chloride was c l e a r l y demonstrated 
to be carcinogenic i n t h i s study, the data are not sui t a b l e for use i n 
quantitative r i s k assessment because of the lack of vehicle-treated controls. 

In conjunction with the above experiment, groups of 60-80 male and 60-80 
female five-week old Wistar rats were fed polyvinyl chloride powder (10% of 
diet) with or without a high v i n y l chloride monomer content (0 to 4000 ppm) i n 
the diet for t h e i r l i f e t i m e s (Feron et a l . , 1981). The actual doses of v i n y l 
chloride given to rats i n the feed were 0, 1.7, 5.0, and 14.1 mg/kg/day. 
Access to food for controls and treated animals was l i m i t e d to four hours per 
day; an a d d i t i o n a l control group was fed ad libitum. Gross pathology was 
performed on a l l animals that died or were k i l l e d ; complete histopathology of 
a l l organs was performed on only 20 males and 20 females from the controls and 
20 males and 20 females from each of the two highest dosage groups. The 
animals chosen for complete histopathology were those that l i v e d the longest 
before being k i l l e d . Histopathology of a l l other rats was r e s t r i c t e d to the 
l i v e r , zymbal glands, lungs, kidneys, spleen, p i t u i t a r y , thyroid, adrenals, 
grossly v i s i b l e tumors, and organs containing lesions suspected of bearing 
tumors. S t a t i s t i c a l significance of tumor incidence was determined by the 
Chi-square test. 

V i n y l chloride caused a dose-related increase i n the death rate i n the 
5.0- and 14.1-mg/kg groups; a l l animals receiving the highest dose were dead 
by week 134, with females dying e a r l i e r than males (Feron et a l . , 1981). In 
the low-dose group the mortality of male rats was comparable with that of 
controls; the death rate i n female rats was s l i g h t l y higher than that in 
controls. Death of treated animals was attributed to pulmonary or hepatic 
i n s u f f i c i e n c y due to neoplastic or nonneoplastic lesions i n these organs. 

Liver angiosarcomas were reported i n 27/59 (p < 0.001) and 
hepatocellular carcinomas i n 8/59 (p < 0.01) male rats receiving 14.1 
mg/kg/day. Incidences of angiosarcomas and hepatocellular carcinomas were 
9/59 (p < 0.01) and 29/59 (p < 0.001), respectively, i n females receiving the 
highest dose (Table 7.1) (Feron et a l . 1981). Necrosis, c e n t r i l o b u l a r 
degeneration and mitochondrial damage were also seen i n the hepatic parenchyma 
of rats administered v i n y l chloride. The incidence of angiosarcoma of the 
lung was also s i g n i f i c a n t l y increased i n high-dose males (19/59, p < 0.001) 
and females (5/57, p < 0.05) (Table 7.2).. Low-dose males and females showed 
necrotic damage of the l i v e r and 26/58 low-dose females (p < 0.01) had 
neoplastic nodules of the l i v e r (Table 7.1) (Feron et a l . , 1981). I t i s 
possible that underreporting of tumors at a l l s i t e s occurred because of the 
incomplete histopathology performed and the fact that only the longest-
surviving high-dose animals were chosen for complete histopathology. 
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7.1.3.3 Studies bv T i l and Associates 

As a follow-up to the study of Feron and co-workers (1981), groups of 
100 male and 100 female Wistar rats (except for the top-dose group, which was 
composed of 50 animals of each sex) were fed p o l y v i n y l chloride (up to 1% of 
diet) with a high content of v i n y l chloride monomer for up to 149 weeks ( T i l 
et a l . , 1983). Levels of v i n y l chloride administered i n the powder were 0, 
0.017, 0.17, and 1.7 mg/kg/day for 149 weeks. Actual o r a l exposure to v i n y l 
chloride monomer (calculated by measuring the evaporative loss of v i n y l 
chloride during the four-hour feeding periods, the rate of food intake, and 
the l e v e l of v i n y l chloride i n the feces) was estimated to be 0.014, 0.13, or 
1.3 mg v i n y l chloride/kg/day for the low, middle, and high dose groups, 
respectively. Access to food was l i m i t e d to four hours per day. An 
additional control group, comprised of 100 rats of each sex, received food ad 
libitum and were housed i n a separate room. Gross pathology was performed on 
a l l animals and was r e s t r i c t e d to the l i v e r , a l l grossly v i s i b l e tumors or 
presumable tumors i n the abdominal cavity, zymbal gland, and mammary glands. 
No c l i n i c a l signs of t o x i c i t y a t t r i b u t a b l e to v i n y l chloride were observed. 
In the lowest- and mid-dose group, body weight and s u r v i v a l of treated rats 
were not s i g n i f i c a n t l y different from those of controls. In the high-dose 
group, mortality was s l i g h t l y increased. 

The results of this study demonstrated s i g n i f i c a n t increases i n the 
incidences of hepatic f o c i of c e l l u l a r a l t e r a t i o n , neoplastic nodules, 
hepatocellular carcinomas, l i v e r - c e l l polymorphism, and cysts i n the highest 
dose group. Two females and one male i n t h i s group developed l i v e r 
angiosarcomas. Females, but not males, of the low- and mid-dose groups 
developed a higher incidence of hepatic basophilic f o c i of c e l l u l a r 
a l t e r a t i o n . No pathologic effects i n other organ systems were attributed to 
v i n y l chloride exposure (Table 7.3) ( T i l et a l . , 1983). 

T i l and co-workers reported that a threshold of 0.17 mg v i n y l 
chloride/kg/day for the induction of tumors i n rats was observed. In fact, a 
threshold cannot be demonstrated. Vi n y l chloride induced hepatocellular 
alterations at allconcentrations tested. Histopathology of a l l organs was 
not performed on a l l animals; therefore, tumors not grossly observable or 
palpable could have been missed. 

Because of the shortcomings of the study, i t s u t i l i t y for the evaluation 
of carcinogenic r i s k i s limited. 

7.1.4 Inhalation Exposure 

Several researchers have investigated the p o t e n t i a l carcinogenicity of 
v i n y l chloride administered by inhalation (Viola, 1977; Caputo et a l . , 1974; 
Keplinger et a l . , 1975; Lee et a l . , 1977; Hong et a l . , 1981; Suzuki, 1981; 
Groth et a l . , 1981; Drew et a l . , 1983; Maltoni et a l . , 1984). A l l experiments 
confirm the carcinogenicity of v i n y l chloride, although only a few of the 
studies are adequate for a quantitative evaluation of carcinogenic r i s k . 

7.1.4.1 Studies i n Rats 

The e a r l i e s t information on the experimental carcinogenicity of v i n y l 
chloride administered by inhalation was reported by V i o l a (1971). Wistar rats 
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were exposed to 30,000 ppm by inhalation (four hours/day, f i v e days/week) for 
twelve months. At the end of the treatment period, the surviving animals were 
k i l l e d at 20-day inte r v a l s and "the most important tissues and organs examined 
h i s t o l o g i c a l l y by standard methods". The primary tumors observed were located 
i n the zymbal gland (found only i n rodents), with metastases to the skin, 
bone, and lung. 

Caputo and associates (1974) exposed Wistar rats to 50-20,000 ppm v i n y l 
chloride four hours/day, f i v e days/week for 12 months. Liver angiosarcomas and 
skin carcinomas were observed i n animals exposed to 500 ppm or greater and 
lung adenomas i n those exposed to 2,000 ppm or more. 

B i et a l . (1985) evaluated the tumorigenic p o t e n t i a l of v i n y l chloride 
i n male Wistar rats following inhalation exposure to 0, 10, 100 or 3000 ppm 
(six hours/day, s i x days/week) for up to 12 months. The incidence of l i v e r 
angiosarcomas was 0/19, 0/20, 7/19 and 17/19 for the four exposure groups, and 
0/19, 0/20, 2/19 and 9/20 for lung angiosarcomas, respectively. The authors 
f a i l e d to discuss the s p e c i f i c types of tumors or th e i r s i g n i f i c a n c e , focusing 
instead on the t e s t i c u l a r effects of v i n y l chloride (discussed i n Section 5 of 
this document) (Bi et a l . , 1985). 

7.1.4.2 Studies i n Mice 

In a preliminary paper reviewed by lARC (1979), Keplinger and co-workers 
(1975) reported re s u l t s from ongoing tests on mice, rats, and hamsters. Vi n y l 
chloride was carcinogenic i n a l l three species; the female mouse was the most 
sensitive of the animals tested. GDI Swiss mice were exposed to 0, 50, 200, 
or 2,500 ppm v i n y l chloride seven hours/day, f i v e days/week for nine months, 
then observed for another nine months. Primary tumors found i n animals that 
died included l i v e r angiosarcomas, lung adenomas, and mammary adenocarcinomas. 
At the time of the lARC report, h i s t o l o g i c a l evaluation had been carried out 
only on grossly v i s i b l e tumors, but no f i n a l report has been published. 
Consequently, we cannot accurately quantify tumor incidence i n the study. 

Lee and co-workers (Lee et a l . , 1977; lARC, 1979) reported that female 
mice were_mpre responsive to v i n y l chloride exposure than ra t s . Two month-old 
male and female CD-I mice were exposed by inhalation to 0, 50, 250, or 1,000 
ppm v i n y l chloride for s i x hours/day, f i v e days/week for 52 weeks (end of 
experiment). V i n y l chloride induced primary tumors i n mice at multiple s i t e s 
after exposure to 50 ppm or more. Liver c e l l angiosarcomas, bronchiolo-
alveolar adenomas, mammary ductular adenocarcinomas, and squamous and 
anaplastic c e l l carcinomas (with metastases to the lung) were observed i n 
treated animals. V i n y l chloride induced tumors at a l l dose l e v e l s , with the 
incidence and severity of the tumors increasing with dose. The t o t a l tumor 
incidence may have been underestimated because of the short duration of the 
study. 

Hong and colleagues (Hong et a l . , 1981), as a follow-up of the studies 
of Lee and associates (Lee et a l . , 1977), examined the development and 
incidence of v i n y l chloride-related carcinogenic effects during a post
exposure follow-up period. Groups of eight to 28 two month-old male and 
female CD-I mice were exposed to 0, 50, 250, or 1,000 ppm for one, three or 
six months and subsequently observed for 12 months before being s a c r i f i c e d . 
Although the number of animals used i n the experiment was inadequate for r i s k 
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assessment purposes, four of sixteen female mice exposed to 50 ppm v i n y l 
chloride for one month (and autopsied one year l a t e r ) exhibited mammary gland 
adenocarcinomas or carcinomas. In mice, the combined (male and female) 
incidences of hemangiosarcomas for the 250 and 1,000 ppm groups were 
s i g n i f i c a n t l y higher than i n controls (p - 0.05). Tumor incidence was related 
to dose and duration of exposure. Bronchiole-alveolar tumors were also 
s i g n i f i c a n t l y increased i n the high-dose group (p «= 0.05), but no clear trend 
for the other dose levels was observed (Hong et a l . , 1981). 

In r a t s , tumor incidence rates following exposure for one or three 
months did not d i f f e r s i g n i f i c a n t l y from control values. After a s i x or ten 
month exposure, the combined (male and female) cumulative incidences of 
hemangiosarcomas, hepatocellular carcinomas, and neoplastic l i v e r nodules i n 
rats exposed to 250 or 1,000 ppm d i f f e r e d s i g n i f i c a n t l y from those i n combined 
male and female control animals ( s t a t i s t i c s not reported) (Hong et a l . , 1981). 

Suzuki (1981a) exposed male CD-I mice (between 30 and 40 per group) to 
1, 10, 100, 300, or 600 ppm v i n y l chloride s i x hours/day, f i v e days/week for 
four weeks. The animals were then observed for up to 41 weeks after cessation 
of exposures. One mouse i n the 10 ppm group had a subcutaneous 
hemangiosarcoma i n the l e f t ear 29 weeks after exposure; one mouse i n the 600 
ppm group developed a hepatic hemangiosarcoma 65 weeks a f t e r exposure. In a 
separate study, Suzuki (1981b) exposed 27 mice to e i t h e r 2500 or 6000 ppm 
v i n y l chloride for fiv e or s i x months. Additional mice were exposed to 0, 1, 
10 or 100 ppm for four weeks, and s a c r i f i c e d f o r t y weeks a f t e r exposure. A l l 
animals were evaluated for pulmonary tumors. Twenty-six of the 27 high dose 
animals possessed "alveologenic" tumors. Animals i n the lower dose groups 
exhibited a dose-related trend for pulmonary tvimor formation (Suzuki, 1981b). 
Although t h i s study cannot be used to quantify r i s k due to study design (for 
example, inadequate number of test animals), i t d i d demonstrate a carcinogenic 
response to v i n y l chloride after exposure to r e l a t i v e l y low concentrations for 
short durations. 

Adkins et a l . (1986) exposed s t r a i n A/J mice to 50, 200, and 500 ppm 
v i n y l chloride to test the oncogenic response of t h i s s t r a i n v i a inh a l a t i o n . 
The r e s u l t was that incidence of pulmonary adenomas was s t a t i s t i c a l l y 
increased at a l l exposures of v i n y l chloride. 

7.1.4.3 Studies on the Potential Effects of Age at Time of Exposure 

Groth et a l . (1981) exposed groups of 110-128 male and female Sprague-
Dawley rats to 948 ppm v i n y l chloride i n a i r seven hours/day, f i v e days/week 
for 29 weeks, beginning at ages varying from s i x weeks to 52 weeks. Animals 
were s a c r i f i c e d after termination of exposure. On the basis of t h i s t e s t i n g 
regime, those researchers concluded that v i n y l chloride-induced l i v e r 
angiosarcomas occurred with the greatest frequency i n rats whose exposure 
period began at 52 weeks of age, with females more susceptible than males. 
The data and study methodology are inadequate f o r making t h i s conclusion, 
however. I f l i v e r angiosarcomas are expressed at a l a t e r age i n the rat's 
l i f e cycle, animals exposed at an early age and s a c r i f i c e d early i n t h e i r l i f e 
cycles would not have had time to express the same tumor incidence as they 
would i f they had l i v e d their f u l l l i f e t i m e s . The animals exposed l a t e r i n 
t h e i r l i f e cycles would then seem to have the highest tumor incidence. 
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Drew et a l . , (1983) looked at the effe c t of age and exposure duration on 
v i n y l chloride oncogenicity i n females of several d i f f e r e n t species of 
rodents. Groups of female CD-I Swiss mice, B6C3F1 mice, Fischer 344 rats, and 
Golden Syrian hamsters (N - 54 for mice, N - 56 for rats and hamsters) were 
exposed to v i n y l chloride for s i x hours/day, f i v e days/week for s i x , 12, 18, 
or 24 months, beginning at eight weeks of age, and observed for their 
lifespans. Other groups were held u n t i l s i x or 12 months of age, exposed for 
s i x or 12 months, and then observed for the remainder of t h e i r lifespans. The 
exposures were conducted at a single dose l e v e l for each species; mice, rats 
and hamsters were administered 50, 100, and 200 ppm, respectively. A l l 
animals exposed to v i n y l chloride at age eight weeks (the s t a r t of the 
experiment) exhibited decreased survival r e l a t i v e to controls (Drew et a l . , 
1983). B6C3F1 mice experienced the most s i g n i f i c a n t l i f e - s h o r t e n i n g 
regardless of the age at which exposure was begun. No s i g n i f i c a n t decrease i n 
sur v i v a l was observed i n rat s , hamsters, or Swiss mice i n i t i a l l y exposed 
after s i x months of age. Other c l i n i c a l signs of v i n y l chloride t o x i c i t y were 
not evident and l i v e r necrosis was not observed. 

In rat s , exposure to v i n y l chloride was associated with 
hemangiosarcomas, mammary gland adenocarcinomas and adenomas, and 
hepatocellular carcinomas (Table 7.4) (Drew et a l . , 1983). The incidence of 
hemangiosarcomas was a function of the duration of exposure; the longer the 
exposure period the greater the incidence of hemangiosarcomas. A six-month 
exposure produced a low incidence of hemangiosarcomas and hepatocellular 
carcinomas only i f begun early i n l i f e . One-year exposures produced a 
s i g n i f i c a n t incidence of tumors, especially i f begun early i n l i f e . The 
incidence of mammary gland adenocarcinomas and fibroadenomas was not always 
related to exposure duration, but the incidence was higher i n rats whose 
exposure began at eight weeks of age. Hepatocellular carcinomas were induced 
in a dose-related manner i n rats when exposures began at eight weeks. 

In hamsters, hemangiosarcomas, mammary gland carcinomas, stomach 
adenomas, and skin carcinomas were associated with v i n y l chloride exposure 
(Table 7.4) (Drew et a l . 1983). The highest incidence of hemangiosarcomas and 
stomach adenomas occurred i n animals exposed early i n l i f e for only s i x 
months. The highest incidence of mammary gland carcinomas was seen i n animals 
exposed at an early age for up to twelve months. Exposure beginning at or 
after eight months of age resulted i n a markedly lower tumor incidence, 
possibly because the lifespans of chronically exposed hamsters were 
s i g n i f i c a n t l y reduced to the point that late-appearing tumors would not be 
expressed. 

Mice, e s p e c i a l l y the B6C3F1 s t r a i n , appeared to be the species most 
sensitive to the carcinogenic effects of v i n y l chloride (Table 7.4) (Drew et 
a l . , 1983). Hemangiosarcomas and mammary gland carcinomas i n both strains and 
lung carcinomas i n Swiss mice were associated with v i n y l chloride exposure. 
In B6C3F1 mice, exposure to v i n y l chloride for s i x months resulted i n 60-70% 
incidence of hemangiosarcomas, regardless of the age at exposure i n i t i a t i o n . 
The incidence of mammary gland carcinomas i n B6C3F1 mice was greatest when the 
animals were exposed early i n l i f e . Lower incidences of t h i s tumor were seen 
when i n i t i a l exposure occurred at a l a t e r age. In Swiss mice, exposure to 
v i n y l chloride at an early age resulted i n the highest incidence of 
hemangiosarcomas, mammary gland carcinomas, and lung carcinomas, regardless of 
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duration of exposure. Lower incidences of a l l tumors were observed i n animals 
exposed l a t e r i n l i f e . 

The patterns of tumorigenicity produced by v i n y l chloride i n the study 
by Drew et a l . (1983) are consistent with patterns reported i n other 
inhalation studies. However, the results reported by these investigators 
apparently contradict those of Groth et a l . (1981). This apparent 
contradiction can be explained by the fact that Groth et a l . reported only the 
incidence of hemangiosarcomas, a tumor shown i n the Drew study to be a 
r e l a t i v e l y late-appearing tumor that developed regardless of either the age at 
i n i t i a l exposure or the duration of exposure. In the Groth et a l . study, 
animals exposed at a young age were also s a c r i f i c e d at a young age, thereby 
decreasing the p r o b a b i l i t y of hemangiosarcoma development r e l a t i v e to the 
older exposed animals who were allowed to l i v e . 

7.1.4.4 Studies by Maltoni and Associates 

Maltoni and co-workers performed a series of chronic i n h a l a t i o n studies 
on r a t s , mice, and hamsters i n the Bentivoglio Laboratories (BT) or the 
Bologna I n s t i t u t e of Oncology (Maltoni et a l . , 1984). The investigators 
studied the effects of exposure to 14 concentrations of v i n y l chloride (1-
30,000 ppm) i n male and female rats and s i x concentrations of v i n y l chloride 
in male and female mice and male hamsters. A summary of some of these 
experiments are included both i n this section and i n Appendix A. In each 
experiment, animals were exposed to v i n y l chloride for four hours d a i l y , f i v e 
days per week for various durations, and observed for the rest of t h e i r l i v e s . 
A number of the experimental procedures were not described or were 
inadequately described i n the report by Maltoni et a l . (1984). A f u l l 
necropsy was performed on each animal and the following tissues reportedly 
were routinely excised for histopathology: brain, zymbal glands, 
interscapular brown f a t , salivary glands, tongue, thymus, lungs, l i v e r , 
kidneys, adrenal glands, spleen, pancreas, esophagus, stomach, i n t e s t i n e , 
bladder, uterus, gonads, and any organ i n which pathologic lesions were 
observed. Details of the experimental protocol for the BT experiments are 
provided i n Table 7.5 (Maltoni et a l . , 1984). 

Data on noncarcinogenic toxic effects of v i n y l chloride were sparsely 
reported i n the Maltoni BT experiments. V i n y l chloride appeared to be toxic 
at the higher concentrations, but reportedly the high mortality at these dose 
levels was due to a high incidence of v i n y l chloride-induced tumors. The 
available information on s u r v i v a l , including Kaplan-Meier s u r v i v a l curves, 
indicates that v i n y l chloride decreased s u r v i v a l i n a dose-dependent manner. 

In the Maltoni experiments, exposure to v i n y l chloride was associated 
with an increased incidence of malignant tumors at a v a r i e t y of tissue s i t e s 
i n a l l of the species tested. A summary of these tumor s i t e s i s provided i n 
Table 7.6 (Maltoni et a l . , 1984). A d i r e c t r e l a t i o n s h i p between exposure 
levels and tumor incidence was apparently demonstrated, although no 
s t a t i s t i c a l tests for trends were performed. Results of experiments on 
Sprague-Dawley rats exposed to v i n y l chloride for 52 weeks were s t a t i s t i c a l l y 
analyzed using the Fischer exact p r o b a b i l i t y test. Correspondence analysis 
was also performed on the relationship of the incidence of l i v e r 
angiosarcomas, zymbal gland carcinomas, nephroblastomas, and forestomach 
papillomas and acanthomas to v i n y l chloride exposure (Tassignon, 1980, c i t e d 
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i n Maltoni et a l . , 1984). The results of th i s analysis were not discussed by 
Maltoni et a l . (1984). A summary of the lowest concentrations at which a 
s t a t i s t i c a l l y s i g n i f i c a n t excess of tumors was observed i s given i n Table 
7.7. When adjusted to average l i f e t i m e exposure, the lowest concentration 
associated with tumor production i s 0.06 ppm (1 ppm * 4/24 * 5/7 •* 12/24 =0.3 
ppm) . 

Experiment BTl. Most previous r i s k assessments have been based on the 
data from experiment BTl (Maltoni et a l . , 1984). In t h i s study, 30 Sprague-
Dawley rats of each sex were exposed to concentrations of v i n y l chloride 
ranging from 50 to 10,000 ppm for four hours d a i l y , f i v e days per week for 52 
weeks, beginning at 13 weeks of age. A pos i t i v e control group received 2,500 
ppm of v i n y l acetate. A f t e r treatment the animals were observed for their 
lifespans up to 135 weeks. Survival of both males and females decreased i n a 
dose-related manner, e s p e c i a l l y at concentrations above 500 ppm. Vi n y l 
chloride appeared more toxic to females than to males i n t h i s experiment. 
Vin y l chloride was associated with an increased incidence of l i v e r 
angiosarcomas i n a dose-related fashion. These results are presented i n Table 
7.8 (Maltoni et a l . , 1984). In addition to l i v e r angiosarcomas, v i n y l 
chloride (at concentrations above 2500 ppm) caused an increased incidence of 
zymbal gland carcinomas, nephroblastomas, hepatomas, and neuroblastomas. The 
incidence of l i v e r angiosarcomas was probably underestimated at the higher 
exposure levels due to mortality resulting from tumors at other s i t e s . 

Experiment BT15. Groups of 60 male and 60 female Sprague-Dawley rats 
were exposed to 0, 1, 5, 10, or 25 ppm of v i n y l chloride for four hours d a i l y , 
f i v e days per week for 52 weeks, beginning at 13 weeks of age (Maltoni et a l . , 
1984). Following exposure the animals were observed for the remainder of 
the i r l i v e s (up to 147 weeks). Available data, including Kaplan-Meier 
s u r v i v a l curves, indicated that v i n y l chloride did not a f f e c t s u r v i v a l at the 
concentrations tested. No s t a t i s t i c a l analyses of mortality and body weight 
data were reported. M o r t a l i t y was greater i n the male control group than i n 
the treated groups: the time at which 50% of the male control group had died 
was week 72, compared with week 100 i n the 25-ppm v i n y l chloride group. No 
explanation was given for t h i s decreased s u r v i v a l . The incidence of mammary 
gland carcinomas i n treated females was higher than i n controls at a l l 
concentrations of v i n y l chloride exposure. The differences from control 
values were s t a t i s t i c a l l y s i g n i f i c a n t at concentrations of 1 ppm and above. 
The mammary gland adenocarcinoma incidence for this and the other relevant BT 
experiments are presented i n Table 7.9 (Maltoni et a l . , 1984). 

Experiment BT4. Thirty male and 30 female Swiss mice were exposed to 0, 
50, 250, 500, 2,500, 6,000, or 10,000 ppm of v i n y l chloride four hours d a i l y , 
f i v e days weekly for 30 weeks, beginning at l l weeks of age (Maltoni et a l . , 
1984). The study was terminated 81 weeks after the exposure period began. 
V i n y l chloride was highly toxic to both males and females, but males appeared 
more sensitive than females to the toxic effects of v i n y l chloride. Survival 
decreased i n a dose-related manner, although s t a t i s t i c a l analysis apparently 
was not performed on the data presented. 

A very high incidence of lung adenomas was observed i n v i n y l chloride-
treated male and female mice. A s t a t i s t i c a l l y s i g n i f i c a n t increase i n the 
incidence of l i v e r angiosarcomas was seen i n male and female mice exposed to 
v i n y l chloride, but a dose response was not seen i n the male animals. In 
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addition, a high incidence of mammary gland adenocarcinomas occurred i n 
treated female mice. These results are presented i n Table 7.10 (data from 
Maltoni et a l . , 1984). 

7.2 Human Studies on the Carcinogenic Effects of V i n v l Chloride 

7.2.1 Introduction 

In 1974, Creech and Johnson described three cases of angiosarcoma of the 
l i v e r (LAS) among workers at the B.F. Goodrich Tire and Rubber Co. i n 
L o u i s v i l l e , Kentucky. Because LAS i s a very rare cancer (20-25 cases per year 
in the United States), the clustering of three cases i n one v i n y l chloride 
polymerization f a c i l i t y indicated an abnormally high incidence of t h i s cancer. 
Based on t h i s report, as well as data i n d i c a t i n g that v i n y l chloride i s 
carcinogenic i n laboratory animals, multiple studies of workers exposed to 
this agent were conducted. By 1985, at lea s t 17 epidemiologic studies 
r e l a t i n g v i n y l chloride exposure to the incidence of various cancers had been 
completed. 

7.2.2 General Design of Epidemiologic Studies 

Most of the epidemiologic studies have been retrospective cohort 
designs. Groups of workers i n the v i n y l chloride industry were selected by 
reviewing employment records. Few baseline data other than age, job 
c l a s s i f i c a t i o n , and length of employment were obtained. 

The concentrations of v i n y l chloride to which workers were exposed were 
generally not available, since ambient l e v e l s of v i n y l chloride were not 
routinely measured before 1975. Almost a l l of the investigators estimated 
v i n y l chloride exposure retrospectively, based on some combination of job 
c l a s s i f i c a t i o n and length of exposure. Only two studies (Ott et a l . , 1975; 
Buffler et a l . , 1979 reported measurements of v i n y l chloride exposure. 

A l l the studies traced workers to determine the number of deaths that 
had occurred i n the defined cohort. Death c e r t i f i c a t e s provided the cause of 
death. In the studies from Sweden and Norway, national cancer r e g i s t r i e s also 
provided data to assess incidence of cancer (Byren et a l . , 1976; Heldaas et 
a l . , 1984). The expected numbers of deaths were estimated using population-
based mortality s t a t i s t i c s . F i n a l l y , a standardized mortality r a t i o (SMR) was 
calculated from the proportion of observed to expected deaths from each cause 
and the s t a t i s t i c a l significance of these r a t i o s was tested. 

7.2.3 D i f f i c u l t i e s i n Interpreting the Epidemiologic Evidence 

There are two major problems involved i n the int e r p r e t a t i o n of these 
studies: 

1. Inadequate information on worker outcome. In several of the 
studies reviewed, outcome data on approximately 10% of the o r i g i n a l workers 
were not obtained (Duck et a l . , 1979). Since the tumor incidence i n humans 
exposed to v i n y l chloride i s r e l a t i v e l y low, the loss of 10% of the data base 
could have a s i g n i f i c a n t effect on the observed tumor rate, and possibly allow 
for an underestimation of r i s k . 

7-9 



2. Inadequate exposure data. Specific exposure data did not exist i n 
any of the studies reviewed with the exception of Ott et a l . (1975) and 
B u f f l e r et a l . (1979). In some cases, no attempt was made to evaluate 
exposure. In most studies, exposure was estimated from odor l e v e l s , acute 
t o x i c i t y l e v e l s , job c l a s s i f i c a t i o n , or length of exposure - methods a l l 
considered unreliable for accurate exposure estimation. However, gross 
differences i n exposure l e v e l s based on the type of job and length of exposure 
may have occurred, p a r t i c u l a r l y before 1975, when very high l e v e l s of v i n y l 
chloride were common i n the industry (up to 500 ppm with rare excursions up to 
4,000 ppm) (Ott et. a l . 1975). After 1975, ambient workplace levels were 
d r a s t i c a l l y reduced to an average of about 1 ppm, so that differences i n dose 
estimated by job c l a s s i f i c a t i o n became small. 

7.2.4 M o r t a l i t y Studies 

A summary of the important characteristics of i n d i v i d u a l epidemiologic 
studies i s given i n Tables 7-11 and 7-12. Each study should be evaluated 
keeping i n mind the d i f f i c u l t i e s noted above. 

Soon af t e r the i n i t i a l case reports by Creech and Johnson (1974), 
describing the i d e n t i f i c a t i o n of l i v e r angiosarcomas i n v i n y l chloride 
workers, Monson et a l . (1974) published a proportionate m o r t a l i t y analysis pf 
the deaths of 161 v i n y l chloride workers at two plants i n the United States. 
A s t a t i s t i c a l l y s i g n i f i c a n t 50% excess mortality for a l l cancers and an 11-
f o l d increase i n mortality from cancer of the digestive system, including f i v e 
angiosarcomas of the l i v e r (LAS), were observed. In addition, increases i n 
the proportionate mortality r a t i o s (PMR) for brain cancer, lung cancer, and 
lymphoma were noted. Proportionate mortality r a t i o s do not represent a 
s p e c i f i c measure of r i s k , but the consistent PMR excesses f o r neoplasms found 
i n t h i s study suggests that v i n y l chloride may operate as a multisystem 
carcinogen. 

Tabershaw and Gaffey (1974) published a large cohort study of 8,384 
v i n y l chloride workers at 33 plants i n the United States, which demonstrated 
a s t a t i s t i c a l l y s i g n i f i c a n t increase i n angiosarcoma of the l i v e r and 
nonsignificant p o s i t i v e trend correlating v i n y l chloride exposure with 
lymphoma and cancers of the buccal cavity and pharynx, CNS (primarily brain), 
and lung. The SMRs for a l l these tumor types were greater i n the high 
exposure groups a f t e r the cohort was s t r a t i f i e d by high and low exposure 
indices (estimates based on job c l a s s i f i c a t i o n and length of exposure), but 
the differences i n SMRs for the high- and low-exposure groups were not 
s t a t i s t i c a l l y s i g n i f i c a n t . Follow-up i n this study was only 85% complete. 
The workers for whom follpw-up was incomplete were mostly older workers, and 
Tabershaw and Gaffey (1974) suggested that these workers, who experienced a 
long latent period a f t e r exposure, might show a somewhat d i f f e r e n t mortality 
pattern from workers who were followed up. Another s i g n i f i c a n t problem i s 
that the authors rep.orted only digestive system cancer and did np.t distinguish 
cancer of the l i v e r from other cancers in this c l a s s i f i c a t i o n . Information on 
th i s cohort has been updated and reanalyzed by Cooper (1981). The f i n a l 
report included 10,173 v i n y l chloride workers from 37 plants i n the United 
States (Cooper, 19.81). Fpllow-up had increased to. 95.1% of the cohort and 
extended more than 20 years for 33.4% of the coho,rt. S t a t i s t i c a l l y 
s i g n i f i c a n t excess mortali t y was shown for LAS and for CNS cancers (primarily 
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brain) . Again, SMRs for lung cancer and lymphoma were elevated but not 
s t a t i s t i c a l l y s i g n i f i c a n t . 

Duck and co-workers published an analysis of 2,122 v i n y l chloride 
workers i n Great B r i t a i n (1975). In t h i s study, no excess of t o t a l or cause-
s p e c i f i c mortality occurred. There were no cases of LAS, although one was 
recorded i n the cohort after the study period ended. Only 16% of the cohort 
in t h i s study was followed more than 15 years from the time of i n i t i a l 
exposure, which undermines the r e l i a b i l i t y of the negative r e s u l t s of t h i s 
s tudy. 

Nicholson and colleagues (1975) reported on 257 workers i n the United 
States who were exposed to v i n y l chloride for at l e a s t f i v e years and whose 
i n i t i a l exposure occurred more than ten years before the end of the study. 
These i n c l u s i o n c r i t e r i a are important because t h i s i s the f i r s t study that 
attempted to l i m i t the cohort to workers who had s i g n i f i c a n t v i n y l chloride 
exposure and follow-up time. Three cases of LAS were observed and the SMRs 
for a l l deaths and deaths due to cancer were elevated. Because LAS i s 
otherwise exceedingly rare, the increased incidence of t h i s tumor was 
s t a t i s t i c a l l y s i g n i f i c a n t , but the study lacked power to detect s i g n i f i c a n t 
increases i n other c l a s s i f i c a t i o n s of malignancy. 

Based on s i m i l a r c r i t e r i a , Waxweiler et a l . (1976) studied a larger 
cohort for the National I n s t i t u t e for Occupational Safety and Health (NIOSH). 
This study followed an adequate number of workers (1,294) for more than 10 
years, with a l l having, had more than f i v e years of exposure. Separate 
analyses were also performed for those workers with more than 15 years of 
follow-up time. Sign i f i c a n t excesses i n the SMR of exposed workers were found 
for a l l deaths due to cancer, l i v e r cancer (11 cases of LAS), and CNS cancers. 
Standard mortality ratios for lung cancer and lymphoma were elevated, but were 
not s i g n i f i c a n t at the p < 0.05 l e v e l . Workers with more than 15 years of 
follow-up time showed higher mortality rates compared to those with ten years 
of follow-up time. The SMR for lung cancer reached s t a t i s t i c a l s i g n i f i c a n c e 
in the group with a 15-year follow-up. This cohort provides the strongest 
evidence for the association between length of time since exposure to v i n y l 
chloride and the subsequent development of cancers of the l i v e r , CNS, and lung 
(Waxweiler et a l . , 1976). 

Ott and associates completed a study of 594 Dow Chemical workers i n 
Michigan (1975). Many of these workers were also included i n the study by 
Tabershaw and Gaffey (1974). The best available v i n y l chloride exposure data 
are included i n this study. Automated sampling of a i r l e v e l s began i n one 
plant as early as 1959. Unfortunately, a large number of workers had less 
than one year of v i n y l chloride exposure at the time of t h i s report. 
S t r a t i f y i n g the cohort into low, medium, and high exposure groups resulted i n 
less than 200 subjects per group, with only 20, 18, and 22 deaths per group, 
respectively. No cases of LAS and no s i g n i f i c a n t increase i n mortality from 
any cause for the entire cohort were noted. However, t o t a l deaths and deaths 
due to cancer were s i g n i f i c a n t l y higher i n the high v i n y l chloride exposure 
group compared to a l l other dose groups. These data are i n s u f f i c i e n t to 
develop any human dose-response relationship. 

B u f f l e r and co-workers (1979) performed the only other study using 
quantified human exposure data. Area sampling began a f t e r 1971 for 464 Dow 
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Chemical v i n y l chloride workers i n Texas, but data on exposure l e v e l s were not 
available for those workers (the majority) exposed before monitoring began. 
No cases of LAS were observed among these subjects. There was a s t a t i s t i c a l l y 
s i g n i f i c a n t excess only for lung cancer i n exposed workers. The number of 
deaths (N - 28) i n t h i s cohort was very small, making i t impossible to perform 
s t a t i s t i c a l assessment of many of the causes of death. B u f f l e r and associates 
have published the only information on the smoking habits of v i n y l chloride 
workers. Even a f t e r adjustment for smoking habits, the excess of lung cancers 
i n t h i s group remained s i g n i f i c a n t . 

Byren et a l . (1976) reported on 777 v i n y l chloride workers i n Sweden, 
where the investigators had access to an excellent cancer r e g i s t r y . The study 
reported a s i g n i f i c a n t l y increased mortality due to LAS and to CNS cancers. 
There was also a trend toward increased mortality due to lung cancer. 

Fox and C o l l i e r (1977) studied a l l 7,717 workers i n B r i t a i n who may have 
been occupationally exposed to v i n y l chloride between 1940 and 1974. Four 
cases of l i v e r cancer were found; two of these were angiosarcomas. No other 
tumor type showed a s i g n i f i c a n t increase ( s t a t i s t i c a l methods not reported). 
Because workers were added to t h i s cohort as they entered the industry, the 
study included a large proportion of workers with b r i e f exposure and short 
follow-up time. Approximately 75% of the subjects had been employed i n the 
v i n y l chloride industry for less than ten years and only 8% of the workers had 
been employed for more than 20 years. Inadequate length of exposure and 
follow-up make t h i s study's negative results of questionable v a l i d i t y . 

Jones et a l . (1988) followed up the study of Fox and C o l l i e r (1977) of 
B r i t i s h v i n y l chloride workers. The new study used s t r i c t e r c r i t e r i a for the 
cohort, reducing the size of the cohort to 5498 male workers, and used more 
detailed occupational information as well as data from the add i t i o n a l ten 
years. Deaths due to non-secondary l i v e r tumors rose from 4 to 11 (SMR = 
567) . The new study could f i n d no evidence for any other increase of cancer 
deaths due to v i n y l chloride. 

Bertazzi et a l . (1979) examined the mortality rates among 5,441 I t a l i a n 
v i n y l chloride .workers. This study showed a s i g n i f i c a n t increase i n mortality 
among exposed workers only for l i v e r cancer (three cases of LAS). Follow-up 
was less than optimal (14% of the t o t a l remained untraced), and person-years 
at r i s k were calculated as i f the workers unavailable to follow-up were a l l 
a l i v e and w e l l , which contributed to the very low SMR for a l l causes of death. 

A further study of the v i n y l chloride industry i n I t a l y ( B e l l i , et a l . , 
1987) has detected s t a t i s t i c a l l y s i g n i f i c a n t excess for a l l malignant cancer 
(SMR = 159) and f o r lung cancer (SMR = 217). That plant had 437 workers i n 
the cohort. A r e l a t e d study Pi r a s t u et a l . (1990) has reported seven cases of 
l i v e r angiosarcoma and seven primary l i v e r cancers that are not angiosarcoma. 
The comb ined study of a l l I t a l i a n f a c i l i t i e s i s of 5000 workers. 

Masuda and co-workers studied 304 Japanese v i n y l chloride workers 
(1979). This cohort was too small to determine s t a t i s t i c a l significance for 
any cause of death. 

Weber, Re.inl, and Greiser (1981) reported on mortality information from 
three cohorts of German chemical industry workers: 7,021 v i n y l chloride and 
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polyvinyl chloride production workers (usually considered a high exposure 
area), 4,007 pol y v i n y l chloride processing workers (a lower exposure area), 
and 4,910 chemical workers not exposed to v i n y l chloride (1981). The SMRs 
were determined for causes of death i n each of the three groups but no 
s t a t i s t i c a l comparisons were made. A s i g n i f i c a n t increase i n mortali t y from 
l i v e r cancer was observed i n a l l three of the groups evaluated, most notably 
for the v i n y l chloride processing workers (SMR - 1523) . A s i g n i f i c a n t increase 
in malignancies of the lymphatic and hematopoietic tissues was noted among the 
production workers, while a s i g n i f i c a n t increase i n brain tumors was observed 
among the processing personnel. 

Analysis of the mortality experience of 4,524 Japanese v i n y l chloride 
workers by Nakamura (1983) revealed a s i g n i f i c a n t increase i n the mortali t y 
r a t i o for death from a l l cancers and from l i v e r cancer alone (three cases of 
LAS). Cancer of the lung was not elevated; cancers of the CNS and • lymphoma 
were not reported i n t h i s study. 

Theriault and A l l a r d (1981) studied Canadian v i n y l chloride workers i n 
the only cohort to employ an occupational control group for evaluation of 
r e l a t i v e r i s k i n workers exposed to v i n y l chloride. The control cohort 
consisted of 870 chemical workers not exposed to v i n y l chloride, while the 
study group comprised 585 v i n y l chloride-exposed workers, with 454 of these 
workers exposed for more than fiv e years. Exposure levels were not 
quantified. Very few deaths (59 cases) occurred i n the exposed group, 
compared with 233 i n the control group. The only s i g n i f i c a n t l y increased 
r e l a t i v e r i s k was for l i v e r cancer (eight cases of LAS). The SMR for 
digestive cancer (which includes l i v e r cancer) among workers exposed for 
greater than f i v e years was 259, s i g n i f i c a n t l y greater (p < 0.01) than for the 
general population. The authors suggested that the small size of the study 
reduced the power of the study with respect to f i n d i n g an excess of CNS cancer 
or lymphoma that may have been present. Theriault (1983) published an 
extended follow-up on this same cohort i n 1983 with no s i g n i f i c a n t changes i n 
the i n i t i a l findings. 

Heldaas et a l . (1984) reported a study of cancer incidence and mortality 
in a cohort of 454 male workers exposed to v i n y l chloride and p o l y v i n y l 
chloride between 1950 and 1969 i n Norway. This cohort was divided into three 
exposure groups, as estimated from job c l a s s i f i c a t i o n , and the study 
population followed for 27 years. The investigation demonstrated an increased 
incidence of malignant melanoma, and cancer of the lung, colon, and thyroid i n 
the exposed cohort. This study, using an excellent cancer r e g i s t r y , reported 
cancer incidence, as well as mortality, unlike most other studies. 

This observation of an increased incidence of malignant melanoma i s the 
f i r s t to be reported i n humans. Four malignant melanomas of the s k i n were 
i d e n t i f i e d i n the study population where only 0.8 were expected. Three of 
four cases of malignant melanomas occurred i n the high exposure group; where 
0.5 cases were expected. The fourth case was i n the medium exposure group 
with 0.18 cases expected. After the observation period,- one more case was 
diagnosed i n the medium exposure group. The authors noted one a d d i t i o n a l case 
of i n c i p i e n t malignant melanoma i n the medium exposure l e v e l group that was 
diagnosed i n 1977 but not included i n the study (Heldaas et a l . 1984). 
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A follow-up study of 434 of the o r i g i n a l workers has strengthened the 
association between v i n y l chloride exposure and three categories of cancer, 
malignant melanoma, lung cancer and colon cancer (Heldaas et a l . , 1987). 

Laplanche et a l . (1987) compared the cancer cases occurring among 1100 
exposed and 1100 nonexposed workers i n v i n y l chloride polymerization plants i n 
France. One case of l i v e r angiosarcoma of the l i v e r occurred among those 
exposed. Six cases of lung cancer occurred among those exposed versus two 
among those not exposed. Neither of those results reached s t a t i s t i c a l 
significance i n the comparison. 

Dahar et a l . (1988) recently published an update to the v i n y l chloride 
mortality study of Ott et a l . (1975). In contrast to thei e a r l i e r study, the 
new study found there was no s t a t i s t i c a l l y s i g n i f i c a n t excess for any neoplasm 
or disease of i n t e r e s t among the exposed cohort of 593 Dow chemical workers i n 
Michigan. In a much larger study Rinsky et a l . (1988) evaluated the mortality 
rate and cause of death for a cohort of 29,139 male chemical workers i n West 
V i r g i n i a . S t a t i s t i c a l l y s i g n i f i c a n t increases i n l i v e r cancer (SMR = 174) and 
lympho- and reticulo-sarcoma (SMR = 140) were seen among the workers. For 
b i l i a r y and l i v e r cancer the SMR was 301 for those who worked at least 25 
years and whose deaths occurred 30 years or more after f i r s t employment. 

Smelevich et a l . (1988) reported a large increase i n deaths from 
malignancies of the lymphatic and hemopoietic tissues among 43,216 (27059 men 
and 16,157 women) workers i n the oldest v i n y l chloride and p o l y v i n y l chloride 
plants i n the USSR. The SMR for females was 2000 for a l l levels of exposure 
and 4000 for the highest exposures. The SMR of 385 f o r stomach cancer i n 
women was also s i g n i f i c a n t l y increased. The SMR of 500 f o r leukemia i n men 
and women combined was s i g n i f i c a n t l y increased. None of the increases i n 
cancer categories i n males alone reached s t a t i s t i c a l - si g n i f i c a n c e . The study 
did not detect any cases of l i v e r angiosarcoma i n the cohort during the follow 
up period. 

Wu et a l . (1989) reported a cohort study and a case-control study of 
workers at one of the four v i n y l chloride plants previously studied by 
Waxweiler (1976) . The cohort of 3'635 workers was exposed to high 
concentration of v i n y l chloride monomer prior to 1974, when concentrations 
dropped dramatically. The o v e r a l l SMR's for brain cancer, lung cancer, 
laryngeal cancer and a l l respiratory cancers ranged from 115 to 223, above 
normal but not s t a t i s t i c a l l y s i g n i f i c a n t . The SMR for l i v e r cancer i n that 
cohort was s t a t i s t i c a l l y s i g n i f i c a n t at 333, and the SMR rose to 371 when 
workers with less then 15 years of follow up were excluded. Among that 
subcohort the r i s k of mortzality due to cancer of the l i v e r was consistently 
elevated for a l l durations of employment beyond f i v e years. Neither lung 
cancer nor brain cancer exhibited a clear increase with duration of exposure. 
The highest SMR i n that subcohort was 1429 for l i v e r cancer i n workers with 
10-15 years exposure. A b r i e f c a l c u l a t i on using data i n t h e i r Table 5 shows 
that the SMR for l i v e r cancer i n a l l workers i n that subcohort with more than 
f i v e years' exposure was 1000. 

Hagmar et a l . (1990) reported a s i g n i f i c a n t increase i n t o t a l cancer 
morbidity among 2031 male workers at a polyvinyl chloride processor plant i n 
Sweden (SMR = 128). Respiratory cancers were also s i g n i f i c a n t l y increased 
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(SMR--213). The s i x brain tumors observed, versus 2.6 expected, gave an SMR -
229, which was not s t a t i s t i c a l l y s i g n i f i c a n t . 

Their case-control study found that there was a s t a t i s t i c a l l y 
s i g n i f i c a n t association between cumulative dose of v i n y l chloride monomer and 
l i v e r cancer, but that study did not f i n d a s i g n i f i c a n t association for any 
other cancer. Upon dividing the l i v e r cancers into angiosarcomas and others, 
the p o s i t i v e dose response was found to e x i s t only for angiosarcomas. At the 
highest l e v e l of exposure the odds r a t i o for l i v e r cancer was 8 while for 
l i v e r angiosarcoma alone the odds r a t i o was 110. 

7.2.5 Cancer Risks Associated with Exposure to V i n v l Chloride 

This summary of cancer r i s k s assocated with exposure to v i n y l chloride 
focuses on each of the important s i t e s at which such association's have been 
reported. 

7.2.5.1 Liver Cancer 

Between 1961 and 1977, 23 cases of LAS were reported among approximately 
20,000 v i n y l chloride workers i n the United States (Lelbach and M a r s t e l l e r , 
1981; Spirtas and Kaminski, 1978). The expected incidence of LAS i s 0.014 
cases per 100,000 per year i n the general population i n the United States 
(Heath et a l . , 1975). Based on analysis of these data, the r e l a t i v e r i s k for 
developing LAS following v i n y l chloride exposure among t h i s country's v i n y l 
chloride workers i s 483. 

The epidemiologic studies also demonstrate a strong and consistent 
association between v i n y l chloride exposure and primary cancer of the l i v e r . 
A l l eight of the studies that assessed r i s k for primary l i v e r cancer note a 
s t a t i s t i c a l l y s i g n i f i c a n t increase i n standardized mortality r a t i o s (SMR). 
The average r e l a t i v e r i s k for l i v e r cancer among v i n y l chloride workers i s 
f i v e to s i x times greater than the incidence of that seen i n the general 
population. The evidence strongly suggests that exposure to v i n y l chloride 
can cause l i v e r cancer. A l l reports published to date indicate that the 
standardized mortality ratios of exposed workers are elevated, and r i s k of 
l i v e r cancer was seen to increase with both increased dose and a longer 
follow-up time (Table 7-13). 

7.2.5.2 Other Cancers 

The association between v i n y l chloride exposure and increased r i s k for 
other cancers i s not as clear as that for l i v e r cancer. Some evidence 
associates exposure to v i n y l chloride with increased mortality r a t i o s for 
brain cancer, lung cancer, and lymphoma. Since these cancers appear more 
commonly i n the general population than LAS and primary l i v e r cancer, i t 
becomes more d i f f i c u l t to show increased r i s k . 

7.2.5.2.1 Brain Cancer 

Workers exposed to v i n y l chloride appear to be at greater r i s k for brain 
cancer than do non-exposed populations. Of the s i x studies that assessed the 
r i s k of brain cancer, fi v e showed a p o s i t i v e trend for increased r i s k of t h i s 
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cancer type following exposure to v i n y l chloride, with four demonstrating 
s t a t i s t i c a l s i g n i f i c a n c e (p < 0.05) (Table 7-14). Cancer r i s k increased an 
average of four times above that expected i n the general population i n those 
studies that exhibited a s i g n i f i c a n t l y increased r i s k . Of the two studies not 
showing a s i g n i f i c a n t increase i n r i s k for brain cancer, s t a t i s t i c a l power i n 
the Bertazzi and associates study was only about 35% (Bertazzi et a l . , 1979), 
while that of Fox and C o l l i e r (1977) was approximately 80% (Beaumont and 
Breslow, 1981). In the Fox and C o l l i e r study, the number of deaths overall 
was low and, most importantly, a large percentage of workers i n the cohort was 
very recently employed i n the v i n y l chloride industry and thus had a short 
follow-up time. These factors may p a r t i a l l y explain why t h i s study f a i l e d to 
detect an association between v i n y l chloride exposure and b r a i n cancer. 

7.2.5.2.2 Lung Cancer 

The evidence l i n k i n g v i n y l chloride exposure with lung cancer remains 
inconclusive. Analyses of SMRs for cancer of the lung were performed i n 12 
studies (Table 7-15). Of these, seven studies showed an increased r i s k for 
lung cancer, but only one was s t a t i s t i c a l l y s i g n i f i c a n t at the 5% l e v e l 
( B u f f l e r et a l . , 1979). This increased r i s k persisted a f t e r adjusting for 
personal smoking habits (for t h i s p a r t i c u l a r cohort). However, t h i s cohort 
was small and the study was unable to demonstrate an increased r i s k for any 
other cancer. The Waxweiler et a l . cohort (which had a follow-up period 
greater than 15 years) also used a small group (1976). 

7.2.5.2.3 L-ymphoma 

An association between v i n y l chloride exposure and lymphoma has not been 
established. Five studies evaluated the r i s k of lymphoma development among 
workers occupationally exposed to v i n y l chloride (Table 7-16). Four of the 
studies showed a p o s i t i v e trend for lymphoma among v i n y l chloride workers, 
but s t a t i s t i c a l s i g n i f i c a n c e was noted only by Weber et a l . (1981). However, 
the s t a t i s t i c a l power i n a l l of these studies was less than 80% to demonstrate 
a r e l a t i v e r i s k of two, and less than 40% to show a r e l a t i v e r i s k of 1.5. 

7.2.5.3 Recent Review of Human Studies 

D o l l (1988) assessed the evidence from the. epidemiologic l i t e r a t u r e that 
v i n y l chloride workers experienced more cancer and other types of disease than 
did the general population. He found that (a) "men occupationally exposed to 
v i n y l chloride have experienced a s p e c i f i c hazard of angiosarcoma of the 
l i v e r " and (b) "any other occupa.tional hazards that may have existed must have 
been small." He also concluded that "No positive evidence of a hazard of any 
nonmaligant disease or any type of cancer other than angiosarcoma of the l i v e r 
has been found except possibly for a small hazard of lung cancer when exposure 
was heavy." 

7.2.6 Exposure Information 

Most of the published epidemiologic studies did not present quantified 
exposure data. Levels of exposure were estimated by job c l a s s i f i c a t i o n and 
length of employment. Only the studies by Ott and co-workers (1975) and 
B u f f l e r and associates (1979) contain measured i n d u s t r i a l hygiene data. After 
the workers were c l a s s i f i e d according to exposure l e v e l s , the cohorts were too 
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small to y i e l d any s t a t i s t i c a l l y s i g n i f i c a n t c o r r e l a t i o n s . Although the 
United States Environmental Protection Agency (1986), reached the conclusion 
that a dose-response relationship cannot be constructed based on these kinds 
of data, the r i s k analysis below did use h i s t o r i c estimates of exposure i n an 
occupational study having an ample cohort with w e l l documented worker 
s t a t i s t i c s . 

7.2.7 Conclusions 

Epidemiologic studies of workers exposed to high l e v e l s of v i n y l 
chloride indicate that t h i s chemical i s a human carcinogen. The evidence 
strongly suggests that v i n y l chloride causes an increased r i s k for 
angiosarcoma of the l i v e r . The evidence also suggests that v i n y l chloride may 
be associated with a moderately increased r i s k f o r bra i n cancer, and with 
development of lung cancer. Although actual exposure data i n humans are 
lacking for most studies, the past exposure l e v e l s can be estimated i n order 
to obtain useful predictions of human r i s k at low concentrations of v i n y l 
chloride. 
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TABLE 7.1 

INCIDENCE OF LIVER TUMORS AND NEOPLASTIC NODULES IN 
WISTAR RATS EXPOSED ORALLY TO VINYL CHLORIDE (Feron et a l . , 1981) 

Tumor Tvpe/Sex 

Incidence 
Vinvl Chloride (mg/kg/dav) 

14.1 

Liver Angiosarcoma 
Male 
Female 

0/55 
0/57 

0/58 
0/58 

6/56* 
2/59 

27/59*** 
9/57** 

Hepatocellular Carcinoma 
Male 

I Female 
0/55 
0/57 

1/58 
V58 

2/56 
19/59*** 

8/59** 
29/57*** 

Neoplastic Nodules 
Male 
Female 

0/55 
2/57 

1/58 
26/58** 

7/56** 
39/59*** 

23/59*** 
4V57*** 

Number i n denominator - number of aniinals necropsied. 

^Values marked with asterisks d i f f e r s i g n i f i c a n t l y from controls according 
to the Chi-square test: 

* p < 0.05 
** p < ,0.01 

*** p < 0.001 
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TABLE 7.2 

INCIDENCE OF LUNG ANGIOSARCOMAS, ABDOMINAL 
MESOTHELIOMAS AND MAMMARY TUMORS IN WISTAR RATS 

EXPOSED ORALLY TO VINYL CHLORIDE (Feron et a l . , 1981) 

Tumor T-ype/Sex 

Incidence 
V i n v l Chloride (mg/kg/dav) 

5.0 14.1 

Lung Angiosarcoma 
Male 
Female 

0/55 
0/57 

0/58 
0/58 

4/56* 
1/59 

19/59*** 
5/57* 

Abdominal Mesotheliomas 
Male 
Female 

3/55 
1/57 

1/58 
6/58* 

7/56 
3/59 

8/59 
3/57 

Mammary Adenoma 
or Adenocarcinoma 
or Anaplastic carcinoma 

Female 3/57 2/58 5/59 9/57 

Number i n denominator - number of animals necropsied. 

^Values marked with asterisks d i f f e r s i g n i f i c a n t l y from controls according 
to the Chi-square test: 

* p < 0.05 
** p < 0.01 

*** p < 0.001 
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TABLE 7.3 

LIVER TUMOR INCIDENCE IN MALE AND FEMALE 
WISTAR RATS EXPOSED TO VINYL CHLORIDE BY ORAL 
ADMINISTRATION FOR 149 WEEKS ( T i l et a l . , 1983) 

Incidence 

Tumor Type/Sex 
Vinyl Chloride (mg/kg/dav") 

0-014 0.13 1.3 

Liver Angiosarcoma 
Male 
Female 

0/99 
0/98 

0/99 
0/99 

0/99 
0/96 

1/49 
2/49 

Hepatocellular Carcinoma 
Male 
Female 

0/99 
1/98 

0/99 
0/99 

0/99 
1/96 

3/49 
3/49 

Neoplastic Nodules 
Male 
Female 

0/99 
0/99 

0/99 
1/99 

0/99 
0/99 

1/49 
9/49 

Number i n denominator ^ number of animals necropsied. 

V i n y l chloride iiit:ake data was adjusted to compensate for loss of v i n y l 
chloride during the four-hour feeding peripcis. The i n i t i a l l e v e l s of v i n y l 
chloride administered i n the diet were 0, 0.017, 0,17, arid 1.1 mg/kg/day. 
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TABLE 7.4 

TUMOR INCIDENCE FOLLOWING VINYL CHLORIDE EXPOSURE IN 

FEMALE RATS, HAMSTERS AND MICE FROM THE STUDY OF DREW ET AL. (1983) 

Tumor Type 
Length of Exposure 

(Months) LDE (ppm)' 
Tumor Frequency 

(%) 

Female Fisher 344 Rat: Experimental Exposure 100 ppm 

Liver control 0 0. ,9 (1/112) 
Hemangiosarcomas 6 4.46 5, ,3 (4/76) 

12 8.93 20, ,0 (11/55) 
18 13.40 23. .6 (13/55) 
24 17.86 34, ,7 (19/55) 

Mammary Gland control 0 4, ,5 (5/112) 
Adenocarc inoma 6 4.46 7, .9 (6/76) 

12 8.93 19. ,6 (11/56) 
18 13.40 16, .4 (9/55) 
24 17.86 9, .1 (5/55) 

Hepatocellular control 0 0. .9 (1/112) 
Carcinoma 6 4.46 4, ,0 (3/75) 

12 8.93 7, .1 (4/56) 
18 13.40 14, ,8 (8/54) 
29 17.86 16, ,4 (9/55) 

Female B6C3F1 Mice: Experimental Exposure 50 ppm 

Hemangiosarcoma control 0 5, ,8 (4/69) 
( a l l s i t e s ) 6 2.23 68, .7 (46/67) 

12 4.46 76. ,7 (69/90) 
18 — 

Mammary Gland control 0 4, .3 (3/69) 
Carcinoma 6 2.23 43. .2 (29/67) 

12 4.46 41. ,1 (37/90) 
18 
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TABLE 7.4 continued 

Tumor Type 
Length of Exposure .. 

(Months) LDE (ppm) 
Tumor Frequency 

(%) 

Female CD-I Swiss Mice: Experimental Exposure 50 ppm 

Hemangiosarcoma control 0 1 4 (1/71) 
( a l l s i t e s ) 6 2 23 43 3 (29/67) 

12 4 46 63 8 (30/47) 
18 6 69 44 4 (20/45) 

Mammary Gland control 0 2 8 (2/71) 
Carcinoma 6 2 23 49 3 (33/67) 

12 4 46 46 8 (22/47) 
18 6 69 48 9 (22/45) 

Lung Carcinoma control 0 12 7 (9/71) 
6 2 23 27 7 (18/65) 
12 4 46 31 9 (15/47) 
18 6 69 24 4 (11/45) 

Female Golden Syrian Hamster: 

Hemangiosarcoma control 

Experimental Exposure 200 ppm 

0 0.0 (0/143) 
( a l l s i t e s ) 6 8 93 14 8 (13/88) 

12 17 86 7 7 (4/52) 
18 26 79 1 9 (2/103) 

Mammary Gland 0 0 0 0 (0/143) 
Carcinoma 6 8 93 32 2 (28/87) 

12 17 86 59 6 (31/52) 
18 26 79 46 1 (47/102) 

Skin Carcinoma 0 0 0 (0/133) 
6 8 93 2 5 (2/80) 
12 17 86 18 8 (9/47) 
18 26 79 3 3 (3/90) 

1 LDE - Lifetime Daily Exposure ( i n ppm) 
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TABLE 7.5 

Experiment 
Number 

EXPERIMENTAL PROTOCOL FOR INHALATION STUDIES 
MALTONI AND CO-WORKERS (1984) 

Dose 
Exposure 
Duration^ 
(weeks) 

Species/ 
S t r a i n 

Age at 
Start of 
Exposure 
(weeks) 

Number of 
Animals pej 
Dose Level 

BTl 

BT2 

BT6 

BT9 

BT15 

BT3 

BT14 

BT4001 

BT4006 

BT5 

BT7 

BTl 7 

0, 50, 250, 
500, 2,500, 
6,000, 10,000 

1, 100, 150, 
200 

30,000 

0, 50 

0, 1, 5, 10, 
25 

0, 50, 250, 
500, 2,500, 
6,000, 10,000 

6,000, 10,000 

0, 2,500 

0, 2,500 

6,000, 10,000 

0, 50, 250, 
500, 2,500, 
6,000, 10,000 

0, 1 

52 

52 

52 

52 

52 

17 

5 

5 

76 

69 

15 

52 

52 

Rat/SD 

Rat/SD 

Rat/SD 

Rat/SD 

Rat/SD 

Rat/SD 

Rat/SD 

Rat/SD 

Rat/SD 

Rat/SD 

13 

13 

17 

13 

13 

12 

21 
(parents) 
1 day 

(offspring) 

13 

1 day 

1 day 

19 
(fetus) 

Rat/Wistar 11 

Rat/Wistar 13 

30 M, 30 F 
(30 M, 30 F) 

60 M, 60 F 
(85 M, 100 F) 

30 M, 30 F 
(no controls) 

150 M, 150 F 
(50 M, 50 F) 

60 M, 60 F 
(60 M, 60 F) 

30 M, 30 F 
(30 M, 30 F) 

6 F 
(no controls) 
21-22 M, F 
(no controls) 

54 F 
(60 F) 
68 M, 64 F 
(158 M, 149 F) 

60 M, 60 F 
(60 M, 60 F) 

30 F 
13-29 M, F 
(no controls) 

30 M 
(40 M) 

120 M 
(130 M) 
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Table 7.5 continued 

Experiment 
Number 

BT4 

Dose 
(ppm) 

0, 50, 250, 
500, 2,500, 
6,000, 10,000 

Exposure 
Duratioy 
(weeks') 

30 

Species/ 
Strain 

Age at 
Start of 
Exposure 
(weeks) 

Mouse/Swiss 11 

Number of 
Animals pe^ 
Dose Level 

30 M, 30 F 
(80 M, 70 F) 

BT8 0, 50, 250 
500, 2,000, 
6,000, 10,000 

30 Hamster/ 11 , 30 M 
Syrian golden (62 M) 

Exposures were for four-hours d a i l y , f i v e days per week. 

Number i n parentheses - number of control animals for experiment. 
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TABLE 7.6 

TUMORS CORRELATED TO INHALATION EXPOSURE TO VINYL 
CHLORIDE IN RATS, MICE, AND HAMSTERS IN THE BT EXPERIMENTS 

Tumors 

Liver angiosarcomas 

Hepatomas 

Encephalic neuroblastomas 

Lung adenomas 

Lymphomas/leukemias 

Angiosarcomas at other s i t e s 

Zymbal gland e p i t h e l i a l tumors 

Nephroblastomas 

Cutaneous e p i t h e l i a l tumors 

Mammary adenocarcinomas 

Forestomach papillomas, acanthomas 

Rat 

-I-

-1-

-I-

-1-

(+) 

Mouse 

(+) 

Hamster 

(+) 

+ 

(+) 

(+) 

(+) 

(+) 

Data from Maltoni et a l . , 1984 

+ - Tumor incidence was s t a t i s t i c a l l y s i g n i f i c a n t (p < 0.05) by the 
Fisher exact test. 

(+) =• Association was not s t a t i s t i c a l l y s i g n i f i c a n t , but was considered 
b i o l o g i c a l l y s i g n i f i c a n t . 
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TABLE 7.7 

LOWEST CONCENTRATION AT WHICH A SIGNIFICANT (p < 0.05) 

EXCESS OF TUMORS WAS REPORTED BY MALTONI AND ASSOCIATES''" IN 
r 

INHALATION STUDIES AT SPECIFIC SITES IN SPRAGUE-DAWLEY RATS^ 

Tnmnr 

Forestoinach papilloma 

Zymbal gland carcinoma 

Neuroblastoma 

Nephroblas toma 

Liver angiosarcoma 

Mammary adenocarcinoma 

V i n y l Chloride 
Concentration (ppm) 

30,000 (male, female) 

10,000 (male, female) 

10,000 (female) 

250 (female) 

100 (male) 

200 (male) 

25 (female)^ 

1 (female) 

Data are from Maltoni et a l . , 1984. 

^Significant at t h i s dose l e v e l when s p e c i f i c corrected tumor incidence i s 
used, p - 0.047. Analysis by Fisher exact pro b a b i l i t y t e s t . 
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TABLE 7.8 

INCIDENCE OF LIVER ANGIOSARCOMAS (LAS) IN MALE 
AND FEMALE SPRAGUE-DAWLEY RATS EXPOSED FOR 52 WEEKS 

TO VINYL CHLORIDE (Maltoni et a l . , 1984) 

Corrected 2 
Experimental LAS Incidence LAS Incidence 

Study Dose Level (ppm) Male Female Male Female 

BTl 0 0/30 0/30 0/22 0/29 
50 0/30 1/30 0/26 1/29 
250 1/30 2/30 1/28 2/26 
500 0/30 6/30 0/22 6/28 

2,500 6/30 7/30 6/26 7/24 
6,000 3/30 10/30 3/17 10/25 
10,000 3/30 4/30 3/21 4/25 

BT2 0 0/85 0/100 0/61 0/68 
100 0/60 1/60 0/37 1/43 
150 1/60 5/60 1/36 5/46 
200 7/60 5/60 7/42 5/44 

BT6 30,000 5/30 13/30 5/22 13/24 

BT9 0 0/50 0/50 0/29 0/38 
50 1/150 12/150 2/70 12/110 

BT15 0 0/60 0/60 0/25 0/44 
1 0/60 0/60 0/48 0/55 
5 0/60 0/60 0/43 0/47 
10 0/60 1/60 0/42 1/46 
25 1/60 4/60 1/41 4/40 

LAS Incidence i n H i s t o r i c a l Controls 

1/1179 2/1202 1/364 2/541 

Number in denominator - number of animals necropsied. 

Number in denominator - number of animals alive when f i r s t l i v e r 
angiosarcoma was observed. 
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TABLE 7.9 

INCIDENCE OF MAMMARY GLAND CARCINOMAS IN FEMALE 
SPRAGUE-DAWLEY RATS AND SWISS MICE EXPOSED BY 

INHALATION TO VINYL CHLORIDE (Maltoni et a l . , 1984) 

Study No. 

BTl 
(Rat) 

BT2 
(Rat) 

BT6 
(Rat) 

BT9 
(Rat) 

BT15 
(Rat) 

Experimental 
Dose Level (ppm) 

0 
50 

250 
500 

2,500 
6,000 
10,000 

0 
100 
150 
200 

30,000 

0 
50 

0 
1 
5 

10 
25 

Tumor Incidence 

Tumor Incidence i n H i s t o r i c a l Controls 

Corrected 
Tumor Incidence^ 

0/30 0/29 
2/30 2/30 
2/30 2/27 
1/30 1/28 
2/30 2/25 
0/30 0/28 
3/30 3/29 

2/60 2/100 
4/60 4/60 
6/60 6/60 
5/60 5/60 

2/30 2/30 

9/50 9/43 
59/150 59/142 

6/60 6/60 
14/60 14/60 
22/60 22/60 
21/60 21/60 
16/60 16/60 

100/1202 100/1202 

1/80 1/67^ 
12/30 12/30:J 
13/30 13/29^ 
10/30 10/28:: 
9/30 9/30:̂  
9/30 9/28:̂  

14/30 14/28 

21/554 21/554^ 

BT4 0 
(Mice) 50 

250 
500 

2,500 
6,000 
1Q,000 

Tumor Incidence i n H i s t o r i c a l Controls 

Number i n denominator ~ number of animals examined. 

dumber i n denominator — number of animals a l i v e when f i r s t malignant 
mammary tumor was observed (type unspecified). 

^Number i n denominator •<• number of animals a l i v e when f i r s t mammary 
tumor was observed (type unspecified). 
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lAU I l / . 10 

INCIOLNCt III I'LIIHUiiAkI AUtNUHAS, HAHHART LARCINUHAS, ANO U V l f i ANI.IOSARCOHAS 

IN HAlE ANO FEHAtE SUI'jS HICl EKPOSEO 10 VINYL CHIORIOE BY INHAIAIION (EXPERIHENI BTA) ' 
I 

I 

Organ/iot 

Piilnion.-irv ( l ung ) adcnoinas 

H . i l 1 

F enial es 

I j v r r ai i i i iosarconvis 

MalCL. 

i I Mi , i l C : . 

Hamnai y . idcnocarc innnias 

H.I l es 

I i i iu i lcs 

a//s 

/ /67 

0/62 

0/62 

0/74 

1/6/ 

J 0 _ 

5 /2 / 

i / i U 

1/18 

11/26 

0/27 

12/10 

C.incer [ fK idcnce 

Vinyl Chloride (ppm) 

250 

9/21 

SOO 

9/2J 6/17 

a/26 

0/29 1/28 

U/29 10/28 

2,'inn 

6/1} 

10/24 

0/2} 

9/30 

6.000 

24/29 24/29 ia/2S 2i/27 

17/29 26/29 22/jU 24/29 

2/12 

11/21 

0/24 

9/28 

10.000 

20/24 

26/28 

1/9 

9/20 

0/22 

U/28 

Historical 

Controls 

54/491 

27/5J1 

0/S4S 

0/554 

1/521 

22/S4S 

1 
Data Iroro M a l t o n i et a l . , 1984. 

2 
N i i i l i c i II) donmninator - nu i l i c i of . in i i i u l ^ alit<e when f i r s t pulmonary ( lung) adenonu ua:. observed (11 weeks) . 

i 
Muiix.r i n (.Iciioiiiidatur = nu i i l v r o( di i i in. i l : , r i : j ;o r tcd ly a l i v e when f i r s t l i v e r afi<jioiarcuiiia w.is observed (32 ueeks ) . 

4 
N i i i i xT III t l L i iK i i i n i t i i r - iiniil«.'i Llf II..ll:. I .(iiJi u d l y . i l i v c when f i r s t l u i ' j w.uiniai y tiaii'H ( type u n s p e c i f i e d ) u j s 

observed (16 u e e k s ) . 



lAB lE 7-11 

A SUMHAKY Cll' LPIOEHIOIQGIC DAIA FOR 

OCCUfAIIOHALLT EXPOSED VINTl CHLOSlOE WORKERS 

SHR 

itUOT COHORT F/U(X) OEAIHS(X) tXHOSURE(TRS) f / U I1H£S(*RS} DOSE DEATH ALL S U E S LIVER(LAS) BRAIN LUNG LTHPHOHA 

I 

o 

I. t o U T i h a m I C a f f c y 8,3a4 1258(1SX) 3S2(4 . r / : ) >1 

USA (1974) 

2. Oiick ct a l . 

u . i . ( W / S ) 

3. N i c h o l s o n e t a l . 

USA (19i '^) 

4. Ott et al.. 

UbA(197S) 

5 . Byren et a l . 

Sweden (1976) 

6 . u j x M e i l e r et a l , . 

USA (1976) 

7. fo» and Col 1 i c r 

I) It (1977) 

8. EEN 

USA (197S) 

9 . B u f f l e r t t a t . 

Ie«as (1979) 

10. B e r t a : 2 i ct a l . 

I t a l y (19 /9 ) 

11. MasLKla e i a l . 

Japan (1979) 

2,122 7(0.5'/;) 

2 5 / 2 (0 .8X) 24(9.3; : ) 

594 0(0X) 79( 13.3;;) 

771 21(2 .7X) S8(7SS) 

1,294 13(1%) 136(10.SX) 

7,717 393(5 . IX ) 409(5.3%) 

10.2X>20yrs 

152(7.2%) >0 

>5 

>0 

>0 

>s 

>0 

8X>20yrs 

10,173 496(4.8%) 707(6.9X) >\ 

lV.3X>20yrs 

464 0(0X) 28(0X) 

4,777 659(13.8%) 62(1.3%) 

304 1(0.3%) 26(8.531) 

>0 

>0.S 

>1 

>1 

27X>19yrs 

>10 

> 0 

55X>10yrs 

>ia 

>iS 

> 0 

32X>20yrs 

> 0 

>0.5 

>1 

£Sr 75 

EST 96 

ESI 126 

measured 69 

EST 

EST 108 

EST 75.4 

EST C9 

EST 

110 

96 

231 

61 

a 

189 

104 

measured 67 138 

94^6) 

99^(0) 

(3) 

155 

(0) 

413*(2) 

1606 

90.7 1408 (2) 

(0) 

138 SOO (0) 

612 

1155,(11) 329 
a5 

498 

S4.6 

112 

103 

77 

168 

156 

194' 

89.8 

106 

3 a 
75 (5) 203 107 

208 

EST 44 97 800 (3) 125 81 

125 

159 

176 

90.9 

112 

133 



lAOiE 7 11 (con'l) 

SHR 

I 

SlUOT COIICRI f/U(%J DCAIIISIXJ EXPOSUHE(YRS) F/U IIHES(YRS) DOSE DEATH ALL SITES LiVER(L«S) BRAIN LUNG LrHPHCMA 

Ui tn.1 , i n l , tji c 1 ser 

Germany (1981) b 
produc t ion 7,021 700(4.4%) 414(5.9%) >0 >0 EST 95 112 1523" 162 

535' 

214* 

process ing 4,007 360(9X} 0̂ >0 EST 95 85 434" 

162 

535' •• 34 

uncKposed 4,910 417(8.5%) >0 >0 ESI 78 83 401* 184 77 

1 
Cooper 10,173 496(4.82) 707(6.9%) >1 33.4Z ESI 89 104 75^(6) 

a 
203 107 112 

USA (1981) 

236*(3) Nakamura 4.524 29(0.6%) 209(4.6%) >1 mean EST 87 138 236*(3) -- 66 

Japan (1985) 16.3yrs 

Hcldjss Cf a l . 454 0(0X) 50(11%) >1 >\ EST 114 (1) 160 

Norway (1984) 

Relativt Risk 

16. Iheriault & Allard 

Canada (1901) 

cKposcd 

une;i posed 
451 

871 

0(0X) 59(2.6%) 

233(26.8%) 

>S 8U115yrs ESI 1.07 1.48 6.25 (10) .36 

1. Ihc studies of Cooficr and EEH are reanalyses of the Tabershaw and Gaffey Cohort 

2. SHR subjects also in the T.ibershau and Gaffey Cohort 

5. SHR is for "digestive systetn cancer", not Ijver cancer 

4. SHft is for "other and unspecified cancer", 40Z of which were brain cancer 

5. SHR is for canter of CNS, not Brain 

f/U - follow tip tidic (yc-ar',) 
EST : Estimated dose 

p < 0.05 
b 
p * 0.01 
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A '.^UHMAIiV III lliMOR IMLIOtMCL'J ' ' 1 SIAHUAICO12tO M O R l A l l i r B A U D S ( S H R ) 

ton ULLUPAIIONALLY EXPOSED VIHYL CHLORIDE UORKLRS 

OEAiN M l cAwriH L!yl!L££!if 'S BRAIN CAIICER LUNG CANCER U^PHOMA 

0 I SMR 0 i SilR 0 _ i SfIR g f _ SMR 0 E SMR 0 t_ SMR 

H.in.on et al. 161 161-100 41 27.9-150 8 0.7 UU0 5- -1.2 -420 13-7.9- -160 5 -3.4 ISO 1. 
2. Tabershaw & 

Gaffey 352 467-75'' 79-77-110 19 21.7-94 17 11.78 155 25-23.9-112 6--6.1 106 

3. Duck et al. 136 142.2-96 35 36.4 96 11-11.1-99 16-15.S-t03 

4. Nich^lGun ct al. 24 19 -126 9- 3.9 31 11 21 

5. Ottclal. 79-09.1-69 11-16-81 •- 4--5.2--77 

6. Byren cl a I. 4--.97--413 2--.3e--612^ J--1.8-108 

/ WMwtiltr ct ;il. 136 U'6.3 IOC 3S 23.5 149° 7 0.6 1155'̂  3 0.9 J2V° 12-7.7-156 4 2.5 159 

,5 year 3116.9 164'' 7-0.4-1606'' 3-0.6-498'' ll-5.?-194* 31.7-176 

e. fo. S CoiDci .>vi 5c'l.2 75.4 1 15• 126.8-90.7 1 .71-140.8 2-3.66-54.6 46-51.2-90 9-9.0-99.9 

9. [CH 707-795--e9'' 139-141.4 104' 29-40.8-75 12-5.9-203' 45-44.3,-107 11-10.4-112 

10. Buffler ct al. 8- 5.2 -154 0--.2 1- 0.1---- 5-1.7- 289* 0 -0.5 

11. Bertazzi tt al. 30 30.9 97 8-1•BOo'' 1-0.8-125 r--7.7--91 4---3---15} 

12. Hasuda Cl al. 8--5.fl--l3U 1-.6 -167 0--.15---* 1--.8--12S 0--.5 

13.. Ucbcr ct al. 
b b 

Production 414 95 V4 112 12 1523 2 162 15 214 

Processino 360 95 62 85 31 434 51 515* 2 34 

Control. 417 78 83 83 41 40l' 2 184 6 77 

14. Cooper 707-79S-69' 139-141-104 29-40.8-75 12-5.9-203'' 4S-44.3-107 11-10.4-112 
15. Heldaas 23-20.2-110 5--2.8'-lM 

b 
16. Iheriault 20 16.4-122.2 14-5.4259.3 0-0.6 2--5.8--34.6 

and AlIard 
17. Nakamura, 128147.6 87 37-26.85-138' 6--2.54-236' 2-2.3-0.66 

p̂.< 0.05, 

'v.*. 0_.0J. 0 = observed,, e = cxpoctcd SHR = standardized mortality ratio 



TABLE 7-13 

A SUMMARY OF EPIDEMIOLOGIC STUDIES WHICH EXAMINED 

POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL 

VINYL CHLORIDE EXPOSURE AND PRIMARY CANCERS OF THE LIVER 

INCREASING INCREASING 

STUDY SMR RESULT^ DOSE""" FAJ TIME"̂  

Byren et a l . 413 S i g n i f i c a n t Yes 

Waxweiler et a l . 1155 S i g n i f i c a n t ^ Yes 

Fox & C o l l i e r 141 S i g n i f i c a n t Yes 

Bertazzi et a l . 800 Si g n i f i c a n t 

Masuda 500 S i g n i f i c a n t --r 

Weber et a l . 1523 S i g n i f i c a n t ^ Yes Yes 

Theriault & A l l a r d (6.25)^ S i g n i f i c a n t No 

Nakamura 236 Si g n i f i c a n t Yes Yes 

Wu 300 S i g n i f i c a n t ^ Yes Yes 

1 - Does r i s k increase with higher estimated dose? 
2 - F/U time - Follow-up time (years) 

Does r i s k increase with longer latency? 
3 - Relative r i s k , not SMR 
4 - a: p < 0.05, b: p < 0.01 
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TABLE 7-14 

A SUMMARY OF EPIDEMIOLOGIC STUDIES WHICH EXAMINED 

POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL 

VINYL CHLORIDE EXPOSURE AND BRAIN CANCER 

STUDY SMR RESULT 

INCREASING 

DOSE 

INCREASING 

F/U TIME^ 

Byren et a l . 

Waxweiler et a l . 

Fox & C o l l i e r 

Bertazzi et a l . 

Weber et a l . 

3 

Cooper 

Wu 

612 

329 

55 

125 

535 

203 

145 

Significant" 

Significant' 

Significant" 

S i g n i f iciant" 

-t-

Yes 

No 

No 

Yes 

No 

Yes 

1 - Does r i s k increase with higher estimated dose? 
2 - F/U Time - Follow up time (years) 

Does r i s k increase with longer latency? 
3 - Cooper's data are used i n the most recent reevaluation 

of the Tabershaw, Gaffey and EEH cohort. 
4 - a: p < 0.05 

-H - non - s ign i f i can t pos i t i ve trend fo r increased r i s k (p > 0.05) 
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TABLE 7-15 

A SUMMARY OF EPIDEMIOLOGIC STUDIES WHICH EXAMINED 

POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL 

VINYL CHLORIDE EXPOSURE AND LUNG CANCER 

STUDY SMR 

INCREASING 

RESULT^ DOSE-*-

INCREASING 

FAJ TIHE^ 

Duck et a l . 103 

Ott et a l . 77 

Byren et a l . 168 

Waxweiler et a l . 156 

Fox & C o l l i e r 90 

Bu f f l e r et a l . 268 

Bertazzi et a l . 91 

Masuda et a l . 125 

3 

Cooper 107 

Heldass et a l . 180 

Theriault & A l l a r d (.36)^ 

Nakamura 86 

Wu 115 

No 

Sign i f i c a n t " 

-I-

-I-

No 

Yes 

Yes 

No 

No No 

1 -

2 -

3 -

4 -
5 -

Does r i s k increase with higher estimated dose? 
F/U time - Follow-up time (years) 
Does r i s k increase with longer latency? 
Cooper's data i s used i n the most recent revaluation 
of the Tabershaw, Gaffey and EEH cohorts. 
Relative r i s k , not SMR 
a: p < 0.05 
-f - non-significant positive trend for increased r i s k (p > 0.05) 
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TABLE 7-16 

A SUMMARY OF EPIDEMIOLOGIC STUDIES WHICH EXAMINED 

POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL 

VINYL CHLORIDE EXPOSURE AND LYMPHOMA 

STUDY SMR RESULT 

INCREASING 

DOSE''" 

INCREASING 

F/U TIME^ 

Waxweiler et a l . 

Fox 6e C o l l i e r 

Bertazzi et a l . 

-Weber et a l . 

3 
Cooper 

159 

100 

133 

214 

112 

Yes 

Signi f i c a n t 

-1-

1 - Does r i s k increase with higher estimated dose? 
2 - F/U time - Follow-up time (years) 

Does r i s k increase with longer latency? 
3 - Cooper's data are used i n the most recent revaluation 

of the Tabershaw, Gaffey and EEH cohorts. 
4 - a: p < 0.05 

-1- - n o n - s i g n i f i c a n t pos i t ive trend fo r increased r i s k (p > 0.05) 
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8.0 QUANTITATIVE CARCINOGENIC RISK ASSESSMENT 

8.1 Introduction 

Inhalation studies discussed i n Chapter 7 have demonstrated that v i n y l 
chloride i s a carcinogen i n three species of laboratory rodents: r a t s , mice 
and hamsters. Those studies generally found an elevated occurrence of the 
otherwise rare tumor, l i v e r angiosarcoma, over a wide range of concentrations 
of atmospheric v i n y l chloride. Those studies also found cases of elevated 
incidence of carcinoma of the l i v e r and both angiosarcoma and carcinoma of the 
lung. In addition those studies found elevated incidence of tumors of the 
mammary gland. Feeding studies have supported the i n h a l a t i o n r e s u l t s . 
Epidemiologic evidence has associated occupational exposure to v i n y l chloride 
with the development of l i v e r angiosarcomas i n c h r o n i c a l l y exposed workers, 
and possibly with other tumors. lARC (1979), the EPA (1984b) and the State of 
C a l i f o r n i a (CDHS, 1985) have i d e n t i f i e d v i n y l chloride as a human carcinogen. 
Vinyl chloride has been i d e n t i f i e d as a "chemical known to the State to cause, 
cancer" under C a l i f o r n i a ' s Proposition 65, C a l i f o r n i a Health and Safety Code 
Section 25249.8. 

The analyses below derive r i s k estimates from an occupational study and 
from rodent bioassays. The selected occupational study provided the best 
available for quantitative epidemiological analysis. The multistage model of 
carcinogenesis adequately characterized the re s u l t s of the rodent bioassays. 
A l l of the analyses applied a simple metabolic (pharmacokinetic) model to 
convert atmospheric concentrations of v i n y l chloride to estimates of exposure 
i n terms of the metabolites assumed to produce tumorogenesis i n the affected 
tissue. 

8.2. The Metabolic Model 

Two related aspects of v i n y l chloride metabolism (reviewed i n Chapter 2 
of this document) are relevant to understanding the dose-response character of 
ics carcinogenicity. F i r s t , the oncogenicity of v i n y l chloride appears to be 
due to one or more reactive metabolites, rather than the parent molecule. 
Second, the metabolism of v i n y l chloride i s a saturable, dose-dependent 
process because rate of formation of the carcinogenic metabolites i s l i m i t e d 
by the metabolism of the parent compound. 

Gehring et a l . (1978) developed a metabolic model r e l a t i n g the rate of 
formation of adducts of macromolecules to the concentration of v i n y l chloride 
i n atmospheric exposure of rats. In the experiments used to obtain data for 
the model, the exposures lasted for 6 hours. The rats were of the Sprague-
Dawley s t r a i n , Spartan substrain, and weighed 200-250g. The study assayed the 
l i v e r tissue for adducts of macromolecules. The authors used the data to 
estimate the parameters of an equation of Michaelis-Menten form, r e l a t i n g the 
ve l o c i t y of the reaction to the exposure concentrations: 

F - aVn,X/(Kn, + X) , (8-1) 

where F = rate of adduct formation (hr"''") , 
Vjj, = maximum ve l o c i t y of the reaction (Ig/hr) , 
Kji, = Michaelis saturation concentration (ppm) , 
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X =• atmospheric exposure (ppm) , 
a = constant (Ig'^). 

This equation m u l t i p l i e d by an appropriate constant (K^i/aV^,) yields 
another expression for metabolite formation (Y): 

Y - Kin/aVn, = l/(Kn,-^ -f X-^) . (8-2) 

For s u f f i c i e n t l y low concentration this measure of dose rate becomes 
equal to actual exposure, thus avoiding the need for conversions i n low dose 
r i s k estimates for any s u f f i c i e n t l y homogeneous group under analysis. 

The present analysis w i l l proceed to relate cancer incidence to the 
estimated metabolized exposure. Although there i s uncertainity about the 
accuracy of using the adjusted exposure of Equation 8-2 as a measure of 
carcinogenically active metabolites, this measure appears to be superior to 
atmospheric exposure (Anderson et a l . 1980). The accuracy of t h i s measure i s 
subject to improvement by adjusting parameters when applying the r e s u l t to 
d i f f e r e n t organs and to d i f f e r e n t sizes and strains of rats and to other 
species. Gehring et a l . (1978) determined the Michaelis saturation constant 
for Sprague-Dawley rats to be Kj^ =- 336 ppm. In Appendix B the present 
analysis uses for humans K̂ j = 150 ppm, a value which was estimated from data 
on monkeys. 

8.3 Analysis of Human Data from Waxweiler et a l . 

The review of the epidemiological studies (Section 7.2 of t h i s document) 
strongly suggests a causal association between v i n y l chloride and several 
d i f f e r e n t types of cancer, including l i v e r , lung, and brain. However, none of 
the occupational cohort studies presented exposure data for a large enough 
cohort to derive a dose-response curve; so the present analysis uses 
h i s t o r i c a l i n d u s t r i a l hygiene data to reconstruct a range of l i k e l y exposures, 
from which r i s k estimates can be extrapolated. 

This r i s k analysis proceeds by selecting the Waxweiler et a l . (1976) 
study of 1294 workers who experienced high sustained exposures to v i n y l 
chloride and who were followed long enough (10 years) to develop substantial 
numbers of cancers that appeared to be related to the exposure. The 
retrospective estimates of Barnes et a l . (1976) for the relevant i n d u s t r i a l 
processes furnished concentrations of the exposures of v i n y l chloride, having 
an o v e r a l l average value of 647 ppm. The analysis converts these annual 
average exposure estimates to a l i f e t i m e d a i l y equivalent tissue exposure of 
3.6 ppm on the assumption of a saturable metabolic process (Michaelis-Menten) 
leading to active carcinogens (See equation 8-2). This i s based on 
extrapolated measurements of binding rates to macromolecules (Gehring et a l . 
1977). The seven l i v e r cancer deaths reported for that cohort project to a 
l i f e t i m e r i s k of .039 (.089 upper confidence l i m i t ) per worker for l i v e r 
cancers. That r i s k divided by the overall l i f e t i m e d a i l y equivalent of 
e f f e c t i v e exposure y i e l d s unit r i s k estimates for that malignancy. See 
Appendix B for the c a l c u l a t i o n s , which also include the case of a l l observed 
cancers. 

The calculations 
unit r i s k s : 2.5 x 10 

s provided the following upper confidence l i m i t s (UCL) on 
ppb' for l i v e r cancers, and. 4.5 x 10"^ Ppb for three 
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s i t e s of cancer combined, l i v e r , lung and brain. Each of these three s i t e s of 
cancer had a s i g n i f i c a n t l y elevated SMR when calculated for a 15-year follow 
up time. The u n i t r i s k s calculated i n t h i s manner are about s i x times greater 
than would be calculated by using actual exposures instead of the e f f e c t i v e 
exposures that take account of the metabolic saturation i n the tissue. A 
committee of The National Health Council of the Netherlands (1987), using 
mortality data from three studies including Waxweiller, calculated maximum 
l i k e l i h o o d estimates of unit r i s k . That council's committee obtained i n 
present terms 1.2 x 10" ppb' for l i v e r tumors and 2.5 x 10' ppb' for a l l 
tumors. Both these results were based on estimated atmospheric exposure. 
When those re s u l t s are modified to take account the pharmacokinetics and to 
provide 95% upper confidence l i m i t s , the re s u l t s are close to the present 
r e s u l t s . 

8.4 Models of Carcinogenesis F i t t e d to Rodent Data 

Mathematical models of carcinogenesis provide a means of extrapolating 
the results of rodent bioassays to the much lower concentrations that human 
society i s l i k e l y to f i n d acceptible. The "present analysis employs the 
multistage model because i t i s a b i o l o g i c a l l y plausible model and as used here 
takes into account metabolism. 

Three sets of cancer bioassays provide adequate data for quantitative 
models of carcinogenesis. See Table 8-1 for the basic data. The Maltoni et 
a l . experiments together provide an unusually large set of data on cancer 
incidence i n both males and females rats over a large range of exposures at 
many concentrations--altogether f i f t e e n groups beyond the four control groups. 
The Drew et a l . experiments provide incidence data on female rodents for an 
unusual exposure protocol i n that the duration varied - - two or three groups 
beyond controls -- while the concentration remained f i x e d for each species. 
The B i et a l . experiments provide incidence data on male rats for three 
exposures beyond controls. 

Individual analyses proceeded i n attempts to obtain r i s k estimates for 
each homogeneous experimental grouping within species, s t r a i n , sex and tumor 
type. One analysis did eventually group together experiments BT-1 and BT-2 
and another grouped together experiments BT-9 and BT-15, a l l by Maltoni et a l . 
These groupings, which followed from s i m i l a r i t i e s of body weight, colony 
su r v i v a l c h a r a c t e r i s t i c s , and tumor response, tended to strengthen r e s u l t s , 
for example by reducing confidence i n t e r v a l s . The spectrum of r i s k s obtained 
from a l l the acceptable analyses provides some insight into uncertainties 
expected i n extrapolating the rodent re s u l t s to humans. 

8.4.1 Computational Methods 

The analyses that follow used the l i n e a r i z e d multistage computer 
program, GL0BAL86, to calculate potential r i s k s associated with v i n y l chloride 
exposure. The form of multistage model i n that program may be expressed as: 

P(d) = 1 - exp (-qo - qid - q2d^ - ... - q^d^) (8-3) 
with q i > 0 for a l l i . 

where P(d) i s the l i f e t i m e p r o b a b i l i t y of cancer for a given dose rate d of 
carcinogen, exp i s the exponential function (e raised to the power indicated 
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i n parentheses), qo i s a constant that accounts for the 'background incidence 
of cancer occurring i n the absence of carcinogen, and q^, q2. ••• qk 
c o e f f i c i e n t s that allow the data to be expressed to various powers of the dose 
of carcinogen to obtain the best f i t of the model to the data. (Howe et a l . 
1986) . 

The analyses used several adjustments to the experimental exposure data 
i n order to calculate the l i f e t i m e d a i l y exposure (LDE) l e v e l s . For these 
inhalation experiments, the metabolized exposure determined by Equation 8-2 
was m u l t i p l i e d by: 

H/24: where H i s the hours of exposure per day. This converts the 
exposure period to a time-weighted average for 24 hours d a i l y continuous 
exposure. D/7: where D i s the number of days of exposure per week. This 
converts the dosing schedule to a time-weighted average f o r a seven day/week 
continuous exposure. 

Le/L: where Le i s the length of the experiment and L i s the l i f e s p a n of 
the animal (the longer of Le or 24 months). This converts the experimental 
protocol to a continuous l i f e t i m e exposure. Table 8-1 displays the r e s u l t i n g 
ranges and other basic data on experiments used i n the analysis. 

8.4.2 Model Results 

S i g n i f i c a n t trends for l i v e r angiosarcoma dominated the results of the 
multistage modeling. A l l three analyses of female rats and two of the three 
analyses of male rats met the s t a t i s t i c a l c r i t e r i o n (p > .05) for goodness of 
f i t of the dose-dependent response of l i v e r angiosarcoma (LAS) to v i n y l 
chloride. In addition the following experimental groups met that c r i t e r i o n : 
lung carcinoma i n the Swiss mice of Drew et a l . , lung angiosarcoma i n the 
Wistar rats of B i et a l . , and mammary tumors i n both the Sprague Dawley rats 
of Maltoni et a l . and the F-344 rats of Drew et a l . 

Table 8.2 gives unit r i s k estimates calculated by using the l i n e a r i z e d 
multistage model for LAS and other tumor types from both male and female rats 
and for female mice for inhalation experiments done by Maltoni et a l . (1984), 
Bi et a l . (1985), and Drew et a l . (1983). The entries i n Table 8.2 include 
a l l those instances i n which an adequate f i t (p>.05 and q i /qi<3) of the data 
i s achieved by the model using a l l data points for each species, sex, and 
tumor type at exposures not greater than 500 ppm, when p r a c t i c a l . Because 
there i s an abundance of experiments available for the r i s k assessment of 
v i n y l chloride, t h i s stringent measure of adequate f i t (p > 0.05 and 
.q\ / q \ . < 3) was chosen to focus the r i s k assessment on the best available 
studies. This exposure l i m i t a t i o n tends to reduce the ef f e c t s of the parent 
compound (including mortality) at the higher exposure l e v e l s . The analyses 
did include one higher exposure, the 3000 ppm exposure of B i et a l . , which was 
retained i n order to obtain an adequate number of exposure groups (four) to 
establish a c l e a r trend. 

In Table 8.2 the column indicating which c o e f f i c i e n t s were nonzero 
provides some evidence that two stages were appropriate for the model f i t t e d 
by the maximum-likelihood procedure i n these bioassays. Only for the analysis 
of BT-9,15 rats with l i v e r angiosarcoma did the occurrence of an excessive 
r a t i o (16) of q^ (r)/q]^(r) prompt the selection of a single-stage model to 
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human uni t r i s k r e s u l t i n g from use of t h i s formula. This surface area 
correction r e s u l t s i n an estimated 2.6 f o l d increased r i s k for humans, 
compared to rats exposed to the same ppb concentration. 

For the parameters of this equation the current analyses used values 
from the studies when available; otherwise standard values were used. Humans 
were assumed to weigh 70 kg and to inhale 20 m /day. The inhalation rates 
(IR) for mice and rats were estimated using the following formulas (EPA, 
1985c) : 

For mice: I R = 0.0345 [wt (kg)/0.025 (kg)!^/^ rn^/day (8-5) 
For ra t s : I R •= 0.105 [wt (kg)/0.113 (kg)]^/"^ m-̂ /day 

3 
The i n h a l a t i o n rate for hamsters was assumed to be 0.086 m /day (Biology Data 
Book, 1974). Rodent bodyweight values for the studies of Maltoni et a l . 
(1984) and B i et a l . (1985) were derived from data provided i n the respective 
publications. Rodent bodyweights were not given for the Drew et a l . (1983) 
study. They were estimated to be 300 g for r a t s , 30 g for mice, and 92 g f o r 
hamsters. See Table 8-1 for values of body weight and inhalation rate used i n 
the analyses. 

8.6 Risk Predictions for the Regulation 

The rank ordering of Table 8-3 and the points of Figure 8-1 provide the 
range of UCL on unit r i s k for humans, q^*, for the present assessment; from 
2.5 X 10'^ to 20 X 10'^ ppb"-*-. 

In the opinion of DHS s t a f f , the best estimate for regulation i n t h i s 
assessment coincides with the top of the range, when rounded, 20 x 10' 
ppb" . This i s approximately the value obtained from the more recent Maltoni 
et a l . experiments, with lower exposure concentrations than the previous 
experiments. That result i s at the top of the range of s i x experiments that 
provided clear dose response relationships for l i v e r cancer. The bottom of 
chat range at 4.4 x 10'^ ppt>'^ is not far below. The selected top of the 
range, 20 x 10'^ ppt)'^ i s also equal to the Drew et a l . resu l t for lung 
carcinoma i n mice. That resu l t i s one of the lowest for mice. The other, 
higher results for mice are not e x p l i c i t l y reported i n the present r i s k 
analysis because of scattering of points i n each case not providing a clear 
exposure - response trend. The results for hamsters, not reported 
qua n t i t a t i v e l y for the same reason, were close to those for the rats. 

As indicated i n Chapter 7, based on laboratory animals, females appear 
to be more sensitive than males to v i n y l chloride exposure. Furthermore, 
e a r l i e r i n i t i a t i o n of exposure appears to increase v i n y l chloride 
s u s c e p t i b i l i t y (as discussed below, p. 8-13). Two d i f f e r e n t approaches permit 
in d i r e c t estimation of the unmeasured o v e r a l l r i s k of carcinogenesis i n human 
females, providing an instructive consistency check. The f i r s t i s to take the 
result for a l l cancers i n the (male) occupational study, 4.5 x 10' ppb' , and 
multiply i t by r a t i o of female-to-raale cancers i n animals. The best r a t i o 
available i s 3.1 for l i v e r angiosarcoma from experiments i n rats (BT-9,15). 
The r e s u l t i n g m u l t i p l i c a t i o n gives 14 x 10'^ ppt>" . This resu l t allows i n 
humans for the probably greater s u s c e p t i b i l i t y of the female to contracting 
cancer from v i n y l chloride exposure, as observed i n rodents. The second 
approach st a r t s with the result of the analysis that uses a l l Maltoni et a l . 
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data for LAS i n female rats at exposures not greater than 250 ppm (10 groups) , 
which i s q]^*(h) - 7.7 x 10'^ Ppb' (not shown i n the table). This r e s u l t , 
when m u l t i p l i e d by the r a t i o of r i s k for a l l observed human cancer to observed 
l i v e r cancer i n humans gives 13 x 10"^ ppb"^. This value also allows i n 
humans for a l l cancers i n the probably more susceptible female. Considering 
the uncertainties involved, these two r e s u l t s are remarkably s i m i l a r to each 
other and to the best estimate j u s t discussed. We have not attempted 
adjustments for the increased s u s c e p t i b i l i t y due to early age of exposure, 
however, DHS s t a f f believe that such an adjustment would elevate the r i s k 
estimate derived from the human date. That i s , l i f e t i m e exposure i s l i k e l y to 
be of greater r i s k to humans than adult exposure as occurred i n the 
occupational study. 

Using data from Maltoni and Lefemine C1975), the EPA (1984b) calculated 
a UCL on rodent unit r i s k of 6.8 x 10" ppb" . This i s equivalent to a q^ of 
1.8 X 10'^ ppb"^" Figure 8-1 shows that t h i s r e s u l t i s below the bottom of 
the present range, r e f l e c t i n g the use of only the e a r l i e r Maltoni et a l . data, 
rather than the more recent results published i n 1984, and the choice 
not to use a metabolic model. Note that the lower value of r i s k for BT-1,2, 
which are the e a r l i e r studies, i s among the lowest of the present assessment. 
EPA has also calculated r i s k s based on feeding studies. Using the l a t e r 
Maltoni et a l (1980, 1981) data, EPA (1985b) calculated a human inha l a t i o n 

1 1 -5 potency of 2.95 x 10 (mg/kg-day) , equivalent to a human q̂ *̂ of 11 x 10 
ppb" Figure 8-1 shows that this value i s below the top of the present 
range. EPA has also calculated r i s k s based on feeding studies. Assuming that 
dietary absorption has the same e f f i c i e n c y as i n h a l a t i o n absorption (both 
about 40%), the EPA (1984b) oral potency of 2.3 (mg/kg-day)"is equivalent to 
q i * of 1.7 X 10"^ ppb'^. This result i s approximately 9-fold greater than the 
top of the range presented i n Table 8-3. 

In a more recent r i s k assessment, Chen and Blancato (1989) have used 
metabolized dose i n a multistage model to estimate cancer r i s k from the 
Maltoni et a l . (1984) data on l i v e r angiosarcoma, experiments BT-1 and BT-15. 
Their r e s u l t of 2.3 x 10'^ ppb'"'" for the UCL on l i f e t i m e unit r i s k a c t u a l l y 
appears to be for females and not for males as indicated i n t h e i r report. In 
Tables 5, 10, and 13 for Che Maltoni inhalation data, Che males and females 

- 5 1 
were reversed. . This value compares to the r i s k of 18 x 10 ppb calculated 
for the DHS analysis. The lower r i s k estimate of Chen and Blancato (1989) 
appears to be due to the i r higher calculated dose rate. Chen and Blancato 
(1989) used a d a i l y dose rate, which i s not c l e a r l y documented i n the study, 
but appears to be 8-fold higher Chan estimates based upon c a l c u l a t i o n methods 
used i n the current DHS analysis. 

Zapponi et a l . (1988) have reported that using d i f f e r e n t bioassays has 
l i t t l e e ffect on unit r i s k s that res u l t from f i t t i n g the multistage model. 
They used the Michaelis-Menten function to e s t a b l i s h metabolized exposure,- and 
found Kj„ =• 950 ppm ( i n current terms) for the BT-1 experiment i n comparison to 
the = 336 ppm used i n the current analysis. For that experiment the UCL on 
unit r i s k was 2.5 x 10'^ when adjusted for rat l i f e t i m e exposure, which i s 
sim i l a r to the estimate for BT-1,2 i n the current analysis of 1.9 x 10'^. 

Brown and Hoel (1986) used a time-variable form of the multistage model 
to determine how well the model was able to predict incidence i n appropriate 
experiments. Their result indicates that the model performed very w e l l for 
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the rat (F-344) data, adequately for the B6C3F1 mice data and marginally for 
the Swiss mice and hamster data. Models with 3 to 7 stages produced the f i t s , 
and a strong e f f e c t of the f i r s t stage was apparent. A separate approach 
explored s t a t i s t i c a l l y for ef f e c t of age at f i r s t exposure, detecting a 
s i g n i f i c a n t reduction i n s u s c e p t i b i l i t y with increasing age of f i r s t exposure. 

A l l these estimates are subject to substantial uncertainties, as have 
been discussed on the s c i e n t i f i c l i t e r a t u r e (DHS, 1986, and EPA, 1984a). The 
available information does not suggest that there i s a threshold for v i n y l 
chloride's carcinogenic e f f e c t , though this remains uncertain. The multistage 
model i s the best choice based on the plausible mechanism of v i n y l chloride 
carcinogenicity. Nevertheless, our incomplete understanding of cancer makes 
thi s choice subject to uncertainty. Furthermore, the present approach uses 
other assumptions that are designed to be somewhat health protective i n the 
absence of precise knowledge. One of the most important of these i s the 
extrapolation from humans to animals on the basis of surface area i n 
accordance with DHS guidelines (1985). This approach may overpredict or 
underpredict human r i s k . 

In spite of such uncertainties and the potential differences i n exposure 
duration, oncogenic s e n s i t i v i t y of diff e r e n t species, age of exposure, sex, 
and levels of exposure and i n spite of the uncertainties i n the human data, 
the estimated unit r i s k values for the human epidemiologic data and those 
calculated from animal inhalation data are remarkably consistent with one 
another. 

Because many of the tumors associated with v i n y l chloride exposure 
( p a r t i c u l a r l y LAS) ex h i b i t a long latency period, exposure at an early age 
would produce a greater r i s k . The average latency period for the development 
of LAS i n one study of occupationally exposed v i n y l chloride workers was 
determined to be 22.1 years (Stafford, 1983). Drew et a l . (1983) demonstrated 
that i n rats , mice and hamsters, the highest incidence of neoplasms was 
observed when v i n y l chloride exposure was started early i n l i f e . Exposures 
early i n l i f e may produce up to a 10-fold greater incidence i n tumors compared 
to exposures late i n l i f e . 

Because of these considerations, this assessment concludes that i t i s 
necessary that the best estimate coincide with the top of the range of 
estimates of human uni t r i s k extrapolated from rodents. This approach 
provides adequately health protective estimates of human unit r i s k s , which 
represent the 95% upper confidence l i m i t s for r i s k c a lculations. 



TABLE 8.1 SUMMARY DESCRIPTION OF RODENT EXPERIMENTS CONSIDERED IN RISK ANALYSES 

00 
1 

Effective'^ Inhalation 
Experiment Strains/Species, Sex Exposures LDE Weight rate 

ppm (no.) (ppm) (kg) (mVday) 
Maltoni et a l . 

BT-1,2 sd/rat, female 0-500 (10) 0-10.4 .275 .190 
sd/rat, male*^ 0-500 (10) 0-10.4 .425 .254 

BT-9,15 sd/rat, female 0-50 (6) 0-2.6 .400 .244 
sd/rat, male 0-50 (6) 0-2.6 .600 .320 

Bi et a l . wi/rat, male 0-3000 (4) 0-48.6 .300 .200 

Drew et a l . f i / r a t , female 0-100 (5) 0-13.7 .300 .200 
bc/mouse, female^ 0-50 (3) 0-5.8 .030 .039 
sw/raouse, female 0-50 (4) 0-5.8 .030 .039 
gs/hamster, female^ 0-200 (4) 0-5.8 .092 .086 

*sd - Sprague-•Dawley, wi - Wistar, f i - Fischer- 344, sw - GDI Swiss, be - B6C3F1, 
gs - golden Syrian. 

^Range of exposures for a l l groups used in the analysis. Number of groups used is 
in parentheses. 

'̂ Range of exposures expressed as effective lifetime daily exposure, using Equation 
8-1 and the lifetime adjustments of the text. 

^Did not achieve an adequate f i t of the multistage model for any tumor. 



TABLE 8.2 RISKS OF CARCINOGENICITY FROM VINYL CHLORIDE EXPOSURE ESTIMATED FROM RODENT DATA 

Experiment Strain /Species, Sex 
Coefficients'^ Ratio'^ 

Tumor /stages q^ (r) 

qi ( r ) 

Rodent UCL 
qi (r) 

10'^ ppb'^ 

Human UCL*" 
qi*(h) 

10'^ ppb'^ 

Maltoni et a l , 
BT-1,2 sd/rat, female LAS 1.2 2 .3 1 .9 4.9 
(<500 ppm) sd/rat, female mammary 0.1 1 .7 1 .4 3.7 

BT-9,15 sd/rat, female LAS 1.2 1 .9 6, .7 18. 
sd/rat, male LAS 1/1 2 .5 2, ,5 6.5 

Bi et a l . wi/rat, male LAS 1,2 1, .9 5, ,0 13. 
wi/rat, male lung 1.2 2, .8 1, ,7 4.5 

angiosarcoma 

Drew et a l . f i / r a t , female LAS 0.1,2 2, ,1 3, .2 8.4 
f i / r a t , female hepatocellular 0,1,2 2, ,0 1, ,7 4.4 

carcinoma 
f i / r a t , female mammary 0,1 1, ,7 1, ,6 4.2 
sw/mouse, female lung 0,1 1, .8 6, 9 20. 

00 
I 

See Table 8.1 note a 

^LAS - l i v e r angiosarcoma 

'̂ Number to the right of the slash indicates degree that i s chosen by the user for 
polynomial i n the multistage model. Remaining numbers indicate subscripts of non
zero coefficients of the polynomial for the maximum lik e l i h o o d estimate, following 
Equation 8-6. 

'^Ratio of unit r i s k s : the 95* UCL to the maximum li k e l i h o o d estimate. 

'Determined by multiplying by the scaling factor on rodent dose. 



Rank Experiment 

TABLE 8.3 RANK ORDERING OF ESTIMATES OF HUMAN RISK BY CATEGORY 

b 
Strain /Species, Sex Tumor Individuals'^ Unit^Risk, UCL 

qj^*(h) ppb" 

(» 
t 

1 Drew sw/raouse, female lung carcinoma 228 20 : X 10"^ 

2 BT-9,15 sd/rat, female LAS 380 18 : K 10'^ 

3 Bi wi/rat, male LAS 78 13 : X 10'^ 

4 Drew fi/rat,female LAS 353 8. 4 X 10'^ 

5 BT-9,15 sd/rat, male LAS 298 6. 5 X 10'^ 

6 BT-1,2 sd/rat, female LAS 313 4. 9 X 10'^ 

7 Waxweiler oc/human, male l i v e r + brain -•- lung 1294 4. 5 X 10'^ 

8 Bi wi/rat,male lung angiosarcoma 78 4. 5 X 10"^ 

9 Drew f i / r a t , female hepatocellular carcinoma 353 4. 4 X 10'^ 

10 Drew f i / r a t , female mammary 354 4. 2 X 10"^ 

11 BT-1,2 sd/rat, female mammary 394 3. 7 X 10"^ 

12 Waxweiler oc/human, male l i v e r 1294 2. 5 X 10"^ 

ôc - occupational cohort. ' See Table 8.1 for other abbreviations. 

LAS - l i v e r angiosarcoma. 

'Number of a l l individuals entered i n the analysis, exposed and unexposed. 
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9.0. CONCLUSIONS 

9.1 Acute To x i c i t y 

V i n y l chloride has a r e l a t i v e l y low degree of acute t o x i c i t y i n 
experimental animals; two-hour inhalation LD^Q values are greater than 
200,000 ppm i n several species. Human exposure for longer than f i v e minutes 
to concentrations of 8000 ppm or more may lead to narcosis, cardiovascular 
and respiratory i r r e g u l a r i t y , convulsions, cyanosis and death. Several human 
deaths have been attributed to occupational exposure at very high l e v e l s of 
v i n y l chloride. Autopsies of these patients revealed congestion of the 
l i v e r , spleen and kidneys. 

9.2 Subchronic and Chronic Toxicity 

Chronic exposure of workers to v i n y l chloride has been shown to lead to 
" v i n y l chloride disease", characterized by occupational acro-osteolysis, 
vasospasm of the hands sim i l a r to Raynaud's syndrome, dermatitis, c i r c u l a t o r y 
and central nervous system alt e r a t i o n s , thrombocytopenia, splenomegaly and 
changes i n l i v e r function (Veltman et a l . , 1975). Spirtas et a l . (1975) 
measured the frequency of eight symptoms commonly reported by workers exposed 
to v i n y l chloride (including dizziness, headaches and nausea) and observed a 
dose-response relationship using exposure l e v e l s estimated from job 
c l a s s i f i c a t i o n s . These symptoms were observed at exposure levels even below 
50 ppm. 

9.3 Pharmacokinetics 

Approximately 42% (but up to 71%) of an inhaled dose of v i n y l chloride 
was absorbed by both man and rats. Oral exposure r e s u l t s i n more complete 
absorption. Radiolabeled v i n y l chloride metabolites have been detected i n a 
range of tissues, suggesting thorough d i s t r i b u t i o n . Most of the metabolized 
v i n y l chloride i s excreted by the kidney, often as glutathione conjugates; 
Unmetabolized v i n y l chloride i s eliminated p r i m a r i l y by pulmonary excretion. 

Both alcohol dehydrogenase and cytochrome P-450 are involved i n the 
metabolism of v i n y l chloride. The evidence suggests that reactive 
metabolites may be responsible for the toxic e f f e c t s of v i n y l chloride, with 
the most l i k e l y candidates thought to be chloroethylene oxide and 
chloroacetaldehyde. 

The rate of metabolism of v i n y l chloride appears to depend upon the 
level of exposure, with higher levels being incompletely metabolized. The 
saturation of the metabolizing enzymes becomes sub s t a n t i a l i n monkeys above 
exposures of 100 ppm, and i n the absence of better data t h i s value may be 
extrapolated to humans. 

9.4 Reproductive Toxicity 

No teratogenic or embryotoxic effects were observed i n mice, rats or 
rabbits exposed to v i n y l chloride at maternally t o x i c doses during gestation. 
A recent study has suggested that v i n y l chloride can cross the placental 
barr i e r of exposed pregnant female rats and cause l i v e r cancer and 
angiosarcoma i n the offspring. Epidemiologic studies have suggested a 
possible increased rate of f e t a l deaths i n women whose husbands were 
occupationally exposed to v i n y l chloride. However, ad d i t i o n a l studies have 
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concluded that there was no association between v i n y l chloride exposure and 
f e t a l deaths or b i r t h defects. 

9.5 Mutagenicity 

V i n y l chloride has been i d e n t i f i e d as a mutagen i n ba c t e r i a , yeast and 
animal systems, both with and without addition of an exogenous metabolic 
a c t i v a t i o n system. Chloroacetaldehyde and chloroethylene oxide, the putative 
toxic metabolites of v i n y l chloride, were also mutagenic. Levels of 
chromosomal aberrations and s i s t e r chromatid exchanges were higher i n workers 
exposed to v i n y l chloride (20 to 150 ppm) than for unexposed control groups. 
Workers exposed to less than 15 ppm showed no differences i n chromosome 
breaks or aberrations from controls. 

9.6 Carcinogenicity 

Both experimental animal studies and epidemiological studies of worker 
populations have demonstrated that v i n y l chloride i s carcinogenic. 

The International Agency for Research on Cancer (lARC) reviewed the 
l i t e r a t u r e on v i n y l chloride mutagenicity and carcinogenicity and concluded 
that v i n y l chloride i s a proven human carcinogen (lARC, 1979) and placed 
v i n y l chloride i n i t s carcinogenicity group 1. Substances assigned to this 
category have demonstrated s u f f i c i e n t evidence to support a causal 
association between exposure and cancer i n humans. 

lARC noted that, "...several independent but mutually confirmatory 
studies have shown that exposure to v i n y l chloride r e s u l t s i n an increased 
carcinogenic r i s k i n humans, involving the l i v e r , brain, lung and 
hemolymphopoietic systems i n man." They also noted i n "two proportionate 
mortality studies ... there appeared to be an increased proportion of cancer 
of the digestive system i n both sexes and possibly of the urinary system and 
of the breast i n woman," and "there i s no evidence that there i s an exposure 
l e v e l below which no increased r i s k of cancer would occur i n humans" (lARC, 
1979). 

The Environmental Protection Agency (EPA, 1984b) has likewise reviewed 
the data and also concluded that v i n y l chloride i s a proven human carcinogen. 
The EPA placed v i n y l chloride i n i t s group A as a proven human carcinogen. 

Although both EPA and the National Academy of Science have concluded 
that there were inadequate exposure data to base a quantitative carcinogenic 
r i s k assessment on epidemiological studies, the present r i s k assessment 
includes an analysis of an occupational study of Waxweiler et a l . (1976), 
using a retrospective estimate of exposure (Barnes, 1976; Paddle 1986) that 
was converted to an e f f e c t i v e exposure on the basis of a pharmacodynamic 
model which takes account of the metabolic conversion. 

The animal studies demonstrated a relationship between tumor formation 
and the sex and age of the animal at f i r s t exposure. Fetuses, newborns, 
younger animals, and females exhibited the highest carcinogenic s e n s i t i v i t y 
(Drew et a l . , 1983). In the epidemiological studies of v i n y l chloride 
workers, who were predominantly male, the average age at f i r s t exposure was 
29.7 years. Thus, to protect a l l members of the general population, i t i s 
more appropriate to base r i s k assessment calculations on the animal 
inhalation studies, which because of their use of more sen s i t i v e categories, 
the young and females, r e f l e c t a wider range of population s e n s i t i v i t y . 
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The s t a f f of the Department of Health Services conclude that: 

1. V i n y l chloride i s mutagenic and i s a proven animal and human 
carcinogen. 

2. Because v i n y l chloride i s genotoxic and there i s no experimental 
evidence that v i n y l chloride has a carcinogenic threshold, i t should not be 
considered to have one. Animal evidence has demonstrated that v i n y l chloride 
i s carcinogenic at a l i f e t i m e d a i l y equivalent exposure of 0.06 ppm. 
Potential human r e s i d e n t i a l exposures may be only from s i x to 60-fold lower 
than those i n the animal studies. 

3. V i n y l chloride has been demonstrated to cause a number of 
malignant tumor types i n animals, including angiosarcoma of both the l i v e r 
and lung, hepatocellular carcinomas, several d i f f e r e n t lung tiomors, brain 
tumors, and other types of cancers. V i n y l chloride has been shown to cause 
l i v e r angiosarcoma i n humans and epidemiological evidence suggests that v i n y l 
chloride may induce lung, breast, and b r a i n tumors. V i n y l chloride has been 
demonstrated to be m u l t i s i t e carcinogen, and t h i s r i s k assessment performed 
by the s t a f f of DHS r e f l e c t s t h i s f i n d i n g . 

4. Quantitative r i s k assessments of the relevant animal i n h a l a t i o n 
studies of v i n y l chloride using the l i n e a r i z e d multistage model have 
suggested a range of potential human uni t r i s k s from 4 x 10" /ppb to 20 x 10" 
/ppb (Table 8.3). The human unit r i s k from occupational v i n y l chloride 

exposure for males has been estimated herein to be 4.5 x IO""* ppb""*" for 
cancer at a l l s i t e s and to be 2.5 x 10"^ PPb" f o r l i v e r cancer alone. Thus, 
although the human r i s k estimates are based on a h i s t o r i c a l reconstruction of 
occupational exposures, the results overlap the range estimated from animal 
studies. 

5. The C a l i f o r n i a A i r Resources Board has monitored v i n y l chloride 
emissions from the BKK l a n d f i l l i n West Covina and the O i l l a n d f i l l i n 
Monterey Park. Estimates of peak concentrations for maximally exposed 
receptors range from 2 to 10 ppb at the BKK l a n d f i l l and 0.6 to 9 ppb at the 
O i l s i t e . The A i r Resources Board has estimated that between 17,000 and 
131,000 individuals may be exposed to 1 ppb at the BKK s i t e . The present 
assessment predicts that there is only a 5% chance that a l i f e t i m e exposure 
of 131,000 residents to 1 ppb would r e s u l t i n more than 3 to 25 excess cancer 
cases, and there i s a 95% chance that there would be less cases. 
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Intraperitoneal Administration 

Rats: Groups of 30 male and 30 female 13-week-old Sprague-Dawley rats 
received an intraperitoneal i n j e c t i o n of 4.25 mg v i n y l chloride i n o l i v e o i l 
on 1, 2, 3, or 4 occasions over a two-month period and observed for the 
duration of t h e i r l i v e s (145 weeks). One nephroblastoma and one subcutaneous 
angiosarcoma were found. No difference i n s u r v i v a l or body weight was 
observed between test animals and controls. This experiment was considered 
inadequate for the determination of the carcinogenic p o t e n t i a l of v i n y l 
chloride because of the unconventional dosing protocol used (Experiment BT12, 
Maltoni et a l . , 1984). 

Subcutaneous Administration 

Rats: In a separate study, a group of 75 male and female Sprague-
Dawley rats was administered a single subcutaneous i n j e c t i o n of 4.5 mg v i n y l 
chloride i n 1 ml o l i v e o i l at 21 weeks of age and observed for the remainder 
of t h e i r l i f e t i m e (145 weeks after i n j e c t i o n ) . Body weight and s u r v i v a l were 
not s i g n i f i c a n t l y d i f f e r e n t between controls and treated animals. One 
nephroblastoma i n a treated male was observed (Experiment BT13, Maltoni et 
a l . , 1984). The i n s u f f i c i e n t protocol prevents any assessment of the 
carcinogenicity of v i n y l chloride from t h i s experiment. 

Transplacental Exposure 

Rats: Groups of pregnant female Sprague-Dawley rats were exposed from 
day 12 to day 18 of gestation to 6,000 or 10,000 ppm v i n y l chloride. The 
females and offspring were observed for t h e i r l i f e t i m e s (143 weeks a f t e r 
s t a r t of experiment) . Survival of the o f f s p r i n g was poor a f t e r week 95 of 
the experiment. Several animals from both groups exposed i n utero had 
mammary tumors, zymbal gland carcinoma, leukemias and nephroblastomas; no 
hepatic angiosarcomas or hepatomas were reported. No res u l t s from control 
animals were reported, thus s t a t i s t i c a l evaluation of these res u l t s i s not 
possible. Only a few tumors were found i n the female breeders (Experiment 
BT5, Maltoni et a l . , 1984; lARC, 1979). 

Transplacental-Inhalation Exposure 

Rats: Groups of 12-week-old pregnant Sprague-Dawley rats were exposed 
to either 0 or 2,500 ppm v i n y l chloride four hours/day, f i v e days/week for 
seven weeks, then seven hours/day for 69 weeks, a f t e r which time a l l animals 
died. One group of offspring was f i r s t exposed transplacentally from day 12 
of gestation, then exposed by inhalation a f t e r b i r t h using the same protocol. 
A second group of offspring was also exposed transplacentally from day 12 of 
gestation but was exposed by inhalation four hours/day, f i v e days/week for 
seven weeks, then seven hours/day, f i v e days/week for eight weeks. V i n y l 
chloride was toxic at a l l concentrations tested: a l l animals exposed to v i n y l 
chloride for 76 weeks died by that time, whereas the control animals survived 
for up to 150 weeks. The poor survival of treated animals almost c e r t a i n l y 
diminished the number of observed tumors, e s p e c i a l l y tumors with long latency 
periods, such as l i v e r angiosarcomas. An increased incidence of zymbal gland 
tumors (8/54), l i v e r angiosarcomas (27/54), hepatomas (5/54), and 
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neuroblastomas (32/54) were reported for the breeding females exposed to 
v i n y l chloride, compared to 1/60, 0,60, 0/60, 1/60, respectively, i n the 
controls. 

In the male offspring exposed to v i n y l chloride for 76 weeks, 9/63 had 
zymbal gland carcinomas, 36/63 had l i v e r angiosarcomas, 27/63 had hepatomas, 
and 31/63 had neuroblastomas, compared to 2/158, 0/158, 1/158, and 0/158, 
respectively, i n the controls. In the female offspring exposed to v i n y l 
chloride for 76 weeks, 6/64, 28/64, 38/63, and 28/64 were reported for these 
above tumors respectively compared to zero tumor incidence i n the controls. 
The incidence of these same tumors i n the male offspring exposed to v i n y l 
chloride for only 15 weeks was 7/59, 24/59, 42/59, and 7/59 f o r the same 
tumors respectively, compared to 2/158, 0/158, 1/158, and 0/158, 
respectively, i n the controls. In female offspring exposed f o r only 15 
weeks, the incidence was 2/60, 28/60, 43/60, and 11/60 for the same tumors, 
respectively, compared to a zero incidence of these tumors i n controls. 
These studies (BT4001, BT4006) were c i t e d by Maltoni and colleagues (1984) as 
an example of transplacentally-induced-tumorigenesis, but was, i n e f f e c t , an 
inve s t i g a t i o n of the increased s e n s i t i v i t y of young experimental animals to 
the toxic effects of v i n y l chloride. The tumor incidence i n breeders and 
offs p r i n g exposed to v i n y l chloride for 76 weeks did not appear to d i f f e r 
s i g n i f i c a n t l y , nor did the increased tumor incidence i n o f f s p r i n g exposed to 
v i n y l chloride for 15 weeks appear to d i f f e r s u b s t a n t i a l l y from the tumor 
incidence i n exposed breeders. However, no e x p l i c i t s t a t i s t i c a l comparison 
of these parameters was made i n the report (Maltoni et a l . , 1984; Experiments 
BT4001, BT4006). 

Inhalation Exposure 

Hamsters: Groups of 30 male Syrian golden hamsters were exposed to 0, 
50, 250, 500, 2,500, 6,000, or 10,000 ppm v i n y l chloride, four hours d a i l y , 
f i v e days weekly for 30 weeks, beginning at 11 weeks of age. The hamsters 
were then observed for t h e i r l i f e s p a n (109 weeks). Two l i v e r angiosarcomas 
were observed i n the group exposed to 500 ppm v i n y l chloride and one l i v e r 
angiosarcoma was observed i n the group exposed to 6,000 ppm. The increased 
incidence of forestomach e p i t h e l i a l tumors i n hamsters exposed to 500 ppm or 
more of v i n y l chloride appeared to be b i o l o g i c a l l y s i g n i f i c a n t but no 
s t a t i s t i c s were reported (Experiment BT8, Maltoni et a l . , 1984). 
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Introduction 

Epidemiological data from many studies provide strong evidence that 
v i n y l chloride i s a human carcinogen. See Tables B-1 and B-2. As with the 
evaluation of toxic effects of many other substances, the main problem that 
occurs i n using the epidemiological data for quantitative predictions of 
effects of v i n y l chloride i s the lack of suitable exposure data. For v i n y l 
chloride, some in d i r e c t exposure estimates are available. 

The quantitative r i s k assessment developed i n t h i s appendix uses 
cancer incidence data from one study, Waxweiler et a l (1976). The industry
wide estimates of exposure by Barnes et a l (1976) furnish the data for 
estimating year-by-year exposures of the known worker population i n the 
Waxweiler study. The analysis uses these atmospheric exposures to estimate 
values of the metabolized exposure at the tissue, based on the satuation 
(Michaelis-Menton) model of formation of an active carcinogen. The 
calculations provide r i s k per unit of metabolized exposure, which c l o s e l y 
approximates atmospheric exposure at concentrations below 10 ppm. 

Mortality data 

Of the many occupational studies that have been reported, the cohort 
study reported by Waxweiler et a l (1976) contains the most thoroughly 
documented information for r i s k assessment purposes. That study selected a 
cohort of po l y v i n y l chloride (PVC) workers who had worked for at least f i v e 
years between 1942 and .1973 and who had commenced work at least ten years 
before follow-up was completed. Follow-up for mortality was to the end of 
1973. 

Among the cohort of 1294 workers, only 7 were l o s t to follow up. 
There were 136 deaths during the follow-up period, of which 35 were due to 
cancer. Eleven of these cancer deaths were due to angiosarcoma of the l i v e r , 
more than any other study, and three were due to b i l l i a r y cancer. The 
standardized mortality r a t i o (SMR) for b i l l i a r y and l i v e r cancer was 1155, for 
brain cancer, 329, and for lung cancer, 156. A l l of these values represent 
s t a t i s t i c a l l y s i g n i f i c a n t increases. I t i s apparent from Table B-2 that the 
SMRs from Waxweiler et a l . are consistent with some of the other studies. The 
cumulative r i s k of l i v e r , lung and brain cancer following v i n y l chloride 
exposure i s , however, greatest i n the Waxweiler et a l . (1975) report. Thus, 
cancer r i s k s to v i n y l chloride workers are u n l i k e l y to be su b s t a n t i a l l y 
underestimated by a r i s k assessment based on this study. 

Exposure Data 

As i n many retrospective cohorts, i n d i v i d u a l exposure data were not 
available (Waxweiler et a l . , 1975). However, several reports have attempted 
to reconstruct the magnitude of exposure among v i n y l chloride workers since 
the 1940's (Ott et a l . , 1975; Jones, 1974; Paddle, 1986). Table B-3 
summarizes proposed estimates of exposure for several countries. 

Most of the s p e c i f i c exposure data available for the United States 
derive from measurements at a single plant operated by Dow Chemical Company 
(Jones, 1974). Although exposures for some job classes were quite high, most 
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exposures were less than proposed international levels during commensurate 
time periods because Dow Chemical Company responded to early reports of v i n y l 
chloride t o x i c i t y i n animal studies by creating an in-house standard of 50 ppm 
(Ott et a l . , 1975; Paddle, 1986). This standard was well below industry-wide 
acceptable l i m i t s during the 1960's and early 1970's and probably we l l below 
the average exposure at other v i n y l chloride polymerization plants. Dow 
Chemical Company had not reported any cases of angiosarcoma of the l i v e r to 
1985 (Forman et a l . , 1985). 

The exposure estimates presented by Barnes (1976) and summarized i n 
Table B-3 of th i s appendix are l i k e l y to describe the average exposures for 
the Waxweiler et a l . cohort, which spanned the years, 1942-1973. Barnes did 
not substantiate h i s exposure estimates but simply stated, "the general 
consensus of opinion throughout the world, today, i s that average atmospheric 
exposure for polymerization workers between 1940 and 1970 might have been of 
the following order" (Barnes, 1976). The Barnes estimates approach the 
ex i s t i n g standards during the corresponding time periods. The current 
analysis used those Barnes estimates, which are expected to be with i n a factor 
of f i v e of the actual values experienced by these workers. 

Some work h i s t o r i e s started before the f i r s t time period provided by 
Barnes (January 1, 1945). The present analysis counted those h i s t o r i e s 
separately and assigned exposures p r i o r to 1945 a concentration of 1000 ppm, 
which i s equal to Barnes' estimates of concentration i n the f i r s t ten years, 
on the assumption that exposure during early process days (pre-1945) was the 
same as that during the 1945-1955 exposure period. 

Recorded deaths due to angiosarcoma of the l i v e r occurred between 1964 
and 1973. The present analysis examined work h i s t o r i e s to i d e n t i f y the 
person-time i n each calendar year for the cohort which had at least f i v e years 
of employment and who began work (and thus v i n y l chloride exposure) prior to 
1964. The analysis incorporated these r e s t r i c t i o n s to correspond to the same 
r e s t r i c t i o n s used by Waxweiler and co-workers (1976) i n generating thei r SMR 
values. Thus, both the exposure and the SMR values correspond to those 
workers with at least f i v e years of exposure and at least a ten-year latency 
period from f i r s t exposure. 

Relationship of Risk to Exposure 

This development of a relationship of r i s k to exposure considers a 
cohort of i n d i v i d u a l s , each subcohort of which i s exposed at a constant rate 
to a p a r t i c u l a r chemical during each time period of one calendar year. The 
rates of exposure may d i f f e r among subcohorts and time periods. The 
development here makes no d i s t i n c t i o n according to age. 

The model assumes proportionality between excess r i s k and the 
metabolized exposure, a measure of the amount of v i n y l chloride ever bound to 
macromocules i n the course of an individual l i f e time (Gehring et a l 1977, 
Anderson et a l 1980). Thus, the excess r i s k due to a l i f e t i m e d a i l y 
equivalent metabolized exposure, Y ^ j , of subcohort i during time period j i s 
assumed to be given by 

P i j " QYijTj/T, (B-1) 
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where P̂ ĵ - excess pro b a b i l i t y of cancer i n subcohort i due to exposure 
during time period j . 

Q = the l i f e t i m e unit r i s k , a c o e f f i c i e n t of 
proportionality, independent of subcohort and period, 

Yj^j - metabolized exposure for subcohort i during time 
period j , defined i n Equation B-3 and representing 
adduct formation, 

Tj =- time of exposure during time period j , 
T = general population l i f e t i m e ( l i f e expectancy). 

This analysis uses a metabolic model of formation of active carcinogen 
because occupational exposures experienced i n the older studies are wel l above 
the saturation l e v e l for adduct formation for a l l species i n which the 
ki n e t i c s have been determined. The analysis assumes that Michaelis-Menton 
k i n e t i c s govern the rate at which adducts form i n target tissue due to a 
reactive metabolite (Gehring, 1977). That rate i s given by 

F i j = aV^ij/(K„ + X i j ) , (B-2) 

where F i j = rate of adduct formation i n subcohort i due 
exposure during time period j 

a = proportionality constant 
Vm = maximum ve l o c i t y of the reaction, 

K̂ j = Michaelis saturation constant, 
Xj^j = atmospheric exposure. 

Instead of using the target dose rates Fj^j i n the subsequent analysis, 
i t i s convenient to use the proportional quantity, the metabolized exposure, 
defined as, 

Y i j =Kn^Fij/aVjn = K^ ^ i ^ / i ^ ^ + ^ i j > • 

See Figure B-1 for monkey data used to estimate Kj^ = 150 ppm. The 
analysis uses t h i s value for humans. 

The metabolized exposure has the convenient property of becoming 
e s s e n t i a l l y equal to (atmospheric) exposure for values of exposure 
s u f f i c i e n t l y below the saturation l e v e l (less than 1% error for exposure 
less than 1% of saturation l e v e l ) . S t r i c t l y speaking, Yj^j i s the difference 
i n metabolized exposure between the study population and the comparison 
population used i n calculating r e l a t i v e r i s k . However, the exposure of the 
comparison population i s usually n e g l i g i b l e when contrasted to that of the 
exposed study population. The exposed study population also usually 
experiences the background population exposure. In the case of occupational 
exposures, estimation of workplace exposures e f f e c t i v e l y gives an estimate of 
the difference between the worker cohort exposure and the exposure of the 
comparison population. 

In order to estimate the unit r i s k Q, the analysis continues by equating 
the modeling prediction of Equation B-1 to the r i s k of excess cancers i n 
subcohort i due to the l i f e time d a i l y equivalent to the exposure i n time 
period j . 
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P i j - ( A i j - E i j ) / N i j , (B-4) 

where Â ĵ - s p e c i f i c ( l i v e r i n this case) cancer deaths 
that occurred i n subcohort i due to l i f e time 
d a i l y equivalent to the exposure i n time period j , 

Ej^j •= number of s p e c i f i c cancers expected to occur i n 
the l i f e t i m e of those N̂ ^ workers, based on 
experience i n the general population, 

Nj^j - number of individuals i n subcohort i during time 
period j . 

Equating the expressions for P^j i n Equations B-1 and B-4, then 
multiplying by Nj^j and summing over the indices i and j y i e l d s an equation for 
Q i n terms of o v e r a l l quantities that were observed or reconstructed. 

Q S i j N i j Y i j T j / T - S i j ( A i j - E i j ) . (B-5) 

Dividing by the sum on the left-hand side, 

Q = (A-E)/NY(Ty/T), (B-5) 

where Ej^j = summation over i , j 
A = Sj^jAj[j , o v e r a l l observed cancer deaths, 
E = S^j^jE^j , o v e r a l l expected cancer deaths, 
N = Sj^jN^j , o v e r a l l person-years exposed, 
Y = -^ijN i j Y ^ j / N o v e r a l l average exposure (B-7) 

in t e n s i t y , 
Ty =» actual time of exposure during each time period of one year. 

Equation B-5 takes a convenient form by using an expression for r e l a t i v e 
r i s k , which i s the SMR divided by 100. 

Q = (R-l)(S/D)H/Y(Ty/T)N, (B-8) 

where R = A/E = r e l a t i v e r i s k , 
E = STH =• SH/D = expected number of deaths i n the l i f e t i m e of 

in d i v i d u a l s from the general population matched to those i n the 
o v e r a l l cohort,," to the definatin of E, 

S = yearly background rate of this s p e c i f i c cancer i n the 
general population, 

H = number of individuals i n the cohort, 
T = 1/D = 70 years for humans, 
D =• p r o b a b i l i t y of death i n the general population per 

year. 

The actual computations had available estimates of only the overall 
exposures for each time period. The analysis f i r s t proceeds by assuming that 
each of these estimated exposures represents the population-weighted average 
for that time period, so that 

On this assumption Equation B-7 becomes the single summation, 
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Y - EjNjYj/N, (B-9) 

where Nj - ^^j^N^j , the number of individuals exposed i n time 
period j . 

The analysis next determines the e f f e c t of a d i s t r i b u t i o n of subjects 
and exposures. In the absence of data on d i s t r i b u t i o n s of the number of 
subjects, N i j , i n each subcohort experiencing atmospheric exposure X^j within 
each time period j , calculations for a uniform d i s t r i b u t i o n indicate now much 
the actual value of Y i n Equation B-7 may d i f f e r from that calculated i n 
Equation B-9, assuming a l l the Nj values of X^-j are at one exposure l e v e l , Xj , 
the time-period mean. The uniform d i s t r i b u t i o n i s that i n which, for each 
year ( j ) , the number of persons exposed at each l e v e l i s uniformly d i s t r i b u t e d 
over the exposure range from 0 to 2Xj . With that d i s t r i b u t i o n an integration 
produces the expression for metabolized exposure during the year, for use i n 
Equation (B-9). 

Yj = (Kni/2Xj) [2Xj - Kn,Ln(l+2Xj/Kni) ] , (B-10) 

where Ln i s the natural logarithm of the designated argument. 

A numerical exploration for Km - 150 ppm shows that the expression i n 
Equation (B-9) i s between 0.89 and 0.92 of that using the case, X^j = Xj i n 
Equation B-3, over the range of exposures 100-1000 ppm. This range covers 
that of the study Waxweiller et a l . (1976). So for each year the analysis of 
that study w i l l use 0.9 times the average metabolized exposure Yj for the year 
based on Barnes estimates for Xj. Therefore, the analysis m u l t i p l i e d 0.9 by 
the value of o v e r a l l metabolized exposure obtained i n Equation (B-9) using a 
single average value of metabolized exposure for each year. 

Table B-4 provides quantities needed to estimate the average metabolized 
exposure Y i n Equation B-8. 

2jNjYj = 1.72 X 10^ ppm-persons 
N = 2jNj = 1.44 X 10^ persons 

Thus the modified Equation B-7 gives the o v e r a l l average metabolized 
exposure, 

Y = 0.9 X 1.72 X 10^ ppm / 1.44 x 10^ = 108 ppm 

In the Waxweiler study the time during each year spent working furnishes 

Ty = (8hr/24hr)(5days/7days)(46 weeks/52weeks) yr = 0.211 yr 

for a l l years. Equation B-8 requires t h i s quantity. 
Risk Calculations for Liver Cancer 

The remaining quantity needed to obtain unit r i s k i n Equation B-8 i s 
the background mortality r a t i o S/D. The present analysis used information on 
deaths i n the general population during the same time period as the study. 
Between 1960 and 1979, 67,782 deaths from l i v e r cancer occurred among white 
males i n the United States (International C l a s s i f i c a t i o n of Diseases -(ICD) 
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codes 155,156). The t o t a l number of deaths among the same group was 
approximately 18,297,297. Thus, one i n approximately 270 deaths was the 
background from l i v e r cancer, S/D. 

F i n a l l y the analysis estimates unit r i s k for l i v e r cancer per person 
by using Equation B-8. The numerator contains the added l i f e t i m e r i s k of 
l i v e r cancer per person, which i s the excess r e l a t i v e r i s k , 10.55, times the 
background rate of one l i v e r cancer death pier 270 deaths to a l l causes or 
0.039. The denominator contains the l i f e t i m e equivalent of exposure during 
one calendar year: the average metabolized exposure, 108 ppm, times 0.211 
years of exposure divided by 70 years of l i f e expectancy. The equation then 
c a l l s for multiplying the r e s u l t i n g quantity by the r a t i o , person-years of 
exposure to cohort size or N/H, which i s the average number of years of 
exposure, 11.3 years, i n order to obtain the l i f e t i m e d a i l y equivalent of 
average metabolized exposures. 

The expected unit r i s k Q, then, i s the l i f e t i m e added r i s k per person 
divided by the l i f e t i m e d a i l y equivalent of average metabolized exposure, 3.6 
ppm. 

Q = (11.55-l)(l/270) 1294/108 ppm (0.211/70) 14442 
= 0.039/3.6 ppm = 1.1 x 10"^ ppm'-'-

Cancer Risk Scenarios Including Brain and Lung Cancer as Well as LiverCancer 

This analysis adopts the same approach for brain cancer and lung 
cancer. The next sections discuss evidence for the r e l a t i o n s h i p of these 
cancers to v i n y l chloride exposure. In the absence of evidence to the 
contrary, the analysis assumed that the latency period i s the same as for 
angiosarcoma of the l i v e r . The number of deaths from brain cancer (ICD codes 
191 & 192) between 1960 and 1979 i n the United States was 79,847 (1/229 of 
deaths), and for lung cancer (ICD codes 160-153, 165) 978,504 (1/18.7 of 
deaths). Applying the same procedure indicated above, (R-1)S/D for the added 
brain cancer l i f e t i m e r i s k was one i n 100 and, for lung cancer, was one i n 
33.4. Substituting these r a t i o s i n Equation B-8 y i e l d s the most l i k e l y 
values, given i n Table B-5. 

While i t i s clear that exposure to v i n y l chloride causes angiosarcoma 
of the l i v e r , the causal relationship to brain and lung cancer i s not so well-
defined. One review suggested that there was a consistent relationship to 
brain cancer i n occupational studies, but not to lung cancer (Beaumont and 
Breslow, 1981). However, i t would seem appropriate to consider lung cancer i n 
the r i s k assessment along with l i v e r and brain cancer, since this i s 
consistent with a conservative approach and the relationship with lung cancer 
cannot be rejected out of hand. In fact, the report referenced above focused 
on s t a t i s t i c a l power independent of the degree of exposure experienced by the 
various cohorts reviewed. The lung cancer findings become more consistent 
when considered i n conjunction with the l i v e r cancer excess experienced by 
each cohort. Since excesses of l i v e r cancer can be used as a surrogate 
indicator of exposure, t h i s suggests that some studies not finding an excess 
of lung cancer may have been a r e s u l t of r e l a t i v e l y low exposures. 

A more recent large study presents evidence against a relationship 
between lung cancer and v i n y l chloride exposure (Wong et a l . , 1985). This 
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study considered deaths between 1942 and 1982 inclusive for a cohort of 10,173 
men who had worked for at least one year i n jobs involving exposure to v i n y l 
chloride. 

The SMR for l i v e r cancer was 641, for brain cancer was 180, but f o r 
lung cancer was only 95.8. Most of the l i v e r and brain cancer excess was i n 
two of the 37 plants forming the cohort. Unfortunately, lung cancer SMRs were 
not presented f o r these two plants. In spite of t h i s , the study provides 
evidence against a v i n y l chloride-lung cancer association. However, without 
lung cancer data for the two plants with the highest l i v e r and brain cancer 
excesses, i t would seem inadvisable to exclude lung cancer from the r i s k 
assessment. 

Confidence Limits for the Lifetime Risk Estimates 

Confidence l i m i t s for the r i s k estimates are calculated by combining 
the r i s k s for tumor development for each s i t e (by summing observed and 
expected values for each s i t e ) and then c a l c u l a t i n g the 95% confidence l i m i t s 
of that single point estimate assuming a Poisson d i s t r i b u t i o n . The 95% 
confidence i n t e r v a l for the l i v e r cancer SMR i s (457-2404). To. estimate the 
upper 95% confidence l i m i t for the excess r i s k estimate, the upper l i m i t of 
excess r i s k (24.04 - 1 - 23.04) i s m u l t i p l i e d by the l i f e t i m e r i s k for the 
average person of dying from l i v e r cancer (1/270). Therefore, the upper 95% 
confidence l i m i t for the added r i s k due to v i n y l chloride exposure i s 23.04 x 
1/270 - 0.085 or 1/11.7. 

The same sort of calculation estimates the upper 95% confidence l i m i t 
based on l i v e r cancer and brain cancer combined. In t h i s case, the combined 
observed and expected values for l i v e r and brain cancer (7-t-3)/(0.5-1-0.9) 
results i n 95% confidence i n t e r v a l for the SMR of (319 - 1225). Thus, the 
upper 95% confidence l i m i t for the excess r i s k estimate i s (12.26-
l)(l/270-H/229) , or 1/11.0. 

For l i v e r cancer, brain cancer, and lung cancer combined, the observed 
to expected r a t i o i s 22/9.2 and the 95% confidence i n t e r v a l for the SMR i s 
(149 - 362). Using the same strategy, the upper 95% confidence l i m i t for the 
estimate of added r i s k i s (3.62 - l ) ( l / 2 7 0 -i- 1/229 -i- 1/18.7), or 1/6.20. 

Extrapolation of Risk to Low Dose Exposure 

There are many models for extrapolating r i s k s to low exposures. The 
method of analysis employed here gives only one exposure point and therefore 
l i m i t s the models that may be used. A l i n e a r extrapolation of excess r i s k was 
chosen as the most appropriate for t h i s analysis. This approach i s very close 
to a one-hit model extrapolation. In turn, the one-hit model extrapolation i s 
very close to a multistage extrapolation with l i n e a r i z a t i o n as recommended by 
the U.S. Environmental Protection Agency (EPA) Carcinogen Assessment Group for 
use with animal data. Thus, a simple l i n e a r extrapolation would provide 
sim i l a r r e s u l t s to the more complex multistage model approach that could have 
been used with more extensive data. 

Equation B-1 provides the formula for downward extrapolation i n the 
current analysis. The values of Q for each case come from use of Equation B-
8. The numerator contains the 
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most l i k e l y value or the 95% confidence l i m i t s of (R-l)S/D for the cancer 
site s considered. Table B-5 provides the results for the three cancer s i t e s . 

Assumptions and Uncertainties 

The confidence l i m i t s that were calculated for the r i s k estimates 
measure only the uncertainty related to the SMR s t a t i s t i c s for workers and do 
not measure the uncertainty of the r i s k assessment process o v e r a l l . This r i s k 
assessment i s based on s p e c i f i c assumptions which, i f incorrect, affect the 
assessment by either overstating or understating the true r i s k . These 
assumptions are l i s t e d below. 

1. Assumptions are made concerning the exposure estimates. This 
aff e c t the accuracy of the r i s k estimates i n either d i r e c t i o n . 

can 

4. 

The relationship between excess r e l a t i v e r i s k and l i f e t i m e average 
exposure rate i s assumed to be lin e a r . I f the relationship, i s better 
described by a supralinear curve, then a l i n e a r assumption w i l l 
understate the r i s k . Conversely, i f the re l a t i o n s h i p i s better 
described by a sublinear curve, then a l i n e a r assumption w i l l 
overstate the r i s k . 

I t was assumed that cancer r i s k s were dependent on cumulative exposure 
and not on exposure rate. A given cumulative exposure achieved as an 
adult i s assumed to carry the cancer r i s k equal to the same cumulative 
exposure s t a r t i n g at b i r t h . 

I t was assumed that r e l a t i v e r i s k was dependent only on cumulative 
exposure and not on age. 

5. Based on the pattern of excess exposure for th i s cohort (Smith et a l . , 
1980) , i t was assumed that the dose accumulated f i v e years p r i o r to 
death was not relevant to causation of cancer. 

6. The SMRs used were calculated using United States general population 
cancer rates. I f national cancer rates were higher than l o c a l rates, 
the value of the SMR i s underestimated, and vice versa. 

7. I t i s assumed that lung cancer and brain cancer are causally 
associated with v i n y l chloride exposure and that the dose accumulated 
i n the f i v e years immediately prior to death was not relevant to 
causation of cancer. I f these cancers are not associated with 
exposure to v i n y l chloride, then the true r i s k i s overstated by 
including them i n the analysis. 

8. I t i s assumed that the effect of a given cumulative exposure i s the 
same i n men and women. 

Conclusions 

This r i s k assessment analysis suggests that a l i f e t i m e d a i l y 
equivalent exposure to 3.6 ppm of v i n y l chloride may r e s u l t i n an added 
Xlifetime cancer r i s k of 1/25.6 for l i v e r cancer, 1/100 for brain cancer, and 
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1/33.4 for lung cancer, assuming each cancer i s related to v i n y l chloride 
exposure. 

I f one adopts a l i n e a r extrapolation approach, one would conclude that 
a l i f e t i m e exposure to one part per b i l l i o n of v i n y l chloride has a 95% upper 
confidence l i m i t of 4.5 x 10'^ r i s k of cancer, i f a l l these cancers are 
related to such exposure. In the most l i k e l y case that only l i v e r and brain 
cancer are related to exposure, a l i f e t i m e to one part per b i l l i o n has a 95% 
upper confidence l i m i t of 2.6 x 10-5 r i s k of cancer. 

-2 
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Figure B-1 
Rate of Adduct F6rmatlOQ from 
Rnesus Monkeys to ̂ y l Chloride 
(Data points alter Bucliter, et al., i960) 
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TABLE B 1 

COIIORI CHARACltRISIICS Of SEltCItD VlNrl. OllORIDr SlUUItl 

Cohort Total Ho. Kuabcc of lUngc o( E(po«ur« Duration 
Audiur Site o( Deaths Cnnccr Drattia NIniiTun NoKlnifS 

tyrtn el » l f 4 
ll >u yt 

I3Z > 10 yrs 

Cooper, 19BI«» 10173 101 139 > 1 yr 23 yr* 

MKt 'et al . . 1975 
2120 136 35 >0 yr > 15 yr* 

fo« tt Bl ., \<)7T 7S6I 39J 115 >0 yr 
231 > 10 y rs . 82 > 20 yra 

icldaat et a l . . 1904 
4S4 30 23 > 1 yr 

351 > 5 yra 

•»>»oo at a l . , 197*»• a 161 41 

fcholson et at . , JP75 2)7 24 9 

9b«r»haM Cl a l , , 1974»» 0384 332 79 > 1 yr > 30 yri 

akanura, 19fi) 4}2« 209 37 > 1 yr > »> yra 

herlault ei a \ . , I9B1 <>3I 59 20 > S yra > 30 yra 

.^nucllcr ct a l . , t976>* 1237 136 33 > 3 yra 27 yra 

.-ber et a l . , 190J 7021 414 94 >0 yr > to yra 

'oog cl e l . . 19B6»» 10173 1336 359 >l yr 30 yra 

oportlonal mortal i t r Stixly 
)vcrl»ppln8 cohorts or Coodrkh ccxipany uorkcrs 

Longeat F o ) l £ w ; u g _ 

1940'8 • 1974 

1940's • 1972 

194D • )97( 

1940 • 1974 

1953 • 1979 

1946 • 1974 

1947 • 1973 

1930»s • 1972 

1950 • 1975 

194} • 1974 

1940's • 1973 

1940«i • 1974 

1942 • 1982 

Nutca on 
Follow-up 

nn— 
951 

99.bX 

9 9 . U 

99.21 

e3Z 

Place ol 

Corpnity 

Involved 

Swcdrn 

37 Plants 

United St. 

South U.I 

Creol Rrti 

BIX > 13 yra 
231 > 19 yra 

99.51 

9UZ 

921 

loulavi11 
Kentucky 

NCM fork 

33 Plants 

United SI' 

Japan 

Canada 

4 PUnit I 

UnlttU lit 

I 

West Ccriii.1 

l i i i l t r i l ti.> OKAf . 



lADlE S 2 

SIANOARD HORIAllll RAMOS (AND 90t COUMDCUCE INIERVAIS) 

rOR SCIECICO VIHll ClltOlilOC StUOtES 

Liver Hitihcr ol liver Lung 90Z C.l. 
Cratn (CHS) 

Byren et a l . , 1976 

l i v e r and paner««a 
4 0.97 413 (140.3, 942.9) 2 3 1.78 160 (43.3, 433.1) 3 0.33 612 (104.6, 1904.5) 

Cocper, 19flja 
dtgeatIva 

29 40.6 73 (50.6, 96.9) 8 
respiratory 

23 23.9 107 (72.7. |46. | ) 12 3.9 203 (117.3. 329.5) 

Duct ct o l . . 1975 

digcatIve 
11 11.09 99 (53.6, 164.2) 0 16 15.5 10] (64.7. 136.6) > _ - _ 

fo« cl a l . , 1977 4 2 46 31.23 69.8 (69.2, 114.8) 2 3.66 34.6 (9.4. 171.2) 

NcldjQs ct a l . , 1964 1 7 1 3 2.64 100 (69.2. 370.0) - - -

;«o<iso<i et a l . , 1975* 
b i l i a r y aitd l i ve r 
1 0.7 1100 (369.3. 2061.5) 5 13 2.9 160 (97.3, 261.6) 3 1.2 420 (163.6, 673.6) 

alcholtoo ct at., 1975 3 0.12 2300 (673.2. 6454.2) 3 0 l . l 0 1 Q.I 1000 (39.5. 472B.4) 

laUrshau at at., 1974* 
dlfleatIva 

19 21.67 94 (37.4. 126.6) 6 
rcaplratory 

33 33.93 111 (72.6. 143.9) - -

Makamjra, 190J 
6 2.34 236 (102.7, 466.0) 1 2 2.3) 66 (14.8. 269.7) - -

Ihcrlauli Cl a l . , I9ai 
i l igcatlva 

14 3.4 234 (136.7. 405.3) 8 
rcaplratory 

2 'S .7 I 34.6 ( 6.0. lOB.}) 0 0.6 0 

U4it<cllcr Ct a l . . 1976* 

b i l i a r y 6 l l va r 
7 0.6 1133 (347.0, 2190.6) 11 

roaplratory 
12 7.7 150 (69.9. 232.3) 3 0.9 329 (90.0, 860.6) 

Ucbcr ct t l . , 1901 12 0.79 1323 (876.3. 2460.7) 4 - 2 1.23 162 (28.1, 311.0) 

Woog cl a l . , 1964* 
l iver and b l l l U r y 

37 3.77 641.2 (470.2, 643.6) 1131 113 122 94.3 (60.3. IIO) 33 12.76 160 (123.2, 255.4) 

••All conf irned cases, Irrespectlv'e of tnc&ilna tht (Ivc-ycor exposure and ten-ycor totcncy criteria of this cohort study 
90X C.l. • 90X confidence Interval 
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HISIOaiC EXPOSURE LEVELS (pfia): VINTl CHLORIDE 

00 ppM 
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'-1 SK4 • 50 
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40(f-}00 

yx -400 

IM 
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rr4r 
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1954 
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19)6 
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I960 
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1961 
IIII 
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1971 
1971 
1971 
1976 
1971 

USA 
Ott 

rang* TVk 
)-383 pp« 

pcaka • 4000 

IVA rat\ga 
3-2(0 fpm 

USA 
Oct 

USA 
Barreta 
et at 
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Kraacr 4 
Hutehlcr 
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Cook 
et at 

•oac Job* 
< to pp« 

one Job 
elaoa > 
135-6̂ 5 

Avg TWA In 
l9Sa>155 pp« 

IVA range for 
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10-300 ppa 

USSt 
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cvrt 
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•anta 
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TABLE B-4 

EFFECTIVE EXPOSURE FOR WAXWEILER ET AL. (1976) 

Year Index Workers^ Exposure (ppm) Product 
Estimate Metabolized'^ person 

NjY^ 

1942 1 71 1000 130 9261 
1943 2 152 1000 130 19826 
1944 3 191 1000 130 24913 
1945 4 244 1000 130 31826 
1946 5 344 1000 130 44870 
1947 6 438 1000 130 57130 
1948 7 538 1000 130 70174 
1949 8 553 1000 130 72130 
1950 9- 597 1000 130 77870 
1951 10 651 1000 130 84913 
1952 11 681 1000 130 88826 
1953 12 734 1000 130 95739 
1954 13 757 1000 130 98739 
1955 14 826 500 115 95308 
1956 15 876 480 114 100114 
1957 16 879 460 113 99428 
1958 17 767 440 112 85800 
1959 18 850 420 111 93947 
1960 19 837 400 109 91309 
1961 20 813 390 108 88075 
1962 21 858 380 108 92275 
1963 22 889 370 107 94884 
1964 23 896 360 106 94871 

Weighted 
Total 14442 Average 119 

Number of workers exposed. 
'Estimates of exposure after Barnes, by li n e a r interpolation. 
'Metabolized exposure by modified Michaelis-Menton Equation B-2. = 150 ppm. 
Product of number of workers times metabolized exposure. 
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TABLE B-5 

HISTORICAL EVOLUTION OF OCCUPATIONAL EXPOSURE LIMITS'^, 1 2 

Year 

1954 

1962 

1971 

1972 

1974 

Late 1974 

A p r i l 1975 

Authority 

MAC^ 

ACGIH-̂  

OSHA-̂  

OSHA 

OSHA 

OSHA 

OSHA 

Vi n y l Chloride 
Limit (ppm) 

500 

500 

500 

200 

50 - temporary emergency 
standard over an eight 
hour period 

Proposed non detectable 
l i m i t 

1 - averaged over eight 
hour period with a 
maximum of f i v e for 15 
minutes 

'"From G. Paddle Correspondence (1986). 

"As a point of interest, this table presents a summary of h i s t o r i c a l 
occupational standards for v i n y l chloride. 

M̂AC - Maximum Allowable Concentration; 
ACGIH - American Conference of Government I n d u s t r i a l Hygienists; 
OSHA - Occupational Safety and Health Administration 
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TABLE B-6 

VINYL CHLORIDE UNIT RISK COEFFICIENTS FOR WAXWEILER ET AL (1976) 

Cancer Maximum Likelihood Lower 95% Upper 95% ^ 1 
Site Estimate Limit Limit 

Liver 1.1 x 10"^ 0.38 x 10"^ 2.5 x 10'^ 

Liver and 
Brain 

1.4 X 10'^ 0.49 X 10"^ 2.6 x 10'^ 

Liver, Lung 2.2 x 10"^ 0.84 x 10"^ 4.5 x 10'^ 
and Brain 
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CORPORATE- ENGINEERING 

September-1, 1989 

Air Resources' Board 
Toxic Air Contaminant Identification Branch 
P.O. Box 2815 
Sacramento, California 95812 
ATTN: Vinyl Chloride 
Mr. Robert- Barham, c:hief 

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 i t 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. 

000001 



-2- Septemberrl, igf^^gj) il\ 

An adequate-review-of the-medicaL studies of the effect of exposure 
to vinyl chloride can: not be satisfactorily completed before the end̂  
of the first, comment:period.- Therefore, a request is. being made-forr 
an extension of the. initial, comment period. 

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

Sincerely, 

C A See 
Environmental Engineer 
Corp Environmental Engineering 

CAS:cas 
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Th« BF€oo(inefrCo(noanv> 
3925 EmoowParttwov 
Akron. Ohio 44313 

September-̂  6, 1989 

Mr-. Robert Barham,. Chief 
Toxic. A i r Contaminant Identification Branch 
Air Resources! Board: 
Attention: Vinyl Chloride 
P.O. Box 2815 
S acramento, CA 95812 

Comments on Technical Support Document: 
Proposed Identification of Vinyl 
Chloride as a Toxic Air Containinant 
Part A and Part B Reports . 

Dear Mr. Barham: 

The BFGoodrich Company welcomes this opportunity to comment on the 

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

accurately assembling and summarizing the extensive data 

describing vinyl chloride's uses, emissions, physical properties 

and exposure in Califomia. 

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 i t fails to note these important 

epidemiology studies: 

1) Doll, Sir R., (1988) "Effects of Exposure to Vinyl 
Chloride: An Assessment of the. Evidence", Scandinavian 
Joumal of Work, Environment, and Health, 14(2):61-78. 
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2) Wu, W.; Steenland-,, K.; Brown, D.; Wells,. V.; Jones, J. ; 
SchTiite.^ P. andxHalperin^. W. "Cohortand-Case--controa^ 
AnaLysess of̂ -̂Workersr Exposed^ to- vinyl Chloride. — An-
Update"-. NIOSH" Report Draft, October; 1988. 

3) Wong; 0.; Whortorr, M.D»; Ragland, D. ,* Klassen-, C.; Samuels, 
D. andz Chaxtonv IC.- "FinaJ-Reportr —An- Update; of: an 
Epidemiology-Study-of Vinyl Chloride Workers-, 1942-1982.". 
Prepared- for- Chemicals Manufactarezr^s Association, octoberr 
17, 1986. 

The second area of concerir with the CARB doctiment is more an issue 

of semantics; nevertheless, we offer-it for your considerations 

The PART"A Report at pages- A-1, 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-1 to A-2 

* PVC is fabricated for use in several products of 
which many are used by the construction industry. 
In Califomia, the identified sources of vinyl 
chloride emissions are landfills, PVC production 
and fabrication facilities,, and sewage treatment 
plants, not PVC fabricated products for 
consumer- or construction industry use. 

Page A-17 to A-1 a 

* Plastic Materials and Consumer Products. Plastic 
products made of PVC and other-vinyl chloride polymers 
are ubiquitous izL most homes. Because vinyl chloride 
monomer can remain in the PVC resin for an extended 
period of time, an indirect source of indoor vinyl 
chloride emissions may come from the release of unreacted 
vinyl chloride monomer- from these plastic products. 
However-: emissions of unreacted vinyl chloride monomer-
have been- sxibstantially reduced due to improvements in 
monomer-stripping-technology (Wheeler, 1987). Thus. 
consumer-products made of PVC resins no longer contain 
elevated residual levels of vinvl chloride monomer and. 
therefore, are not expected to be an imoorfcant 
contributor of indoor- levels of vinyl chloride. 
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Page* 3-

In the past;̂  residual-vinyl chloride.: concentrations-in PVC" 
resins:-at the-time of shipment; werer as^ highr as- 2000 ppm^ 
Curently, PVC:resins contain: about. 10- ppnr residual- vinyls 
chloride, atr^the time- of: shipment: and:, naŷ  lose-vinyl, 
chloride- a t a rate.: of̂  20 to - 50 percent pec month: during^ 
storage. In. addition; most- of the: vinyl chloride, will— 
vaporize., and:, escape: during-the higte temperature processes-
in which PVC" resins are melted and made: into finai products . 

Page A-27 

Landfill Emissions-.. Emissions- of- vinyl chloride, from-
landfills mainly occur-by two mechanismsr 1) direct 
vinyl chloride emission from disposed wastes which contain 
vinyl chloride f i.e.. chlorinated oroanig compounds\ ; and-
and the formation of vinyl chloride- f roue the biodegradation 
of chlorinated-hydrocarbons. 

It is hoped that by making the previously described suggested 

changes, the readers of Report A will more readily understand that 

the major source of VCM emissions in Califomia in landfills is 

from chlorinated organic waste disposal, not from the disposal of 

PVC fabricated consumer and construction industry products. 

Thank you for the opportunity 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 docximents. 

Sincerely, 

Kathleen E. Stimler 
Manager, Govemment Relations 

6661W 
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IVinyl' 
^flnstitatE: 

A DMskMTOt TJiBSoemtyot The PtaaticTlndustry: Ine. 

Septeaberr8, 1989 

Mr. Robert Barham; Chief. 
Toxic Air Contaminant IdentifiedtionrBranch 
Air Resources Board 
Attn: vinyl Chloride 
1102 Q Street 
Sacramento, Califomia. 95812 ' 

Re: Draft Report on Vinvl 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 
Califomia Air Resources Board (CARB) . There has been, therefore, 
a limited amount of time for our membership to thoroughly review 
the documents prior to the comment, deadline. 

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

The Vinyl Institute is an operating division of the Society 
of the Plastics Industry, Inc. Its memJaers include Air 
Products and Chemicals, Borden Chemicals & Plastics, Certain— 
Teed Corporation, Dow Chemical USA, BFGoodrich Company, 
Georgia Gulf Corporation, Occidental Chemical Coirporation, PPG 
Industries, Shintech Inc., and Vista Chemical Company. 
Together, these companies account for more than 80% of the 
domestic production of both vinyl chloride and polyvinyl 
chloride. 
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Point One: Pharmacokinetic- Information- There- are several^ 
publications: in the literature not cited., in thei DHSi document, that-
address the incorporation of pharmacokineticsr in low dose- risk 
estimation for chemical-carcinogenesis*. Onei sucin article was-
published. as. far-back̂ ^ as:̂  1980 in Toxicology-and- Applied Pharmacol— 
oqy-. authored^ by Anderson> Hoel. and.- Kaplaxr.- That- document: 
demonstrates- how to incorporate the pharmacokinetic, information on 
vinyl chloride into a risk., assessment approach:: f oir-low. dose^ rislc: 
estimation. There-are numerous other- publications: on- the phar?— 
macokinetics of vinyl chloride as well. Another- such. docxMient,-
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 treatmentr 
of theoretical risk for vinyl chloride-

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

Point Two: Epidemiology. There have been many published, epidemio
logical investigations of occupational workers exposed to vinyl 
chloride at a variety of occupational exposure levels. Vinyl 
chloride may, in fact, be one of the most epidemiologically-studied 
industrial chemicals in the literature. To dismiss that data and 
relegate i t only for comparative purposes to animal data is 
unacceptable. DHS. demonstrates a bias towards the utilization of 
animal experiments as a priority over human evidence in 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 two in risk assessment can often be dramatic, 
therefore risk estimates that yield order of magnitude different 
estimates of risk are extremely important. When adequate or 
substantial human evidence exists, that data should be given 
preferential treatment in the risk assessment process. 

000007 



Many of the. epidemiology-studies:-that: have-been- in the published-
1 i terature havê  beeir updated::: im the. past: yeair or- two. • One example 
is the study-Update of Vinvl Chloride Mortality authored-bv Dahar, 
et al... which:.wâ updated:. as-recently as:̂  1988 and: further-demonstrr— 
ated a decreasing-cancec-incidence rate^ in workers: as thet latency 
periodU has^beenr expanded^ stibstantiaU-y. The. person-years: in this, 
one particul2trr study has:: beeir expanded, from only approximately 
4,000 perso]T:years::.to:ovezr 17, ooor person-years-;, thus: a substantial-
increases inr sensitivity ot the*-study; as: only one example. The 
Chemical. Manufacturers- Association: (CMA) Vinyl Chloride Panel-
sponsored, epidemiology- study-was«updated.' as. recently as 1986. It-
is a very-comprehensive epidemiology-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, exeunples.̂  of many 
epidemiology studies published:on vinyl chloride and DHS's approach 
to dismiss human epidemiology evidence in their risk assessment is 
inadequate.^ 

Many of the hvunan epidemiological, studies point out a statistical
ly-significant association between an increase in lung, liver and 
brain cancer- and exposure to yinyl chloride. For brain cancer, 
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 lung cancer yield statistically-significant 
results, and because studies with the higher power were negative, 
a causal association is unlikely. It is for these reasons, 
therefore, that the incidence rate on the angiosarcoma is the most 
suitcible end-point for analysis of risk of exposure to vinyl 
chloride for- a number- of reasonst 

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

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

3. It is therefore demonstrated unlikely that any other car
cinogenic result from vinyl chloride would incur lower 
exposures than those lowest exposures that would induce 
angiosarcoma. Recent ptablications entitled vinyl Chloride. 
An Assessment of the Risk of Occupational Exposure, was 
published, in 1987 in the Fundamentals of Chemical Toxicolocrv 
Joumal. 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 thatr time is- included: in this- article, and- a. 
very- comprehensive 'examinationr of risk, assessment: approaches 
to vinyl chlorides-is: examined'..- We^believe-that this-documentr 
demonstrates:a much: more studied, and. scientifically defensible 
approachxto- assessing- risk of exposure- to vinyl chloride. 

In summary-, there are atrleast twenty- epidemiological, studies which: 
involve over-45,000 workers who: have occupationally been- exposed: 
to vinyl chloride- 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 
precisely 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 aniaxal data vhen 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 i t is forwarded to the Scientific 
Review Panel. Please add our organization to your distribution 
l i s t . Materials should be forwarded to: 

Meredith N. Scheck 
Assistant Director 
The Vinyl Institute 
155 Route 46 West 

Wayne, New Jersey 07470 

Thank you for your attention to this matter. 

Sincerely yours, 

Meredith N. Scheck 
Assistant Director 

MNS/pmb 
cc: Mr. Richard Forey 

Substance Evaluation Section 
Air Resources Board 
P.O. Box 2815 
Sacramento, Califomia 95812. 
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Institute: 
A OMaionot The Socwty of 77>e Piastres Industry, Inc. 

September-12, 1989 

Mr. Robert Barham, Chief 
Toxic Air Contaminant Identification Branch 
Air Resources Board. 
P.O. Box 2815 
Sacramento, Califomia 9 5812 

Re: Draft Report on Vinvl Chloride 

Dear Mr. Barham: 

The enclosed article was referenced in comments siibmitted on 
September 8th by The Vinyl Institute on the Air Resources Board's 
Draft Report on Vinyl Chloride. I would appreciate i t i f this 
report is appended to those comments. 

Sincerely yours, 

Meredith N. Scheck 

MNS/pmb Assistant Director 

enc.: 
I.F.H. Purchase, J. Stafford and G. M. Paddle, "Vinyl.Chloride: 
An Assessment of the Risk of Occupational- Exposure", 
Fundamentals of Chemical Toxicology Joumal. Vol. 25, No. 2, 
pp. 87-202 (1987). 
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Review Section 
VINYL CHLORIDE:. AN ASSESSMENT OF THE RISK 

OF OCCUPATIONAL EXPOSURE* 

1. F. H. PVXCHASE 

Centril Toxicology laboratory 

J. STAFTORD 

PUnics and Petroehensealt Dixition 

aad 

G. M. PADDLE 

Central MelteaJ Group. Impeiial Cheaueal ladustnes pie. AJderle>- Park. .Macciesfield. ChMhire. Eogiaad 

(Reeetred 14 December 1983; rmsions reetired 13 Jamiary 1986) 

Introdactioo 

Vinyl chloride monomer (N'CM), more properly 
earned monocfalorethaae. is a colourless gas norTnaily 
handled under pressure as a hquid which boils ax 
— ]4=C at Donszl pressure. Discox-ered around 1S35. 
VCM*s commemahzation did noi besin until the 
1930s aad did not rea:h high volume until after 19̂ 5. 
Presest maatuaciur: is around 12 x 10* loruies per 
arj:t:m. nearly ail of which is used to make i.he 
pol>"mer poi>-vmyi chloriĉ  (PVC). 

Until the 1960s. \°CM was regarded as a material 
of low human toxicity and the main concerns were 
related lo the compound's narcotic effect. Indeed 
there are many reports of employees exposed to VCM 
monomer in potŷ mer plants becoming a=y and 
unconsaous. Because VCM was considered to be 
relatively innocuous, it had a threshold limit vaiue 
(TLy) of 500 ppm. 8-hr ume-weighted average 
rn̂ '.A) for many years (.ACGIH. 19"i: Lester et al. 
1963: Torkelson et al. 1961). .Measurements of em
ployee exposure were infrequent, since most mea
surement and warning systems were designed to 
ensure that plant atmospheres were beyond the ex
plosive limits, fire and explosion being the main 
hazards of VCM. Retrospective estimates (Barnes. 
!9"6) of t\-ptcal Vf»'.\ personal exposures (in ppm) 
for poK-menration workers have been cited as: 1000 
in 1945-1955. iOO-SOQ in 1955-1960. 300-100 in 
1960-1970. 150 in mid-1973 and 5 in 1975. Howe\-er 
in some jobs, panicularly in the cleaning of the 
autoclaves in which VCM is poU-merized to PVC, 
very much higher exposures, in thousands of ppm. 
were undoubtedly expenenced for short.meditun pe-

•A longer version of this paper has been published ic 
ToxieeiogieaJ JUtk Auessment. edited b>- D. B. Qayson. 
D. K.re»-stu and 1. .Munro and published bv CRC Press. 
Inc Boca Raton. FL (1983). 

Abbrerzahoru: .»tOL - «cro-osteol\-sis: .ASL - aneio-
Jaiconu of Uie bven PVC - polwnyl chloride: TLV » 
threshold liait viiue: T*'A — ume-wcighied average: 
VCM • varvi chjonde monometr 

riods. since in some plants operators became faint 
and unconscious from time to time. 

The first clear indication of chronic health prob
lems assoaatfd with VCM arose in the 1960s in men 
who entered VCM polymerization autoclaves to re-
mo\t build-up of polymer from the walls. Some of 
these men deveioned acro-cstfioiysis (.AOL: Cook es 
ai. 1971: Harris L .Adass. 196": Sudu et al. 1963). 
Modification of working practices led to a reduKion 
b the incidence of .AOL cases in autoclave cleaners. 
.Although .AOL is occasionaUy seen in people not 
exposeti to VCM (Meyerson &. Meier. 19T1 VtHson 
et al. 1967) it is a rare disease, in the iate 1960s, 
studies in rats invoKins exoosure ta high concen
trations of VCM for long per.ods O-'icla. 1969) failed 

• to produce .AOL but showed an increase in 'Jie 
incidence of tumours at various sites. 

Further sttidies (Maltoni« a/. 19804:1981; Maltoni 
& Rondinella. 1980) showed the rare tumour angio
sarcoma of the liver (.ASL) in exposed rats, and 
confirmed VCM as an animal carcinogen. Tnree .ASL 
cases m employees at a PVC pol>-menzauon plant 
(Creech &. Johnson, 1974) confirmed VCM as a 
human carcinogen. Other know-n aeiiolegical agents 
for ASL in man were thorium dioxide, arsenic and. 
possibly, anabolic steroids (Maltoni et al. 1980). 

Since \9'4. the health hazards of VCM have been 
the subject of many investigations, scienaac papers, 
seminars and other presentations (Conference to 
Reevaluate the Toxicity of Vinyl Chloride .Monomer. 
Pohlvinyl Cnioride) and S*.nicrural .Analogs, 1981: 
Gauvain. 1976; lARC Working Group. 1979; 
Selikoff. 1975; Szadkowski &. Uhaert. 1982; US 
DHEW, 1980). The plethora of im'ormation (and 
misinformation) now available suggests that an ob
jective historical case study of VCM would be of 
value. 

Experimental and human data 

Experimental studies 
The principal e5ect seen in the acute and subacute 

studies is anaesthesia, which occurs at relatively high. 
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doses (7-10*/*) in both animals and man. The doses 
responsible for acute toxicity are about 1000-fold 
higher than the minimunr dose for carcinogenicity 
and there is frequently no sign of overt organ toxicity 
prior to the development of the carcinogenic re
sponse. 

VCM is mutagenic in a variety of test systems 
including Salmonella n-p/itmun»in (Rannug «r al. 
1976). Saccharomvces (Loprieno et al. 1977) and 
Drosophila (N'erburgt &: Vogel. 1977), usually u-ith 
some form of mammalian microsomal metaboUzine 
system̂  to converr VCM into its active meabohtesT 
chloroethylene oxide aad chloroacetaldehyde. The 
data on the mutagenicity of VCNt prô -ide useful 
qualiutive information on its mode of action and 
metaboiistn. but are not suitable for the quzntiutive 
estimation of risk to man. 

Tne most uset'ul experimental data are derived 
from long-term animal cardnogenidt}' studies. .An 
extensive se.-ies of 17 srudies (.Maltoni er ai. 1981) 
gives a useful daubase for risk assessment. Other 
studies (Feron et al. 1981: Lee et al. 1978) tend to 
connrm the findings of Maiioni. 

Carcinogenic eifects were observed in mice. rats, 
and hamsters. .A complication in the seiecuon of these 
data for risk assessment is the \-ariety of tumour types 
obsened (Table I). Some of these occurred at vers-
high exposure ieveis. b-at mammary adenocarcinoma 
in females and .ASL in both sexes of both rats and 
mice occurred at 50 ppm or less, exposures similar to 
those believed to have occurred on manufacturing 
plants (Barnes. 1976). 

statistically significam findings, the results were more 
variable.- positive findings occumny in the studies 
with the greatest statistical power. The most reason- • 
able interpretation was that the dau were consistent 
with a causal associatioa betweeirN'CM exposure and 
an excess of brain cancer. Infante (1981), in reaching 
the same conclusion, points out that the relative risk 
for brain cancer is much lower than that for liver 
cancer. Only two out of eight studies on lung cancer 
(Beaumont'& Breslow. 1981) vielded statistically 
significant results and. oecause studies «-ith a high 
power u-errnegative. a causal assodanon was consid
ered unlikely. 

.ASL is the most suiuble endpoint for analysis of 
the risk of exposure to VCM for a ntmiber of reasons. 
It is a rare cancer in unexposed populations, making 
atiribuuon to VCM exposure on the basis of work 
histor>' a reasonable approach. .ASL occurs in both 
animals and humans exposed to VCM and it is 
usiikety that aay other carciaogeiae ecest of VCM 
will be found to occur at lower exposures than the 
lowest exposures that mcuce .ASL. For these reasons, 
most work on the quantitative nsk assessment of 
chronic exposure to VCM has used ASL as the 
endpoint to study. 

Car* regifter 
The availability of dau from a comprehensive case 

register of ASL cases with a history of occupational 
exposure to VCM proMdes an opponumty to identify 
risk factors for the induction of ASL. 

Epidemialogieal studies 

Several major epidemiological studies on workers 
exposed to VCM have been reponed (Table 2). The 
main organs that have been assodated vi-ith higher 
inddences of cancer in workers exposed to VCM are 
the liver, lung and brain. Increases in the standard
ized monahty ratios of cancers in the buccal cavity 
and phar\-nx. of h-mphomas and of cancers of the 
l>7nphatic and cardiovascular systems have been, re
poned in one or two studies. The analysis of cancer 
of the respiratory system is often confounded by 
smoking, making quantitative analysis of the con
tribution of VCM difHcult. The excess of liver cancers 
is due to an excess of .ASL in many of the studies. 

.An analysis of the statistical power of various 
studies for assodation berM-een- VCM exposure and 
cancer of the lung, liver and brain (Beaumont SL. 
Breslow. 1981) concluded-that 'Jie results for liver 
were consisteni with aa aetiological role for VCM. 
For brain cancer, where three out of five studies had 

Persons potentially e.xposed to vinyl chloride 
Current manufaaure and use of VCM and PVC 

resulu in the potential exposure of fotir groups of the 
population. The highest exposure category covers the 
workers involved in the manufacttire of VCM. its 
polymerization to PVC and cenain other industrial 
uses of VCM. Within this group, certain occupations, 
panicularly autoclave dsaning, involve higher poten
tial exposure than others, although all groups would 
now be expected to have exposures complying with 
hygiene nandards of 1-5 ppm. 

Tne next category covers those exposed as a result 
of using the PVC. Workers in the compounding and 
fabrication of PVC producu are exposed to residual 
VCM released fronr PVC on heating (but PVC does 
not decompose to VCM when heated). In general the 
exposure levels for these workers are very low in 
comparison to these for PVC polymenzatioa workers 

.(from-10 to 100 times tower). 
Consumsrrw-ho eat food and drink beverages that 

have been packed in PVC .TJV inaest unreacted VCM 
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which: has.mifraied:into- the- food' orbevenger Since 
1974. thramounr of VCM in PVC has. bceir reduced 
10 less than I mg.kg with the result that the maximum 
human daily intake of VCM in food and drink is 
0.1 fig dav (Ministry of Agncuiturer Fishenes i i 
Food. 1978). 

The founh group with potential exposure to VCM 
are those who live in the \-tanity of V C M or PVC 
manufactunng or fabncating factones. The levels in 
ambiearair around a faaory are-v-erv-low (in the 
pans per-10* range) but much larger-population 
groups, which indude all age groups, are involved. 

For the workers in VCM manufaaure and PVC 
polymerization and fabrication, the route of exposure 
is by mhalation: Much of the animal carcinogenidty 
data are based on inhalation exposure and the buman 
epidennology is predominantly of populations ex
posed occupationally by inhalation. Thus an assess
ment of the risk faaors and the quantiutive risk of 
inhalation exposure is the main objective. For the 
consumer exposed to VCM via food and be\'erages 
the route is by ingestion. Relatively few experimenul 
studies have used oral administration,and only one 
study used a comparable exposure patterrr (Feron et 
ai. 1981). Similarly there are no specific epi
demiological data on oral ingestion. Risk assessment 
for exposure \-ia the oral route must rely on the 
existing animal data and on extrapolation from epi
demiological and experimental studies of inhalation 
exposure. 

.After adrairastrauon br gavage or inhalation; pan of 
the dose-is exhaled unchanged: and the remamceris 
excreted or retained in the carcass. A general scheme-

M.r CHCI 

Cly 

CHCH.STH.CH. 

ClCM.CHO 

(.-) 

OH 

CHCH.SCH.CO.H 

Risk assessment from experimenral animal dau 

.Assumptions 

In carry-ing out a risk assessment on the basis of 
animal data, a number of asstimptions have to be 
made. The first of these relates to the overall dosi
metry. Experjnenul animals are exposed to concea-
irations of \inyl chloride or dosed with amounts of 
\-inyl chloride that allow an estimate of the amotmt 
to which they have been exposed. It is possible to 
calculate a conection factor for these quantities so 
lhat they are applicable to man. However, rats and 
mice live for relatively shon periods of time (up to 2 
years) curing which they develop cancers of a type 
similar to those seen in man. The latent period for the 
same tumours in man may be ber»'een 20 and 40 
years. It is therefore assumed that the lifetime of man 
is equivalent to the lifetime of an experimental animal 
species even though the chronological time is sub
stantially did'erent. 

Strictly speaking, mathematical extrapolation of 
risk on the basis of expenmenul animal dau pro
vides an estimate of the risk at low doses to the 
experimental animal under consideration. .A variety 
of factors, panicularly inherent biological sus
ceptibility aad differences in meuboUsm. render the 
extrapolation of the dau from animals directly to 
man subjea to numerous errors. It is at this point 
that scientific judgement is required to dedde whether 
these dau are applicable to the human situation. 

.'tfeittbolism 

la rats. VCM has been shown to be meubolized 
extensively, produdag a range of excretion products.. 

Clu 

CO.H 

CHtHJCH.CH, 

1 ' v 
S H ( A I ) OH ( t l 

C!u I 
I 

t 
ro.H 
I 

I 
• (.HCH.SCH.CO.H 1 • ' • 

S H . 

(M 

CO.H 

I • 
C — CH.SCH.CO.H 

S(CH.CO,H). 

Fig. 1. Schemr showing the nseuboKsm of %inyl chloride 
monomer fVCM) in rats to 5-eonauiiBg tneiaboliies. VCM 
(a) is convened to chloroethyiese oxide (b) which i$ irani-
fomied jpontaneouily to ehloroaeeuldehyde (c). These i»o 
metabolites are mmagesic asd hens: are considered to be 
the proximate caraaogena. The urinary excretion products 
y.»0Btyl.5-(2.hydroxyethyl)cyiteiae(e) S-{carboxymeih>-l)-
cytteiae (0 aad thiodigiyeoUic add (x) are derived from 
t.ie«e mutagenic metabolites \ia (d). Gly and Glu are the 
glycine aad glutasaiA residues of 4:iuuthione. (After Grees-

&. Katau-ay (1977)1. 
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of VCM maaboiisnrm rais is givetrin Ftf.-1. On ihr-
basis of this schemerthc highly reactive intermediates 
in the metabolic process ipanicularlx chloroethylene-
oxide> reaa with cellular macromolecules. including 
DNA lo produce the cnticai lesions leading to mu
tation or the induaion of cancer; 

Studies on the quantiutive aspea of V01 metab
olism hav« shown that thercis a dose dependency in 
the rate of metabolisncr .After-administrauon of 
"C-Iabeiled VCNf by savage at doses between Q.5 and 
100 mg kg to Wistar rats, the amount of "C excreted-
in the unne and faeces and retained in the carcass was 
estimated over 72 hours (Watanabe- & Gehring,. 
1976). As the dose of VCM was increased̂  ihe-
propcnion exhaled increased and that excmed in the-
urine and faeces decreased.(Fig. 2). Tbe proportion 
reumed in the carcass, also decreased.- Tbe samci 
general trend occurred: after administration by in
halation, although the magnitude, of the differences 
in retention and excretion was less (Waunabe & 
Gehring. 1976). 

Studies of the amount of non-volatile, material 
reuined in the carcasses of rats exposed to various 
levels of "C-labelled VCM for 6 hours demonstrated 
that the meubohsm of VCM appeared: to be ia 
accordance with Michaelis-Menten kinetics (Gehring 
et al, 1978). The constants for maximum veiodty of 
meubolism (N*. in ĝ metabolized. 6 hr) aad tbe 
Michadis connant (X, in ;ig VCM Titre air) accord-
ins to the formula: 

V.-X2I-

(where V — veiodty of meubolism in .ug'6hr and 
S»cancsatrauon of VCM bemg iaialed) were 
V_ <• 8558 |i g metabolized:6 hr and a &60 ii g 
VCM.litre air. Thus there was a considerable change 
in the ratio of administered dose to metabolized dose 
as the expos-jre concentration increased (Table 3). At 
the higher doses a smaller proporuon of VCM was 
meubolized than at low doses. 

Review of earlier calculations of risk 
There have been a number of attenrpts to calculate 

the risk of ASL development on the basis of extrap
olation from experimenul dau. These have been 
reviewed by Barr (1982) and. aa adaptauon of his 
dau is presented in Table 4. 

The introduaion of biotransformation dau into 
the estimation of risk increased the level of closure 
calculated to cause "a I0~* lifetime nsk. from pans per 
billion to in excess of one pan per million. A funher 
refinement of the technique, using DNA binding as 
the measure of dosimetry (.Anderson et al. 1980) 
provided a similar estimate of the exposure. 

A variety of mathematical models can be used for 
extrapolating beiow the experimental dose range, and 
it is not possible to selea from amongst these math
ematical models on the basis of goodness of fit to 
experimental data. Attempts to do so have shown 
that most of the models fit the dau equally well 
(Gehring-er al. 1979). It is equally difiScult to select 
amongst the models on the- basis of the assumed 
mechanism of action of VCM. Thus a comparison of 
the lifetime risks calculated usins the .Armitase-DoU 
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TaWrJ. Vm»»i 

I. F ."H. Pi."tc»w» 

on ^ djvt wii (or }2 »k* 
> Senf«i>0><»ln"*<* 

(pptfit" 

A nfMMicoinv racMjffi •ri^.i 
Expim-

no (pptfit" i l l 4 hf uf IIOUl». Malr- Frmalr— Mcair 
Expim-

no 

30.000 )647 I 47 . 10* 16.6 4).3 }Q.O BT6* 
10.000 ) 44-«-)0' too 13.3 11.7 8TI 

6000- 1 41 B 10* 10.3 31.3 BTl 
:ioo <«J0 1.3 » I0« ».o i3.3 :i.7 BTl 
x» Ml) l.l • IO* 0 :o.o 10.0 BTl 
:so :«js 6.3 a 10' J.4 6.1 s.l BTl 
:oo :i:9 l.i » I0» 11.7 t J too B T ; 
ISO IT6I 4 6l i i C 1.7 i.i i.o B T ; 
100 1309 3 4 > 10* 0 I.T 0.1 B T ; 
so 739 1.9 « to* l.l 7.; 4.2 BRI.9 
25 393 1.0 • lO' 1.7 6.7 4 3 BTIS 
10 169 4 4 » I 0 ^ 0 1.7 0.1 BTIS 
5 M- I i * 10*- 0 0 0 B T U 
1 17 4 4 « IO* 0 0 0 BT13 
0 0 0 0 0 0 BTl.l 

9. 13 

• M m Mkhom *t ai. (1981). 
*ExpninicM BT 6 coded aficr ooiy 61 wk. whilr ihr i o r w«r« l i l ippiujuuiamy-140 wk: Uwreforr-

liicpcnnnafcof lumonnm BT6isprabatatvlowTclain«tothCTBtt»cau>refiht«iianlsicncr 
penod available 

multisuge model by the Food Safety Couadl (1980) 
and. by Gaylor & Kodell (1980) showed that for the 
same I0~^ lifetime, risk, the Food Safety CouaciL 
estimated the dose as 2 x 10~-ppm wberets Gaylor 
L KodeO esrimatfd the dose as 5 x 10~' ppm^Tbe 
difference bera'een these two estioaies was due to 
altemative asstimptions on the \'alue of the expansion 
of the expoaeatial term used. 

In general, calculations based on the amouai of 
material metabolized or on hunun data have pro-
d'jced exposure values of about I ppm for a 10~* 
lifetime nsk. .All the other studies have prodticsd 

exposure \'alues in the ppb range. A large variable 
appears to be the selection of the mathemaucal modei 
applied to the experimeatal data. 

Ia the following seciioo rwo models are used to 
calculate the exposure for a 10"* risk from a \-ariety 
of expenmestai tnim^i dau applying the correction 
for metabolism used by Geiymg « ai. (1979). 

Cclaiiatian of exposure for 10 '* nsi: 

.A summary of the crude .ASL iaadcace rates for 
inhalatioB studies in Spraeus-Dawley rats is given in 
Table 3. Similar dau for Wuur rats exposed by 

Tabic 4 Sumnurs' of ouaniiutiv* nik auotmcou for vinvl chiond* aonemer* 

RcrcTcno Spedn 

s ipetm for 
I0-* lifceae 

Comncou 

Scfaaedcnias tt al. ()9TS> Rai 
Bv iakaiaoav 

73 
119 

Kusnack i MeCaufbv (1»7S) RaL maa 14 
140-1400 

Ccbnsf t l aL (1979) Rat. maa >IOO0 

Rai <IO»IOOO 
Food Safciv Cousdi Rat :o (1910) 20 

11 « 10-* 

Rat man 
3.9 » 10-' 

.\Bdcrmrt 0̂ . (1910) Rat man >I000 
Cayter A Kodcll <l9tO) Rat 0.7 

0.3 
CtTibOTt (I9(t) Rat l i X IO-» 
Ban-0912) Maa >IOO 
This paper (Tabic 9) Rat 0.0a-9.16\ 

Mouu : « i o - » / 
Maa a.«}-90 
Rat ; X io-»-; * 10-* 

Meuic 6 »io-*» 
Maa 0.067-C.I4 

B* iatcnioa 
E?A (1910) Rat 4 ut'day 
SAS II9S0) Rai 3 X IO*'Ric.'kt/day 
Cnraipic Cucn<19W) Maa 0.7 II |.'day 

Rat 0.3 Uf dav 

^ b i i lilcpc m I. MiDicl) 
Lopt (Slope — 3.45) 
Lopt lllODC m 13. onc'lut) 
Liacar lAroufb zero 
l.o|.prebn 
Biotiusfermauea dau isduded 
Liscar or lo|-pTObn 
Oepesft oa matiimtncal aiodd used 
Oac-hit 
Amufc-DoU 
WeibuU 
Mutii'bii 
O N A biodiai used for domnciry 
tapper 97.3% caafidcose tnoit of Uacar model 
A.lliiUf».OeU 
WcibsU 

Dcmcd from Barr's ncfauvc cpidemtolofy 

Ld| .piobii 
I.a(.prebit indudint bievaiisfermauon data for man 
WeibuU 

WeibuU iodudini bioiransformauon for man 

Food or water 
Watar 
Applyist worker dau le water 
Vppcr9!^'. conAdenec Ixmtu 

•Mitt barrOnZt 
'Exopr when taitd. atbcra-uc. 
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mhalation (Tableri) for rats exposed:onliy(Tablr6) 
and for mice exposed:by inhalauon (Table:7) are also 
presented.-Dau from-expenmentr w-ith %-anous ex-
posure penods of shon duration are-given m Table 
8. For calculaiiag the-amounts of the dose metabo
lized in rats in the mhalauon experiments, the con-
stanu calculated (Gehring e; al. 1978) have beeir-
apphed. For Wistar rats, the and V^ values 
derived for Sprague-Dawler-rau have-been used. 
These estimates of meubolized. dose have been in
cluded in the ubies: 

For the experiment in which VCM was given by 
ga\-age. the data from Fig. 2 w-ere used to estimate the 
amount of VCM exhaled unchanged. As the t,. for 
e.thalation of VCM w-as 14 minutes, these dau based-
on a 72-hour period give a good estimate of the 
fraction of VCM exhaled in the: 24 hours bet«-een-
doses. It has been-assiuned thai tbe VCM not exhaled 
was metabolized, an assumpnon similar to the one 
used for estimating metabolized dose in the in
halation experiments. Greeir & Hathway (1975 il: 
1977) showed that VCM administered by garage to 
Wisur rats was exhaled and meubolized in a similar 
manner to that in tbe Sprasue-Dawiey rau. aad the 
V^ and values derived for Sprague-Dawley rats 
have been used. In the experiments by Feron tt al. 
(1981). who used Wtstar rats, the same assumpdons 
about V„ and K„ have beeir made. The quannty of 
VCM administered has been deah with as tf it had 
been administered bv ca\'ase. 

tOr~-

s so — 

3 I 
• lOf— 
? ! 
2 <of-
3 

I 

s 

•8 
I 
I 

0.01 ot •CO •ooo 1 10 

VCM dea*.4in9/iiq> 

Fig. 2. Susunasy of doic-dependeat uhaary asd pulmaBaiy 
excretion of \inyl chlonde nononerfV'CM). Uiiaary exere-
tioa (•) upitiiuiu neuboliics of VCM. while poisoaarr 
elinuaauott (A) is uacbaaged VCM. [After Watanabe 

Gehring (1976)]. 

For mice,- the dau have been combined in Table 7. 
The estimation of the dose meubolized. in mice-has 
been calculated using values for V. that have been-
adjusted on the basis that, for a chemical requiring 
meubolism to its active form, the quanuty meubo
lized will be proponional to the body suiface area 
and must be expressed in terms of metabohzed 
dose.lcg body mass. This technique has also bees used 
by Gehring er ai. (1978) for estimating the dose 
meubolized by man. 

Table S. Vinyl chlonde dose and -jindence of hepaue aonnarcoraa m male Wiiur 
rtu aso tee ee i days ".K for S I » « 

Amount mtuoolized 
Conea - .Anpoiaicoma Ezprat 
(cpral :;|4 hr uf (loull tnadenee (*/.) ne. 

10.000 iiz: 1.4 M lO* 29.6 BT7 
6000 5403 1.4 « 10* 11.3 BT7 

::soo S030 1.3 « 10* 12.0 BT7 
500 .v»I3 81 « 10' 10.7 BT7 
ISO :4;s 6.3 » 10* 3.7 BT7 
.<0 1.9 n 10= 0 BT7 

I 17 i i . IO* 0 BTI7 
0 0 0 0 BT7, n 

Table 6. Vinyl ehlonde fVOt) dose and tneidcns of hsoauc anposarcosu in rats tî 'cn VCM b>- eavacc or •.niesuon 

.Amouoi 
Ocic exhaled* 

[SIC Kf) IV. of doset lij dofct 

.^ouat meuMioed Aaposareoma inadcaec (*'>) 

<̂ (loul) Male FsKalc Mean 
Expmi 

no. 

so: SO 6230 :.6 » 10* 20 2IJ S T H 
16.63 33 2703 • 0 m 10* 10 13.1 113 BTl I 
•j3 10 •SO Z-OM 10* 0 0 0 BTII 
1.0 ^ 3243 • 26 » 10* 1.3 2.7 10 BT2T 
0.3 1.7 74 2.16 > 10* 0 1.4 0.7 BT;7 
0.03 1.4 7.4 116 > I0> 0 0 0 BTr 
0 — 0 0 0 0 0 B T U . 27 

3001 so 13.000 t2x 10* 49 S3 
I4.K 32 2390 1.63 « 10* 49 16 Fcrea 
3.0 16.3 1040 • 25 K 10* 10 4 tial. 
1.7 42) 19x 10* 0 0 4 (1911) 
0 69 0 0 0 0 oJ 

•Calcaiaicd frem dau dchved from Wauaabe k, (jcbiiai (1976) prBuaud.ia f it- 3. 
^Assuanr a 230.( rat. 
:Sprapic-Oawiey nu dosed br pvafrwnb VCM ia oon oil 3 liaca'wk fer 32 wk. 
{BTT doiad for i9w-k. 
fW-mar raa used aa eoneois by Fcrso' tt aL (19(1) aad doaad. for S3 wk. 
'•Vmar rau tteeirar a dst eosassc. vCM dasaived in pVC 

t 
a 

i 
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Tahir-' Vin«l ehlondf doae and inodrncv ol Kmanr anfmafcomr >i> mice 

^ mourn llic la Policed ^nfioMKenia incioe nert'.i 
Coftcn 

• • -- — 
— EaeniT 

(pff i i f" u| 4hr- uf itoiali Male Fmalc Mean no 

10.000 11.243 17 • 10* 3 1 X> 17.1 BT4» 
6000 II.OOT 1.7 • 10* 6.7 36.7 21.7 BT4 
2*00 10.246 1.3 « 10* 20.7 33.3 27.1 BT4 
1000 »6«»- 3 4 • 10* 39 4 .<00 .U7 Lee tt M.t 
SOO 6932 1 0 a 10* 20.0 26 7 23J BT4 
230 4939 7 4 > 10*- 30.0 30.0 30.0 BT4 
230 49*9 7.4 B 10* 24.0 47 0 36.3 Lee tl al.* 
30 1306- 10* 3.3 0 1.7 BT4 
I 1506 3.9 « I0» 10.3 0 S.2 laatfoL* 
0 0 0 0 0 0 BT4 tUmnai. 

*C0, mice. 3;.wk cipciiiiiaiii. 6 hr day-capusuu <ljec ct oL I9''f). Thcsrresnlu have not bcnr-
includcd IO the calculauaaa fer Table 9 bacauae ibc upuumiiiatdcMfB iau>fpacaiad aiennr 
kills. 

Thus: 

V, (mouse) - V, (rat) x 
0.011 m* 
0.045 m-

0.0] I 
-5706vg,'4hrx^^ 

= 1395;ig'4hr 

Tbe values of 0.O45 m- and O.OI 1 m- are tbe body 
surface area of a rat and a mouse, respectively. Since 
toxiaiv' is a funaion of the conceatration of the toxic 
metabolite in the tissue, the amount transformed 
must be normalized for mass to estimate an equiv
alent response. Thus V^ must be adjusted on the basis 
of the body weights of a rat (0.25 kg) and a mouse 
(0.03 kg) b>- dmding by 0.03'0.25 = 0.12. 

The V_ for the mouse on a mass-equivalent basis 
is therefore: 

) io< 
^-11625;:j4hr 

Tnis value of V^ has oeen used in calculating the total 
amount of VCM meubolized (Table 7). 

From the variety of models (or mathematical ex
trapolation techniques) used for low-dose risk extra
polation (Table i). an arbitrary choice of modeis has 
been made to test the robustness of the extrapolation 
from the different animal studies. 

.A log-probii analysis of the dose that would be 
expeaed to produce a hfetirae risk of ASL of 10"* is 

presented in Table 9. This calculation can be carried 
out on the basis of the concentration inhaled, the 
daily dose meubolized or the total quanuty meubo
lized during the whole experiment There is a »ide 
variauon in the estimated dose depending on the 
daubase used for the calculation. The largest vari
ation betweeir doses derived from the rat experiments 
IS 560-fold (0.025 ppb r. 9.1 ppb) when exposure m 
ppb is considered, but this decreases to 100-fold for 
other i.Tnmatp< of dosê  Tbe results from mice are 
subsiaaually lower when expfr̂ vti ia ppb 
(2 X 10"''ppb) but the difference is less for other 
expressions of dose. 

Similar calculations of the dose expected to give a 
10-* lifeume nsk of .ASL .have been based on a 
Weibull aaal>-sis fTable 9). This is a more •conse7̂ •-
ative' mathematical model and the estimates of dose 
are accordiaciy lower. The \-artation in estssates of 
dose is. if anythiag, larger than that observed with the 
log-probit analysis (for example, a 10"* difference 
between the S values derived from Wistar and 
Sprague-Dawley rau). Tne doses for mice are so 
much lower ir.za those calculated for rats or man that 
the assumptions used ia thdr calculation must be 
suspen. 

.A further calculation to derive the human dose 
likely to produce a risk of 10"* is given in Table 9 (S 
calculated for man). Tnese calculations are based on 
a V. for man of 1675 ;i g 8 hr based on corrections for 
bodv sunace area aad mass. The values are subsun-

Tabie t. Vmyl ehlendc (VCM) dose and bepatie aapesanoma meidinee n Spnp»-Dawley rau 
inhalation 

le VCM by 

CoacB 
irpai Schedule* 

Aaeiiat meubolizai: Anpesanosa mode aoK (*/.> 
CoacB 
irpai Schedule* 

rio. Ol 
dose* iie-4 hr HC (total) Male Feaale Meaa 

- Eapst 
no. 

ICJXIO I 260 5»;i 1.4 H 10* 10 I3J 11.7 B T l 
10.000 II es s«;i 4.7 s 10* 0 0 0 BT3 
IO.ODO III s;:i 1.4 II 10* 1.7 0 0.1 BTIO 
10.000 rv too 1379 1.4 u 10* 1.7 0 0.1 BTIO 
10.000 v 23 ••CI 1.4 m 10* 0 1.7 0.1 BTIO 

6000 I 260 .v>03 1.4 u 10* 10.3 33.3 210 B T l 
6000 II 15 .v>03 4 6 n 10' 0 j.3 1.7 8T3 
6000 III 23 5403 1.4 « 10-' 0 0 0 BTIO 
6000 IV too 1330 1.4 « 10* 3.4 1.7 2J BTIO 
6000 V 23 .•403 1.4 » 10* 0 !.7 0.1 BTIO 

'.Afis Maheoi « ai. (I9II). 
"Schedules: 1—ahr-day. 3 dayt-wk for 32 wk: Il-^hr.day, 3 data->k for 17 wk: UI-

TV—1 hr day. 4 days-wk fer 23 wk: V—abrday. I day.wk for 23 wk. 
2.̂ moaai seubebxed (V) m 4 hour dcnved from tiia foraulâ -V (>f b l ' V , • sx^ . s »her V, 

î ue... 

hr'day, S days.-wk for 3 wk; 

is 4'6 of tbe 6 hr 
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iially higtaerrthaarthose-calculatĉ for-the-rat: and-; 
mousean̂ there-is siilLa rangeof over-1OO-fold in ihe 
esiimaies-denved- from-the-differenr rodent expen* 
ments: Wheirihis amounrof vanabihiy occurs in ihe-
extrapoiation of the risk of low-dose-exposure to 
VCM based-solely on differenr expei imentr in the 
same speaesc the-rehabiiity and hence-the utility of 
these procedures is open to quesuoir. 

The general relationship between the doseadmims-
tered and the-incidence-of angiosarcomas derived 
from 52-week exposure-does not apply to exposures 
of shoner duration (Table 8). In all experiments a 
toul metabolized dose in excess of 5 x lO-̂ g was 
required to produce an inadenccof angiosarcoma in 
exceu of l-2Va. This relationship-was seen in both 
rats and mice and in expenmenu in which VCM was 
administered by gavage- or by inhalation. In long-
term̂  inhalation studies, a. lotaL meubolized dose-of 
5 X )Qr itg is equivalent to about 200 ppnr adminis
tered over 52 weeks and represents a practical thresh
old for this series of experiments. 

In conclusion there is a wide \'ariation in the 
estimates of dose for a 10"* lifetime risk. This vari
ation is due to the type of mathematical model that 
IS applied, to the assumptions that are made and to 
the panicular experiment that is used to provide dau 
for the extiapolatioa. A high level of confidence 
canaot be placed on low-dose extrapolations «-hea 
\-ariables that would not be ecpeaed to aher the 
expression of risk have a profound effea on the 
estimated risk. In addition, the interspecies ertrapc-
lauon from experimental animals to mas is largely 
innntrv-e. It is clear that estimates of risk should take 
izia account ail available data, including epi-
detrjoiogj-. to provide a decree of reliability. 

Risk assessment from human studies 

P.esisier of .<SL cases 

Since 1974. lists of reponed .ASL cases atiribuubie 
to VCM exposure in the VCM.PVC industry have 
been kept by NIOSH (Spirtas & Kaminski. 1978). 
by 1.ARC and by the VCM Committee of the 
.Aisoaation of Plastics Manufacturers in Europe 
(.APME). Details of 99 cases in tbe .APME register at 

Tabie-M autWTmro''ASL 

Plant*- So af 
no. Country 

W«t«enrC»ape 
1 West Gcfma«r>- 10 

W-est Ccrmanw I 

3 W'etr CetmaM* -
4 W eer Gennao^^ 2 
1 Franer- c 

« Francv « 
3 Fraaec 
1 L'K 5 

2 
1 S » « d e s - < 

TouL. . 42 
"ciib nrnchie 

I Caoaite.. 10 
1 USA II 

USA 4 
3 USA 4 

T o u L . . St 
RMsefV^odd-

1 Japaa 
1 Yufo*U«ia>- 4 

I Czaefaeslevakia' 

Toul. . % 
* For the purpeact of this ease study, n is not eeee laary le lOcaufy 

tbe pm aae ewocrslnp aod locauoo of ihese plaau. 

the end of 19S2 have beeo analysed by couatr>- and 
by manufacturing company and plant. Tbe casas 
have been recorded from all major VCM PVC manu-
fanuring countries (Table 10). but the inddenc: has 
not necessarily been in proportion to the PN'C pro-
cactioa capacity now or prior to 1962. In the absence 
of data on the-ntnober of workers empio>ed. pro
duction capacity is the only available indicauon of 
the numbers of people potentially exposed. 

Tne maiority of the ASL cases are PVC autoclave 
cleaners or men who have worked in or around 
autoclaves. There are .ASL cases among men who 
manufactured VCM aad a few cases were involved 
both «ith monomer and with pol>-mer produnon. 
Only one case suffered from both acrc-osieoiysis and 
.ASL. The .ASL cases tended to occur in larger 
numbers in some plants than in others (Table 11). Of 
the total of 39 .ASL cases recorded in Nonh .Amenca. 
34 have occurred at four P\'C plants, while ever ^ 

Table 10. Distribution of .ASL eases b> eeuatrv 

PVC produeuoa namcpiau capaoiy 
ndleieanes yr) 

Couatry-
No. of -

ASL cases !963 1972 

USA 29 ;ai 704 2090 
West Ccraaay 21 22 260 1133 
Fnacc 14 11 176 627 
Canada. 10 3 - T II 
UIC 7 27 m 303 
Swcdca 3 3 20 103 
Yufoslavia.. 4 3 1 60 
Italy 3 9 222 77« 
Caceheslevakia 2 1 23 4« 
Japan 1 12 3M 1699 
Bcl|iuni I 3 23 193 
Norway 1 20 63 

TotaL. 99 
Westats Europe 52 Q 931 3930 
Nonh Ascnca* 39 19S 736 2171 
Rett of World S !l 709 3334 

Total.. 99 331 23S6 9a«3 

ASL " .Aaposanma of the \nta-
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Tihle-l2 ^SL casfiieinwii w-\«af of dcaih- and- fcofraelnca^ locaiioo-ieseludiny ITOI*' 

197 

t car' 
of 

dcaih-

19*3 
6 
7 
I 
9 

1960 
1 

ASL caiesv-in-

*CTief»-Euroor- N'onh Ami Rest ef world 

Cl 

C2 

USI 
1 

3 
a 

4 
J 

US3 Ci2 

6 
7 F) 
t C4. cs. L'S4. US7. USIO 
9 Cl USIl US16 

1970 S»l LSI I V'lela. 
I 02 C6. US2 

NI. S « l UKl. IC C7 
3 G3: Cl. USl. USl L'S33 Yl . Y l O l Maltoni 
4 ' C4. cs. LIU C9. US13 Cnoeb It 

s F l n . C6. 07. 01. Ii3 US6. US9. USIl. US36 Japl Joboaoo--
6 BI. F4. FS. F6. F7. Sw3 US19. US20. US22 Japl Y3 
7 Fl. F9. CIO. on . O i l Sw4 CIO. US3I. US24f 
8 FIO. Fit. 09. 013. 013. 

016. 017 US27. US2I Y4 
9 F l l F13. LTC4. UTCS. C l l 

1910 L-K6. LT::. 019. s«3. cza. 
G2I USI7. US:9. US30. US32 

I Ii4. FI4. LT:E. 022 

TouL n 3lF i 

A S L • .Aaposaicoau of the bvrr 
'Italian ease 01 was aet a (ypieai ASL: tut pnnarx- lumeur was probably of tiae penears:-da. Thit mas «-as 

e=sa^ rr. exTUuon of PV'C tacks. 
*B w Bcip-.si. 0 - W Gcmary: Sw > Swedes: C - Canada: It • Iu!>-: ITK • United Rinedc—.: C : • 

CieEnosio -̂aiiia: Jap « jspaic Y » Yusctlax-ia; F - France: N • Norway; L'S - USA. Tr.-Jt C9 » esse 
ne. 9 in Wni Germany. Cases L*)!! C U . USt4. USIS and L'SIS *-m siiow-s no: to be assoeaicd w-ith 
VCM expossn asd beaa wiUidravn from the iitt. 

lAcresel can filler. 
§CholaDpotareama. 
• Docs not inciudc US31 (tuU alive). 

Nonh .American PVC plants have not recorded an 
.ASL case so far. 

The average latent period betw-een staning work in 
an occupation involving VCM exposure aad death 
from .ASL for the 99 cases is 21.9 years (in France. 
Sweden and the US.A between 24 and 25 years, in 
Germany about 18 years). It is still too early to 
predict w-hether the annual number of .ASL cases 
amongst VCM workers has reached a peak. .ASL 
cases appeared earlier m Nonh America than in 
Western Europe and w-hile the ocmrrence is tending 
to decrease, in North America (Table 12). it is still 
high in Westem Europe. 

On the basis of the data in this case register, it is 
possible to draw cenain conclusions about nsk fac
tors associated uith ASL. Tne large number of .ASL 
cases in some faaories and the absence of ASL cases 
in others of similar age indicates thai variations in 
manufacturing practices bet«-een faaones may be the 
cause. These vanations may reflect both differences in 
the tN-pes of job carried out by individual workers and 
differences in engineering practices. The bulk of the 
cases have- occurred. howe>-er- in highly exposed 
autoclave cleanersi viith relanvely few in other PVC 
or VCM production jobs. So far no well-
authenticated-cases have occurred' ia PVC com

pounding or fabrication where many more people 
have been exposed but to a much lower cose. 

Prediction of fufure .ASL cases cs a consequence of 
pre' 1974 exposure 

The causal relationship between VCM and ASL is 
proved beyond doubt by the specificity of the tu
mour, the high relative incidence of that tumour in 
highly exposed workers, the consistency of the excess 
in different parts of the world, the time relationship 
between exposure aad diagnosis and the dose-
response relationship. .An intensivx analysis of the 
pre-1974 cohorts should esublish the dose-response 
curve for ASL after VCM exposure and predict the 
likely outcome for the future. 

It will be impossible to coUea a complete data set 
on which to calculate risks of .ASL for the whole 
world, but within a single company there may be 
closer definition of the cohon. the number of cases 
and the pattem of exposure. Using these data and 
averaging across the worldwide population exposed 
to VCM: 1t is possible to calculate the future inci
dence of ASÎ  using relatively crude assumptions 
which caa only be tested in. time.when the prediction 
can. be judged against the fiaai outcome. 

000021 



198 

Tablr-I3. ASL < 

I F H Pv.TlCMASa#« ai. 

rb«-Mare< 6m csoosut>-and->eeraphica*.>ecatioirieiemdinr ITOI*i 

Year-of ' 
6nr 

ASL eascst m. 

Wcsicm Europe— Nonh America Rest of aerid 
Key 

rvcnu 

1939 LS24: 
ao-

1 Frll CT. US27 
* US 13. US29 
3 FrU C l U$I9 
4 UKL Cl . CS. USS. US7. US2I 
5 S»3 C4. US3. US9 
6 Fri. Ft3. Swa. C7. C9. USl. USD. US2J. 

US31f 
7 Sw3 C6. US21 U5:6 
1 Fr9 LSI 
9 F r l l Fr4 USI3 

1930 FrT. NI. UKl US16 
I Swi. LIU USia US33 

GI US4 
3 OIS.1U CIO 
4 G7. CI. \ X * . 019 USIl 
3 o n . C16. Oil USl US17. US20 
6 Frio. Cl 
7 Fr«. C4. Ill 02 
1 FT«, Bl US23 
9 F r i U4 

I960 05. C l l 
1 G9. GIO. O i l GI7; 

C20. 022 a 
2 G6. UK6. C21 US6 
3 Fri3. UK7 
a Sw3 US30 
S Fri 
6 LTC3 
7 
t 
9 

1570 
1 

3 
ToaJ.. 

Y l Cxi 

Japl. Yl 
Y3 

Cll 
Japl Y4 

Viola 

Maliem 
39 

ASL - Anposareoma of ihe liver 
*ItOI is net consistent with other ASL eases: the primary tumour may have been of ihe pensardi-um. The 

man eztnded PVC usJu. 
''For explasaiery key. see Tabic i l 
CChelaneesareoma. 
(US3I is tuU alive. 
'..Aerosol caa filler. 

Toe dau required are: 

(1) Annual populatioas of employees ciassiaed 
by age; 
(2) Aanual exoosure estimates for each oerson 
ia (1); 
(3) .Aa exposure-response latency model for .ASL 
induced by VCM. 

Tne dau under item (1) are avaiiabie in the UK as 
a result of the dau extracted from the relevant 
occupational records (Fox & Collier, 1977). Exposure 
dau for item (2) are more diacult lo obuin. but can 
be gleaned from the records that are used to define-
the occupational population. The problem of oc
cupation changing, which occurred frequently, has 
been dealt with by using tbe principal employment 
category or the l̂ ghest exposed employment cate
gory. The estimation of time-weighted average ex
posures for the least exposed employees is straight
forward, as the expostires were essentially continuous 
and constant, but for atnodave cleaners; mainte
nance workers aad laboratory workers. exposurer< 
could vary fronr zero to near narcotic levels. In the: 
caiculatioas described belov, it has bees-possible to 

avoid using the exposure data directly by relying on 
the similanty in exposure levels in differing locations. 
Tbe exposure:response-latency dau indicated under 
item (3) can be derived from esublished cases. 

The key dau for these procedtu-es are the set of 
cases worldwide, together with the descriptive dau 
(Tables 12-14). It has been possible to calculate aa 
incidence rate for each latency period for each ex
posure level for each age group (on the basis of the 
UK dau and assuming that it is representative of the 
worldwide population) and to use these rates to 
derive a simple model of dose-response latency that 
can be applied to the population data. The broad, 
conclusions are that most cases have a latency of 
about 20 years and cases will continue to occur for 
the next 10 years. 

In the calculation used to estimate the future 
number of ASL cases (Table 15) an assumption has 
been made thai when exposures were reduced to low 
levels, the future risk of ASL became negligible. Two 
dates at which the negligible risk levels were attained 
.have been- selectedr 1964, when levels were reduced 
to htmdreds of ppnraad. 1974 whea the levels were-
reducedto below lOppm foUowiaa the discovery of 
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Vinvi ehlonde mte- ai I99» 

Tsblr-»4 Annoakim Lidtmjc of ASL catai (date ef deatht by ftofiapmeaa aiea-

No ef ASL eases-dvifif-nr 

Weitenr- North Rest of AnnuaW Cuaaianv*- Key 
Year Europc- Amera*- world total total 

19S3 1 1 1 
I 1 ^ 

1961 
1 1 . 

1 1 3 
; 1 1 4 
a 1 1 2 6 
7 1 1 7 
1 5 3 12 
9 1 2 3 15 

1970 t 1 2 i: \ 'oU 
1 1 2. 3 20 

4 1 « 23 
3 1 4 3 1 33 Maheor 
4 3 2 3 31 Ooodnek^ ' 
5 6 4 1 It 49 
6 6 3 - 2 11 60 
1 6 3 9 69 -
1 7 2 I 10 79 
9 s 3 14 

19(0 6 4 10 94 
I 4 4 91 
2t 0 0 0 0 

Toiat.. S2: 38* S 9g»- 9«» 

ASL m ABpetareoaa of the liver 
'Does not ndui de US31 (still alive is 19t2V 
*.Al tse ef ooapilatioo.' 
2iBdudaG03( acnaei cai 1 fiSa) bat eana IxOI fba| cxcradCT). 

the associaxioB between .ASL and VCM exposure. A 
hypothetical exposed populatioa of 100.000 has been 
used, but this is unimportant (see (a) below). An 
estimate of tbe age distribuuon vtithin the hypothet
ical *ictal' exposed pcptuation of 100.000 has oeen 
based on L*K dau (Fox &. Collier. 1977). For persons 
already exposed curia: *je whole 01" the various 
latent periods, the ntimbers with a latency of 30 years 
or more form only a small proponion of the total. 
The numbers of persons at risk in the future are 
calculated by advanciag ume in 5.year periods uking 
account of the age.dependent death rates in the 
population at large. Death rates for an intermediate 
Near for the male population of England and Wales 
have been used in this caicuiation and the future cases 
(column 10) have been obumed by multiplication. 
Toe incidence figures for long latent periods (>2i 
years) are unrehable or non-existent but those for 
latencies of 15-25 years are fairly consunt and values 
of 0.5 and 0.8 cases 1000 persons have been used for 

all latency periods over IS years to calculau the 
expected number of cases for the 1964 and. 1974 
assumptions. 

Tbe caicuiation is usreaiistic m many respects bu: 
the simpiifications are unlikely to affect the esumate 
of future cases by more thaa a small f&nor. For 
cxampie: 

(a) The pcpulauon size used for the caicuiation 
is probably larger tha:: the exposed population, 
but the calculation depends on tiie ratio of 
"person-years to come" and "person-years ex
penenced" and this ratio is tbe same for any 
population size. 
(b) Exposure level has beeingnored. Tne calcu
lations are based on the overall risk to the 
cohon and although the inadence figures for 
sub-cohons could be higher: the estimate of 
future cases will change very- little. Similarly 
duration of exposure has been ignored. 

Table 15. Hx-potheiical ealeulaues of future ASL cases 'js:n( iw-e different auumptions about ihe dau at which the level* became free of 
ntk 

CaleuUuons assuinint no nsk after !964 Cakuiaiions assummf ao mk after 1974 

Latcaev cates 
tc date 

Pt;ions at 
r.sk to date 

5->T 
ineidcnee 

Fsturr 
persons 
at nsk 

Future 
cues 

Persons at 
risk to dau 

-̂ yr 
inodcnec 

Future 
persons 
at nsk 

Fuiun 
eases 

l-S 0 \00.0O0 O.OO 0 0 100.000 0.00 0 0 
6-10 I 9tJ130 0.0t 0 0 94.300 0.01 3730 0 
II-IS II 9SJ00 0.12 . 0 0 71.000 0.U IT JOO 2 
16-20 21 S4.7S0 0.33 6730 46.300 0.60 45.000 
21-23 28 0.46 24.330 n 21.730 0.97 r.200 37 
26-30 11 36.750 0.49 41.730 20- 11.730 0.96 S9.7S0 37 
31-33 6 21.230 0.2S 41.100 13 10.130 OSi SI.300 32 
36-<0 6 6730 0.19 31.730 4« 3300 1.71 •5.000 94 
41-43 0 6C0 •SJ.730 1 310 •t 46.330 
46-SO 0 Q 1 34.300 0 34.S00 1 

31- " 0 0 7 47.600 0 •t 47.600 -t 

lo O.SO J00.750 150 0.80 4C-:-«oo 323 

For eeuiia of the siat—raoas aad.ae»ods tm ttxtlpfz 197 t 191). 
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(cl The-UK is nor typtcai-of the-worldwide-
growth in the-exposedipopsiauon. 
(d) .No account has-beeir uken-of plant im
provements occumng-priorto 1964 and hence-
fewer-eases: may occuc-in. for example.-the-
1981̂ 2000 penod than arrestimated fronrthê  
1940-1980 expenence:-

An assumptioathat ihcrisk of ASLceased in 1964— 
ratherthan in 1974 results in a considerable reduction 
in the estimstc-of future-cases:.For eithersssumpnoic: 
the number-of nrwr cases- observedrannually shoukU 
soon begin- to decline-and the-rate of decline w-iil 
indicate.which assumptioiris nearer-to the truths 

There- have- been two other- predictionr of the-
ntimberof cases.of ASL likely to result fronrprevious.. 
exposure: to VCM. Nicholson et al. (1984) suggest: 
that therr will be-a further1500 cases, of ASL. whilê r 
Forman et al. (1986) conclude that a funher 150-200 
deaths might be expected over the next 30 yean. Our 
estimates rely on a more sophisticated model than the-
latter-estimate and on a larger dau set than ibe-
foimer. Nevenheless, the condtisions of Formair «r 
a/. (1986) are similar to ours. Only the experience-of 
the next few years will show, which is the best 
estinute. 

Siunmarrand conclusions 

There is littie doubt that expostue to high levels of 
VCM as a cciuesuence of occupation caa result in aa 
increased incidence of ASL. .A miew of 20 epi
demiological studies involving about 45.000 workers 
occupatiorially exposed to VCM show-ed that neo
plasms of the liver showed an increase in inadence m 
the maionty- of studies. For brain cancer the assod* 
atier. between exposure to VCM and an increased 
inadence was less clear beeatise of the lower relative 
risk. Neoplasms of the respiratory tract, digestive 
system: Imphatic \nd haemopoietic system, buccal 
ca\nty and pharynx, cardiovascular system aad 
colon-stomach were reponed to show an increased 
inadence in one or more- studies, but to show no 
increase, or in some cases a deâ ase. in inadence m 
other studies. In %iew' of the increased incidence of 
breast neoplasms in rodents exposed to VCM. the 
studies of ChaiTTf et al. (1980). who did not connnn 
these findings in humans, are of imporunce. 

The register of .ASL cases now co.itains records of 
99 persons with confirmed .ASL and occupational 
exposure to VCM. The average latent period between 
first exposure to VCM and death from .ASL is 21.9 
years. The maiority of cases occurred in autoclave 
workers, who are recognized as having been exposed 
to extremely high levels. .Although precise estimater 
of exposure are not available for the periods of most 
interest, the pattern of cases roughly suggests that 
extremely high exposures were necessary for the 
induction of ASL^For example. ASL cases tended to 
occur in larger numbers in some plants than in others, 
a finding that can be explained most easily by 
differences in exposure patterns; 

There is an extensive series of animal studies on the 
carcinogeaicity of VCM. Some of these precede the 
epideaiolocicaL studies connrmms' the association 

betwccnrVCM exposurerand ASL in man.: .ASL and 
neorHtsnwof a nuroberof otner organs ha\e fietit 
inducedin laboratory-rodenu by VCTM. Estimation 
of the expostxrclevels likely to causes lifetime nsk of 
ASL of 10- *• on the basis of thesr data give extremely 
low-levelr(down 10 3.9 « lO' ppb) which appear 10 
be-unrealistic estimaiesforman. Parr of itie reason 
for this is that-labor»tor> studies have-shown that 
VCM is metabolized in the hver tand elsewhere-m ihe-
body) to the reactive meuboiites chloroethylene ox
ide andehloroaceuldefaydei The rate of conversion is 
limited at high le\-els of exposure siving inaccurate 
esumates. of the slope- 01 the doscTesponse- re-
lationstaipr It has not beeirpossibleto esumatrthe-
rate of convetsioir in man. and hence extrapolation of 
these-low-risk-dose estimates is conjecturaL The 
secondrpazrof the problenrof extrapolation at low-
risk is tbe selection of the most suiuble mathenuiical 
model for extrapolation. Using Malioni's dau from 
rats (Maltoni et al. 1981). there-is a subsuntial range 
(up to 10*) of low-risk dose esdmates: depending on 
ihe matheroaticaimodel-andthe assumptions used in 
applying-the models:-Using the same'(probit and 
log-dose) model and different sub-sets of expen-
mentai data,, a large- range of estimates is again 
obtained., even- after conectioa. for the non-linear 
yjisaec of meubolism' at hiss dose (w-hich reouces 
this laaae to about 10-). Larger diffeieaoes are 
obtained with calculations -usiag the Weibull analysis 
as a basis of low-dose estiisaaon. suggesung that this 
is a preatenr with the use of mathecaticai models 
rather thaa one assodated with the iog-probit anal
ysis. Although, there w-as consjcersble variability in 
the dose-response relationship in the different experi-
irsats reponed. ia all cases a toul meuboiizec cose 
of 5 X lO^̂ g (equivalent to mhalation of 200 ppm) 
w-as required to produce aa eie\-ation in ASL ina
dence.. This dose represents a practical threshold ia 
rodents. .At this stage ia their development, mathe
matical models for low-risk dcse esumates are not 
sumcentiy reliable or reproducible to engender 
confidence in thdr tue. 

Usinr negative epidemiolccical studies of popu
lations lixing in the vidnity of VCM production 
fadlities. an estimate of the dose for a 10"' lifetime 
risk in man may be made (Barr. 1982). Tne value 
(100 ppb) is similar to the highest estimates derived 
fronr animal data, and taking biotransformation 
dau. into account, is substanually larger than the 
lowest estimates, which are up to 10" lower 
(3.9 X 10~' ppb using a multi-hit model). The higher 
esumates are compatible with occupational expen
ence and suggest that the current hygiene sundard of 
around 1 ppm is sufSdenth- low to protea the health 
of VCM .-PVC' workers. The esumates also give a 
considerable safety fanor for the general public 
consuming PVC-packed food and drink or li\ing 
near VCM.PVC fadlities. 

It has been possible to prc\ide a crude estimate of 
the number of cases of ASL that may occur in the 
future from exposure to VCM prior to 1974. Using 
the age struaure of employees in one company, the 
total number of cases of ASL reponed to date and 
the monality pattem expected, frem a normal popu-
latioTC. the-possible future Bi=aerof .ASL cases has 
bfcm eAtiLTiiTrfl at in the resion of 15(̂ 300. 
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UNivERsrrroF"CALiFOiiNrA, RIVERSIDE:: 

HLRKELEV . 0*vi$ . iBVIS'f . lOS ANi.ELCS • aiViaSIDI . S*<. OIICO « »«s»R*sc iSCO S'VNTAaAaBAKA-' • SAlXTACmUZ. 

«T.\TK\vniE AIR IiiLLLTlON KF..<K.\RfH t'ENTER « '.ivsF..->::£ •. i.«n" •P.NL̂  v̂ r;: 

July 20, 1989 

DP. Richard Corey 
Toxic Air Contaminant Identification Branch 
California Air Resources Board 
1102 Q Street 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Dr, Corey: 

As promised in our telephone conversation of June IO, 1989, I enclosc: 
coinments concerning the atmospheric cheaistry of vinyl ctaloride, 
trichloroethene and tetrachloroethene (perchloroetr.ene). I hope that 
these comments are of use to you. 

Yours sincerely, 

Roger Atkinson 
Research Chemist 
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• Comments- Concerning- the Atmospheric Chemistrv of Vinvl Chloric^C. 

Roger Atlclnson-

A. Vinvl Chloride. 

OH Radical Reaction. 

In addition to the flash photolysis-resonance-fluorescence data, of 

Perry et al., Liu and coworkers (A. Liu, W. A. Hulac and C. 0. Jonah, J. 

Phys. Chem., 93, M092-409'<, 1989) have used a pulsed:radiolysis-resonancc-

absorption method to determine absolute rate constants- for- the gas-phase: 

reaction of the OH radical with vinyl chloride over the temperature range: 

313-1173 K in the presence of 1 atmosphere of ar goa 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 

those of Perry and coworkers. 

A product study of the gas-phase reaction of the OH radical, with 

vinyl chloride, in the presence of NOĵ, has recently been carried out by 

Tuazon et al. (E. C. Tuazon, R. Atkinson, S. H. Aschmann, H. A. Goodman 

and A. M. Winer, Int. J. Chem. Kinet., 20, 241-265, 1983) using long 

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

monitor the reactants and products in irradiated ethyL nitrite - MO -

Vinyl chloride - air mixtures in the presence and absence 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(O)Cl), with the measured yields (corrected for secondary reactions or 

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 or. 

ethane. These product yield data show that HCHO plus.HC(0)C1 account: for 

essentially all of the vinyl chloride reacted, and that: Cl atom production 

in this OH radical reaction with vinyl chloride is minor, at most. Thest 

data then agree with the reaction sequence shown on page A-46 of the vinyl 

chloride document. 
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Comments: - page 2 

NO-? Radical Reaction. 

A rate constant- for the gas-phase reaction of the NO- radical, with 

vinyl chloride-has.recently been obtained,-using a relative rate-techniquei-

(R. Atkinson, S. M. Aschmann and M. A. Goodmaxr;- Int. J . Chem,. Kiner;, j9., 

299-307, 1987). Combining the measured rate constant ratio at 298 ± 2 

of k(N02 •̂  vinyl chloride).'k(N02 * Athene) s 2.08 • 0.C9 - i th t.he room 

temperature rate constant for the reaction of the MÔ  razicai .- ith ethene. 

of 2.1 X 10"̂ ^ cm̂  molecule"^ s"̂  (R. Atkinson,. S. M. Ascnrann and J . M. 

Pitts, Jr . , J . Phys. Chem,, 92, 3454-3457, 1988) leads, to a rare constant 

of 

k(N02 * vinyl chloride) = 4.4 x 10'̂ ^ cm̂  moleciiie"' s'̂  

at 298 1 2 K. 

Lifetime. 

As noted,-the lifetime of vinyl chloride in the troposphere is 

calculated by combini.ig the measured rite constants for the gas-phase 

reactions with OH and NQ̂  radicals and 0̂  (and other gas-phase loss 

processes, i f applicable) with measured or estimated ac^ienf 

concentrations of OH and NÔ  radicals and O .̂ Few, i f any, reliable real

time measurements of ambient tropospheric OH radical concentrations exist 

to date. The most reliable global tropospheric OH radical concentration 

value is that derived fronr the ambient tropospheric concentrations and 

emission inventory of methyichlorofomr, leading to an annually and 

diurnally averaged global tropospheric concentration of 7.7 x 10̂  molecule-

cm'2 (Prinn et a l . , 1987). For the NÔ  radical,-the measurec lower-

tropospheric concentrations over continental areas range fron <1 part-per-

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

Pitts, J r . , Atmos. Environ., 20, 331-339, 1986). An average value of 10 

ppt (2.4 X 10̂  molecule cm~̂ ) seems-reasonable, with the recognition thafc 

this concentration is uncertain at. any given-time, by a factor of t. 10. 
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Comments: - page 3 

With these ambient OH and NÔ  radical, concentrations-, the calcui*-

lifetimes-of vinyl chloride with, respect: to: reaction: withr OH andrNffj-

radicals are then 2.3 days and 220 days, respectively.. Since- the- lifetlMm 

of vinyl chioride with respect to reaction with 0̂  is> (Table-IV-2) -50 

aays (using the rate data cf Zhang et al. anc Cay et: ai..) ,. the OH radical.. 

reaction appears to be the dominant tropospneric loss-pracess: for vinyl-

chloride. 
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II. AIR RESOURCES BOARD STAFF RESPONSEST. TO COMMENTS ON PART A 



A. Conitwnts=fronrthe»Goodye«crTrre-4 Rubber-Companŷ  

1. Connwntr Clarif 1catton= is. requested.concernlng-the-relattonship-
betweeirthteCaVifonrtailO-ppb; arabient--air-qua)Uy standard for-
vinyl chlor1d«-and=the?0.3-ug/day concentratloirof'vinyl chloride^ 
which:: poses: nô slgnlf Icantiristc to. thê popttlat-lonv-
Responser This- connentr ir- addressed:.in Part-C,- IIU- Department of-
Health Serviceŝ Responsesrto- Coramerrtr on- Part B.. 

2. Coninentt: In: thê samprlingrandrdetermtnation-of therconcentration-
of-viny) chloridev-theruseiof-analytical techniques;comparable 
toand: as re 1 i ab 1 er a j-,^ thê  method- out 1 i ned- irr the repoctr shou 1 d 
ber pemrt tted.. 

Response: The ARB did not.intend to imply thatithe sampling and 
analysis techniqueŝ  desert bed in the pre I irai nary draft report on 
vinyl chloride: should-be: ther only methodiused-by facilities 
testing for-vinyl chloride.. 

B. Comments from the B.F. Goodrich Company 

1. Commentr On page A-1 and A-2, the report should clarify that 
polyvinyl chloride (PVC) products used by consumerr and the 
construction industry are not sources of vinyl chloride. 

Response: Page A-2 of the second draft report states that 
finished commercial PVC 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 their. 

2. Comment: On page A-17 and A-18, the report should emphasize that 
consumer products of PVC 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, to be an important contributor of 
indoonlevels of vinyl chloride." 

3. Conmentr On page-A-27 the ninth line from the top. the report 
should insert "i.e., chlorinated organic.compounds" after, "which 
contain vinyl chloride". 

Response: The preliminary draft report states: "Emissions of 
vinyl chloride from landfills mainly occur by two mechanisms: 1) 
direct vinyl chloride emissions from disposed wastes which 
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contaiir vinyV chloride?. and=2) therfomrationtof vinyl chlorid*:-
frorasthes biodegradation: of- chrl ori natedt hydrocarbons.-" The 
"chlorinated:organicr compoû dsî ^ referred: to in- the conraentare-
addrersedrby the-second-mechanisms 

C. Coninentsifrom-.Or: Roger-Atkinson-.of thesStatewide:;Air Pollution-
Research-Center-at the. University of California, Riverride-

1. Connentt The report (page-A-44-} shoald.. indicate, that the results 
of thei study of Liu and coworicersr (A. Liu,. W.Â  Muloc,-and C.U^ 
Jonah--Journal of Phvsieal Chemistrv: 93.. ppi. 4092;i4094, 1989) 
which-determined-absolute-rate constants: for the gaŝ phase.:̂  
reaction-of the hydroxyl radical with vinyl chloride-over-the'r 
temperature range of 313 to 423 K" agree-with" those of Perry and 
coworlcerr. 

Responser The second draft of the reportreflects: this additional 
information on page A-41. 

2. Conment: The report (page A-44-) should include: the most reliable 
estimated avecage hydroxyl radical concentration-of 7.7 X 10 
molecules cm" derived by Prinn and coworlcerr (Prinn et al., 
1987) through the use of the ambient tropospheric concentration 
and emission inventory of methyl chloroform. 

Response: This additional 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 Jourpal of Chemical 
Kinetics. 20. pp. 241-265, 1988) confirmed the-study by Pitts and 
coworkers- (Pitts et al., 1984) which demonstrated that the 
reaction of one molecule of vinyl chloride with hydroxyl radicals 
yields one molecule of formyl chloride. 

Response: 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. Goodman̂ . Inj^ernational Journal 
of Chemical ICineties. 19, pp̂  299-307, 1987 and R. Atkinson, S.M. 
Aschmann-and J.N. Pitts, Jr... Journal of Phvsical Chemistrv. 92. 
pp. 3454-3467, 1988) concerning the rate constant of the gas-
phase reaction of vinyl chloride, and the nitrate radical. 

Response: This new data is included on pages A-43 and A-44 in the 
second draft of the report. 

-2-
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III. DEPARTMENrOF HEALTH SERVICES RESPONSES-TO COMMENTS ON PART B 



Response to Comments: Vinyl Institute 

I. GeneraL commentr 

Coamene: "There are at leasti two- areas, of discussion that are' 
inadaquataly treated They are the phamacokineCl& knowledge of 
vinyl chloride- in the risk: assessmentr: approach- and= a- total, inadequate^ 
treatmentrof the large number- of studies in the published, literature." 
(sic) 

Response: DHS staff note the usefulness of the conmenter's general, 
suggestions advocating more explicit consideration of the pharmacokinetic 
model and of' the epidemiological data: in the- qxiantitative^- rislc: assessment; 
Therefore, in the revised doctment, 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 epidemiological study and.in che quantitative 
analysis of the animal studies. 

II. Specific comments 

A. Conceming the assertion chat 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-
Anderson et al. (1980). Another was Bolt et al. (1981). 

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

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

Response: The revised document now includes a pharmacokinetic model in the 
quantitative prediction of risk. The original version of the document 
included on pages 8-1 and 8-6 a siinmary of the implications of the 
pharmacokinetic- information and concluded-that the pharmacokinetic analysis 
Is not^ quantitatively necessary- (forr laboratory- rodents) because, of: 
stiff icient bioassay data at exposures: beloww the saturation concentration foe-
rats. This view-is consistent with an independent analysis-of Krewski et al.. 
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(1987). They-reported, that whem basing: che quontltattve risk analysis forr 
rats on doses: belov-200-500 ppn̂ . which is within, che linear, range-of do8»-
response,. theren-is. virtually no difference^ betweenr unit risks-obtained-using-
administered. doae» and.̂  delivered-dos»-, a«.i obtained^ in: a pharmacokinetic- model... 
The revised analysis did- find, a greater- difference, and. the revised, version 
of the documancperforms^the analysia. using: a pharmocokinatie modal.. 

3. Commentr A reactive* metabolita. is probably responsible f or-VC 
toxicityr 

Response: DHS!' agrees-;. Tha original vinyl chloride risk assessment document: 
stated at page: 8-1, "the oncogenicity of -vinylchloride appears to be duetto 
one or more:: reactive:^ metabolitee,. rathec than? tha'- parent molecule-". Alsov 
che first sentence in Chapter 2, Metabolism.- and. Fhamacokinetics, stated^. 
"Experimental, e-vidence. haa. suggested that vinyl chloride must undergo-
cransformation to a reactive metabolice(s) by the liver to be toxic." 

4. Comment: "It is currently thought: that VC is metabolized by 
epoxidation with subseqxient production of chloroacetaldehyde. 
The further oxidation and conjugation with glutathione are 
responsible for the metabolites found in che urine." 

Response: The risk, assessment mentioned both the epoxidation process and
the conjugation with glutathione --on pages 2-1 and 2-13 respectively. Both 
also appeared in the lARC diagram, which is Fig. 2.1. 

5. Comment: Gehring found chat several models overpredicCed the 
risk to man unless corrected for varying rates of metabolism and. 
for surface area differences of che different species. 

Response: In 1978 Gehring et al. used pharmacokinetics in fitting a probit 
model to observed cancer rates in the rat bioassay. Those authors then went 
on to use sxirface area scaling on the assumed, rate of metabolism to 
extrapolate the results from rats to compare co a human risk measurement, 
derived from en occupational study (Fox and. Collier, 1977) . In 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 extrapolate 
all four results from rats to compare to an occupational 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, measiirement without any scaling of 
risk by surface area. Of the remaining three models, the authors reported 
one as being too low and the other two as being too high. A follow up study 
of the occiipational. group (Vong et al.., 1986; see comment B-2 below) 
subseqvtently indicated., much higher rates of human., liver angiosarcoma than had. 
the earlier: study-. These last two occupational studies (EEH, 1978 and Wong 
et al., 1986) remain unpublished. 

B. Conceming the assertion that the risk assessment does not adequately 
treat the large number of epidemiology studies in the published 
literature: 
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1. Commentr To dismiss, chê  large-nuaberr of epidemiology- studies^ 
and- to relegats: theorr only- to comparisons:: with animals- is-
unacceptable. "DHSZ demonstratea-a bias- towards: the utilizationr 
of animal experimentsr as- a priority- over-huasm evidenca in cheirr 
approach- to risk: assessment;. Thia results- in a dramacic-
overestimate of: likely human:, risk- at the low^environmental, levels:; 
being addressed, by the. doctment.." The DHS: Judges chat rislc-
extrapolations^basedron^ the human:.data, aret comparable to thoaê  of: 
che animal predictions, yet differences, of- an:- order of magnitude.̂  
or two in risk:, assesaoener con: often-: haves a., dramatic practical-
effect; "Vhenu adequate or substantial- humaxt: e-vidence exists-.-
that data, should- be given preferential- treatment: in the risk::: 
assessment process-.." 

Response; The original doctment pointed out at pages 1-4, 7-55, 8-7, B-2 
and B-3 that the epidemiological data are important tc consider in che risk:, 
assessment: but mostly are not sufficient to construct reliable dose-responseta 
functions. One of the main: reasons: for this-limitation::: i a the inability-of: 
the occtipational. studiea to accotmt for the effects of sex, ttanot sice and-
age of expostire, a l l of which are fotind to be important in the animal 
carcinogenicity restilts. Also, there are large uncertainties of expostire in 
the occtipational sttidies. The original doctment did-maka the comparative 
statement that, taking al l the limitations of the occupational studies into 
accotmt, "the htxman risk estimates are consistent with those obtained for: 
laboratory-animals." (page 1-4). See also page 8-10. Using suggestions of 
the commenter about pharmacokinetics, DHS has revised- the estimate of 
lifetime tinit risk for all cancers to be 4.5 x 10"^ PPb" , based on an. 
occupational study by Waxweiler et al. (1976). Thia. estimate is only a 
factor of fotir less than the best animal predictions. Stich a restilt 
represents reasonable consistency, considering chat the occtipational results 
may not take proper accotmt of the greater sensitivity fotjnd in females, the 
greater risk to children, and che inability of the htmon studies to detect 
any, except relatively large increases, in any specific type of ttmor. The 
DHS has revised the doctment to incltide the two most reliable htmon results, 
both from the Waxweiler et al. (1976) sttidy, which do now overlap the 
narrowed range of risk for animals. 

2. Comment: Two updated epidemiology studies, one of over 10,000 
workers, are cited In support of the commenter's position that 
"DHS's approach, to dismiss human, epidemiology- e-vidence tn their 
risk assessment is inadeqtiate. " 

Response: The original doctment reviewed epidemiology sttidies on pages 7-31 
through 7-55 and developed qtiantitative analyses in Appendices B and C. Tha. 
doctment 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. This paper, which 
is less than two pages in length, continues to follow- the same- 593 Dow 
employees as did the study of Ott et al. (1975). The number of persons in 
the sttidy is s t i l l too small to expect to detect any- effeet. The second-
study mentioned by the commenter is the epidemiological: follow up for the 
Chemical Manufacturers Association (CMA), which was stmmarized in the Tablea 
B-1 and B-2 of the original, doctment. Thia study recorded^359 cancer deaths.. 
The SMR for liver and-biliary cancer was very large, 641, and: the SMR.. for 
brain cancer-, 180, was statistically significant- On-page B-10 that study-
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wos-alsc eited:;aa.providing. somefevldence=against:a relationship between̂  lting=. 
caneer-and-vinyl chlorida exposura. This. work, for-the CMA was listed tn the 
originals bibUegcapt^ by the corporata: author,- Environmental Health 
Assoeiataa (1986). The risk, ossessmantthaa-been: revised-to tisa a consistent: 
meana of-referencing: this vmptablishad-workr as Wong-et al. (1986). DHS staff 
has not put nuefar weight^ on thia work, becatiser i t doea not appeat to be-
proceeding-to: tha peer-reviewed^ literatura-and. i t is problematic to relate, 
most'of: ther studiea^ to expostire- • 

3. Commentr Liver angiosarcomas, "is. the most- suitable end-point 
for-analysis of risk-of-expostire to vinyl chloride." 
(a) The "most reasonable Interpretation of the data- ts 

consistent with-, thes causal- assoeiation of vinyl chlorida: 
and an excess, of brain cancerr however, the relative risk. 
calculation, for brain, cancer is much lower than that for 
liver cancer," 

(b) "Only two out of eight sttidies on Iting cancerr yield-
statistically-significontrrestilts, and. becatisa-studies with 
the higher power were negative, a catisal association is 
unlikely." (sic) 

(c) "Vinyl chlorida angiosarcoma• is a rare cancer tn tinexposed 
poptilations, thereby making the utilization of angiosarcoma. 
OS a demonstration of vinyl chloride expostire on the basis 
of work history truly a reasonable approach." 

(d) "Angiosarcoma has been demonstrated to occtir both tn 
animals and htmons when exposed to vinyl chloride." 

Response: Liver angiosarcoma plays a major role tn che ctirrent risk 
assessment, for the reasons given by the commenter. Nevertheless, ocher 
sensitive indicators of carcinogenesis, stich as breast cancer observed tn 
rodents and several cancers tn htmana are also considered. 

4. Comment: A recent paper by Ptirchase et al. (1987) 
"demonstrates a nuch more sttidied and scientifically defensible 
approach to assessing risk-of expostire to vinyl chloride." 

Response: The approach of Ptirchase et al. ts 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 become of marginal importance 
compared to che multistage (or single stage) model, which has more biological 
plausibility and also provides more stable estimates of confidence limits on 
risk. Expressing their restilts. aa dose producing one-ln-a-million risk, theŷ  
use the marginal models to prodtice an excessively large range of dose, with 
the highest dose being 10''* the lowest dosev The higher doses are said to be 
consistent with the occtipational experience, but there is no support for that 
statement in spite of a lengthy analysis- of. data on liver angiosarcoma- in 
vinyl chlorida workers in several, cotmtries prior to 1982. The only dose 
chat the paper derives from the htman: sttidies. ts from a sketchy environmental 
effects analysis of Barr (1982). See the next item. 

5. Comment: Barr (1982). conducted, an. analysis of liver 
angiosarcoma cases that could, be- located amonĝ  poptilations 
inferred, to be living: in- tha vicinity of. VCM prodtiction. 
facilities. The results- suggest- thatr "100 ppb represented the 
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DRAFT 
estimated dose representing a 1 x 10" lifetime risk in man. 
That value is similar to the, highest estimate derived from the 
animal data when taking biotransformation into account." 

Response: The risk assessment did not cite the study of Barr (1982) with 
its brief analysis of liver angiosarcoma becatise thac analysis is so 
unstibstanctal epidemiological].y and the work remains unpublished tn the peer-
reviewed literature. As a cotinter to Barr's brief analysis, a well 
considered recent assessment by the Committee on the Evaluation of 
Carcinogenic Substances, National Health Cotinctl of the Netherlands (1987), 
published in the scientific literature, has fotind carcinogenic risk based on 
published occupational studies to be one in a million per ppb, which was 
about the same as found tn the original DHS risk assessment, 2.1 x 10' /ppb, 
before revising the model to take accotmt of the pharmacokinetics of vinyl 
chloride. 
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Response to Conmients: . The Goodvear Tire and Rubber Company 

Comment: "Clarificacion is requested conceming the relationship between 
the Califomia ambient air quality standard for vinyl chloride - 10 ppb, as 
i t was discussed tn the report, the level of concentration of vinyl chloride 
which poses "no significant risk" to the population - 0.3 micrograms/day and 
che interaction of these two values in the regulation of toxic air 
contaminants." (sic) 

Response: As pointed out at page A-1 of the risk assessment doctmenc, che 
Air Resources Board in 1978 adopted 10 ppb as che ambient air qualicy 
standard for vinyl chloride in Califomia. That standard is noc co be 
exceeded in air within che jurisdiction of the Air Resources Board. 

The race of intake of vinyl chloride which poses "no significanc risk" under 
Health and Safety Code 25249.10 is 0.3 Mg/day. DHS determined chat incake 
race co ensure chat the estimated lifetime risk of cancer from incake of 
vinyl chloride by a l l routes is less than 10" or one chance in a hundred 
chousand. Caking che 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 inhalation alone chat EPA potency is equivalent to a unit 
risk of 7 X 10" ppb"-*- vinyl chloride for a 70kg hvunan 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 che 
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 che 10 ppb air 
qualicy scandard is obtained by converting the 10 ppb (25 ag/m ) to ics 
equivalent intake rate- of 210 ^g/day for a human breathing 20 m /day with 40% 
absorption. Thus, the air quality standard, which was set at che deCecCion 
limit at the time of adoption (1978), is 690 times greater than che exiscing 
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 doctment on identifying VCM 
as an air toxic from landfills is that i t fails to note these important 
epidemiology studies: 

1. Doll, Sir R. , (1988) "Effects of Exposure to Vinyl Chloride: an 
Assessment of the Evidence", Scandinavian Joumal 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 UpdaCe". NIOSH Report Draft, October, 1988. 

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

Response: Reference to Doll's recent review of cancer mortality in 
occupational studies is a useful addition to the risk assessment, and i t has 
been included in the revised doctment. 

The Wu et al. study has recently been published in the Joumal 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 ic by 
authors in Tables B-1 and B-2, and by corporate authorship, Environmental 
Health Associates, in the l i s t of references. The revision uses a consiscenc 
method to site this work (Wong et al., 1986). 



IV. LANDFILL GAS TESTING PROGRAM UPDATE 



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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AIR RESOURCES BOARD STAFF LETTER TO THE GOODYEAR 
TIRE AND RUBBER COMPANY REGARDING THE REQUEST FOR 
AN EXTENSION OF THE FIRST COMMENT PERIOD 



.RESOURCES BOARD 

A.:?*«»SSTO CA 938)2 

September 2S. 1989 

C.A. See 
Corporate Environmental 
Department 1100 
Goodyear Tire & Rubber Ccrr.pany 
1144 East MarKet Street 
Akron, Ohic 44316-0001 

n g in e e r i c 

Dear Ms . See: 

Thank you for your response to the craft report 
proposed ! dent7ficati0n of Vinvl Chloride as a Tcxic Air 
Contaminant. Your comments will be considered and addressed in 
Part C of the' second draft of the report. 

The, second draft of the report will be mailed to you 
and other members of the public fer final review. It will 
include Parts A, B, and C of the report as well as an executive 
summary which summarizes Parts A and B. A 2C-day comment period 
will be given for your review. During this comment period, only 
comments on the executive summary and any revisions made to the 
report will be accepted. All 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 then be submitted 
to the Scientific Review Panel for its review. 

The Scientific Review Panel has requested 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 unable to extend the first 
comment period as you requested. 

If you 
(916) 322-7072. 

have any questions, please call me at 

Sincerely, 

Robert Barham, Chief 
Toxic Air Contaminant 

Identification Branch 
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DRAFT 

Alaron* O b i o 44.310 - 0 0 0 1 
CORPORATE ENGINEERING 

September 1, 1989 

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

Dear Mr Barham: 

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

Clarification is requested concerning the relationship between the 
California ambient air quality standard for vinyl chloride - 10 ppb, 
as i t 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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-2- September 'DRAFT 
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 period. 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, 

c ^ ^ 
C A See 
Environmental Enginee-r 
Corp Environmental Engineering 

CAS:cas 
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I. PART C ADDENDUM 
COMMENTS RECEIVED 



. UNITED STATES ENVIRONMENTAL PROTECTION A G E N C Y 

I 5S!2t» REGION IX 
p«o«*f=̂  215 Fremont Street 

San Francisco. C A 94105 

June 8, 1990 

Genevieve Shiroma, Chief 
Toxic Air Containinant Identification Branch 
Air Resoiirces Board 
Attn: 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 suppon 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 will be delivered by June 22 of this 
month. Ms. Barbara Cook ot your office assured me that these additional 
comments will be addressed by the Scientific Review Panel. 

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

Please include the following paragraph in the Executive Summary: 

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

Thank you for the opponunity to comment. 

Sincerely, 

oy Herzig, 
Environmental Engineer 
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June 11 , 1990 

Genevieve Shiroma, Chief 
Toxic A i r Contaminant I d e n t i f i c a t i o n Branch 
AIR RESOURCES BOARD 
P.O. Box 2815 
Sacramento, CA 95812 

ATTENTION: V i n y l Chloride 

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

Thank you f o r the opportunity to provide comment on the ARB' s 
proposal to i d e n t i f y v i n y l c h l o r i d e as a t a x i c a i r contaminant. 
Waste management of North America (WMNA) i s a comprehensive waste 
management services company owning and operating, among other 
things, l a n d f i l l s and waste hauling companies i n the State of 
C a l i f o r n i a . In add i t i o n . Chemical Waste Management, Inc. (CWM) 
provides comprehensive hazardous waste management services 
including hazardous waste c o l l e c t i o n , t r a n s p o r t a t i o n , treatment, 
and disposal i n C a l i f o r n i a . 

Both WMNA and CWM are supportive of your eff o r t s , to i d e n t i f y v i n y l 
c hloride as a t o x i c a i r contaminant. Indeed, i d e n t i f i c a t i o n of 
t h i s compound as a t o x i c a i r contaminant i s mandated by state law 
by v i r t u e of the fac t that i t i s i d e n t i f i e d as a hazardous a i r 
pollut a n t pursuant "to federal law. However, we are concerned about 
the bases f o r i d e n t i f i c a t i o n that are contained i n your s t a f f 
report i n two primary areas: 

1. Presence of v i n y l chloride i n the atmosphere and the 
inference that l a n d f i l l s i n C a l i f o r n i a are the p r i n c i p l e 
source of t h i s proposed t o x i c a i r contaminant, and 

2. The degree of p u b l i c health r i s k that i s posed by v i n y l 
c h l o r i d e . 

OOOO 
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• LANDFILLS AS A SOURCE OF VINYL CHLORIDE 

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

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 Oil. Rather than attribute vinyl chloride emissions to 
landfills, the report would be more accurate in attributing such 
emissions to superfund sites that once received vinyl chloride 
waste for disposal. 

Attached to this letter I have included summary tables of the Air 
SWAT results for six of the landfills owned and operated by WMNA. 
This data shows that, while vinyl chloride is detectable at low to 
very low levels within the landfills themselves i t 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 c r i t i c a l information can be properly 
incorporated into the report. In fact, section 39660(f) of the 
Health and Safety Code mandates that DHS and the ARB give priority 
to the evaluation and regulation of substances as air toxic 
contaminants based on a variety of factors including amount or 
potential amount of emissions and ambient concentrations in the 
community. To proceed with identification of vinyl chloride as a 
toxic air contaminant while identifying landfills as the largest 
source of emissions based on two unrepresentative sites would be 
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a disservice to the waste management industry and contrary to state 
law. This is made even more true by not using readily available 
Air SWAT data which provides a much more accurate indication of the 
true contribution of waste management units to emissions of vinyl 
chloride. 

PUBLIC HEALTH RISK OF VINYL CHLORIDE 

While we do believe that i t is ultimately appropriate to regulate 
vinyl chloride as an air toxic contaminant, we are concerned that 
the unit risk factor that you have attributed to this compound is 
overly conservative. I have also attached to this letter a copy 
of a brief paper on Carcinogenic Risks from Landfill Emissions 
dated June 6, 1988. This paper was submitted in comment on a 
preliminary draft document circulated by EPA in March, 1988, "Air 
Emissions from Municipal Solid Waste Landfills—Background 
Information for Proposed Standards and Guidelines". This 
information provides a much more realistic assessment of the health 
risks posed by municipal landfills not only from the standpoint of 
vinyl chloride but a number of other compounds as well. In summary 
this brief paper, based on an assessment of the cumulative impact 
of a l l 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 staying permanently at the edge 
of the landfill the lifetime risk is only 50 x lO'"̂ ." 

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

000C4T 
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RECOMMENDATION 

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

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

Sincerely, 

Charles A. White, Manager 
Regulatory Affairs 

CAW:fal 
Attachments 
cc: Dave Dolan 

Sara Broadbent 
Sue Briggum 
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ATTACHMENT 1 

TABLE 2>1 
SUMMARY Qf ALTAMONT ASWAT RESULTS (ppbv) 

Gas Characterisation 

Landfiil Gas Integrated 
Surface 
Sample 

Ambitnt Air (N«t Downwind 
Incrvasa Comoared with 
Upwind Concentration) 

24-Hour Continuous 

Primary Taraet 
Menitortna Comaound 

Vinyl Chloride 3.000 3.0 Q.O 

SuDDlemental Taraet 
Monitorino Comoounds 

Benzene <S00 <2.0 -

Ethylene Dibromide <50 <0.S 

Ethylene Dichloride 32 <Q.2 - -

Methylene Chloride 21,0QQt»» <1.Q -

Perchloroethylene S.AOO 

Carbon Tetrachloride <5 <0.2 -

Methyl Chloroform 210 o.sw -

Trichloroethylene 8.S0G 0.9<«i) -

Chloroform 430 <0.8 -

Methane 480,000,000 3.000 — 

Note: ppbv = pans per billion by volume. 

(a) This result is potentally due to limitations of the analytical methods specified by the ARB 
in the Testing Guidelines (i.e., a non-Caideron constituent may coelute with methylene 
chloride). 

(b) Altamont integrated surface sample value of 0.8 ppbv for perchloroethylene is iimiiar to 
tha ARB background value of 0.6 ppbv for the Bay Area Region (1985 data) in which 
Altamont is located. 

(c) Altamont Integrated surface sampte vaiu« of 0.5 ppbv for methyl chloroform is nearly 
identical to th« laboratory detection limit (<0.5 ppb), and is wtil below the ARB 
background valua of approximately 2.1 ppbv for the Bay Area Region (1985 data) in which 
Altamont is loeatad. 

(d) Altamont integrated surface sample value of 0.9 ppbv for trichloroethylene is similar to 
tha ARB background vaiue of approximately O.S ppbv forthe Bay Area Region (198S data) 
in which Altamont it located. 

oooos:.) 2-5 



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

Gas Charactahzation 

Landfill S«s(cJ Integrated 
Sunace 
Sample 

Ambient Air (Net Downwind 
Increase Compared with 
Upwind Concentrations) 

24-Hour 
Continuousie) 

Directionaily 
Controlledw 

Primarv Taraet 
Monitorino Compound 

Vinyl Chloride 4,629 <2.0 0.2(b) 0.0 

SuDOlemental Taroet 
Monitorino Comoounds 

Benzene 571 <2.0 0.0 0.0 

Ethylene Dibromide <1 <0.5 0.0 0.0 

Ethylene Dichloride <20 <0.2 0.0 0.0 

Methylene Chloride 2,094 <1.0 4.0(b) 2.3(b) 

Perchioroethyl ene S78 0.4(4) 0.2 W 0.0 

Carbon Tetrachloride <5 0.8 4.8(b) 0.7(b) 

Methyl Chloroform 824 <0.5 0.9(b) 3.7(b) 

Trichloroethylene 442 <0.6 0.0 0.0 

Chloroform 40 <0.8 0.0 0.0 

Methane 62,000,000 10.000 - • 

Note: ppbv s parts per billion by volume. 

(a) Lancaster integrated surface sample value of 0.4 opbv for perchloroethylene is similar to the 
ARB background value of 0.2 ppbv for the Southwest Desert Region in which Lancaster is 
located (see Table 2-2). 

(b) Thtse downwind ambient increments are greater than expected considering the low 
concentrations for the integrated surface samples and landfill gas samples. Howevtr, these 
downwind increments are less than S ppbv, which corresoonds to inherent data uncertainties 
with ASWAT ambient air data associateo with limitations df the analytical methods specified by 
the ARB in the Tasting Guidelines. 

(c) Based on composite data which includes all samples. 
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TABLE 2*1 
SUMMARY OF DAVIS STREET ASWAT RESULTS (ppbv) 

Gas Characterization 

Landfiii Gas Integrated 
Surface 
Sample 

Ambient 

24-Hour Ambient Air (Net 
Downwind Increase Compared 

Upwind Concentratton)(a) 

Vinyl Chloride 

Benzene 

Ethylene Dibromide 

Ethylene Dichloride 

Methylene Chloride 

Perchloroethylene 

Carbon Tetrachloride 

Methyl Chloroform 

Trichloroethylene 

Chloroform 

Methane 

<50Q 

<500 

<1 

<20 

<60 

<10 

<s 
<10 

<10 

<2 

530,000,000 

<2.0 

<2.0 

<0.S 

<0.2 

a(b) 

<0.2 

<0.2 

1.1(0 

<0.6 

<0.8 

<20Q0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Q.^W 

0.0 

0.0 

Note: ppbv = parts per billion by volume. 

(0 

(d) 

Based on composite data for all sampling days. 
Davis Street integrated surface samoie value is higher than exoected corsioering the 
noncetection of this constituent in the landfill gas samote. The reoorted vaiue may nave been 
ane«ea oy ambient backgrounc levels, which may exceed 10 ppbv in tne Bay Area (see 
Table 2-2), anq/or limitations of the ASWAT analytical methods soeeified by tne AR8 In tne 
Testing Quioelines. which may result in data uncertainties of approximately 5 ppbv. 
•avis street integrated surface sample value of 1. i ppbv is higher than exoectea considering the 
nonoetection of this constituent in the ianofill gas samplo. i he reoorted value is similar to the 
background value of 1.4 ppbv based on BAAQMD data for San Leandro. (See Table 2-2.) 
This aownwmd concentration increment may be due to limitations of the ASWAT analytical 
methods specified by the AR8 in the Testing Guidelines, which may result in data uncertainties 
oT approximately 5 ppbv. The results presented above do not include the pnmary sampler 
results, which have a contamination bias of approximately 4 ppbv. 

2-5 
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TABLE M 
SUMMARY OF DURHAM ROAO ASWAT RESULTS (ppbv) 

Gas Charaaerization Ambient Air (Net Downwind 
Increase compared to 

-
Landfill Gas Integrated 

Surface 
Sample 

Upwind Concentration) 

24-Hour Continuous 

Primarv Taroet 
Monitorino Comoound 

Vinyl Chloride 3,000 <2.0 0.0 

Suoolemental Taroet 
Monitorino Comoounds 

Benzene 1,000 <2.0 -

Ethylene Dibromide <1 <0.S -

Ethylene Oichlonde <20 0.2 -

Methylene Chloride 7,500 <1.0 -

Perchloroethylene 5,200 0.3(«) -

Carbon Tetrachloride <S <0.2 

Methyl Chloroform 300 1.3(b> -

Trichloroethylene 2.000 <0.6 -

Chloroform 260 <o.a -

Methane 520,000,000 < 2,000 

Note: ppbv » parts per billion by volume. 

(a) Durham Road integrated surface sample value of 0.3 ppbv for perchloroethylene is similar 
to the ARB background vaiue of 0.5 ppbv for the Bay Area Region (1985 data), in which 
Durham Road is located. 

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

S-2 
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TABLE 2.1 
SUMMARY OF BRADLEY ASWAT RESULTS (ppbv) 

Gas Characterization<0 

Ambient Air 
(Net Downwind Increase 
Compared with Upwind 

Concentrations)(o 
Integrated 24-Hour Directionally 

Landfill Gas Surface Samole Continuous Controlled 
Pnmary Tariaet 
ivionitonna Comnound 
Vinyl Chloride 33,625(*» 2.5 0.2 0.0 
Suoolemental Taroet 
iVlonitorina comoounds 
Benzene 900 1.5 0.1 0.3 
Ethylene Dibromide <3 <0.5 0.0 0.0 
Ethylene Dichloride <30 <Q.2 Q.O 0.0 
Methylene Chloride 2570 <1.0 0.0 1.3 
Perchloroethylene 37S 0.4 <0.1 0.1 
Carbon Tetrachloride <5 0.2 <0.1 0.0 
Methyl Chloroform <1Q 7.S(bJ 0.8 0.0 
Trichloroethylene 1435 <0.6 0.0 0.0 
Chloroform <4 <0.8 0.3 0.6 
Methane 500,000,000 < 5,000 —, 

Notes: 1. ppbv a parts per biiiion by volume. 
2. The landfiil gas samples were collected in December 19a7/August 1988, integrated 

surface samples in May I9a8/August 1988, and ambient samples in May 1988. 

(*) Based on composite data, which include all downwind samples. 
(b) This result may have been affected by umpie matrix interferences, coelution of constituents 

with similar GC retention times, and other inherent limitations of the ASWAT analytical methods 
specified by the ARB in the Testing Guidelines. Ambient air concentration results confirm that 
Bradley Landfiil gas emissions for this constituent do not affect offsite air quality. 

(e> ValuoissimilartotheARBrangeof background values (1.11 -7.07) for the South Coast Region, 

0QGG5 2-S 



TABLE 2.1 
SUMMARY QF KIRSY CANYON ASWATRESULTS (ppbv) 

Gas Charaaenzatton Ambient Air 

Landfill Gas 
Emission 

Screening 

24-Hour 
Continuous 

0ownwind(«> 

Vinyl Chloride 41,000{bl — <2.0 
Benzene 2,500 — <2.0 
Ethylene Dibromide <1 <0.S 
Ethylene Dichloride <20 <0.2 
Methylene Chloride 59.0CO(b) — <1.0 
Perchloroethylene 2,100 — 0.7(e) 
Carbon Tetrachloride <5 .mm <0.2 
Methyl Chloroform 190 _ 1.0(d) 
Trichloroethylene 2.200 <0.6 
Chloroform 2.000 <0.3 
Methane 2.600.000 < 50,000 — 

Note: ppbv a parts per billion by volume. 

(a) One sample day with two collocated samplers. 
(b) These results may have been affected by sample matrix interferences, co

elution of constituents with similar GC retention times, and other inherent 
limitations of the ASWAT analytical methods specified by the ARB in the 
Testing Guidelines. Ambient air concentration results confirm that kirby 
Canyon Landfill gas emissions for these constituents do not affect offsite air 
quality (in fact, they were not dete«ed in the ambient samples). 

(c) This concentration is higher than expected considering the low 
concentration dete«ed in the landfiil gas sample. However, this 
concentration of 0.7 ppov is similar to BAAQMD/ARB results for the San 
Jose/Bay Area (0.5-0.8 ppbv mean with 1.6 ppbv maximum). Therefore, the 
Kirby Canyon results are anributable to background conditions. 

(d) This concentration is higher than expe«ed considering the low 
concentration detected in the landfiil gas sample. However, the 
concentration of 1.0 ppbv is similar to BAAQMD/ARB results for the San 
Jose/Bay Area (O.S-4.1 ppbv mean with 47.3 ppbv maximum). Therefore, 
the Kirby Canyon results are attributaole to background conoitions. 

•2-5 
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TABLE 2-2 
COMPARISON OF KIRBY CANYON AMBIENT AIR RESULTS (ppbv) (BASED ON THE 24-HOUR 

CONTINUOUS DOWNWIND STATION) ANO AVAILABLE REGIONAL DATA 

Mean Maximum 
Number of 

Qbservetions 

Kirby S.F. Bay San Kirby S.f. Bay Kirby S.F. Bay 
Canyon Area<«) Jose(b) CanyoniO Areai*) Canyontfl) Areata) 

Vinyl Chloride <2.0 (0 (0 <2.0 (0 2 (0 
Benzene <2.0 1.8-3.2 4.4 <2.0 15.6 2 91 

Ethylene Dibromide <0.5 Q-0.01 (0 <0.5 0.1 2 32 

Ethylene Dichloride <0.2 0.05-0.07 (c) <0.2 0.3 2 34 

Methylene Chloride <1.Q 0.7-4.3 2.S <1.0 . 11.9 2 82 

Perchloroethylene 0,7(e) 0.5-0.8 0.5 1.3 1.6 2 84 

Carbon Tetrachloride <0.2 0.2 0.1 0.2 O.S 2 33 
Methyl Chloroform 1.0(fl 0.6-4.1 1.8 1.2 47.3 2 33 
Trichloroethylene <0.6 0.3-0.7 0.3 <0.6 1.0 2 43 
Chloroform <o.a 0.03-O.O5 0.05 <0.8 0.1 2 84 

Note: ppbv a parts per billion by volume. 

(a) Based on available ARB data for the San francisco Bay Area (California Toxic Air Oualitv Data • 
Summary of 1985 Toxic Air Oualitv Oata. Pfeiiminan/). 

(b) Based on available 1986 BAAQMD data for San Jose (Toxic Air Monitoring Summary, 1986-1937, 
Board of Directors Meeting, Seotember 2,1987), 

(c) Information not available for this report. 
(d) One sample day with two collocated samplen. 
(e) This concentration is higher than expected considering the low concentration detected in tha 

landfiii gas sample. However, this concentration of 0.7 ppbv is similar to BAAQMD/ARB results for 
the San Jose/Bay Area (0.5-0.8 ppbv mean with 1.6 ppbv maximum). Therefore, the Kirby Canyon 
results are attributable to background conditions. 

(f) This concentration is higher than expected considering the low concentration deteaed in the 
landfill gas sample. However, the concentration of 1.0 ppbv is similar to BAAQMD/ARB results for 
the San Jose/Bay Area (0.6-4.1 ppbv mean with 47.3 ppbv maximum). Therefore, the Kirby Canyon 
results are attributable to background conditions. 
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ATTACHMENT 3* 

DATE: June 11, 1990 

FROM: Chuck White 

TO: David Dolan i 

RE: Comnents on 
Idantification 
contaninant" 

the 
of 

Air Resources 
Vinyl Chloride 

Board's 
as a 

"Proposed 
Toxic Air 

I have reviewed Fart 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. There 
ara, however, several issues that deserve some attention. Given 
the short amount of time available for thia memo, please excuse its 
terseness. 

First, why bother using the linearized multistage model under the 
pretense that it is a true mechanistic model (which i t is not), 
when a simple linear regression usually yields nearly identical 
estimates of q̂ * (r^ = 0.98)(Personnel conversation with Curtis. 
Travis, Oak Ridge National LaJaoratory)? 

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

Third, i t is perplexing that the Krewski et al. (1987) chapter is 
referenced, yet the 36-fold lower carcinogenic potency factor they 
derive is omitted from the brief discussion. Some discussion on 
the merits and limitations of the Krewski et al. analysia is 
necessary. 

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

OOG05G 



Fifth, the recommended use of a potency factor derived from animal 
instead of the human occupational atudy of Waxweiler at al. (1976) 
is not robust, given that the human data alraiidy repreaen"Cs an 
upper-bound estimate in the tarcrot species of concem (i.e., 
humans). The- additional rationale that the selection of the 
highest animal estimate is justified by the limited evidence of an 
effect by age at first exposure (Drew et al., 1983) suggests that 
perhaps tha ARB should consider using a true mechanistic model, 
perhaps one based upon the MVK model paradigm, as the basis of its 
potency determinations. 

cc: Jim McHenry 
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An eatiaata of cazciaogenic risks from landfill- eolsaioss. 

Introduction 

On May 18, 1988,' we presented testimony to che National A i r 
Pollution Control Techniques Advisory Committee to the EPA on the 
r i s k assessment: aspecrs of a Preliminary Draft Document, "Air 
Emissions from Municipal Solid Waste L a n d f i l l s — Background 
Information for Proposed Standards and Guidelines." The g i s t of 
that testimony was that che carcinogenic r i s k s predicted by the 
Draft. Document were incorrect. Tha analysis that follows i s our 
attempt zo derive such risks more correctly. In p a r t i c u l a r , we 
derive estimates of "average" and "worst-case" risks of cancar 
that could be attributed Co v o l a t i l e organic compounds that may 
be emitted frcm municipal s o l i d waste l a n d f i l l s . The estimates 
are a l l "standard" i n Che sense that they are d e l i b e r a t e 
overestimates, predicated upon "no-chreshold" models for a l l 
chemical carcinogens of interest. It i s our toxicologic opinion 
that many of the chemicals of interest here are ir. fact l i k e l y C2 
c o n t a i n t h r e s h o l d s i n c h e i r dose-rasponse c u r v e s f o r 
carcinogenesis, such that the very low-level exposures involved 
carry with them no excess risk of cancer to humans. Nonetheless, 
we have not "taken credit" for this probability, but instead 
modeled a l l compounds as i f they carry excess r i s k s of cancer at 
a l l non-zero levels of exposure. 

OOGCCO 



1. Data sugtmary 
Table 1.1 summarizes measurements of l " a n d f i l i gases 

collected at 8 .municipal l a n d f i l l s , l a b e l l e d A to H. A l l these 
measurements are given i n ppm by volume, and include entrained 
a i r (the amount of which can be estimated from the nitrogen and 
oxygen content of the gas). The l a n d f i l l s l a b e l l e d a, C, G and H 
were used i n the past for co-disposal of municipal waste and 
hazardous waste, although this practice has now ceased. This 
former practice of co-disposal i s l i k e l y to have led to emissions 
cf larger quantities of chemicals of interest than would have 
occured from the disposal of municipal s o l i d waste alone. 

Table 1.2 shows the average concentrations of ccT.ponents of 
the emitted gases from each l a n d f i l l . These averages may be 
compared with the values given i n the SPA Draft Document, Table 
3.9. Despite the d i f f e r i n g data s o u r c e s , the average, 
c o n c e n t r a t i o n s are very s i m i l a r . In' t h i s data, carbon 
tetrachloride was never detected, whereas the EPA data has an 
average concentration of O.OllS ppmV. Also, the average 
concentration of 1,l-dichloroethene (vinylidene chioride) is a 
factor 10 lower here than in t-̂ e EPA data. In both cases, che 
concentrations were very low even in the EPA data. 

Also shown i n Table 1.2 are the molecular weights of a l l the 
measured components, together with upper bound estimates of "unit 
r i s k " for the known carcinogens. These estimates were taken 
d i r e c t l y from the Carcinogen Assessment Group (CAG) assessments 
where they have made suc:h estimates. Otherwise they come from 
CAG estimates for "potency" of a compound, and assume that a 
humaui breathes 20 m^/day of a i r , and that 100% of a compound i s 
absorbed. At t h i s breathing rate, i f a material i s present ac 1 

• —4 
ug/m-̂  in a i r , a person w i l l inhale 20 ug/day or 3.33 x 10 
mg/kg-day for a 60 kg person. For a compound with potency ? 
mg/kg-day, t h i s results i n a unit r i s k (risk from 1 ug/m^ of air) 

— 4 
Qf 3.23 X 10 P. The estimates in Table 1.2 generally agree 
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with those in the EPA Draft Document, except for carbon 
tetrachloride, where we cake the upper end of a suggested range 
(EPA uses an average of the range) ; vinyl chlorida, where a more 
recent estimate by the CAG (which we use) has raised the 
carcinogenic potency estimate by a'large factor; and vinylidene 
chloride, where our estimate is again substantially higher than 
that of Che 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 
measured" average landfill gas. This is obtained by finding the 
weighted average unit risk for a l l components, where the 
weighting factor is the product of molecular weight and 
volumetric concentration for each component. The result obtained 
is 1.6 x 10~̂  per ug/m̂  for Che landfill gas including entrained 
air, and approxi.mately 1.9 x lO"^ per ug/m̂  after correction fer 
entrained • air. We do not use this average, since i t is 
preferable to computa risk estimates on a landfill by landfill 
case, taking into account the differing concentrations and 
emission rates at each landfill.. 

The unit cancer risks estimated by the EPA in Table 2-4 cf 
the Draft Document suffer from major deficiencies. The first two 
"scenarios" cannot be justified at a l l . Averaging together the 
unit risks of the various carcinogens found in landfiii gas could 
only be justified if there were ecjual emission rates (by mass) of 
those carcinogens, but it is clear that thia is incorrect. 
Furthermore, the Draft Document includes one carcinogen (Table 2-
3, ethylene dichloride) which was apparently never found in their 
samples of - landfill gas (Table 3-9, alt.hough i t is listed twice 
in' Table 3-8) . The "scenario 1" estimate appears to ignore 
measurements of non-methane VOCs which indicate that the major 
components (certainly more than 75%) are simple alkanes 
(especially ethane and propane) . Furthermore, i t is unclear what 
is meant in this document by non-methane vocs. Since these are 
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:ASLS 1.1 (contd.) 

SITE E F G A 
Carbon tetrachloride nd nd nd nd 
Chlorobenzene 4 . 3E-01 nd nd 2. IS+Ol 
Chloroethane 9. IE-02 7. OE-01 3. 8Z-01 nd 
Chloroform nd 2. 5E+00 nd nd 
Chloromethane 1. 22̂ -00 1. lE+01 3. 6E+00 6. 2E-01 
D ibromochlo romethane nd nd nd nd 
1,1-Dichloroethane 7. 6E-01 2. OE-01 1. 6S+00 2. 3E-01 
1,2-Dichloroethane nd nd nd nd 
1,1-Dichloroethene nd nd nd nd 
t-l,2-Dichioroethene 1. lS-01 nd nd nd 
1,2-Oichloropropane 2. 2E-01 nd nd nd 
G-l,2-Dichloropropene nd nd nd nd 
t - l , 3-Dichloropro|5ene nd nd nd nd 
Methylene chloride 3. 2E+00 9. 2S+00 — . 4S+01 3 . 4S-01 
1,1,2,2-T6trachloroethane J . . lS-01 nd nd nd 
Tetrachloroethene 6. 9E+00 3. 8E+00 1. 2S+01 1. 4E+0Q 
1,1,l-Trichloroethane 2. QE-Ql nd 1. 7E-01 nd 
1,1,2-Trichloroethane nd nd nd nd 
Trichloroethene 4, lE+00 € .QE-01 2. 9E+ao nd 
Trichlorofluoromethane 4, 4E-01 2 .OE-01 7 6S+00 1. .3E-01 
Vinyl Chloride s. 3E+00 3 .lE+00 2 , 62+00 4.2E+00 
I,2-Oichlorobenzene nd nd nd nd 
1,3-DichlorQbenzene nd nd nd nd 
1,4-Dichlorobenzene nd nd nd 2 .OE+OO 

Chlorodifluoromethane 6 .9E-01 6 .OE-Ol 4 .OE-01 4 .7S-01 
Dichlorodifluoromethane nd nd nd nd 
Dichlorofluoromethane 4 .6E-01 a .OS-Ol 2 .OE+OO nd 

Methane 4 .7E+0S s .1E+05 t .7E+QS 5 ,IE+QS 
Ethane 9 .5E+02 7 .6E+02 5 .OE+02 1 .5S+03 
Propane 1 .lS+01 5 .6E+01 1,5E4-01 2 .5E+01 
n-Butane nd 1 .7E+01 2 ,8E+0Q nd 
n-Pentane 4 .lS+00 S .SE+00 2 .9E+00 1 .5E+0 0 
n-Hexane 6 .lS+00 6 .4E+00 S .9E+00 4 .OE+OO 
Acrylonitrile nd nd nd nd 
Benzene 2 .7E+00 2 .OE+00 2 .OE+00 7 .2S+00 
Toluene 1 .2E+02 S .8E+01 I .4E+02 5 .2E+01 
Ethylbenzene 2 ,4E+01 1 .4E+01 2 .3E+Q1 2 .7E+01 
Total Xylenes 7 .2Z+01 3 .4E+01 3 .4E+01 7 .lS+01 

TNMHC .(as C6) 9 .7E+02 9 .9E+02 1 .OE+03 1 .3E+03 

Carbon dioxide 
Oxygen 
Nitrogen 

3.8E+05 3.7E+0S 3.0E+05 3.1E+QS 
1.7E+04 l.lE+04 6.5E+04 1.8E+04 
1.4E+05 l.lE+05 2.6E+05 1.6E+05 
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Carbon tatxachlorida 
C2ilorcbaA2en« 
C2\lor3eth&A6 
Chloroform 
Chlorcmechanc 
D i i r omo chl o rorRethane 
1,1•Dichloroethane 
1,2-Oichloroethane 
itl-Olchlorofethena 
t-lf2-Oichioroethona 
If 2-oichioropropant 

Z-Oichiorcprocene 
t-l,S-Oichlorcprotene 
Methylene chlorida 
1,1,2,2-Tatrachiorcathahe 
tetrachloroethena 
1,1, l-7riciiloroathana 
1,1,2-Trichlorcethane 
Trichloroethana 
Trichlorofluoromethane 
Vinyl Chloride 
1,2-DichlcrQban2ene 
If3-0ichloroban2ena 
1/4-0ichloroban2ene 
Chlorodifluoromethane 
Dichlorodifluoromethane 
Dichlorsfluoromethane 
Methane 
Ithana 
Propajne 
h-Eutana 
.1-Pant ane 
h-.laxana 
Acrylonitrile 
Sanzene 
Toluene 
Sthyihenzene 
Total Xylenes 

TNMHC (as CS) 

Carbon dioxide 
Oxygen 
Nitrogen 

Avaraga 
cone, 
ppmv 

hd 
2.7S+0C 
3.35-01 
3.12-01 
4,3E+00 
nd 

2.5S+00 
2.82-02 
9.82-02 
2.4S-01 
S.lS-02 
nd 
r.d 

2.72+01 
1.4E-02 
1.4E+01 
I.72-01 
nd 

5.OE+OO 
1.4E+00 
S.72+00 
hd 
nd 

2,32-01 
1.32+00 
9.4E-02 
4.4E+00 
4.7E+05 
7.7E+02 
2.4E+01 
3.82+00 
3,12+00 
7.3S+00 
nd 

2.9S+00 
7.6E+01 
1.52+01 
4.42+01 

8.32+02 

Mbl. 
wai^ht 

1.3E+02 
1.12+02 
5.5S+01 
l.SE+02 
S.OS+01 
2.12+02 
9.9E+01 
9.92+01 
9.72+01 
9.72+01 
I.12+02' 
1.12+02 
l.lS+02 
8.52+01 
1.72+02 
1.72+02 
1,32+02 
1.3E+02 
1.32+02 
1,42+02 
6.22+01 
1,32+02 
1.52+02 
1.32+02 
8.6̂ +01 
1.22+02 
1.02+02 
l.SS+Ol 
3.02+01 
4.42+01 
5.8S+01 
7.22+01 
3.62+01 
3.32+01 
7.82+01 
9,22+01 
1.12+02 
1.12+02 

3.SE+0S 4.42+01 
2.82+04 3.22+01 
1.3Ef05 2.32+01 
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unit potency weighted 
rtak unit 

risk 

4.3E-05 1.32-01 

2,3E-0S 3.92-1; 

3.0E-03 9.1£'02 3.02-12 
3.9E-04 1.22+00 1.22-10 

4.72-07 3.8S-11 
6.7S-0S 2.C2-01 5.32̂ 12 
9,52-07 8.12-11 
1.9E-0S 5,72-02 1.52-11 

1.72-06 4.0S-11 

9.82-05 2.32-01 1,22-03 

8.02-05 2.42-01 
8.05-06 6.42-11 
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2 . MafehfldfllflgTf-

Tabla 1,1 givas tha concantrations of various gasas maasurad 
in collactad g&ses at various landfills. Mao availabia for ttch 
landfill ia tha rata at which. t.Hos« gasas are relaasad. TaJcin<y the 
product of total aaission rata for landf i l l ^as vith these 
concentrations gives tha volumetric emission rata for aacix gas. This 
volumetric amission rata may be converted to a mass aaissiGn rate by 
usin^ the gas density/ which wa approximate by assuming all the gases 
behave perfectly. For tha 3 landfills considered hera^ tha average 
volumetric emission rate ,is 2.7 x 10̂  cfd par landfill, frcm an 
average e-mount of refuse in place of 5.4 x 10̂  toris par landfill. 
This is about 50% higher than assumed in the E?A Draft Document for 
wet landfills. 

7roni the mass amission rat«,. wa may use air dispersion 
modelling to estimate tha expected. long term average concentrations 
of each component of the landfill gas at various positions off-site. 
The product of those concentrations (tn ug/m )̂ and the upper bound 
unit risk estimate (measured in units cf â /ug) gives* an upper bound 
estiaata to lifatima risk. The net affect of a l l the landfill gas 
can thus be obtained frcm the sum over all components of the product 
of mass emission' rate and unit risk for each, components. Table 
2.1.1 shows this product (in tnits of a^/s) for al l detected 
caoponenta of tha landfill gases which have unit risks defined. Also 
ahown are tha sums of products for each landfill. 
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Mtlfl taiffllon rata t nnlt ri«je (ml/n\ 

SITS-
Chloroforat 
1,2-Dichioroethane 
I,1-Dichloroathena 
Methylene chloride 
1»1.2,2-Tetrachloroathane 
Tetrachloroethane 
If If1-Trichloroethane 
Trichloroethene 
Vinyl Chloride 
Benzene 

:otal 

0 
0 

4.32-02 
3,82-04 

0 
5,42-03 
2.02-03 
2.42-03 
1,52-01 
3.82-03 

S 

3.SE-03 
5.2E-02 
4.52-02 

0 
1.82-02 
1.62-03 
2,32-02 
6.4E-01 
S.22-03 

0 
0 
0 

1.22-02 
0 

S.3B-02 
4.7S-03 
3,3E-02 
2.72+00 
5.0S-02 

3.82-03 
2.62-01 
2.92-02 

0 
1.4E-01 
2.82-02 
4.32-02 
3.3E-01 
4.02-02 

2.22-01 7.92-01 2.32+00 3.32-01 

SITE 

Chloroform 
1,2-Dichloroethane 
1, l-Oic^iloroethene 
Methylene chlorida 
1,1,2,2-Tetrachloroethane 
Tetrachloroethane 
1,1,1-Trichloroerhana 
Trichloroethane 
Vinyl Chloride 
Benzene 

Total 

S r G H 

0 1.72-01 0 0 
O O O O 
0 0 0 0 

4.62-03 7.02-03 3,72-02 1.3S-03 
4;S£-02 0 0 • 0 
4.02-02 1,12-02 1.22-01 '2.22-02 
1.92-02 0 2.a2-0i 0 
3.32-02 2.62-03 4.32-02 0 
1,22+00 3.62-01 1.12+00 2.62+00 
6.12-02 2,42-02 8.2S-02 4.52-01 

1.42+00 S.82-01 1.42+00 3.12+00 

Average total 1.42+00 
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Tae average total for all the landfills is 1.4 â /S/ the • 
maximum is 3.1 a3/5 for landfill S (which was used tn the past for 
co-disposal). .la every case* the vinyl chloride present" contributes 
the majority of tht risk« 

2.2 yatianirida MTHtsm r i s k ' 

TO make an estimate of the nationwide average risk frcm 
landfill gas now requirea a scale-up, together with some dispersion 
modelling. The landfills discussed in the previous sections have an 
average amount of refuse in place of 5.4 million tons* which is 1/900 
of the total estimated refuse in place tn municipal landfills tn tho 
U.S, (EPA Draft Document, page 3-1)'*. • The land area of the contiguous 
U.S. ts about 7.34 x 10̂  "km̂ / so that tha U.S. land area per average 
landfill is about 8.7 x 10̂  m2, corresponding to a radius of about 52 
km. 

As a first approximation, tha effects of landfills on the U.S 
can thus ba obtained by finding the average effects of a single 
landfill on a. radlua' of about SO km around i t . This approximation 
would be correct i f (1) "landfills were uniformly distributad ovar tha 
U.S.; (2) the population were evenly distributed; and (3) r.o 
landfill had any effect" beyond SO km. It is plausible that the third 
of these is correct, since tho chlorinated VOCs which contribute ta 
carcinogenic risk are relatively short-lived (vinyl chioride, for 
example, has a haif^life in air estimated at 1.5 - 1.3 daya). The 
first two ara clearly incorrect, but will be compensated by tha 
overesticaticn of risks to those close co landfills (see below). 

For an average landf i l l , we have an emission rata JC 
carcinogenic unit risk of 1.4"m2/3. Using the standard . gaussian 
plume model, the average concentration obtained from this over tha 
radial range 0.1 to 50 km corresponds to a lifetime risk of 
1.6 X lO' . This aiasumes a uniform wind rase, a wind speed of 3 m/s, 
and a simple averaging over 7 wind stability classes (A, 3, C, Dday, 
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Onight* 2, 7), and. emission heigbtr of 1 m« and a receptor height: of 
1.5 m. Thia averaging procedure haa been found to give estimates 
within 20% of those obtained uain? tba ISC modal- in particular, cxaes 
with observed wind rase and stability claas datx, provided- the 
average wind speed i r used. The aasuaed average wind speed of 3 m/i 
(6*7 mph) ia a reasonable aetimate, probably a little low (resulting 
tn an overestimate of risk) for most of the cj*S. For 67 cities tn 
the 50 contiguous states, just 3 report average windapeeda lass than 
6.7 mph. 

The minimum distance uaed far this averaging/ -00 m, 
corresponds to an estimate of the minimum distance froa the canter of 
a landfill at which people can be exipecued to be living. If landfill 
gaa is collected at some landfill, i t aay be collected together at 
any point over the landfill. However, i f it is collected i t wtll.be 
flared, so that there is negligible exposure of anybody to tt. If tt 
ts not collected, then the emissions will take place over tba whole 
landfill, and so the .-.aarest person to the landfill may be closer 
than lOO a. In thac case, however, tha dispersion modelling 
performed above is a substantial overestimate far estimating 
exposures close ta the landfill (within distances similar ta the 

dimensions of the landfill) . 
case estimate. 

s ts dealt with below for tha worst 

The estimate of average effect, a lifetime risk of 1.6 x lO'^; 
corresponds to an annual cancar incidence of 0.05 tn tha United 
States. Considering the differing methodologies, thia agrees well 
with the EPA Draft Document estimate of 0.11 (Scenario 2, Cha oniy 
one which can be given any credence) . However, tha differencaa noted 
above, eapecially the dominant effect of vinyl chloride in these 
e3ti.T.ate3, suggests t.tat tl;a EPA Draft Document ta considerably in 
error. Insufficient data is given in the Draft Document to locate 
where such error may have arisen, but one likely place is in tbe 
Effects Model. The tec.̂ j:ique described of locati.-.g population 
canters relative to landfills ts prone ta lead ta substantial 

OOOOTr* 



r • 

12 

overestimates of exposure if a small, error* ia mad* in. the location-of-
a population close to a landfill. The average exposure Ray then be 
dominated by thoae estixaated for nearby popuiatioria. 

2.3 Vogye- rlak «i«+<7fr,9t 

The worar- case risk estimate will be for those persona living 
near ta a landfill. As mentioned above, however, the dispersion 
modelling uaed for tbe nationwide average (botb here and in tha EPA 
Craft Docuaent) will give very misleading results cioae in. if 
landfill gas ia collected together into a single vent, that gas will 
ie flared. Tha worst case exposure estimate will correspond to a 
landfill with no collection system, tn which case the emissions will 
take place froia ever the whole surface area of tbe landfill. Tha 
ocncaatrationa froa such area eaissiona are considerably lower than 
those from a vent pipe emitting the same total quantity of gaa, at 
equal -distancea from the edge of the area or tha vent pipe. 

To make an estimate of the worst case emissions, consider tha 
landfill labelled K above (Table 1.1). This waa previously used far 
co-disposal of hazardous waste as well as municipal waste. The total 
'emission rate x unit risk for this landfiii ia 3.1 .t̂ /s, and tt 
contains 12.6 million tons of refuse. The worst case will occur with 
inaxi.T.um smissiona per unit area of Landfill, so we will assume waste 
piled to a height of 100 feet and with an average density of 1 
ton/cu. yd. (double .that assumed in t.ha 22A Draft Document) . The 
emission rate x unit risk per unit area for thia landfill is then 
3.2 X 10"̂  m/s, and the landfill covers an area of about 3.2 x 1Q5 
m2, corresponding to a diameter of about 640 m. 

•Jsing a dispersion model for araa emiasiona, we find that far 
a person spending their whole lives 100 m from the edge of such a 
landfill the lifati.me risk is about 20 x 10*̂ , while even for a 
person staying permanently at t.he edge of the landfill the lifatime 
risk ts only SO x 10'̂ . 
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T H E D O W C H E M I C A L C O M P A N Y 

MIDLAND. WICHIGAN 48674 

1803 BUILDING 
July 3,1990 

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

Dear Ms. Cook: 

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

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

Pleased call on us should you require additional information. 

Sincerelv, 

V • -IC'-I-' 
Neil C. Hawkins, Sc.D. 
Senior Research Risk Analyst 
Health and Environmental Sciences 
1803 Building 
(517) 636-8237 

kal 

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

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

V C M 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-leveis (NOEL's) in animals to derive a safe level in humans. The other 
general approach, which has been used more recentiy by regulatory agendes, 
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 defatilt methodology. The default methodology is 
conservative in natxire, so as to protect public health. However, the State of 
Califomia Cancer Risk Assessment Guidelines as well as EPA and OSTP 
guidelines on the use of risk assessment clearly state that the default 
methodology should not be used when other data are avaiiabie. 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. 

Phannacokinetic Information 

Pharmacokinetic (PK) information can be used in two ways to augment risk 
assessments for vinyl chioride. PK data have been used to demonstrate and 
explain nonlinear behavior at both the high dose and low dose portions of 
the dose-response airve. The bioassay data of Maltoni (1979) dearly indicated 
a plateau in the dose-response curve at high doses. This phenomenon can be 
explained by the use of a Michaeiis-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 bioassay 
rather than addressing the problem of low-dose extrapolation. Low-dose risk 
assessments utilizing PK data have been discussed by Gehring et al. (1979) and 
Anderson et al. (1980). 
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Purchase et al. (1980) reviewed risk assessments for VCM and showed that, 
among the linear models used, risk estimates 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) condude that: "Based dn 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 
essential to base any proposed regulation on the most complete information 
possible. For this reason we believe that risk assessments for vinyl chloride 
should indude 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 (PVC) 
polymerization plants. Since this discovery, there have been approximately 
50 angiosarcoma of the liver deaths reported throughout the United States 
and Canada which have been associated with previous vinyl chloride 
exposure. Eighty percent of these deaths occurred in four PVC plants where 
exposures to vinyl chloride were known to have been over 500 ppm in the 
1950's and 1960's. Today, there are strict emission limitations under the 
NESHAP regulation, and the OSHA regulated 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 assodation with brain and lung cancer, however, recent 
updates of these studies have reported either no assodation, or assodations 
only at a much lower statistical level of significance. 
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A world-recognized expert in epidemiology. Sir Richard Doll, recentiy 
reviewed the existing vinyl chloride literature as it pertains to cancer in 
humans. He concluded that vinyl chloride is a known occupational 
carcinogen (oniy for angiosarcoma of the liver) which is due to high 
occupationai 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 chioride production plants from 
environmental emissions in today's tightly controlled and well-regulated 
environment "must be negligible." (DoE, 1988) 

Generally, risk assessments utilize animal data as the basis for quantification 
of risk. Human'epidemiology data often do not have suffidently precise 
exposure estimates or sufficiently well-defined populations to be of 
quantitative value. Human results are clearly preferred, when available, 
however, and should be induded in any risk assessment review. . In the case , 
of VCM there are at least three assessments of suffident predsion which 
utilize the human database to estimate risk. In one analysis (Barr, 1982), 
negative epidemiological studies of people living near VCM production 
fadlities 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 himians may be less sensitive than animals to the cardnogenic effects of 
VCM. 

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 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 modeis would fit and give quite different 
results for predicting the ambient level corresponding to a 10"̂  risk level. 
However, these analyses do show that human epidemiology data can be used 
to derive risk estimates for VCM exposures and that the modeis 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 altemative plausible modeling assumptions 
would lead to risk estimates that were 15-fold to 10,0Q0-fold lower than the 
standard LMS procedure. Thus it is essential to use the available human data 
to place some perspective on the results predicted solely from animal data. 

In an independent review of VCM, the National Health Council of the 
Netherlands (1987) derived ambient exposure levels corresponding to risk 
levels of 10(-6) in himiai\s. Their estimates were derived from both animal 
data and from epidemiological human data. While noting that the estimates 
did not differ greatiy, they expressed a preference for the human data and 
reported a vaiue of 1 îg/cubic meter as corresponding to a risk of 10(-6). This 
value is approximately 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 cf the specific exposure scenarios are also discussed 
below. 

The spedfic 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, 300-400 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. 

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 aiumal 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 
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existing fadlities. We recommend that these inconsistendes 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 pgr ppb) 

Occupational Exposure 
Scenario 

Upper Bound on "Risk" 
(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 
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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 (Oil) landfill is 
currently a federally listed Superfund site. Subsequent to the 
Air Resources Board's sampling during 1987, the Environmental 
Protection Agency (EPA) has implemented more stringent landfill 
gas control measures. EPA has also selected a remedy for 
landfill gas control that is expected to substantially reduce 
landfill gas emissions from the Oil landfill. It Is fully 
anticipated that these control measures will substantially lower 
the levels of vinyl chloride in the ambient air in the vicinity 
of the Oil landfill." 

Response: The paragraph (corrected to Indicate that Oil 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. 

1. Comment: It is erroneous to assume that BKK and Oil 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 landfills. 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 vinyl 
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 BK< and Oil may not be 
typical of all landfills. 

2. Comment: Significant information exists that laridfills 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 Oil landfills were far greater than emissions 
estimates for publicly-owned treatment works (POTWs) and 
polyvinyl chloride (PVC) fabrication and production facilities: 

Source Emissions (tons/vear) TnventQrY Ygar 
BKK Landfill 44-197 1987 
Oil Landfill 4-51 1986 
POTWs 1.7 1985 
PVC fabrication 0.75 1982 
PVC production <0.5 1988 

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

Comment: Section 39660 (f) of the California Health and Safety 
Code mandates that the Department of Health Services (OHS) and 
the ARB give priority to the evaluation of a substance's amount 
or potential amount of emissions and ambient concentrations in 
the community. To proceed with 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 Oil landfills) would be a disservice to the waste 
management industry and contrary to the law. 

Response: In the revised vinyl chloride report, based on 
available data, the staff of the ARB conclude that landfills are 
a potential major identified source-category of vinyl chloride 
emissions. The staff further conclude that sufficient overall 
data are available to proceed with the identification of vinyl 
chloride as a TAC as provided in the statutes. Furthermore, 
vinyl chloride, as a federally designated hazardous air 
pollutant, must be Identified as a TAC pursuant to Health and 
Safety Code Section 39655. Also, please see the responses to 
comments 1 and 2. 
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Comment: Waste Management of North America, Inc. recommends that 
identification of vinyl chloride be delayed.unti 1 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 
DEPARTMENT OF HEALTH SERVICES RESPONSES TO COMMENTS ON PART B 



RESPONSE TO COMMENTS: 

WASTE MANAGEMENT OF NORTH AMERICA, INC. 

June 11, 1990 

PUBLIC HEALTH RISK OF VINYL CHLORIDE 

COMMENT: "While we do believe that i t i s ultimately appropriate to regulate v i n y l 

chloride as a to x i c a i r contaminant, we are conceimed that the u n i t r i s k factor 

that you have attr i b u t e d to th i s compound i s overly conservative." 

RESPONSE: The DHS document of May, 1990, provides estimates of uni t r i s k that use 

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

procedures u t i l i z e d by DHS and EPA. The analysis uses animal and human data. 

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

of u n i t r i s k s does not include some of mouse data which i s up to 2.5 times above 

the top of the range i n the r i s k assessment, as indicated i n the text at page 8-8. 

The best estimate of unit r i s k for regulatory purposes i s the top of the t i g h t l y 

clustered -- less than 10-fold -- range, containing numerous r e s u l t s , including 

hvmian r e s u l t s . The two top points include l i v e r angiosarcoma i n the female r a t , 

this tumor being one of the most d i s t i n c t i v e l y l i n k e d to v i n y l chloride exposure 

i n both rats and hxamans. DHS s t a f f conclude that t h i s choice i s not overly 

conservative. 

COMMENT: "I have also attached to th i s l e t t e r a copy of a b r i e f paper on 

Carcinogenic Risks from L a n d f i l l Emissions dated June 6, 1988. . . . This 

information provides a much more r e a l i s t i c assessment of the health r i s k s posed by 

municipal l a n d f i l l s not only from the standpoint of v i n y l chloride but a number of 
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other compounds as w e l l . In summary t h i s b r i e f paper, based on an assessment of 

the cumulative impact of a l l l a n d f i l l emissions, concludes, 'Using a dispersion 

model for area emissions, we f i n d that for persons spending t h e i r whole l i v e s 100 

m from the edge of such a l a n d f i l l the l i f e t i m e r i s k i s about .20 x 10"^, while 

even for persons staying permanently at the edge of the l a n d f i l l the l i f e t i m e r i s k 

i s only 50 x 10*^.'" 

RESPONSE: The c i t e d paper, which was an addendum to comments to EPA and not a 

journal a r t i c l e , was produced at the request of Waste Management Inc. and of The 

National A i r P o l l u t i o n Control Techniques Advisory Committee to the EPA. This 

response w i l l focus on the u n i t r i s k estimate u t i l i z e d i n the document and not on 

s i t e - s p e c i f i c factors such as emission rates, source areas' and meteorology. The 

c i t e d paper uses f o r v i n y l chloride a unit r i s k of 22 x 10'^ ppb'^, expressed as 
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9.8 X 10 (ng/m-^) ^ i n t h e i r Table 1.2. This r i s k estimate i s e s s e n t i a l l y 

equivalent to the DHS best estimate of 20 x 10"^ ppb''^ for u n i t r i s k . Therefore, 

DHS i s recommending e s s e n t i a l l y the same unit r i s k as i s the basis for the 

c a l c u l a t i o n of r i s k f o r l a n d f i l l s that i s advocated by the commenter. 

The c i t e d paper refers to EPA (1985b) as the source for that u n i t r i s k , but DHS 

s t a f f , a f t e r obtaining and reviewing that document, calculate that the unit r i s k 

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

10"^ ppb''^, using EPA's own assumption of 50% absorption, which the c i t e d paper's 

authors evidently d i d not use. The reason for that EPA unit r i s k being 55% of the 

DHS best estimate stems from the EPA analysis combining male and female r a t s , 

giving a lower r i s k than the DHS use of females, the sex with the higher r i s k i n 

t h i s case. For comparative purposes the EPA 1985b unit r i s k has now been included 

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

COMMENT: " F i r s t , why bother using the l i n e a r i z e d multistage model under the 

pretense that i t i s a true mechanistic model (which i t i s not) , when a simptle 

l i n e a r regression usually y i e l d s nearly i d e n t i c a l estimates of q i (r =• 0.98) 

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

RESPONSE: The l i n e a r i z e d multistage model affords an e f f i c i e n t u n i f i e d 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 i t s use have been acquired, the model i s quite convenient to use. 

This model accommodates pharmacokinetic conversion of dose rate and can account 

for a wide range of test results i n a way that allows extrapolation that i s 

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

simple l i n e a r regression becomes inappropriate at high doses i n many animal 

experiments. Even i n the case of v i n y l chloride, the multistage model indicates 

an improved f i t to the data by including a quadratic term. Thus, a simple l i n e a r 

model would introduce some bias into the low dose extrapolation. 

COMMENT: "Second, the discussion of uncertainty i n the quantitative r i s k 

estimates i s given short s h r i f t . Although the uncertainties or absence of 

exposure data i n the occupational cohort studies i s mentioned, there i s no 

discussion of the conservatism b u i l t into the r i s k estimates by the se l e c t i o n of 

data for extrapolation, and the extrapolation assvimptions, and the effects t h e i r 

underlying assumptions may have on the r i s k estimates. For instance, the use of 

the most sensitive sex/strain/species instead of the average may a l t e r r i s k 

estimates by 'several orders of magnitude.' (U.S. EPA, 1985). S i m i l a r l y , the 
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issues of the extrapolation of rodent potency estimates to humans, particularly on 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

uncertainty. Furthermore, the present approach uses other assumptions that are 
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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, i t is perplexing that the Krewski et al. (1987) chapter is 

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

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

of the Krewski et al. analysis is necessary." 

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

a l l the relevant female liver angiosarcoma data of Maltoni et al. (1984) and is 

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

risk is 9.7 x 10"^ ppb"^. On this basis, the unit risk of Krewski et al, rather 

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

(BT-9, 15) which corresponds most closely in the document, 6.7 x 10-5 ppb"^. 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 et al. (1984) experiments. It 

is unclear whether the Maltoni experiments were conducted in his medieval 

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

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

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

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

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

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

et al. but also with Bi et al. 

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

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

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

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

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

age at fi r s t exposure (Drew et al. , 1983) suggests that perhaps the ARB should 

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

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

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

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

of 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 adequately established, then an analysis related to the MVK model is 

worth consideration. 

OOOOr̂"-' 



RESPONSE TO COMMENTS: .r 
THE DOW CHEMICAL COMPANY -.r --=<̂ ^ 

July 3. 1990 

I 
I 

Derivation of a Unit Risk for Vinyl Chloride 

COMMENT: "VCM i s c l e a r l y a rat and human carcinogen In .-order to 
address cancer concems, regulatory agencies have recently used "quantitative 
r i s k assessment to estimate levels of r i s k f o r any given exposure." 'In order 
to resolve uncertainties i n this process, agencies have developed default 
assumptions which are "conseirvative i n nature so as to protect public.health." 
C a l i f o m i a and federal guidelines " c l e a r l y state that the default methodology 
should not be used when other data are av a i l a b l e . ... The c DHS u n i t _ r i s k for 
v i n y l chloride of 20 x 10' per ppb ... does not u t i l i z e the available 
pharmacokinetic or epidemiological information." c 

RESPONSE:. The DHS s t a f f disagree with the assertion that the current DHS 
r i s k c o e f f i c i e n t does not u t i l i z e the available : phamacokinetic or 
epidemiological information. DHS s t a f f , i n response to comments on the f i r s t 
draft document, did s p e c i f i c a l l y incorporate the a v a i l a b l e ̂ jfearmacokinetic and 
epidemiological information into the analysis that produced the estimates of 
unit r i s k . A l l the DHS calculations of u n i t r i s k i n the docyament. under review 
d i r e c t l y use the available pharmacokinetic information. In addi;tion, the r i s k 
assessment s p e c i f i c a l l y shows how the best estimate of upp.ex confidence l i m i t 
(UCL) for unit r i s k , 20 x 10'^ per ppb, c-ited i n the comment above, i s 
consistent with human occupational data when adjusted frarm males i n that 
workforce to females who would be exposed i n the general popfalation. 

Pharmacokinetic Information 

COMMENT: "Pharaacokinetic (PK) information can be used.- i n two 'ways to 
augment r i s k assessments for v i n y l chloride. PK data have been used to 
demonstrate and explain nonlinear behavior at both the high dose and :low dose 
portions of the dose-responses cur-ve." The Michaeiis-Menton "methodology 
explains only the high-dose results. Low-dose r i s k assessments u t i l i z i n g PK 
data have been discussed by Gehring et a l . (1979) and Anderson et al... (1980)." 

RESPONSE: Contrary to the implication of the comment, Gehring et a l . (1979) 
and Anderson et a l (1980) used the Michaeiis-Menton methodology to incorporate 
PK data at a l l doses, high and low, i n e s s e n t i a l l y the same way as the DHS 
document. The low dose extrapolations i n those two studies differed=from the 
DHS document i n that they explored extrapolation not only by the single stage 
model, as did the DHS dociiment, but also by the log-probin model. vDHS s t a f f 
consider the log-probit model to be inappropriate based on the data that 
became available after these a r t i c l e s were published and the apparent 
mechanism of carcinogenesis. 

COMMENT: "Purchase et a l . (1980) reviewed r i s k assessuBent for.jVCM and 
showed that, among the linear models used, r i s k estimaces.nraried -from the 
current DHS value, (equivalent to a unit r i s k of 20 x lO'^-'pete ppb^p upwards 
(less r i s k ) at least a factor of lOO-fold. The d i f f e r e n t values deEMved from 
animal models vary primarily on the basis of whether or not gharmacokinetic 
information has been u t i l i z e d i n the assessment. In evaluajt;Lng ,jChe use of 
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pharmacokinetic data, Anderson et al. (1980) conclude that: "Based on the 
present understanding of the mechanism of carcinogenesis, we believe this to 
be a more rational approach to the low-dose extrapolation problem." 

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

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

COMMENT: "Gehring et al. (1979) f i t a number of extrapolation models to the 
metabolized dose of VCM, _and showed that risk estimates derived without 
consideration o^ low-dose-mecabolite formation potentially overestimate risk 
by at leaist 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 lO'^^per ppb. Other viable dose response models predict 
much lower risk." 

RESPONSE: Gehring et aLy i n their 1979 article did not derive any estimates 
of risk without using thei^ model for low-dose metabolite formation. The four 
models in that article us§, the metabolized dose at a l l 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 angiosarconias 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 10'^ 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 ofydifferences 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 the 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 10'^ 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 racher than the Gehring et al. ad hoc scaling that has never been 
accepted, resulting in a 17.7-fold increase. The result of multiplying a l l 
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 i t 
is essential to base any proposed regulation on the most complete information 
possible. For this reason we believe that risk assessments for vinyl chloride 
should include PK data, or preferably, the use of actual human data." 

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

Risk Assessments Derived from Epidemiology Data 

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

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

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

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

RESPONSE: In his review article Doll (1988), cited in the next comment, 
discusses this issue at length. He concludes in a manner contrary to that of 
the comment. "It is, however, s t i l l 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, i f 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 betrween exposure and response. He did not specify 
numerically what he or his reference considers to be a negligible risk outside 
a vinyl chloride plant. Also, he does not consider other envirotimental 
exposures such as landfill sites. So his remark is diff i c u l t 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 noc 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." 

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

COMMENT: "Barr estimates that 100 ppb is the approximate lifetime dose 
corresponding to a human risk of 10' . 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 into account low dose PK. This 
result is consistent with other obseirvations that humans may be less sensitive 
than animals to the carcinogenic effects of VCM." 

ElESPONSE: 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 10' risk. Barr offers no rationale 
for using the weak data he selected from a 1975 EPA report in order to 
calculate his epidemiological estimate. These data do not appear to be 
appropriate for that purpose, and such inappropriate use of data would account 
for disagreement with the DHS value by orders of magnitude. 

Also contrary to the comment. Purchase et al. (1987) do not specifically 
comment on Barr's estimate in their text. As stated in the response above. 
Purchase et al. do not present clear comparisons of effects of 
pharmacokinetics or of the results of using different basic foirms 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 htunan 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." 
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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 f i t and give auite different results 
for predicting the ambient level corresponding to a 10' 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)." 

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

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

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

COMMENT: "In an independent review of VCM, the National Health Council of the 
Netherlands ^1987) 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 data and reported a 
value of 1 ̂ g/cubic meter as corresponding to a risk of 10' . 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 in 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 10'° per ppb for a l l 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 are close to the present results." The DHS adjustment of che 
council's worker exposure of 500 ppm is 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 value. The imit risks resulting from 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 che 
document, based on the data of Waxweiler et al. (1976), which was one of the 
studies used by the Netherlands council for data on mortality due to cancer in 
vinyl chloride workers. 

COMMENT: The over prediction of the models can be further demonstrated for 
VCM by comparing predictions of risk utilizing the DHS unit risk with human 
exposure scenarios. To make this comparison. Table 1 shows the "risk" 
predicted from the DHS model for a number of 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 iregulation 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 Iaboratoiy 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 fac i l i t i e s . We recommend that these inconsistencies in the risk 
estiamtes be resolved i f 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 inconsistency of risk estimates 
in the document. 
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