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Please note the following change to the Staff Report/Executive Summary:

page 12 The second paragraph, second line should be changed from "3 to 36 cancers may
occur” to “3 to 26 cancers may occur.”

Please note the changes for Part B on the attached errata sheet.





March 12. 1991

ERRATA: Technical Support Document, Part B: Proposed Identification of Vinyl
Chloride as a Toxic Air Contaminant.  October 1990

page ii "Norman Gravitz, Ph.D.” should appear as an author under the heading,
“Prepared by:  California Department of Health Services.”

page 1-2 Second line from bottom change “36 to 26".

page 6-1 At beginning of the second line of text after the initial parenthesis add
"IARC, 1987a;

page 7-1 At the end of the second line of text add "IARC, 1987b.

page 8-12 In the label for the dashed horizontal line, insert "(l984b)” between “EPA”
and “air.”  Add a similar horizontal line at .000ll ppb on the vertical scale. 
The label for this line is “EPA (1985b) air.”

page B-5 At the end of the definition of E, delete the phrase following the word,
“cohort”.

page B-6 line 27:  "ppm-persons” should read “ppm-person-yr;”
line 28:  "persons” should read, “person-yr.”

References

Insert: Howe RB, Clump KS, Van Landingham C. (1986) GLOBAL 86: A computer
program to extrapolate quantal animal toxicity data to low doses.  K.S.
Crump and Company.

International Agency for Research on Cancer (IARC) (1987b) IARC
Monographs on the Evaluation of Carcinogenic Risk to Humans. Supplement
7, Overall Evaluations of Carcinogencity:  An Updating of IARC
Monographs Volume 1 to 42.  Lyon, France pp. 373 376.

Add to the second IARC reference as printed at the top of page R-8;

“a" following “1987,"

Genetic and Related Effects:  An Updating of Selected IARC Monographs
from Volumes 1 to 42" following Supplement 6.”
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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 en 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).
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Does the Air Resources Board (ARB) staff recommend Identification of
vinyl chloride as a toxic air contaminant?

Yes, the ARB staff recommends 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:

o there is sufficient evidence that exposure to vinyl chloride poses a public

health hazard,

o 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,

o 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

o 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.
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Why does the ARB staff recommend 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 for calculating the LOD is discussed in

Section A, Chapter III, Part A, of the Technical Support Document).  This

technology-basad 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 (IARC) lists vinyl chloride in



Group 1 of its carcinogen classification scheme.  The United States Environmental

Protection Agency
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(EPA) lists vinyl chloride in Group A of its carcinogen classification scheme.  The IARC,

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, 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 end 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, it is estimated that several thousand

tons are used each year by two facilities producing polyvinyl chloride:  Polyvinyl chloride is used

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

and transportation industries.
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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 Landfill Gas

Tasting Program will be 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.  he

presence of 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 (OII) Landfill and BKK Landfill.  OII Landfill is

located near Monterey Park, California and BKK Landfill is located near West Covina, California.

The test data for the OII 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 OII and



BKK are not likely to be typical of other California landfills.  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 percents out of the 251 landfills tested for ambient concentrations.
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Since the SCAQMD's study, the vinyl chloride emissions at OII 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.

POTWs emitted an estimated 1.7 tons of vinyl chloride in 1985. PVC production facilities

emitted lass than 0.5 tons of vinyl chloride in 1988 while PVC fabrication facilities 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 it is degraded.

What is the ambient concentration of vinyl chloride?

Vinyl chloride has never been detected in samples collected 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 Tasting 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 landfills tested for ambient concentrations.
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The South Coast Air Quality Management District (SCAQMD) obtained vinyl chloride

ambient monitoring from locations near two landfills in the South 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 OII 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 (OII)

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 landfill gas emissions from the OII 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 OII 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 OII 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 OII 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 OII 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 OII

Range of Cumulative Population Exposed to Vinyl Chloride
Concentrations (ppbv) at or

above:Lower-bound Upper-bound
Estimate Estimatea b

4,287,300 - 4,287,300 >0 but <0.01c

   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 

 - The exposure estimate is based on an emission rate of. 0.31 g/m s .a 2 -l

 - The exposure estimate is based on an omission rata of 4.42 g/m s .b 2 -1

 - According to the model, the entire cumulative population studied was at least exposed toc

vinyl chloride concentrations between 0 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 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.
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TABLE II

RANGE OF CUMULATIVE POPULATION EXPOSED
TO VINYL CHLORIDE NEAR BKK

Range of Cumulative Population Concentrations (ppbv) at or
Exposed to Vinyl Chloride

above:

Lower-bound Upper-bound
Estimate Estimatea b

2,154,000 - 2,154,000 >0 but <0.01c

2,026,000 - 2,154,000 0.01

   732,000 - 1,970,000 0.05

   374,000 - 1,431,000 0.1  

0 -    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  

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

 - The exposure estimate is based on an emissions rate of 3.32 g/m s .b 2 -1

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

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.

These exposure estimates are based on ambient date only end do not include any possible

elevated indoor exposures that may occur inside homes near landfills.
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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

OII Landfill.  Present indoor vinyl chloride concentrations in the residences near OII are believed

to be lower due to OII'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 official, the regulation was not promulgated because it was believed that monomer

stripping processes reeve 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

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.
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In California, surface water and ground water from public water systems are generally free

of vinyl chloride.  Since it 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 al. (1976) study, the 95% upper confidence limit on

the lifetime unit risk of contracting cancer from vinyl chloride ranged from 2.5 x 10  ppb  to-5 -1

4.5 x 10  ppb .  Evaluation of animal experiments using the linearized multistage model leads to-5 -1

predictions of upper confidence limits on unit risks for humans ranging from 3.7 x 10  ppb  to-5 -1

20 x 10  ppb .  Considering tumorgenicity data as well as the results of human and animal-5 -1

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 10  ppb .  In order to ensure protection of public health, the DHS-5 -1 -5 -1

has identified the best estimate of cancer unit risk to be 20 x 10  ppb , the top of the upper-5 -1



confidence limits range.  Using the best estimate of cancer unit risk, an estimated 200 cancers may

occur in one million people exposed to 1 ppbv of vinyl chloride for a 70-year lifetime.

Because vinyl chloride has not been detected in statewide ambient air monitoring, 24-hour

averaged hot spot concentrations detected by monitors near two South Coast landfills ware 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 OII Landfill and from 2 to 10 ppbv at the

BKK Landfill.
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An estimated 17,000 to 131,000 persons were exposed to 1 ppbv of vinyl chloride near the

BKK Landfill where the highest exposures ware 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 it.  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 39665, 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.

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.
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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 (U.S. EPA)

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

(IARC) assigned vinyl chloride to Group 1 of its classification scheme for carcinogens.

In introducing its list of Group 1 carcinogens which included vinyl chloride, the IARC

states, “The Working Group concluded that the following agents are carcinogenic to

humans.”  Based on available scientific data, the Panel agrees with the EPA's and the

IARC's classification of vinyl chloride as a human carcinogen.

  2. Based on available scientific information, the DHS staff found no evidence of a vinyl

chloride exposure level below which no carcinogenic effects are anticipated.
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  3. Based on the interpretation of available scientific evidence, the DHS staff estimated that

the upper 95 percent confidence limits on the 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-5 -1 -5 -1

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  ( g/m ) .  Table III compares the best estimate of-5 -1 -5 3 -1

vinyl chloride cancer unit risk with those of other compounds recently reviewed by the

SRP.

TABLE III

Compound Unit Risk (ppbv ) Unit Risk ( g/m )-1 3 -1

Vinyl Chloride 20 x 10 7.8 x 10-5 -5

Chloroform 2.6 x 10 5.3 x 10-5 -6

Trichloroethylene 1.1 x 10 2 x 10-5 -6

Inorganic Arsenic particulate 3.3 x 10-3

Methylene Chloride 3.5 x 10 1 x 10-6 -6



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

wall be below these values.

  4. Landfills, publicly-owned treatment works, and polyvinyl chloride producers and

fabricators are the mayor identified sources of vinyl chloride emissions in California's

outdoor air.

  5. 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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  6. 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.

  7. The limited monitoring conducted in the Landfill Gas Testing Program which began in

1987 was designed to identify landfill 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 limit of 2 ppbv to

15 ppbv ware 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.

  8. 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 ware 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-5 -1

estimates.
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a. Population-weighted exposure for maximally exposed individuals living immediately

adjacent to the landfills (at the fence line) was estimated to range from an annual

average of approximately 0.6 to 9 ppbv vinyl chloride at OII 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 OII 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 modal, 0 to 6,000 people near OII 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 OII; 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 ware calculated for the people living within a.

41 square-kilometer area (or, approximately 25 square-mile area) of each landfill. 

For OII Landfill, 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 OII; and 32 to 136 cancers ware estimated for the

2 million people living within approximately 25 square miles of BKK.

  9. 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 (SCAQMD) in 1985 showed

concentrations ranging from 8 to 100 ppbv inside a few homes near OII Landfill
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mentioned in Finding 8.  Currant 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 detected in drinking water, exposure
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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 all 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.
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California State University, Fullerton
Fullerton California  92634

Department of Chemistry and Biochemistry Correspondence to:
(714) 773-3621 P.O. Box 669

San Clemente, CA 92674-669
Phone:  (714) 361-1132 FAX:  (714) 361-

1283

October 22, 1990

Mr. William C. Lockett, Chief
Office of External Affairs
California Air Resources Board
1102 Q Street
Sacramento, California  958l4



Dear Bill:

The Scientific Review Panel on Toxic Air Contaminants has reviewed the Report of Vinyl
Chloride and has formulated its findings regarding the report.  I am formally submitting the
Scientific Review Panel’s findings to the Air Resources Board.

Sincerely,

//s//
Dr. James N.  Pitts, Jr.
Chair, Scientific Review Panel

Enclosure

cc:  Scientific Review Panel

-19-
Scientific Review Panel Findings on the

Vinyl Chloride Report

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

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 the vinyl chloride results in animal and human



carcinogenicity.  The United States Environmental Protection Agency (U.S. EPA)

assigned vinyl chloride to Group A of its classification scheme for carcinogens.  In

explaining its Group A category, the U.S. 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 (IARC) assigned vinyl chloride to Group 1 of its classification scheme for

carcinogens.  In introducing its list of Group 1 carcinogens which included vinyl

chloride, the IARC states, “The Working Group concluded that the following agents

are carcinogenic to humans.”  Based on available scientific data, the Panel agrees with

the U.S. EPA’s and the IARC’s classification of vinyl chloride as a human carcinogen.

  2. Based on available scientific information, the DHS staff found no evidence of a vinyl

chloride exposure level below which no carcinogenic effects are anticipated.

  3. Based on the interpretation of available scientific evidence, the DHS staff estimated that

the upper 95 percent confidence limits on the lifetime risk of cancer from vinyl chloride
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ranged from 2.5 x 10  ppb  to 20 x 10  ppb .  The DHS staff identified the best-5 -1 -5 -1

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 ( g/m ) .  Table 1 compares the best estimate of-5 -1 -5 3 -1

vinyl chloride cancer unit risk with those of other compounds recently reviewed by the

SRP.

TABLE 1

Compound Unit Risk (ppbv ) Unit Risk ( g/m )-1 3 -1

Vinyl Chloride 20 x 10 7.8 x 10-5 -5

Chloroform 2.6 x 10 5.3 x 10-5 -6

Trichloroethylene 1.1 x 10    2 x 10-5 -6



Compound Unit Risk (ppbv ) Unit Risk ( g/m )-1 3 -1

Inorganic Arsenic particulate 3.3 x 10-3

Methylene Chloride 3.5 x 10    1 x 10-6 -6

Upper bound excess lifetime risks are health-protective estimates; the actual risk may
wall be below these values.

  4. 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.

  5. 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 toxic air
contaminant monitoring network.  However, vinyl chloride has been detected in the
ambient air near emission sources such as landfills.

  7. The limited monitoring conducted in the Landfill Gas Testing Program which began in
1987 was designed to identify landfill 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 limit of 2 ppbv to
15 ppbv were detected at 24 (10 percent) out of the 251 landfills at which ambient
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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 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.

  8. Ambient vinyl chloride data form perimeter monitoring from 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-5 -1



exposure estimates.

a. Population-weighted exposure for maximally exposed individuals living immediately
adjacent to the landfills (at the fence line) was estimated to range from an annual
average of approximately 0.6 to 9 ppbv vinyl chloride at OII 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 OII and for 0 to 2,5000 people living close to BKK are included to
provide and idea of the predicted exposure levels and risk directly downwind from
the landfills.  According to the model, 0 to 6,000 people near OII 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 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 OII Landfill, 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 OII: and 32 to 136 cancers were estimated
for the 2 million people living within approximately 25 square miles of BKK.

  9. 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 (SCAQMD) in 1985 showed
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concentrations ranging from 8 to 100 ppbv inside a few homes near OII 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 and 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 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 all 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.
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We agree with the ARB staff recommendation to its Board that vinyl chloride be listed as a toxic
air contaminant.

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



//s//
                                               

  
Dr. James N.  Pitts, Jr.
Chairman, SRP
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Viny l  ch lo r ide  (CH =CHCl i s  a color less,  flamnable gas a t  ambient 
temperature and pressure. ~ 6 e  Uni 1 ed States Environmental Protect ion Agency 
(EPA) l i s t s  v i n y l  ch lo r ide  as a Group A carcinogen (Human Carcinogen) and 
the  In te rna t i ona l  Associat ion f o r  Research on Cancer ( IARC) l i s t s  v i n y l  
ch lo r ide  as a Group 1 carctnogen (Agent o f  Human Carcinogenicity). 

Part  A o f  t h i s  repor t  i s  an evaluat ion o f  v i n y l  ch lo r ide 's  uses, 
emission sources, ambient and indoor a i r  concentrations, and populat ion 
exposure i n  Ca l i fo rn ia .  Also included are discussions o f  the  physical  
proper t ies  and atmospheric persistence o f  v i n y l  chlor ide.  C a l i f o r n i a  Health 
and Safety Code sect ion 39655 (Assembly B i l l  1807, 1983) states t h a t  
substances l i s t e d  by the EPA as hazardous a i r  po l lu tan ts  (sect ion 112 o f  the 
Clean A i r  Act) s h a l l  be i d e n t i f i e d  as t o x i c  a i r  contaminants (TACs) by the  
A i r  Resources Board (ARB). Therefore, because the  EPA has l i s t e d  v i n y l  
ch lo r ide  as a hazardous a i r  po l lu tan t ,  t h e  ARB i s  d i rec ted  by s ta tu te  t o  
i d e n t i f y ' v i n y l  ch lo r ide  as a TAC. 

The ARB i s  t he  s ta te  agency responsible f o r  the  i d e n t i f i c a t i o n  o f  
TACs i n  t h e i r  non-pesticidal vses. The C a l i f o r n i a  Health and Safety Code 
sect ion 39655 defines a TAC as "an a i r  po l l u tan t  which may cause o r  
cont r ibute t o  an increase i n  m o r t a l i t y  or an increase i n  serious i l l n e s s  or 
which may pose a present o r  po ten t i a l  hazard t o  human healthu. The f ind ings  
o f  the Part  A repo r t  are considered w i t h  the  hea l th  e f f ec t s  f ind ings  (Part B 
repor t )  of the Department of Health Services (DHS) t o  determine i f  a 
compound should be i d e n t i f i e d  as a TAC by the  ARB. 



severe1 different limit of detection (LOD) values are mentioned 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 (011) 
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 I11 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 conmercial 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: landf i 11s. pub1 icly-owned treatment works 
(POTWs) , and PVC production and fabrication faci 1 ities. 

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. 



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. . 



Although v i n y l  ch lo r ide  i s  no t  produced i n  Ca l i fo rn ia ,  several 
thousand tons are used each year i n  t he  s ta te  f o r  t he  product ion o f  
po lyv iny l  ch lo r ide  (PVC). The PVC which i s  produced i s  p r i m a r i l y  used by 
fabr ica to rs  f o r  the  production o f  mater ia ls  used by the  construction. 
packaging, e l e c t r i c a l ,  and t ranspor ta t ion  industr ies.  

Based on avai lab le  data, l a n d f i l l s  are a po ten t i a l  major 
i d e n t i f i e d  source-category o f  v i n y l  ch lo r ide  emissions i n  Ca l i fo rn ia .  Other 
known emission sources o f  v i n y l  ch lo r ide  i n  the  s ta te  include PVC production 
and fab r i ca t i on  f a c i l i t i e s ,  and sewage treatment plants. 

A. PRODUCTION 

Comnercial production o f  v i n y l  ch lo r ide  i n  t he  United States began 
i n  1936. During the  f i r s t  year o f  production, two thousand tons were 
produced (CEN, 1984). With a reported annual U.S. production o f  3.8 m i l l i o n  
tons, v i n y l  ch lo r ide  ranked 21st on a l i s t  o f  t he  most produced chemicals i n  
the United States i n  1984 (CEN. 1985a). Figure 11-1 shows the  production. 
imports, exports, and use o f  v i n y l  ch lo r ide  from 1974 through 1984 (CEN, 
1985a: US DOC, 1985a; and US DOC, 1985bl. During t h i s  10-year period, v i n y l  
ch lo r ide  production increased a t  an average annual r a t e  o f  3% (CEN, 1985a). 
More recent estimates f o r  U.S. v i n y l  ch lo r ide  production are 4.7 m i l l i o n  
tons and 4.2 m i  11 ion  tons f o r  1985 and 1986. respect ive ly  (CEN. 1987). 



FIGURE 11-1 

NATIONAL VINYL CHLORIDE PRODUCTION. IMPORTS. EXPORTS. AND USE 

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. 1 9 8 5 ~ ;  and Zwiacher. W. et al., 1983). 

8. CURRENT AN0 PROJECTED USES 

About 96 Percent of the vlnyl chloride produced in the U.S. is 
used to manufacture PVC. The remainder is either exported or used to 
manufacture l,l,l-trichloroethane (methyl chloroform) (U.S. DHhHS, 1978; and 
McPherson, W.. 1979). Sixty percent of the PVC is used for fabricating 
various plastic materials used by the construcfion 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 un.its 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. LANQFILLS: A POTENTIAL MAJOR EMISSION SOURCE 

Landfills are estimated to be a potential major source-category of 
vinyl chloride emissions ih 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 



state's hundreds of landfills is not possible. To better understand why all 
landfills are potential vinyl chloride emission sources, 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. - . 
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 11 sites [e.g., Operating Industries, 
Incorporated (011). located in Monterey Park] which normally accept only 
"non-hazardous" wastes but can accept certain types of hazardous wastes 
(ARB, 1982b); and Class 111 (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 I1 sites, and ,approximately 2000 unclasstfied and 
Class I11 sites (ARB, 1982b: WRQCB. 1990). 

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. Howevet, 
only Class I and I1 sites may contain surface impoundments. In addition. 
the same landfill may employ more than one disposal method. For 
landfarming, heavy oil sludge ts 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 impoundntants, 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 I11 sites or.municipa1 
landfills. In landcovering. wastes are spread over the.land. 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. 

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). 



W e c t  F ' s s i m .  Direct emissions of vinyl chloride can only 
occur at landfill sites where vinyl chloride containing wastes were 
previously disposed. Because vinyl chloride containing wastes cannot be 
legally disposed in Class I1 or Class I11 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 I1 
and Class I11 landfills may also amit vinyl chloride directly. . 

. k x m & t . .  Because vinyl chloride can be formed 
from the biodegradation of chlorinated wastes, emissions cf vinyl chloride 
may occur from any landfill site including Class I1 and Class I11 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 carbon-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, 1986; Beeman, et al., 1978; Wood et al., 1980; and 
Parsons et al., 1984). Figure 11-2 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 I1 landfills throughout 
the state. The halogenated wastes aie conlposed 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 I1 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 I11 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 
I11 landf i 11s. 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 DrOd~ctS. all Class I11 
landfills (this includes open and closed facili: ,ss) should be regarded as 
potential vinyl chloride emission sources, 
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FIGURE 11-2 

ANAEROBIC BREAKDOWN SEQUENCE VIA REDUCTIVE DEHALOGENATION' 

Chlorinated EthenOS 

. Chlorinated Ethanes 

(11 - Substantial degradation 
(21 - slow degradation 

Source: Cline and Viste, 1984. 

ds of E s t v f i l l  E m i s s i w .  Several models have 
been developed to estimate volatile organic gaseous emissions from-hazardous 
waste landf i 11s (Thidobeaux, 1981; Hwang. 1982; Shen. 1981; and Hartley. 
1969). The models usually apply to specifis 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 comnonly 
known. These models involve the use of Fick's Law (Fick'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 d9 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 of 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 011. 



i l l  Emission F s t m .  Table 11-1 sumnarizes vinyl chloride 
emission estimates for the state's landfills. .As indicated in the table, 
vinyl chloride emissions have been estimated for BKK and 011 landfills. The 
vinyl chloride emission estimates for BKK and 011 make several assumptions. 
These assumptions are: 1) viny3 chloride is emitted from a2 area of 
approximately 1,700,000 meters for BKK and 330.000 meters for 011; 2) 
annual average emission rates of vinyl chloride from BKK and 011 are within 
the ranges estimated in Table 111-4; and 3) emissions of vinyl chloride are 
uniform over the entire area of the landfill tbat is estimated to emit-vinyl 
chloride. 

Further testing is necessary to estimate emissions from landf ills 
other than BKK and 011. 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 11-1 

VINYL CHLORIDE LANDFILL EMISSION ESTIMATES* 

Source 
Source Emissions Inventory 
Type (tonslyear) . Year Ref. 

Class I Landfills 
BKK. West Covina Area 44-197 1987 ARB, 1988b 
Other Sites. Area N A 

Class I1 Landfills 
011, Los Angeles Area 4-51 1986 ARB, 1988b 
Other Sites Area - N A 

Class 111 Landfills Area N A 

- 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 



Based on 1987 monitor ing data f o r  BKK, ARB s t a f f  est imaip a v i n y l  
ch lo r idp  emission r a t e  ranging from 0.75 t o  3.32 mi,crograms meter 
second- (see Table 111-4). For BKK l a n d f i l l ,  t h i s  tcanslates t o  estimated 
v i n y l  ch lor ide emissions ranging from 44 and 197 tons per year. Over BKK's 
h i s t o r y  i t  i s  not  known how much vinyl-chlor ide-containing o r  halogenated 
wastes were disposed a t  the  l a n d f i l l .  However, i n  1984, BKK received 
approximately 136,000 tons o f  v o l a t i l e  o r  t o x i c  wastes. An unknown po r t i on  
o f  these wastes were halogenated solvents (ARB. 1982b). For 011, ARB s t a f f  
estimated a v iny12ch lo r i i f  emission r a t e  ranging from 0.31 t o  4.42 
micrograms meter second (Table 111-4). For the  011 l a n d f i l l ,  t h i s  
t rans la tes t o  estimated v i n y l  ch lo r ide  emissions ranging from 4 t o  51 tons 
per year. The amount o f  halogenated wastes disposed a t  011 over i t s  h i s t o r y  
i s  unknown. However, i n  1982, 011 received 9.200 tons o f  v o l a t i l e  o r  t o x i c  
wastes. As w i t h  BKK, an unknown po r t i on  o f  these wastes were halogenated 
solvents (ARB, 1982a). 

Monitor ing r e s u l t s  ava i lab le  f o r  several other l a n d f i l l s  are as 
fo l lows: Flux measurements on the surface o f  the  Schol l  Canyon san i ta ry  
l a n d f i l l  (a former Class I1 l a n d f i l l  located i n  Glendale, Ca l i fo rn ia )  showed 
v i n y l  ch lo r ide  concentrations ranging from non-detectable t o  180 ppbv (parts 
per b i l l i o n  by volume) a t  various locat ions (Todd and Propper, 1985). I n  
addi t ion,  t e s t s  conducted by the  SCAQMD a t  several other Class I1 l a n d f i l l  
s i t e s  from 1981 t o  1985 confirmed the  presence o f  v i n y l  ch lo r ide  i n  l a n d f i l l  
surface gas o r  gas c o l l e c t i o n  systems (Coy, 1986). 

To p a r t i a l l y  address the  lack o f  moni tor ing data from other 
l a n d f i l l s  throughout the  state, Health and Safety Code sect ion 41805.5 
(AB 3525 and subsequent amendments by AB 3374) required the  development and 
implementation o f  l a n d f i l l  moni tor ing guidel ines and the  repor t ing  o f  
monitor ing resu l ts .  The law required the  ARB t o  es tab l i sh  guidel ines f o r  
l a n d f i l l  operators t o  monitor gas migration, gas constituency, and the  
ambient a i r  a t  many o f  t he  hazardous and municipal waste l a n d f i l l s  i n  
Ca l i fo rn ia .  The t e s t i n g  guidel ines i d e n t i f i e d  v i n y l  ch lo r ide  as one o f  the 
compounds requ i r i ng  monitoring. Although the  choice o f  v i n y l  ch lo r ide  
ana l y t i ca l  methods was l e f t  t o  i nd i v i dua l  laborator ies performing the 
analysis, the guidel ines spec i f ied an ambient v i n y l  ch lo r ide  detect ion ' l i m i t  
o f  2 ppbv and provided an example o f ' a  v i n y l  ch lo r ide  methoil w i t h  an 
achievable detect ion l i m i t  o f  2 ppbv. I n  t h i s  example method, t he  l i m i t  o f  
detect ion (LOD) i s  based on 3 standard deviat ions o f  runs near the method 
detect ion l i m i t  (w i t h i n  10 standard deviat ions o f  the  method detect ion 
l i m i t )  (ARB, 1986; ARB, 1987). This means o f  ca l cu la t i ng  t he  LOD i s  the  
same as t h a t  used by the  ARB'S Monitor ing and Laboratory D i v i s i on  (see 
Appendix V I I ) .  24-hour ambient v i n y l  ch lo r ide  concentrations ranging from 
the detect ion l i m i t  o f  2 ppbv t o  15 ppbv were detected a t  24 (10 per cent) 
out o f  the 251 l a n d f i l l s  a t  which ambient moni tor ing .was performed. V iny l  
ch lo r ide  concentrations ranging from the  detect ion l i m i t  (see Appendix V I ,  
Table 1 f o r  t he  method o f  determining t h e  detect ion l i m i t )  o f  106 ppbv t o  
72,000 ppbv were detected i n  the  i n te rna l  gas o f  160 (47 per cent) out  o f  
the 340 l a n d f i l l s  a t  which i n te rna l  gas t e s t i n g  was performed (Appendix V I ) .  

4. h s  Co l lec t ion  S w  

For some l a n d f i l l s ,  emissions are requi red t o  be con t ro l led  t o  
reduce odors as w e l l  as emissions o f  methane and toxicants.  However, gas 



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 concmtrations 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 011. 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 perlmeter of 011 was discontinued by the 
SCAQMD in early 1987. Currently, 011 Landfill is a federally listed 
superfund site managed by the EPA. 

A well system consists of a network of wells drilled vertically 
into the refuse to collect the generated gases. These wells are connected 
to collection pipelines where gases are withdrawn from the buried layers of 
waste. In general, a vertical gas well is constructed by drilling a 30-inch 
diameter hole 50 to 100 feet deep into the wastes. Perforated PVC pipes are 
then placed inside the hole. The space between the pipe and the hole is 
backfilled with uncrushed gravel (Sanitation Districts of Lot Angeles 
County, 1984). A typical gas control system showing both well and trench 
systems is shown in Figure 11-3. 

FIGURE 11-3 

LANDFILL GAS COLLECTION SYSTEM 

FLARING STATION OR GAS COLLECTION TRENCHES 
GAS -TO-ENERGY FACILITY I 

/ GAS COLLECTION 
HEADER PIPE 

Source: Sanitation Districts of Los Angeles, 1984. 



I n - t he ' t r ench  system, a network o f  perforated p ipe l ines  i s  l a i d  i n  
trenches w i t h i n  the waste a t  approximately 200-foot i n te rva l s  ho r i zon ta l l y  
and 80-foot i n te rva l s  v e r t i c a l l y .  To support the  pipes and t o  a l low the  
migrat ion o f  t he  generated gases, approximately 2  f e e t  o f  uncrushed gravel 
are packed around the  p ipe l ines.  These p ipe l ines are then connected t o  a  
main c o l l e c t i o n  p ipe where gases are withdrawn (Sani ta t ion D i s t r i c t s  o f  
Los Angeles County, 1984). 

D. OTHER KNOWN. EMISSION SOURCES 

Other than l a n d f i l l s ,  emissions o f  v i n y l  c t i lo r ide occur from: PVC 
production and fabr ica t ion ,  publicly-owned treatment works (POTWs), ethylene 
d i ch lo r i de  production, v i n y l  ch lo r ide  production, methyl chloroform 
production, caprolactam production, and incomplete inc inera t ion  o f  ch lo r ine  
containing mater ia ls  ( S i t t i g ,  M.. 1981; Zwiacher, W.. e t  al., 1983; and 
Lamorte. M.. 1978). I n  Ca l i fo rn ia ,  t he  i d e n t i f i e d  sources o f  v i n y l  ch lo r ide  
emissions t h a t  can be quant i f ied  are PVC production, PVC fabr ica t ion ,  and 
POTWs. Table 11-2 provides estimates o f  v i n y l  ch lo r ide  m i s s i o n s  f o r  
i d e n t i f i e d  sources. Currently, there are no known v i n y l  chloride.,.ethylene 
d ich lo r ide ,  methyl chloroform (TCA) or. caprolactam production f a c i l i t i e s  
operat ing i n  t h e  state. 

TABLE 11-2 

SUMMARY OF VINYL CHLORIDE EMISSION ESTIMATES FOROTHER SOURCES 

Source Source Emi ss ions Invantory Reference 
Type Tonslyear Year 

- 

PVC Production Point  ~ 0 . 5  1988 ARB. 1988b 

PVC Fabr icat ion Point  0.75 1982 Zwiacher, e t  al., 1903 

POTWs Point  1.7 1985 Chang. e t  al., 1987 

On-site Wastewater 
Treatment Plants Point  N A 

Waste Inc inera to rs  Point  NA 

Transportat ion and 
Accidental Sp i l lage  Area N A 

NA - Not Avai lab le  



1. Polvv inv l  Chloride ( P V C l  Prod- 

Three PVC producers reported em i t t i ng  a cumulative t o t a l  o f  3  tons 
o f  v i n y l  ch lor ide i n  1984 (Personal Comnunication. 19863, 1986b. and 1 9 8 6 ~ ) .  
In 1982, v i n y l  ch lor ide emissions from these producers were estimated t o  be 
1.4 tons (Zwiacher. W.. e t  al., 1983). A l l  three producers reported t h a t  
they were i n  compliance w i th  the South Coast A i r  Qual i ty  Management 
D i s t r i c t ' s  (SCAQMD's) Rule 1163. This r u l e  requires t h a t  v i n y l  ch lo r ide  
emissions from designated p lants  not cause ambient v i n y l  ch lo r ide  leve ls  t o  
exceed 10 ppbv (parts per b i l l i o n  by volume) dur ing any 24-hour per iod when 
measured beyond the  p lan t ' s  property l i n e  (Personal Comnunication, 1986a. 
1985b, 1985c; and ARB, 1980). Rule 1163 was adopted by SCAQMD as p a r t  o f  
t h e i r  program t o  cont ro l  v i n y l  ch lo r ide  m i s s i o n s  t o  10 ppbv. 

I n  1984, the  PVC producers operat ing i n  the  s ta te  reported using 
closed systems, incinerat ion,  rou t ine  leak surveys, and maintenance programs 
as con t ro l  technologies t o  comply w i t h  e x i s t i n g  standards f o r  v i n y l  ch lor ide 
emissions (Personal Comnunication. 1986a. 1986b. and 1986~) .  The primary 
cont ro l  method used by the two PVC producers cu r ren t l y  operating i n  
Ca l i f o rn ia  i s  incinerat ion.  One f a c i  1  i t y  ( f a c i  1  i tyoA) uses an af terburner 
w i t h  an operating temperature o f  approximately 2000 F whi le  the  other 
f a c i l i t y  ( f a c i l i t y  B) uses a ca ta ly t i c - type  incinerator.  Both f a c i l i t i e s  
have a monitor ing system tha t  continuously measures the v i n y l  ch lor ide 
concentration w i t h i n  various areas o f  the  p lant .  Portable hydrocarbon (HC) 
detectors are used t o  p inpoint  leaks detected by the  area monitor ing system. 
These p lants  are also inspected a t  least  once a year by the SCAQMD 
Enforcement D iv is ion  t o  ensure compliance w i t h  d i s t r i c t  r u l es  (Persbnal 
Communication. 1985d). 

The SCAQMD pe r i od i ca l l y  conducts ambient monitor ing f o r  v i n y l  
ch lor ide near the two PVC producers i n  Ca l i fo rn ia .  I n  addi t ion t o  the 
SCAQMO's monitor ing program, the SCAQMD requires one o f  the PVC producers 
( f a c i l i t y  A) t o  monitor the ambient a i r  f o r  v i n y l  ch lor ide a t  the perimeter 
o f  t h e i r  f a c i l i t y  on a d a i l y  basis. The other PVC producer ( f a c i l i t y  8) i s  
not required by the SCAQMD t o  conduct ongoing o f f s i t e  ambient monitor ing f o r  
v i n y l  chlor ide.  This i s  because: 1) h i s t o r i c a l l y ,  the  f a c i l i t y  has not 
exceeded the ambient a i r  q u a l i t y  standard f o r  v i n y l  chloride; and 2) the  
process t h a t  i s  used t o  manufacture la tex  emulsions i s  not expected t o  
r e s u l t  i n  v i n y l  ch lo r ide  emissions as great as those assoctated w i th  the  
other f a c i  1  i t y  which produces PVC resins. Generally, 24-hour average 
concentrations near these f a c i l i t i e s  are below the  10 ppbv standard. 
However, i n  October o f  1988, the SCAQMD reported concmtrat ions as h igh as 
20 ppbv f o r  f a c i l i t y  A (Molita. 1989). As a resu l t .  the SCAQMD plans t o  

.conduct ambient monitor ing more f requent ly  a t  t h i s  f a c i l i t y  t o  ensure 
compliance w i th  the  ambient a i r  q u a l i t y  standard f o r  v i n y l  chlor ide.  The 
SCAQMD's monitor ing resu l t s  ind icate t h a t  t h i s  PVC producer may cont r ibute 
t o  the pub l i c ' s  exposure t o  v i n y l  chlor ide.  Therefore, t h i s  f a c i l i t y  should 
be invest igated i n  more d e t a i l  when considering con t ro l  measures t o  reduce 
the pub l i c ' s  exposure t o  v i n y l  chlor ide.  

Table 11-2 l i s t s  the cumulative v i n y l  ch lo r ide  emissions estimates 
from the two PVC producers i n  Ca l i f o rn ia  a t  less than 0.6 tons f o r  1987. 
This estimate i s  subs tan t ia l l y  lower than the  198.4 estimate o f  3  tons when 
three PVC producers were operating i n  C a l i f o r n i a  (Personal Comnunication, 
1985a. 1985b. 1986~) .  



>. . . i ;. ' 2 .  Polvvinvl Chloride Fabri- 

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 roll ing 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 pplnw (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 m o n m r  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. Publielv - 0- 
Pub1 icly-owned treatment works (POTWs) are wastewdier treatment 

plants that are owned by public entities, and which consift of wastewater 
collection systems, wastewater and sludge treatment facilities. and effluent 
and sludge disposal systems. Users that discharge wajtewater into POTWs are 
normally classified as comnercial, industrial, and residential.. The two 
primary mechanisms that result in emissions of organic gases are 
volat i 1 ization 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 (PIV) valves to equilibrate 
the inside and outside pressure of the tanks. These PIV valves are 
potential sources pf vinyl chloride emissions along with fugitive emissions 
associated with pipe fittings and valves. 



I n  a  study performed by the  Un ivers i t y  o f  Ca l i f o rn ia  a t  Davis 
(UCO), researchers used a  mass balance approach t o  estimate t h a t  
approximately 1.7 tons o f  v i n y l  ch lor ide were emitted by POTWs i n  Ca l i f o rn ia  
i,n 1985 (Chang e t  al.. 1987). Spec i f i ca l l y ,  the d i f ference between the 
concentration o f  v i n y l  ch lor ide i n  the POTW in f l uen t  and e f f l u e n t  was 
assumed t o  be emitted t o  the  atmosphere. This approach may be usefu l  i n  
assessing which POTWs cons t i tu te  a  th rea t  t o  pub l i c  health. However. 
because t h i s  approach does not take i n t o  account the format ion o r  
degradation o f  v i n y l  ch lor ide w i t h i n  POTWs, the r e s u l t i n g  emission estimates 
should on ly  be considered rough approximations. I n  response t o  the  need f o r  
more information concerning emissions o f  tox icants  from POTWs. ARB i s  
cu r ren t l y  funding a  research contract. When the research i s  complete, the 
r e s u l t i n g  repor t  w i l l  contain the most recent informat ion concerning the  
est imat ion o f  emissions o f  tox icants  from POTWs and POTW c o l l e c t i o n  l ines.  
The repor t  w i l l  a lso address the  e f f i cacy  o f  POTW odor con t ro l  systems on 
reducing emissions o f  t o x i c  compounds. 

E. OTHER POTENTIAL EMISSION SOURCES 

Along w i th  the  sources discussed i n  Section 0, there are several 
other po ten t i a l  sources o f  v i n y l  ch lor ide emissions i n  Ca l i fo rn ia .  These 
include on-site wastewater treatment plants,  inc inera t ion  o f  PVC materials; 
and t ranspor ta t ion o f  v i n y l  chloride. 

As presented i n  the d iscufs ion on POTWs, wastewater treatment.- 
f a c i l i t i e s  are sources o f  v i n y l  ch lor ide emissions. At several i n d u s t r i a l  
f a c i l i t i e s  such as o i l  re f iner ies ,  chemical manufacturers. etc., i n d u s t r i a l  
wastewater i s  normally t reated before being discharged. These wastewater 
treatment p lants  are also po ten t i a l  sources o f  v i n y l  ch lo r ide  emtssions. 

Vinyl  ch lo r ide  has been i d e n t i f i e d  as a  combustion product i n  the 
f l u e  gas o f  an inc inerator  burning p l a s t i c s  (Boettner e t  al., 1973). It has 
also been hypothesized t o  form upon the  combustion o f  PVC mater ia ls  (Ahling 
e t  a l . ,  1978). PVC mater ia ls  are used ex t rns ive ly  i n  automobile's 
upholstery, bumper par ts  and f l o o r  mats. When these mater ia ls  are 
incinerated, v i n y l  ch lor ide i s  a  l i k e l y  po l l u tan t  i n  the  inc inera to r  
exhaust. Hospi ta l  waste incfnerators  are another po ten t i a l  source o f  v i n y l  
ch lo r ide  emissions since much o f  the  hosp i ta l  waste such as syringes and 
p l a s t i c  bags are PVC-containing materials. 

Another po ten t i a l  source o f  emissions i s  the  accidental  sp i l l age  
andlor leakage o f  v i n y l  ch lo r ide  t h a t  i s  being transported e i t h e r  by r a i l  
car, tank car, o r  marine vess i l .  V iny l  ch lo r ide  i s  t ransported by r a i l  cars 
t o  the two PVC producers cu r ren t l y  operating i n  Ca l i fo rn ia .  As f a r  back as 
records are avai lable,  there have been no reported accidents invo lv ing v i n y l  
ch lo r ide  i n  the s ta te  (Of f i ce  O f  Emergency Services, 1986; C a l i f o r n i a  
Highway Patro l ,  1986). 
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A. AMBIENT MONITORING I N  CALIFORNIA 

To'date, v i n y l  ch lo r ide  has no t  been detected i n  Ca l i f o rn ia ' s  
ambient a i r  except near known emission sources. However, i n  order t o  assure 
t h a t  v i n y l  ch lo r ide  continues t o  pose no S ign i f i can t  heal th  r i s k  i n  the  
background atmosphere o f  t he  state,  a  v i n y l  ch lo r ide  screening procedure i s  
r o u t i n e l y  performed by the  ARB'S laboratory  on samples co l lec ted  from the  
s ta te ' s  20-stat ion ambient t o x i c  a i r  contaminant network. Bimonthly 
through-the-probe audi ts  by the  ARB Qua l i t y  Assurance Section using known 
concentrations o f  v i n y l  ch lo r ide  conf i rm t h a t  the  screening procedure 
detects the presence o f  the  compound. The screening procedure has not  
detected v i n y l  ch lo r ide  i n  samples co l lec ted  a t  the  monitor ing s ta t ions o f  
the t o x i c  a i r  contaminant ambient monitor ing network since the  
implementation o f  the  procedure i n  1988. Should v i n y l  ch lo r ide  be detected. 
the ARB'S Monitor ing and Laboratory D i v i ~ i o n  would begin imnediate 
monitor ing and inves t iga t ion  o f  the  cause. Appendix V I I  describes the  
method f o r  ca l cu la t i ng  the l i m i t  o f  detect ion (LOD) used by the  ARB'S 
Monitor ing and Laboratory Div is ion.  

Ca l i fo rn ia  Health and Safety Code Section 41805.5 required 
hazardous and municipal l a n d f i l l s  throughout the  s ta te  t o  conduct monitor ing 
f o r  several contaminants inc lud ing v i n y l  chlor ide.  24-hour averaged ambient 

' v i n y l  ch lo r ide  concentrations ranging from the  detect ion l i m i t  o f  2  ppbv 
( the  Testing Guidelines f o r  Act ive So l i d  Waste Disposal S i tes example method 
f o r  ca l cu la t i ng  the  LOD i s  discussed i n  Section C o f  Chapter I1 under 
L a n d f i l l  Emissions Estimates) t o  15 ppbv were detected a t  24 out o f  the  251 
l a n d f i l l s  tested f o r  ambient concentrations (see Appendix V I ) .  

I n  recent years. the  South Coast A i r  Q u a l i t y  ~ a n a ~ e m e n t  D i s t r i c t  
(SCAQMD) f requent ly  measured 24-hour average ambient v i n y l  ch lo r ide  
concentrations above the  SCAQMD's LOD o f  2 ppbv a t  two South Coast Area 
Basin (SCAB) landf i 11s: BKK Landf i 11 and Operating Indus t r ies  Incorporhted 
(011) L a n d f i l l .  The SCAQMD used the  fo l l ow ing  m t h o d  f o r  determining the 
v i n y l  ch lo r ide  LOD: 1) a 10 ppbv standard was analyzed a minimum o f  10 



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 peek was taken to be four 
times 0.5 mi 1 1  imeters or 2 mi 1 limeters which corresponds to the reported LOD 
of 2 ppbv (Barbosa. 1990). The analysis in this report estimates ambient 
concentrations and population exposure to vinyl chloride near BKK and 011 
because they are the only landfills in the state where vinyl chloride has 
been routinely monitored on a long-term basis. 

The SCAQMO's monitoring program for vinyl chloride at BKK and 011 . 
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 concentrat ions were detected. A1 1 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 Landfill .is located near Wart Covina while 011 Landfill is 
located near Monterey Park. Figure 111-1 shows the locations of the two 
landfills in relation to major freeways. In addition, topographical maps of 
the BKK and 011 landfills are provided respectively in Figures 111-2 and 
111-3. These figures show the approximate perimeter of the landfills, the 
approximate locations of the monitoring sites, and the proximity of streets 
to the landfills. As indicated by the maps, the southern borders of BKK and 
011 are adjacent to a network of streets. However, the maps do not show 
that the area served by these streets consists of single-family residential 
housing. 

FIGURE 111-1 

THE LOCATION OF BKK AND 011 LANDFILLS IN RELATION TO MAJOR FREEWAYS 



FIGURE 111-2 

BKK LANDFILL AND THE SURROUNDING AREA 

' A  - Boundary Line 



FIGURE 111-3 

011 LANDFILL AND THE SURROUNDING, AREA 

A Boundary Line 



The 24-hour average ambient a i r  samples used t o  estimate 
population exposure near BKK were co l lec ted  from January through December o f  
1987. 24-hour ambient. a i r  Samples used t o  estimate population exposure near 
011 were co l lec ted  from January through December o f  1986. When the  exposure 
analysis was performed, these sampling periods represented the most recent 
calendar years o f  monitor ing data t h a t  were avai lable.  For BKK, 337 t o  345 
samples were co l lec ted  i n  24-hour per iods a t  each o f  the  monitor ing s i tes ;  
o f  those s i tes,  a range o f  56 t o  90 percent o f  t he  samples were below the  

a LOD of  2 ppbv. For 011. 128 t o  264 samples were taken a t  each o f  the  
monitor ing s i tes ;  o f  those s i tes .  32 t o  100 percent o f  t he  samples were 
below the LOO. 

The ambient v i n y l  ch lo r ide  moni tor ing data f o r  BKK and 011 are 
summarized i n  Tables 111-1 and 111-2, respect ively.  Each t a b l e  provides the 
number o f  samples taken a t  each s i te ,  t he  percentage o f  samples below the  
LOD, an estimate f o r  the  values below t h e  LOO, t he  estimated mean 
concentration, and the  maximum 24-hour concentration t h a t  was measured. 

Calcu la t ion o f  mean concentrations f o r  s ta t ions was complicated b y .  
the presence o f  concentrations below t h e  LOO. The concentrations below the  
LOD must be included i n  the ca l cu la t i on  although t h e i r  exact values were not 
known. 

ARB s t a f f  has used a method proposed by G l e i t  (1985) t o  ca lcu la te  
the means. G l e i t ' s  method assumes t h a t  t he  sample o f  concentrations i s  a 
random sample from a normal d i s t r i b u t i o n .  Data t h a t  are judged not  t o  be 
normally d i s t r i b u t e d  may be transformed t o  approximate normali ty. 
Inspect ion o f  the  v i n y l  ch lo r ide  data suggested t h a t  they were lognormally 
d is t r ibu ted ,  and G l e i t ' s  method was appl ied t o  the  logarithms o f  these data. 
The calculated means were then transformed back t o  the o r i g i n a l  un i ts .  

G l e i t ' s  method accounts f o r  the  concentrations below the  LOD by 
se t t i ng  them equal t o  the  "below-LOD mean. the  mean of. the  po r t i on  o f  the  
normal d i s t r i b u t i o n  below the  LOD. Se t t i ng  the  unknown concentrations t o  
t h e i r  average value seems i n t u i t i v e l y  reasonable, and the  simulations 
reported i n  G l e i t ' s  paper show t h a t  h i s  method i s  more accurate than other 
commonly used approximations. A de ta i led 'descr ip t ion  o f  the  method used t o  
estimate the  concentration o f  data below the  LOD i s  provided i n  Appendix 11. 

The estimated values f o r  24-hour averaged samples below the  LOD 
ranged from 1.0 ppbv t o  1.1 ppbv f o r  BKK and from 1.0 ppbv t o  1.2 ppbv f o r  
011. As prev ious ly  indicated, the  s p e t i f l c  value f o r  each s t a t i o n  i s  shown 
i n  Table 111-1 f o r  BKK and Table 111-2 f o r  011. Because a l l  samples f o r  
s i t e  1 o f  011 were below the LOD, G l e i t ' s  method could no t  be used t o  
estimate t h e i r  concentration. A value of one-half the LOD (1.0 ppbv) was 
assumed f o r  samples below the LOO based on the  p o s s i b i l i t y  t h a t  many 
contained between zero and 2 ppbv v i n y l  chlor ide.  



TABLE 111-1 

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 24-hour sample collect ion period.) 

Station 1 Station 2 Station 3 

Number of samples 337 337 346 

Percent of Samples Below the L O D ~  73 90 66 

Estimated Concentration for b 
Samples Below the LOD 

Estimated Mean b 
Concentration 

Maximum 24-Hour concentrationC 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. 



TABLE 111-2 

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

NEAR 011 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 264 220 128 

Percent of Samples Below the LDD" 100 41 32 

Estimated Concentration forb 
Samples Below the LOD 1.0 1.1 1.2 

Estimated t4eanb 
Concentration 

Max imum 24-Hour concentrationC d 8.3 9.8 

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, except for station 1. 
c - California's Ambient Air Quality Standard for vinyl chloride is 10 ppbv 

for a 24-hour averaging period. 
d - 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 011. The estimated mean vinyl chloride concentrations are shown 
in Tables 111-1 and 111-2. For all stations, except station 3 of BKK, the 
estimated annual mean concentration is equal to or less than the SCAQMD's 
LOO for vinyl chloride. 

Tables 111-1 and 111-2 also list the maximum 24-hour average 
concentration of vinyl chloride for each monitoring station at BKK and 011, 
respectively. For BKK. the maximum 24-hour average concentration was 15 
ppbv (measured at station 3); for 011 the maximum 24-hour average 
concentrat ion 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 



of cancer i n  humans. However, the standard i s  not  necessar i ly  heal th  
protect ive;  i t  simply represented the LOD f o r  v i n y l  ch lor ide t e s t i n g  a t  the 
time i t  was adopted. According t o  the procedure spec i f ied i n  the standard. 
the LO0 i s  based on 3 standard deviat ions o f  the method detect ion l i m i t  
( w i t h i n  10 standard deviat ions o f  the method detect ion l i m i t ) .  This method 
of ca lcu la t ing  the LOD i s  the same as t h a t  used by the  ARB Monitor ing and 
Laboratory D iv is ion  (see Appendix V I I ) .  For the monitor ing periods 
presented i n  t h i s  report ,  BKK exceeded the  s ta te  standard f o r  v i n y l  ch lor ide 
11 times ( a l l  exceedances occurred a t  s i t e  3) whi le 011 d i d  not exceed the 
standard. Based on previous years o f  monitor ing data, the number o f  
exceedances a t  BKK and 011 has decreased subs tan t ia l l y .  I n  fac t ,  due t o  the 
lack o f  exceedances o f  the standard, the  SCAQMD discontinued rou t ine  
monitor ing f o r  v i n y l  ch lor ide a t  BKK i n  1989 and a t  011 i n  e a r l y  1987. The 
reduct ion i n  ambient concentrations o f  v i n y l  ch lo r ide  near BKK and 011 
l a n d f i l l s  has been a t t r i bu ted  t o  the  i n s t a l l a t i o n  o f  gas c o l l e c t i o n  and 
f l a r e  systems. 

I n  an e f f o r t  t o  represent the  uncer ta in t ies  associated w i t h  the 
estimated mean concentrations o f  v i n y l  chlor ide.  the  s t a f f  developed a 
s t a t i s t i c a l  treatment f o r  ca lcu la t ing  upper and lower bound estimates o f  the 
mean concentration a t  each monitor ing s ta t ion .  This method takes i n t o  
account factors  such as sample size, variance o f  the data, and an estimate 
o f  the uncertainty associated w i t h  the  sampling and analysis method. 
Table 111-3 shows the estimated mean concentration as we l l  as the  upper and 
lower bound estimate o f  the mean concentration f o r  each monitor ing s ta t i on  
a t  BKK and 011. 

The fo l low ing  t e x t  discusses the s t a t i s t i c a l  treatment.that.was used: 

a)  A f t e r  reviewing the ambient v i n y l  ch lo r ide  monitor ing data f o r  BKK 
and 011. the s t a f f  observed t h a t  the data appeared t o  be 
lognormally d is t r ibu ted .  Because avai lab le  software on ly  analyze 
data t ha t  are normally d is t r ibu ted ,  v i n y l  ch lo r ide  f ion i tor ing data 
were f i r s t  converted from a lognormal d i s t r i b u t i o n  t o  a normal 
d i s t r i bu t i on .  This was done by using the logarithms o f  the data 
f o r  the analysis. The s t a t i s t i c a l  analysis system (SAS, 1982) was 
used t o  ca lcu la te  the standard e r r o r  about the mean. The standard 
e r ro r  calculated from the  logarithms o f  the  data i s  then converted 
back i n t o  concentration u n i t s  by tak ing the  ant i logar i thms. 

b) The upper and lower bound estimates reported f o r  t he  mean 
represented two standard errors.  For the  e r ro r  associated w i t h  
sampling and analysis, ARB s t a f f  used an over,al l  uncer ta in ty  fac to r  
o f  +. 20 percent t o  ca lcu la te  the  upper and lower bound estimates of 
the mean. This was i n  agreement w i t h  the  actual  e r ro r  which was 
estimated t o  be 2 1 ppbv i n  the  range o f  1 ppbv fo  60 ppbv. The 
lower bound estimate represented two standard e r ro rs  f o r  the  data 
w i t h  each sample concentration reduced by 20 percent. The upper 
bound estimate represented two standard e r ro rs  f o r  the  data w i t h  
each sample concentration increased by 20 percent. U ~ p e r  and lower 
bound estimates f o r  each s ta t i on  arp shown i n  Table-111-3. Because 



all values for station I of 011 are below the LOO, the upper and 
lower bound estimates represented 2 20 percent of one-half the LOD. 

8 .  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 011 using the range of estimated annual w a n  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 111-3 

UPPER AND LOWER BOUND ESTIMATES OF THE ANNUAL MEAN 
CONCENTRATIONS OF VINYL CHLORIDE AT BKK AND 011 LANDFILLS 

Lower-bound Annual Mean Upper-bound 
Est imate Concentration Est imate 

Station 1 1.2 
Station 2 0.9 
Station 3 1.9 

Station 1" 0.8 
Station 2 1.4 
Station 3 1.4 

* - All samples were below the LOO of 2 ppbv. 
The modeled concentrations were determined by assuming 2 landfill emission 
rate of 1 gram per square meter per second (gram meter- second' ) in 
conjunction with historical wteorological 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 

. assume9 to emit vinyl chloride from an area of approximately 1,700,000 
meters while 011 was assume9 to emit vinyl chloride from an area of , 
approximately 330,000 meters . These assumed areas approximated the 



area where wastes had been disposed. Meteorological data f o r  1981 a t  the 
SCAQMD's Walnut and Upland s ta t ions were used f o r  BKK and 011, respect ively.  
Meteorological data from these s ta t ions were used f o r  t h i s  study because 
Walnut was considered the most representat ive s ta t i on  f o r  BKK where 
processed data were avaiSble whi le Upland was considered the  most 
representat ive s ta t i on  f o r  011 where processed data were avai lable.  These 
data were entered i n t o  the ISCST model t o  ca lcu la te  the  annual average 
modeled concentration a t  each monitoring s ta t ion.  Because one year o f  
meteorological data was used, one modeled concentration was obtained f o r  
each monitor ing s ta t i on  a t  BKK and 011. For each s i t e  a t  BKK and 011 the  
modeled concentration was div ided i n t o  the  estimated mein concentration 
(from Table 111-3) o f  i t s  respective monitor ing s ta t ion.  The r e s u l t i n g  
fac to r2  or r a t j p s  were then mu l t i p l i ed  by the assumed emission r a t e  (1 gram 
meter- second ) t o  estimate a l a n d f i l l  emission r a t e  f o r  each monitor ing 
s ta t i on  t h a t  w i l l  r e s u l t  i n  an exact match between estimated and modeled 
concentrations. Equation (1) i l l u s t r a t e s  the  procedure t h a t  was used: 

Estimated Assumed Estimated . Modeled 
Emission Rate = Emission Rate x (Concentration I Concentration) (1) 

The estimated l a n d f i l l  emission ra tes  f o r  each monitor ing s ta t i on  a t  
BKK and 011 are given i n  Table 111-4. The emission r a t e  derived from the 
estimated mean concentration f o r  each monitor ing s t a t i o n  and the  emission 
ra tes derived from the  upper and lower bound estimates o f  the  mean 
concentration f o r  each monitoring s ta t i on  are l i s t ed .  The g r e a t ~ s t  rangelof 
estimated emission ra tes f o r  BKK was from 0.75 micrqrams metfr- second- 
(lower-bound a t  s ta t i on  2) t o  3.32 micrograms meter second (upper-bound 
a t  s ta t i on  3). For 015, the estimated emissioh ra tes ranged from 
0.31 micrograms m9ter- setond (lower-bound a t  s ta t i on  1) t o  4.42 
micrograms meter second (upper-bound a t  s ta t i on  3). 

Using the f u $ l  range f f  emission r a t e  estimates (0.75 t o  3.32 -2 microgrfms meter- second- f o r  BKK and 0.31 t o  4.42 micrograms meter 
second- f o r  011), a range o f  estimated annual average v i n y l  ch lor ide 
concentrations was derived f o r  the 41 by 41 g r i d  o f  one square k i lometer 
ce l l s .  Each l a n d f i l l  was located i n  the center o f  the  g r i d  and was 
represented as an area source. As prev ious ly  stated. BKK was assufed t o  
emit v i n y l  ch lo r ide  from an area o f  approximately 11700,000 meters whi le  
011 waf assumed t o  emit v i n y l  ch lor ide from an area o f  approximately 330.000 
meters . These areas approximate the  area where wastes were disposed a t  
each l a n d f i l l .  However, because subsurface migrat ion o f  l a n d f i l l  gases has 
been observed a t  BKK and 011, it i s  possible t h a t  emissions o f  v i n y l  
ch lo r ide  occur over an area subs tan t ia l l y  greater than where wastes were 
ac tua l l y  disposed. The ISCST model used the  range o f  estimated m i s s i o n  
ra tes assuming no plume r i s e  i n  conjunct ion w i th  h i s t o r i c a l  meteorological 
data t o  p red i c t  a range o f  annual average concentrations f o r  each o f  the  
1681 one-square-ki lometer-cel 1s. The annual average concentrations o f  



TABLE 111-4 

ESTIMATED EMISSION RATES OF VINYL CHLORIDE 
FROM 8KK AND 011 kANDFILLSl 

(micrograms meters- second- ) 

Station 1 1.36 1.80 2.30 

Station 2 0.75 0.97 1.20 

Station 3 1.88 2.55 3.32 

QIummu 

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 rater 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 011, 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 011. The primary assumptions were as follows: 

1) Vinyl chloride was assumad to )e emitted from an'area of 
approximately 1,700.000 meters for BKK and 330.000 meters for 
011. Although these areas approximate the area where wastes w r e  
disposed, data were not available to demonstrate that these 



areas ac tua l l y  represented where v i n y l  ch lo r ide  emissions 
occurred. Emissions o f  v i n y l  ch lor ide might have occurred over an 
area which i s  e i t he r  larger o r  smaller than t h a t  assumed. 

2 )  Emissions o f  v i n y l  ch lor ide were assumed t o  occur continuously and 
uni formly over a given area o f  each l a n d f i l l .  I n  r e a l i t y ,  v i n y l  
ch lor ide was not l i k e l y  t o  emanate uni formly over the surface o f  
the l a n d f i l l s .  However, the  data required by the  model t o  taka 
t h i s  i n t o  consideration were no t  avai lable. I f  emissions o f  v i n y l  h 

ch lo r ide  vary over the surface o f  the l a n d f i l l s ,  the  annual 
concentrations estimated f o r  some c e l l s  would be expected t o  be 
underest imated whi l e  others would be overestimated. 

3) This study d i d  not use meteorology f o r  the same year as the  v i n y l  
ch lor ide measurements. Because there was not  a great deal o f  
va r i a t i on  i n  meteorological data from year t o  year, the degree o f  
e r ro r  from using a meteorological year d i f f e r e n t  than the v i n y l  
ch lo r ide  measurement year was estimated t o  be less than 5 60 
percent. 

Because the  emission ra tes were derived by model ca l i b ra t i on  t o  known 
v i n y l  ch lor ide concentrations, the uncer ta in ty  was a t  a minimum near the 
monitor ing s i tes .  A l te rna t i ve ly ,  as the distance from each monitor ing 
s t a t i o n  increased, the uncer ta in ty  associated w i th  the  estimated 
concentration increased. 

C .  POPULATION EXPOSURE 

The ropulat ion exposure t o  v i n y l  ch lo r ide  near BKK and 011 was 
estimated by using the g r i d  c e l l  concentrations estimated from the ISCST 
model i n  conjunction w i th  1986 updated census data. Estimates o f  the  
cumulative population exposed t o  various concentration leve ls  o f  v i n y l  
ch lo r ide  near BKK and 011 l a n d f i l l s  are shown i n  Tables 111-6 and 111-6. 
The 1986 res iden t i a l  populat ion  estimates were determined f o r  each one 
ki lometer g r i d  c e l l  w i t h  the concentration determined a t  the  center o f  each 
c e l l  by the ISCST model. The 1681 g r i d  ce l l s .  w i t h  t h e i r  associated 
populations, were sorted from h igh t o  low by concentration. The g r i d  c e l l  
populations were then sumned t o  determine the cumulative population exposed 
a t  o r  above ce r ta in  leve ls  o f  v i n y l  chlor ide.  For Tables 111-6 and 111-6, a 
lower bound o f  exposure was estimated. This range o f  exposure i s  based on 
upper and lower bound estimates o f  the  v i n y l  ch lor ide emission r a t e  from 
each o f  the  two l a n d f i l l s .  Table 111-6 shows t h a t  approximately 730,000 t o  
2.000.000 people were exposed t o  an annual average concentration o f  a t  least  
0.06 ppbv o f  v i n y l  ch lor ide from the BKK l a n d f i l l .  Approximately 17,000 t o  
130,000 o f  these people were exposed t o  an annual average concentration of 
a t  leas t  1.0 ppbv from t h i s  f a c i l i t y .  Table 111-6 shows t h a t  approxtmately 
33,000 t o  1.100.000 people were exposed t o  an annual average concentration 
o f  a t  least  0.06 ppbv o f  v i n y l  ch lo r ide  from the 011 l a n d f i l l .  
Approximately 0 t o  22.000 o f  these people were exposed t o  an annuhl average 
concentration o f  a t  least  1.0 ppbv v i n y l  ch lor ide from 011. 





TABLE 111-6 

RANGE OF CUMULATIVE POPULATION EXPOSED 
TO VINYL CHLORIDE NEAR 011 

Range o f  Cumulative Population Exposed t o  Vinyl  
Chloride 

Concentrations (ppbv) a t  
Lower-bougd . Upper-bou~d or above: 
Estimate Estimate 

4,287,300 - 4,287,300 >O but <O.O IC  
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 i s  based on an emission r a t e  o f  0.31 ugim S . 
2 -1 b -. The exposure estimate i s  based on an emission r a t e  o f  4.42 ugim s . 

c - According t o  the model, the e n t i r e  cumulative population studied was a t  
least  exposed t o  v i n y l  ch lor ide concentrations between 0 and less than 
0.01 ppbv. I n  addi t ion,  calculated population-weighted exposure f o r  
t h i s  population was estimated t o  range from an annual average o f  0.004 
t o  0.06 ppbv v i n y l  chlor ide.  

exposure estimates showed t h a t  approximately 2,000,000 people were exposed 
t o  an annual average v i n y l  ch lo r ide  concentration ranging from 0.08 ppbv t o  
0.34 ppbv. For 011 the  population-weighted exposure estimates showed tha t  
approximately 4i000.000 people were exposed t o  an annual average v i n y l  
ch lor ide concentration ranging from 0.004 ppbv t o  0.06 ppbv. 

The model was also used t o  estimate the annual average 
concentrations f o r  the  maximum exposed i nd i v i dua l  a t  each l a n d f i l l .  For 
BKK, the maximum exposed ind iv idua l  was estimated t o  be exposad t o  an annual 
average concentration ranging from 2.3 ppbv t o  10.3 ppbv. For 011, the 
maximum exposed ind iv idua l  was estimated t o  be exposed t o  an annual average 
concentration ranging from 0.6 t o  8.7 ppbv. 



fhe population exposure estimates for BKK and 011 suggest that 
other landfills in California that emit vinyl chloride may expose the nearby 
population to elevated concentrations. Chapter I1 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). 

0. 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 ake 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 emissions 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 I11 for 
assumptions). For these individuals, inhalation of vinyl chloride indoors 
is expected to represent the most significant source of exposure. A more 
detailed discussion o f  indoor exposure to air contaminants is presented in 
Appendix 111. 

1. btential Sources of huks- 

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 . 
m o s t  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, 

. There are at least two ways 
that.v.iny1-1s may contribute to indoor 
concentrations of vinyl chloride ip 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. 



Plastic W r i a l s  and W e r  P r o w .  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 60 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 residual levels of vinyl chloride monomer and. 
therefore, are not expected to be an important contributor of indoor levels 
of vinyl chloride. 

Sour=. Because activities such as using 
water for cooking. heating and showering can promote rapid vaporization of 
vinyl chloride from 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 gro'und water quality, the California 
Department of Health Services reported, based on a limit of detection of 0.5 
microgramslliter, that one out of ths 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 microgramslliter 
with a median value of 20 rpicrogramslliter. 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. 

ette w. Vinyl chloride has been identified in the smoke 
of cigarettes (1.3 to 16 nanogramslcigarette) and of little cigars (14 to 27 
nanogramslcigar). (IARC. 1986; Hoffmann. Patrianakos and Brunnemann, 1976). 
The vinyl chloride level in the mainstream smoke may be estimated by the 
total inorganic chloride content of the tobacco. However, the contribution 
from tobacco smoke does not appear to have a significant impact on the 
indoor concentration of vinyl chloride. 

Indoor air data can be obtained either by personal air sampling 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. I n  contrast, f i xed -s i t e  a i r  sampling r e f e r s  t o  a i r  samples taken a t  
f i xed  locations. Personal a i r  sampling data general ly provide a more 
r e a l i s t i c  estimate o f  ind iv idua l  exposure. Because most people spend 80 t o  
90 percent o f  t h e i r  t ime i n  indoor environments, personal a i r  sampling data 
are s t rongly  weighted by indoor a i r  exposure data. 

-. Based on l i m i t e d  personal sampling data. 
i t appears t h a t  indoor a i r  exposure t o  v i n y l  ch lo r ide  i s  low. Nine subjects 
i n  New Jersey and three subjects i n  North Carol ina were monitored f o r  5 t o  
10 hours on three separate occasions f o r  several days over a 6-month period. 
A l l  o f  the 138 a i r  samples taken were below the  LOO which was reported t o  be 
20 ppbv (Wallace e t  al.. 1984). The procedure f o r  ca l cu la t i ng  the  LOO was 
not  described i n  the  paper and the subcontractor who conducted the  
monitor ing could not  be located f o r  h i s  d e f i n i t i o n  o f  LOD. 

e -. For a study conducted i n  Ca l i fo rn ia .  
f ixed-s i te  monitor ing s ta t ions  were I n s t a l  led  t o  monitor indoor and outdoor ' 
a i r  concentrations o f  v i n y l  chlor ide.  Based on the  analysis o f  32 indoor 
samples taken i n  e igh t  homes dur ing t h e  s m w r  season f o r  two twelve-hour 
sampl i ng  periods (daytime and nightt ime). concentrations o f  v i n y l  ch lo r ide  
were a l l  below the  LOD. The samples were analyzed by two ana l y t i ca l  methods 
w i th  LQDs ranging from about 0.2 ppbv t o  58 ppbv 0.55 and 148 micrograms 
meter- ) ( P e l l i z z a r i  e t  al.. 1989). The LOO as de $ ined by P e l l i z a r i  e t  a l .  
i s  a value where the measured s ignal  o f  the  analyte i s  three times t h a t  o f  
the noise o f  t he  instrument. Therefore. values below the  LDD are no t  
reported. 

A s im i l a r  study was conducted i n  Balt imore where indoor a i r  
concentrations o f  v i n y l  ch lo r ide  i n  about 160 hornes were monitored by 
f i xed -s i t e  sampling s ta t ions.  Based on p a r t t a l l y  analyzed resul ts ,  v i n y l  
ch lo r ide  was not  detected i n  indoor a i r  environments. The LOD wjs reported 
t o  range from 10.2 ppbv t o  15.7 ppbv (26 t o  40 micrograms meter- ) 
( P e l l i z z a r i ,  1987). 

Special S i t w n  A i r  M o n i t o r i ~ .  I n  1981. the  SCAQMD co l lec ted  
24-hour bag samples i n  the  v i c i n i t y  of BKK l a n d f i l l .  Over 500 a i r  samples 
were taken a t  two outdoor s i t e s  and a t  f ou r  indoor s i t e s  downwind o f  the  
landf i 11 (SCAQMD, 1982). A1 1 o f  the  samples (approximately 120 samples) 
t h a t  equaled or egceeded the  s ta te  v i n y l  ch lo r ide  standard o f  10 ppbv (26 
micrograms meter ) ware taken ins ide  t h e  residences. The highest resqrded 
indoor v i n y l  ch lo r ide  concentration was 50 ppbv (130 mic~ograms/meter ) . 
The LOO was reported t o  be 2 ppbv (5.2 micrograms meter' ) (see sect ion A, 
Chpater 111 f o r  the  SCAQMD method f o r  ca l cu la t i ng  the  LOD). 

I n  1984, t he  South Coast A i r  Qua l i t y  Management D i s t r i c t  (SCAQMD) 
sampled water meter boxes a t  the  proper ty  l i n e s  of a few homes adjacent t o  
011 Landf i 11 as a screen f o r  l a n d f i l l  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 ins ide  
water meter boxes o f  h m s  adjacent t o  011 L a n d f i l l  showed v i n y l  ch lo r ide  
leve ls  ranging from 13 t o  36000 ppbv. This f i n d i n g  prompted a 1985 South 



Coast Air Quality Management District indoor air grab-sample study which 
showed vinyl chlogide concentrations rangin from 8 to 100 ppbv 20.8 - 260 
micrograms meter' ) in some homes near the ! andfill (SCAQMD, 198 6 ). 
Presently, indoor concentrations of vinyl chloride in these residences are 
be1 ieved to be substantially lower because of the installation of gas 
collectors and flares (Coy, 1987). 011 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 
(Ca.1 ifornia 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 111-7. 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 111. 

The major source of drinking water for California is surface water 
which is nat expected to have detectable levels of the highly volatile vinyl 
chvoride. Ground water used for public water systems is also relativelyl 
free of vinyl chloride with concentrations typically below 0.6 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. 

Vinyl chloride is not r&ttinely monitored for in U.S. food 
products. However; before 1973 vinyl chloride was found in food and 
beverages packaged in vinyl chloridf polper materials (IARC, 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, butterland margarine at 
concentrations ranging from 0.06 - 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 a1 lowed in polymeric coatings and 
films which contact food to 6 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 



from food and beverages packaged with vinyl chloride polymer materials would 
not exceed 25 nanograms per day (FDA, 1986). An esgimate 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 111-7 

Media Daily Dose Reference 

u ' 
Ambient Air. 

not near landfills b 

near landf i 11s <I04 to 780 ug Table 111-1. 1990 

Indoor Air 

homes not near <11 ug 
landfills 

Pellizari et al.. 1989 

homes near landf i 11s up to 2600 ug SCAQMD. 1982 

INGESTION 
Drinking water: 
SurfaceIGround Water . <1 ug DHS. 1986; 1987 

Food including - 
beverages < 0.025 ug FDA, 1986 

a - The assumptions that were used for Table 11-7 are provided in Appendix --- 
111. 

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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I V .  

E I N  THE 

A. PHYSICAL PROPERTIES 

The chemical s t ruc tu re  o f  v i n y l  ch lo r ide  (chloroethene, chloroethylene) 
i s  CH = C H C I .  V iny l  ch lo r ide  i s  a sweet smelling, co lor less gas a t  ambient 
tempe?ature and pressure. It polymerizes i n  l i g h t  o r  i n  t he  presence o f  a 
ca ta lys t .  V iny l  ch lo r ide  i s  r e a d i l y  flanmable and forms explosive mixtures 
i n  a i r .  Upon combustion, it i s  degraded mainly t o  hydrogen ch lo r ide  gas 
(HCl), carbon monoxide (CO). carbon d iox ide (CO ) and traces o f  phosgene 
(C1 C.0). V iny l  ch lo r ide  i s  expected t o  v o l a t i ? i z e  r a p i d l y  from water (H20) 
sys?ems. 'Experimental data ind ica te  t h a t  f o r  an i n i t i a l  concentration o f  1 
ppm a t  a so lu t i on  depth o f  6.5 cm and a s t i r r i n g  r a t e  o f  200 rpm, the  . 
average evaporatave h a l f - l i f e  o f  v i n y l  ch lo r ide  a t  a temperature o f  
approximately 25 C i s  27.6 minutes ( D i l l i n g ,  1977). Another study 
determined t h a t  d i s t i l l e d  water spiked w i t h  16 ppm v i n y l  ch lo r ide  l o s t  96 
percent o f  t he  v i n y l  ch lo r ide  w i t h i n  two hours (U.S. EPA, 1974). Although 
i t  i s  soluble i n  ethanol (CH CH20H), i n d u s t r i a l  solvents, and a number o f  
organic l i qu ids ,  v i n y l  chlorqde i s  on ly  s l i g h t l y  so lub le  i n  water. V iny l  
ch lo r ide 's  physical  proper t ies  are shown i n  Table IV -1 .  

B . ATMOSPHERIC PERSISTENCE 

Reaction w i t h  hydroxyl r ad i ca l s  (OH) i s  the  dominant mechanism removing 
v i n y l  ch lo r ide  from the  troposphere (Cupitt .  1980; Atkinson, 1986a). 
Estimates o f  v i n y l  ch lo r ide 's  tropospheric l i f e t i m e  range from 0.5 t o  6.8 
days. However, f o r  reasons provided l a t e r  i n  t h i s  section, ARB s t a f f  
be1 ieve t h a t  a tropospheric l i f e t i r ne  ranging from 1.6 t o  3.9 days i s  
representat ive o f  t y p i c a l  atmospheric condit ions. The r a t e  a t  which t h i s  
react ion proceeds depends on the  tuinperature and the  tropospheric 
concentration o f  both v i n y l  ch lo r ide  and hydroxyl rad ica ls .  The temperature 
dependence o f  t he  reac t ion  r a t e  i s  incorporated i n  the  r a t e  constant f o r  the  
reac t ion  o f  v i n y l  ch lo r ide  w i t h  hydroxyl rad ica ls .  The product o f  the  r a t e  
constant and both species concentrations gives the  r a t e  a t  yh ich v i n y l  
ch lor ide i s  being degraded (Finlayson-Pi t ts and P i t t s ,  1986). 



TABLE I V - 1  

PHYSICAL PROPERTIES OF VINYL CHLORIDE 

Prooert ies Va 1 ue Ref -e 

B o i l i n g  po in t ,  1 Atm 

Molecular weight 

Vapor Pressure, 20 OC 

Sol. i n  water, 2 5 ' ~  

P a r t i t i o n  goeff. 
H201Air 10 C 

Merck Index, 1983 

Merck Index, 1983 

Merck Index, 1983 

Kirk-Othmer , 1980 

McConnell. G ; ,  e t  al. ,  1975 

OctanollH20 P a r t i t i o n  Coeff. 

Spec i f ic  grav i ty ,  2014 OC 

Flash p t .  open cup 

Liq.  Dens. -14.2 Cglcm 3 

Heat capacity, 2 7 ' ~  
- 

Withey. 1976 

Kirk-Othmer. 1980 

Kirk-Othmer. 1980 

CRC Handbook. 1986 

CRC Handbook, 1985 

The tropospheric l i f e t i m e  o f  a compound i s  an estimate o f  the time 
required f o r  a given amount o f  the compound t o  decrease t o  l / e  (0.368) o f  
i t s  o r i g i n a l  concentration ( a t  t ime zero). The tropospheric l i f e t i m e  (7) 

o f  v i n y l  ch lor ide i s  re la ted  t o  the  r a t e  constant (k) and the  hydroxyl 
r ad i ca l  concentration ([OH]) by the  equation (1): 

I n  der iv ing  the above equation, it i s  assumed t h a t  hydroxyl rad ica ls  are a t  
a constant steady s ta te  concentration i n  the  troposphere. 

Estimates have been made f o r  t h e  r a t e  constant r e s u l t i n g  from 
v i n y l  ch lo r ide 's  reac t ion  w i t h  hydroxyl rad ica ls .  Perry e t  a l .  (1977) 
estimated the  absodute r a t e  constants over the temperature range o f  299 
Ke lv in  ( K )  t o  426,K.- The l i m i t i n g  high pressure r a t e  cofftans f o r  a 
temperature o f  299 K i s  estimated t o  be 6.60 = 0.66 x 10 cm molecule-I 
second- . Howard determined r a t e  consgants f o r  the  reac t ion  o f  v i n y l  
ch lo r ide  w i t h  hydroxyl r ad i ca l s  a t  296 K over a range o f  pressure where the 
highest pressure employed had not  reached the  l i m i t i n g  h igh  pressure regime 
(Howard e t  al., 1976). However, when data obtained by Hbward are 
extrapolated t o  the h igh pressure l i m i t ,  t he  r e s u l t i n g  r a t e  constant o f  



approximately 7 x 10-l2 cm3 molecules-' second" i s  i n  good agreement w i t h  
the value reported by Perry (Perry e t  al., 1976). Using a d i f f e r e n t  
technique, a study by Liu, e t  a l .  over the  temperature range o f  313 t o  423 '~  
was also i n  good agreement w i t h  Perry, e t  a l .  (Perry, e t  a1.,1976; Liu, e t  
a l . .  1989). Table IV-2 sumnarizes the  r a t e  constant estimates, atmospheric 
l i f e t i m e  estimates, average tmpera tu re  assumed, and the  method used t o  
estimate the r a t e  constant f o r  the reac t ion  o f  v i n y l  ch lo r ide  w i t h  hydroxyl 
rad ica ls  and ozone (03). 

The 24-hour average hydroxyl r ad i ca l  conc8ntration i g  the  h 

trogosphere has been estimated t o  range from 3 x 10 t o  3 x 10 molecules 
cm- (Hewitt & Harrison, 1985). Because hydroxyl r ad i ca l s  are on ly  present 
dur ing day l ight ,  the  actual  range f o r  daytime concentrations i s  tw ice the 
24-hour averages given above whi le  n ight t ime concentrations are essen t i a l l y  
zero. Prinn. e t  a l .  deriyed the most r e j i a b l e  average hydroxyl r ad i ca l  
concentration o f  7.7 X 10 molecules cm- using the  ambient tropospheric 
concentration and emission inventory o f  methyl chloroform (CH CC1 ) (Prinn, 
e t  a1 . , 1987). Daytime hydroxyl r ad i ca l  concentrations vary 3epeading on 
many fac to rs  inc,luding pho to l y t i c  a c t i v i t y  and the  concentration o f  ozone as 
we l l  as other po l lu tan ts  i n  the  troposphere. 

Using the  r a t e  constaut determined by Perry s t  a l .  f o r  an average 
tropospheric temperature of 299 K tnd a range60f hydroxyl r ag i ca l  
concentrations ranging from 3 x 10 t o  3 x 10 molecules cm' , the  estimated 
tropospheric l i f e t i m e  f o r  v i n y l  ch lo r ide  ranges from: 

6 0.6 days f o r  [OH] = 3 x 10 molecules cm'3 

t o  

5 5.8 days f o r  [OH] - 3 x 10 molecules un-3 

As prev ious ly  indicated, the  concentration o f  hydroxyl r ad i ca l s  i n  the 
troposphere can vary considerably. However, several researchers recomnend6 
24-hour avgrage hydroxyl gadical concentrations which are between 0.5 x 10 
and 1 x 10 molecules an- (Prinn e t  al. ,  1987; Miner, 1978; Singh e t  al., 
1983; Cupi t t .  1980; Cox e t  al.. 1976; Davis e t  al., 1976). By usigg t h i s  
ragge o f  24-hour-jverage hydroxyl r ad i ca l  concentrations (0.6 x 10 t o  1 x 
10 molecules cm ) i n  conjugction w i t h  t he  r a t e  constants determined from 
Perry 's  r a t e  constant a t  299 K, the  r e s u l t i n g  range i n  atmospheric l i f e t imes  
i s  from 1.6 days t o  3.9 days. Using Howard's adjusted r a t e  constant derived 
by ext rapolat ing t o  the  h i  h pre sure l i m i t ,  agd the  same range o f  hydroxyl 
r ad i ca l  concentrations (0.1 x 10' t o  t o  1 x 10 molecules cm- ), the 
atmospheric l i f e t i m e  estimates for  v i n y l  ch lo r ide  ranges from 1.6 t o  3.3 
days. 



TABLE IV-2 

ATMOSPHERIC LIFETIME AND REACT1 ON 
RATE CONSTANT ESTIMATES FOR VINYL CHLORIDE 

~ t m o s p h e r i c ~  
 ate* Temperature L i fe t ime 

Reactant Constant ~~ w RdAcaus 
h l 

- - 

OH 6.6 + 0.66 x 10 -I2 299 FP-RF' 1.6 - 3.gd Perry s t  a l . ,  1977 

O3 2.45 + 0.45 x 10-l9 298 S-FTIR~ 47f Zhang e t  a l . ,  1983 

O3 2.3 x lo-'' NR S-FTIR~ 60 Gay e t  al., 1976 

O3 6.5 x lo-'' 295 S-UVO 4.9 years Sanhueza e t  a l .  1976 

3 a - Rate constant u n i t s  are cm molecule-' second-'. 

b - The atmospheric l i f e t i m e  i s  defined as the time required f o r  a given amount 
of the compound t o  decrease t o  l l e  (0.368) o f  i t s . o r i g i n a 1  concentration 
(a t  time zero). 

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

d - As~umes a 24-$our average hygroxyl r ad i ca l  concentration ranging from 0.5 x 
10 t o  1 x 10 molecules cm (Cupitt ,  1980). 

e - S-FTIR = S t a t i c  system, Four ier  transform in f ra red  absorption spectroscopy. 

f - Assumes a 24-hour average O3 concentration o f  1 x loi2 molecules 
(Singh e t  al., 1978). 

g - S-UV = S t a t i c  system, u l t r a v i o l e t  absorption. - 

NR- Not Reported 

The i n i t i a l  step i n  the  reac t ion  o f  v i n y l  ch lo r ide  w i th  hydroxyl 
rad ica ls  proceeds by the addi t ion of hydroxyl r ad i ca l  t o  the carbon-carbon 
double. bond. Although subsequent steps i n  the reac t ion  mechanism are unknown, 
react ion products have been i den t i f i ed  (Atkinson, 1986b). The major product 
resu l t i ng  from hydroxyl r ad i ca l  at tack on v i n y l  ch lo r ide  i s  formyl ch lo r ide  
(HCOC1). Within the  experimental e r ro r  o f  two independent studies, the 
reac t ion  o f  one molecule o f  v i n y l  ch lo r ide  w i t h  hydroxyl rad ica ls  was 
demonstrated t o  y i e l d  one molecule of fqrmyl ch lo r ide  ( P i t t s  e t  al., 1984, 
Tuazon e t  al.. 1988). An ARB sponsored study demonstrated t h a t  the y i e l d  o f  . 
formyl ch lor ide from the reac t ion  of hydroxyl rad ica ls  w i t h  v i n y l  ch lor ide i s  
u n i t y  (one molecule o f  formyl ch lo r ide  f o r  each molecule o f  v i n y l  chlor ide) 
w i t h i n  the experimental e r ro r  o f  the study ( P i t t s  s t  al., 1984). The 



observed u n i t  y i e l d  o f  formyl ch lo r ide  impl ies a corresponding u n i t  y i e l d  o f  
formaldehyde (HCHO) and shows t h a t  the  reac t ion  o f  v i n y l  ch lo r ide  w i t h  
hydroxyl r ad i ca l s  proceeds by essen t i a l l y  100 percent cleavage o f  the  double 
bond. Equations (2) through (6) sumnarize the  ove ra l l  reac t ion  scheme which 
seems most l i k e l y  ( P i t t s  e t  al.. 1984). 

OH + CH2=CHC1 -----> HOCH CHCl 2 (2) 

I I 
HOCH2CHCl + NO --------> HOCH CHCl + NO2 2 4 1 

CH20H + O2 --------, HCHO + H02 (6) 

This reac t ion  was confirmed i n  a study by Tuazon, e t  a l .  (Tuazon, e t  al.. 
1988). 

Under atmospheric condit ions, t he  reac t ion  o f  v i n y l  ch lo r ide  w i t h  
ozone i s  not expected t o  be important compared t o  i t s  reac t ion  w i t h  hydroxyl 
rad ica ls  (Atkinson. 1986a; Atkinson and Carter, 1984). Several r a t e  constant 
estimates have been made f o r  t he  reac t ion  o f  v i n y l  ch lo r ide  w i t h  ozone. Based 
on these r a t e  constants, atmospheric l i f e t i m e  estimates range from about 47 
days t o  approximately 5 years (Zhang e t  al., 1983; Sanhuaza e t  al., 1976). 
Table IV-2 sumnarizes the atmospheric l i f e t i m e  and r a t e  constant estimates 
along w i th  other per t inen t  informat ion f o r  v i n y l  ch lo r ide 's  react ion w i th  
ozone. Due t o  t he  v a r i a b i l i t y  among t h e  estimated r a t e  constants, a review 
pub l i ca t ion  made no tecomnendations as t o  the  r a t e  constant f o r  the  react ion 
o f  v i n y l  ch lo r ide  w i th  ozone (Atkinson and Carter. 1984). Furthermore, 
because the  reac t ion  o f  ozone w i th  v i n y l  ch lo r ide  can be complicated by . 
secondary reactions, the r a t e  constants provided i n  Table IV-2 should be 
considered t o  be upper bound l i m i t s .  

Products r e s u l t i n g  from the reac t ion  o f  ozone w i t h  v i n y l  ch lor ide 
i n  the absence o f  scavengers are formyl ch lo r ide  and formic ac id  (HCOOH) 
(Zhang et .  aJ., 1983). Other products r e s u l t i n g  from the  reac t ion  o f  ozone 
w i th  v i n y l  ch lo r ide  include carbon monoxide, carbon dioxide, formaldehyde, and 
hydrochloric. ac id  (Gay e t  a1 . , 1976; Zhang e t  a1 . , 1983). 

A r e l a t i v e  r a t e  technique was recen t l y  employed t o  obta in  a r a t e  
constant f o r  the  gas-phase reac t ion  o f  v i n y l  ch lo r ide  and the  n i t r a t e  
(NO ) rad i ca l  (Atkinson, e t  al.. 1987). Tge r a t e  constant r a t i o  o f  k(N0 + 
v i n j l  ch lo r ide  / k(N0 + ethene) a t  298 + 2 K i s  2.08 2 0.09 w i t h  the  rooA 
temperature r a  1 0  e cons ant f o r  the  reac t ion  o f  t he  n i t r a t e  rad i ca l  w i t h  ethene 



(CH =CH ) is 2.1 X 10-16cm3molecule-1second~~6 Sombining tpe two mfasured 
rat& liads to a rate constant of 4.4 X 10 cm molecule- second at 298 5 
2 K for k(N0 + vinyl chloride). The measured average lower tropospheric 
nitrate radizal concentration over continental areas ranges from less than 1 
ppt to 438 ppt (Atkinsog, et al., 1986). Assuming an average value of 10 ppt 
(2.4 X 18 molecule cm ) 2 10 would give a vinyl chloride lifetime of 220 
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 (CH C1CH2Cl) 
(Yano and Tschulkaw-Roux. 1980). In the study, 1.2-dichloroethaie 
photodissociated when irradiated with ultraviolet light at 147 nanometers (nm) 
under pressure and in the presence of nitrous oxide (NO) and carbon 
tetrafluoride (CF4) 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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SCAQMD'S ANALYTICAL METHOD FOR SAMPLING AND ANALYSIS 
OF ATMOSPHERIC VINYL CHLORIDE 
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local nightly drainage patterns will also be sampled. All 

sampling locations must be appro&ed by the Executive Officer 

prior to sampling. - - 

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 coqducted if the following adverse 

meteorological conditions exist: 

. 1. Rain - - 

2 .  Average wind sped6 -eater than 15 miles per hour- - 
for any 30 minute p a i ~ d .  

3 .  YIMntaneous wind speed. =eater than26 dl- Per 
* 

Continuously ,. recorded.on site wind speed and direction 

nuasurements will characterize the ~icrometeorolo~ of M si+. . 
and s e m e  to verify that the 'ineteorological criteria have b u n  . 



met during -. sampling. 

EQUIPMENT DESCRIPTION - 

An ambient a i r  sampling u n i t  cons i s t s  of a 10- l i t e r  Tedlar 

(Dupont t r ade  name f o r  polyvinyl f luor ide)  bag, a DC operated 

pump, s t a i n l e s s  s t e e l  cap i l l a ry  tubing t o  control  t h e  sample 

r a t e  t o  t h e  bag, a bypass valve t o  control  the sample flow rate 

(and minimize back pressure on the  pump), a rotameter f o r  flow 

indica t ion  t o  a id  i n  s e t t i n g  t h e  flow, a 24-hour clock t i m e r  t o  

shut  off t he  sampler a t  the  end of t h e  24-hour sampling period, 

and associated tubing and connections (made of s t a i n l e s s  steel, 

t e f l o n ,  or  boros i l i ca te  g lass  t o  minimize contamination and 

react iv i ty) , .  The, physical layout of t h e  sampler is shown i n  
. . . .,. 

Figure 5 (see  Appendix A ) .  

EQUIPMENT SPECIFICATIONS 

A. Power -- one 1 2 ~  DC marine bat tery  

The marine battery provides 1ZV DC t o  the pump and the clock. 
- 

B. Pump -- one 12V DC pump . 
The diaphragm is A d e  of non-lubricated Viton (Dupont trade - 
name f o r  cotpolymer of hexaflwmprapylene and vinylidene 

fluoride)' .rubber. The maximum pump unloaded flow 'rate is 



4 . 5  liters per  minute. 

C. Bag -- one 10-liter Tadlar baq with a valve . . 
TEDLAR BAG IS  ENCLOSED I N  A LIGHT-SEALED CARDBOARD BOX TO 

PREVENT PHOTOCHEMICAL REACTIONS FROM OCCURING D U R ~ N G  SAMPLING 

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

of aluminum and s t a i n l e s s  e t e e l ,  with a Viton o-ring sea l .  

D . ~ o t  ameter 

Rotameter is made of boros i l i ca ta  g l a s s  and has a flow range 

of 3 t o  50 cubic centimeters per minute. The scale is i n  

mill imeters with major graduations (labeled) every 5 mm and 

minor graduations every 1 mm. 

E. A i r  flow control o r i f i c e  -- 316 s t a in l e s s  steel cap i l l a ry  

tubing 

F. Bypass valve 
\ 

G. Fi t t i ngs ,  tubing, and connectors -- 316 s t a i n l e s s  steel o r  

t e f lon  

H. Clock timer 

Accuracy should be b e t t e r  than 1%. 

I. Wind speed and di rec t ion  inonitor w i t h  continuous recorder 

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

hour with a threshold of 0.75 mile per hour o r  less. 

2 .  Wind di rec t ion  - vane, range 0 - 540,degrees with a 

threshold of 0.75 'mile par hour o r  less. 



SAMPLING PROCEDURES 

Ambient air samples will be collected at the perimeter of - - --- . --.. - - . 
landfill over a 24-hour period beginning between 10 A.M. and 

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

sampling units. The samplers will be placed at the approved 

locations as described ~reviously. One or more wind speed and -- - - 
direction monitors with continuous recorders will 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. 

The followina aualitv control urocedure is recruired for the 

ambient air sampling operation: 
- 

A. ~.ssign an identification number to each sarmpling bag. 

8. Clearly mark sampling locations on a landfill topographic 

map whichis drawn to scale. 

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

operation, the sampling location, and the date and time 

that it was pulled from service. 

D. Check the clock timer. The clock time and the actual t h e  
'. 

should agree within 2 3 minutes. 



E. Check whether o r  not  t h e  p u p  is running. 

F. Check the rotameter r e a d i ~ g .  The f l o a t  (measured a t  t h e  

middle)  should be within  +3 and -6 minor graduat ions  of - 
t h e  marked s e t t i n g  f o r  6.0 cubic cent imeters  pe r  minute. 

I f  the rotameter s e t t i n g  exceeds the above l i m i t s  a d j u s t  

t h e  bypass valve t o  c o r r e c t  the flow rate. Make s u r e  

t h a t  t h e  flow has s t a b i l i z e d  ( a t  l e a s t  three minutes a t  

cons tan t  flow) s i n c e  t h e r e  may be a lag t i m e  between the 

adjustment and f i n a l  flow. 

G. Check whether t h e  bag va lve  is i n  the open pos i t i on .  I f  

t h e  va lve  is i n  t h e  c losed pos i t i on  open the valve and 

and record t h e  time on t h e  q u a l i t y  con t ro l  shee t .  

H. Remove t h e  bag f o r  analyses  a t  t h e  end of the 24-hour 

per iod.  KF+P THE BAG I N  A LIGHT-SEALED CONTAINER AT ALL 

TIMES. 

Data f o r  each -- sample co l l ec t ed  must be en te red  on a q u a l i t y  

c o n t r o l . s h e e t  - . . - . . - - - . . . . - - a s  .. . . - shown . . - - . - i n  . - Figure 3 ( s e e  Appendix A ) .  P r i o r  t o  

use ,  the  Tedlar  bags should be evacuated and f i l l e d  with 

p u r i f i e d  n i t rogen  t h r e e  times t o  f lu sh  ou t  t h e  old  sample. 

Before sending t h e  bags i n t o  t h e  f i e l d ,  they should be checked 

t o  make s u r e  t h a t  the vacuum has been maintainhd. Remove .grsa 

s e r v i c e  any bag t h a t  has experienced any l e a k a p .  . - 



ANALYTICAL PROCEDURES 

Bag samples collected must be analyzed within 72 hours of - - - 
collection, or shorter period if notified by the Executive - . - . . . - - .- - - - - - - - - - -- - - - - 
Officer, for total organic compounds and toxic air-Contaminants 

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

or equivalent methods approved by the mecutive Officer. NOTE 

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

AVOID PHOTOCHEMICAL REACTIONS. 

REPORTING OF THE RESULTS 

The following data must be submitted to the Director of -. - -- --- ---- 
Engineering within 45 days after the end of the quarterly - -. - - -- - 
reporting period' for the landfill or 45 days after the -- . - - ---- .- -- 
analytical result; are available whichever is sooner. A 

different submittal time may be implemented upon approval of the 

Executive Cf f icer. 

- 
A. vblume 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 prossure (inches of mercury) on tht? days 

the samples were collee+%d. If a barometer is not available. 

at the landfill site, use the National Weather Service data 

at the nearest station. 



D. Wind speed and direction data. 

E. A drawn to scale landfill~.topographic map w i t h  sampling 

locations clearly marked and numbered. - 
F. Quality control data sheets. 



VINYL CHLORlDE ANALYSIS -- METHOD A 

Instrument: Hewlett '~ackard 5700A Gas Chromatograph 
- 

Detector: Flame Ionization 

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

are plmbed to contain a 4 m l ,  1/4" stainless 

steel sample loop with pre-column, back-flush 

and pressure balance. See Figure D for 

valve plumbing. 

GC Conditions: 

Detector Temp. - ZOOOC 

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/i20 mesh 

Carrier Gas - 80/100 ml/min nitrogen - 

Da-ta Gathering: A.Hewlett Packard 3388A Integrator is used to 

calculate concentration by peak area comparison 

to an external 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 initial position: 



VALVE 

CARRIER IN I 

F I G U R E  C :  
V a l v e  P l  umbi .2  



Standard: Approximately 1 ppm vinyl chloride is prepared by Scott 

Environmental Technology and certified to 22% analysis. 

- 
Range: 2 ppb to 1% vinyl chloride 

Accuracy: :: 1 ppb in the range 2 - 50 ppb, + 2 in a s  range 50 

ppb to 1% 
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DESCRIPTION OF GLEIT'S METHOD 

G l e i t ' s  method accounts f o r  the concentrations below the LOD* by 

s e t t i n g  them equal t o  the 'below-LOD mean" ~ L O D .  the  mean o f  the  po r t i on  

o f  the normal d i s t r i b u t i o n  below the  LOO. Set t ing  the  unknown 
concentrations t o  t h e i r  average value seems i n t u i t i v e l y  reasonable, and the  

simulations reported i n  G l e i t ' s  paper show t h a t  h i s  method i s  more accurate 

than other comnonly used approximations. 

The below-LOD mean o f  a normal d i s t r i b u t i o n  o f  a var iab le  w i t h  a l i m i t  
o f  detect ion L i s  given, i n  terms o f  L and the  mean p and the  standard 

dev ia t ion  u o f  t he  d i s t r i bu t i on ,  by equation 1: 

I n  equation ( I ) ,  f and F are, respect ively,  the  p r o b a b i l i t y  dens i ty  

f unc t i on  and cumulative d i s t r i b u t i o n  f unc t i on  o f  t he  standard normal 

d i s t r i b u t i o n .  The "Estimated Concentrations f o r  Samples Below the LOO' 

reported i n  Table 11-2 are the below-LOD means o f  the  assumed lognormal 

d i s t r i b u t i o n s  o f  the  concentrations: These below-LOD means are computed 

from equation (2) i n  terms o f  parameters o f  the  associated normal 

d i s t r i b u t i o n :  the  LOD L, t he  mean concentration from Table 11-2, and the 

estimated standard dev ia t ion (which i s  not  tabulated). 

We now describ; how G l e i t ' s  method egtimates t he  mean and variance o f  

the assumed normal d i s t r i bu t i on .  The mean and variance cannot be estimated 

by merely subs t i t u t i ng  i n t o  standard formulas, i f  below-LO0 concentrations 

are t o  be set t o  the  below-LOD mean. On the  one hand, the  mean and 

variance must be known i n  order t o  ca lcu la te  t he  below-LOD mean from (1); 
on the  other hand, the  below-LOD mean must be known i f  it i s  t o  be used i n  

' t h e  ca l cu la t i on  o f  the  mean and variance. S t a t i s t i c a l  theory, by assert ing 
t h a t  a " b e s t - f i t t i n g "  mean and variance f o r  the  d i s t r i b u t i o n  ex is t ,  

provides a, way out o f  t h i s  dilemma. G l e i t  uses a simple i t e r a t i v e  



procedure t o  compute these b e s t - f i t t i n g  parameters. Since h i s  procedure 
can be simply described i n  words, a w r i t t e n  descr ip t ion i s  given, 

supplemented where necessary by equations w r i t t e n  i n  a no ta t ion  more 

convenient than G l e i t ' s .  

S ta r t i ng  w i t h  i n i t i a l  guesses p(0) and u2(0) f o r  the  mean and 

variance, the procedure repeatedly generates new estimates o f  the  mean and 

variance by the two-step computation described below u n t i l  successive 

estimates o f  the  mean and variance converge s u f f i c i e n t l y  (The K-th p a i r  o f  

estimates are denoted by p (K )  and I?(K).). The two steps are: 

(a) the- K+1-st below-LOD mean bLOD(K+l)  i s  computed by 
subs t i t u t i ng  p ( K )  and u ( K )  ( the square r o o t  o f  u2(~) )  i n t o  

equation (1). 

(b)  The K+l-st  estimate o f  the mean, p(K+l) ,  i s  computed i n  the 

usual way w i t h  bLoD(K+l) subst i tu ted f o r  the sample values below 
the LOD. The K+1-st estimate o f  the variance, $(~+1) ,  i s  a lso computed 

i n  the usual way, w i t h  an analogous subs t i t u t i on  f o r  sample values below 

the LOD: the squared deviat ions from the mean o f  concentrations below the. 

LOD are set equal t o  the  average squared dev ia t ion from the mean o f  the  

below-LOD por t ion  o f  the d i s t r i bu t i on .  

Let the N sample items be X(1).  ...., X(N), and l e t  p be the number o f  

sample items below the LOD. p(K+l) i s  computed by: 

p(K+l)  = ( l I N )  Z Y(J), where Y(J)=X(J) i f  X(J) R L 
and Y(J)= hLOD(K+l )  otherwise - 

2 u (K+l) i s  computed by: 

u 2 ( ~ + l ) = ( l l ~ )  1: D2(5), where D'(J)=(x(J) - p ( ~ + l ) ) ~  
2 (K+ l )  otherwise. i f  X(J) L, and D (J)= u BLOD 



2 The q u a n t i t l y  uBLoo(K+1), the average squared dev ia t ion o f  the  

below-LOD po r t i on  o f  the  d i s t r i bu t i on ,  i s  computed from the  fo l low ing  

equation: 

2ff BLOD(K+l)= Q ~ ( K ) * c ~ - z ( K ) * ( ~ ( z ( K ) ) / F ( z ( K ) )  11. 
where Z(K)=( (L-p(K))/u(K) ). 

G l e i t ' s  method near ly  always converges i n  a few steps unless there are 

only a few d i s t i n c t  values above the  detect ion l i m i t ,  i n  which case it may 

converge very slowly. G l e i t ' s  method and c lose ly  re la ted  methods appear t o  

be the best ava i lab le  estimators o f  the  mean when the  sample includes 

values below the  LOD. as i s  demonstrated by the  simulations reported i n  

G l e i t ' s  paper. 

* See Appendix VII f o r  the  ARB Monitor ing and Laboratory D iv is ion 's  method 

f o r  ca l cu la t i ng  the  LOD and Section A. Chapter I11 f o r  the  South Coast A i r  

Q u a l i t y  Management D i s t r i c t  laboratory 's  method f o r  ca lcu la t ing  the  LOD. 
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INDOOR AIR EXPOSUREIOTHER ROUTES OF EXPOSURE ASSESSMENT 
FOR VINYL CHLORIDE 

Health and Safety Code Section 39660.6 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 (ARB 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 persona.1 air sampling 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 89-90% 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. - 
11. AIR W U R E  TO VINY- 

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 U., 1986; Pellizzarl u., 1986). Although 
vinyl chloride was included in the initial pilot study (Phase I) of the TEAM 
project, vinyl chloride was deleted from the subsequent main studies (Phase 11 
and 111). The deletion of vinyl chloride was due to two factors (Pellizzari. 
1987). First, Tenax, the m s t  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, a11 of the 138 air samples (collected in 5 to 10 
hour sampl ing priods) were below the reported 1 imit of detection (LOD 
ppb (51 ug/m ) (Wallace atpl. 1984). The procedure for calculating 1 he Of 20 
LOD was not described in the paper and the subcontractor who conducted the 
monitoring could not be located for the information. 

0. FIXED-SITE AIR SAWLING 

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, st 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 Sumner 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 Sumner 
season indicated that vinyl chloride air concentrations were below the limit 
of detection. The samples were analyzed by two analyti~al methods with limits 
of detection at about 0.2 and 58 ppb (0.66 and 148 uglm ), respectively. The 
LOD, as defined by Pellazzari, u., 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 limit30f detection was 
quoted by the researcher as 10 to 16 ppb (26 to 40 uglm ) (Pel 1 izzari, 1987). 

C. SPECIAL SITUATION AIR MONITORING 

In 1981, the South Coast Air Qua1 ity 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). 
All the samples (24% of the total sampled) that equalej or exceeded the state 
vinyl chloride air quality standard of 10 ppb (26 ug/m ) were taken inside the 

1 1 ug/m3 x (0.02461MW) x lo3= 1 ppb 



residences. 3he highest recorded indoor vinyl chloride concgntration was 50 
ppb (130 uglm ). The limit of detection was 2 ppb (5.2 uglm ) (see Section A. 
Chapter I11 for the SCAQMO method of calculating the LOD). 

In late 1984, the SCAQMD staff screened for landfill gas migration from 
Operating Industrial, Inc. (011) Landf i 1 1  by taking about ten grab-samples 
inside the water meter boxes of residences adjacent to the landfill (SCAQMO, 
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 vinyl chloride concentrations 
ranging from 13 to 36000 ppb (31.2-93600 uglm ). In 1985, the SCAQMD (1985b) 
conducted further monitoring by grab-samples inside some of the residences and 
foung indoor vinyl chloride air concentrations at 8 to 100 ppb (20.8 to 260 
uglm ) .  Present indoor concentrations of vinyl chloride in these residences 
near 011 landfill may be lower since monitoring of water meter boxes has not 
detected significant levels of landfill gases due to improvements in 011's 
landfill 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 rang3 for reported limits of detection. 
The 1 imit of detection, 0.2 ppb (0.55 uglm ), reported in the latest 
California TEAM study appears to be the most reliable. This limit of 
detection will be used to estiinate the upper limit exposure for houses not 
adjacent to landfills (see Section I1 B of this appendix for the TEAM study 
method of calculating the LOO). 

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). 

111. POTENTIAL S W F S  OF IND- - 

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 (IARC, 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 



ranging from below 2 ppb t o  1.2 ppm (5.2 t o  3.077 ug/m3) were measured i n  
automobi l e  i n t e r i o r  a i r  space under exper (mental condi t ions (U.S.EPA, 1976; 
1977). 

Emissions o f  unreacted VCM have been grea t l y  reduced due t o  improvements 
i n  monomer s t r i pp ing  technology (Wheeler, 1981). I n  the  past, res idual  VCM 
concentrations i n  thg PVC res ins a t  the  t ime o f  shipment ranged as high as 
2000 ppm (5,128 mg/m ). Currently, PVC res ins  contain about 10 ppm (26 mg/m3) 
res idual  VCM a t  the  t ime o f  shipment and may lose VCM a t  a r a t e  o f  20 t o  50% 
per month dur ing storage. I n  addi t ion,  most o f  the VCM w i l l  vaporize and 
escape dur ing the  h igh temperature processes i n  which PVC res ins are melted 
and made i n t o  f i n a l  products. Thus, comnercial products made o f  PVC resins do 
not now contain s i g n i f i c a n t  res idual  v i n y l  ch lo r ide  f o r  l a t e r  emission. 

B. VAPORIZATION FROM WATER SOURCES 

Water can serve as a medium t o  car ry  po l lu tan ts  from outdoor t o  indoor 
environments. Once i n  contact w i t h  a i r  indoors, v o l a t i l e  chemicals such as 
v i n y l  ch lor ide can leave the water and enter the a i r .  Human a c t i v i t i e s  such 
as using water f o r  cooking, heating o r  showering can promote rap id  
vapor izat ion o f  v i n y l  ch lo r ide  from water. I n d u s t r i a l  solvent contaminated 
surface or ground water may, therefore,  b r i n g  outdoor v i n y l  ch lor ide indoors 
v i a  the water supply. 

I n  Ca l i fo rn ia ,  surface water i s  general ly f r e e  o f  v i n y l  ch lor ide (Sharrp. 
1987). I n  assessing ground water qua l i t y ,  the Ca l i f o rn ia  Department o f  Health 
Services (CDHS. 1986) reported tha t  only one out o f  the 2.947 wel ls  f o r  large 
pub l i c  water systems was contaminated w i t h  v i n y l  chlor ide.  The maximum 
concentration found i n  t ha t  we l l  was 23 u g / l  w i t h  a median value o f  20 u g l l .  
V iny l  ch lor ide has not been detected i n  we l l s  used f o r  small pub l i c  water 
systems (CDHS. 1987). The l i m i t  o f  detect ion o f  v i n y l  ch lo r ide  i n  water i s  
0.5 u g l l .  Based on t h i s  information, v i n y l  ch lor ide i n  the  water supply w i l l  
have an i n s i g n i f i c a n t  impact on the  indoor v i n y l  ch lo r ide  a i r  concentration. 

C. VINYL CHLORIDE FROM LANDFILL GAS 

Homes b u i l t  on o r  near l a n d f i l l s  containing v i n y l  ch lo r ide  or re la ted  
ch lor inated hydrocarbons may have high indoor a i r  concentrations o f  v i n y l  
chlor ide.  V iny l  ch lor ide emission from l a n d f i l l s  can be-caused by the 
vapor izat ion o f  v i n y l  ch lo r ide  t h a t  was o r i g i n a l l y  disposed there. Class I 
l a n d f i l l s  t ha t  are designated f o r  t o x i c  waste are l i k e l y  t o  contain v i n y l  
ch lo r ide  waste. I n  addi t ion,  microb io log ica l  conversion o f  ch lor inated 
hydrocarbons can produce and emit v i n y l  ch lo r ide  s i U  (Molton, Hal len and 
Pyne, 1987). 

Wood and Porter (1987) rbported t h e i r  evaluations o f  over 20 Class I1 
landf i 11s tha t  are designated on ly  f o r  municipal waste. Ninety percent o f  
these l a n d f i l l s  contained measurable amounts o f  v i n y l  ch lo r ide  and the 
concentrations a t  h a l f  o f  these l a n d f i l l s  were above 1000 ppb (2.564) ug/m ).  
These high concentrations were measured by grab-sampl ing, an ins tan t  f i 1 l i n g  
o f  a t w o - l i t e r  evacuated f lask.  a t  ground leve ls  o r  a t  l a n d f i l l  gas co l l ec t i on  
points.  For f i v e  o f  the  l a n d f i l l s .  24-hour bag sampling was also conducted. 
Only one o f  these f i v e  l a n d f i l l s  produced mbasurable 24-hour concentrations of 
v i n y l  ch lor ide o f f - s i t e .  



There are a t  leas t  two ways t h a t  v i n y l  ch lo r ide  from l a n d f i l l s  may 
cont r ibute t o  indoor v i n y l  ch lo r ide  concentrations o f  nearby res iden t i a l  
houses. F i r s t ,  houses t h a t  are located downwind from l a n d f i l l s  can receive 
v iny  1 ch lo r ide  through d i r e c t  outdoor a i r  i n f l u x  i n t o  indoor environments. 
Secondly, l a n d f i l l  gases, carry ing v i n y l  chlor ide,  can migrate underground and 
enter houses through substructures. The r a t e  o f  accumulation o f  v i n y l  
ch lo r ide  indoors depends heav i l y  on the  s o i l  permeabil i ty, source strength, 
a i r  exchange r a t e  and s t ruc tu re  o f  the house. Higher indoor than outdoor 
v i n y l  ch lo r ida  concentrations may occur because v i n y l  ch lo r ide  i s  more r a p i d l y  
destroyed i n  outdoor than indoor a i r .  Outdoor dest ruct ion proceeds more 
qu ick ly  because v i n y l  chlor ide's reac t ion  w i t h  hydroxyl rad ica ls  i s  the  
compound's dominant atmospheric removal mechanism and because hydroxyl 
rad ica ls  are formed i n  the  presence o f  d i r e c t  sunl ight .  

As discussed i n  Section I I (B ) ,  houses located near Class I l a n d f i l l s  had 
higher indoor than outdoor a i r  concentrations o f  v i n y l  chlor ide.  The 
accumulation o f  h igh v i n y l  ch lo r ide  concentrations i n  the  watar meter boxes 
indicated t h a t  l a n d f i l l  gas containing v i n y l  ch lo r ide  can migrate underground 
and enter nearby indoor environments. Control led release o r  combustion o f  
l a n d f i l l  gas on s i t e  may slow down v i n y l  ch lo r ide  subterranean migration. 

D. OTHER FACTORS THAT MAY INFLUENCE INDOOR CONCENTRATIONS 

A minute amount o f  v i n y l  ch lo r ida  has been i d e n t i f i e d  i n  the  smoke o f  
c igaret tes (1.3-16 ng lc igaret te)  and o f  l i t t l e  c igars  (14-27 ng lc igar)  (IARC, 
1985; Hoffmann, Patrianakos and Brunnemann, 1976). The v i n y l  ch lo r ide  l eve l  
i n  the mainstream smoke may be determined by the  t o t a l  inorganic ch lo r ide  
content o f  the  tobacco. The con t r ibu t ion  from tobacco smoke appears t o  have 
i n s i g n i f i c a n t  impact on the indoor a i r  concentration o f  v i n y l  chloride. 

E. SUMMARY 

I n  general, there are very few, minor emission sources o f  v i n y l  ch lo r ide  
indoors. However, houses t h a t  are s i tua ted  near l a n d f i l l s  may accumulate 
v i n y l  ch lo r ide  i n  the  indoor environment due t o  subterranean gas migrat ion and 
d i r e c t  a i r  i n f i l t r a t i o n .  Some o f  these houses may have indpor a i r  leve ls  o f  
v i n y l  c t i lo r ide higher than the  State o f  C a l i f o r n i a  Ambient A i r  Q u a l i t y  
Standard f o r  outdoor v i n y l  chloride. 

The r e s u l t s  from the SCAQMD's f i v e  hundred 24-hour bag samples t e 
highest measured 24-hour averaged concentration was 50 ppb o r  130 ug j 9  m ) can 
be used t o  estimate the  upper l i m i t  of indoor a i r  exposure t o  v i n y l  ch lo r ide  
i n  houses near l a n d f i l l s  (SCAQMD, 1982). The resu l t s  obtained by grab-sample 
monitoring, however, are not  necessar i ly  r e f l e c t i v e  o f  long-term indoor 
exposure t o  v i n y l  chlor ide.  



IV. OTHER ROUTES OF VINYL 

A. WATER INGESTION 

The major source of drinking water for California is surface water which 
does not have detectable vinyl chloride concentrations. Ground water used for 
public water systems is also relatively free of vinyl chloride (COHS, 1987, 
1986). The detectable limit of vinyl chloride in water is 0.5 ugll (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 (IARC. 1979). At that time, levels as.high 
as 20 mglkg (ppm) of vinyl chloride monomer were present in alcoholic 
beverages packaged in this material. Vinyl chloride was also found in edi-ble 
oils, butter and margarine at 0.05-14.8 mglkg. 

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. 

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 
land~jills is estimated to be below the limit of detection (0.2 ppb or 0.55 
uglm ). For homes that are located neag landfills, the highest observed daily 
average measurement. 50 ppb or 130 uglm . is used for a conservative estimate. 

B. FOOD INGESTION 

The estimate of daily dose reported by FDA (1986) is directly used.. 



C. DRINKING WATER 

The r e l a t i v e  con t r ibu t ion  o f  d r i nk ing  water t o  d a i l y  exposures o f  v i n y l  
ch lor ide appears t o  be i ns ign i f i can t .  The average concentration o f  v i n y l  
ch lor ide i n  d r i nk ing  water i s  estimated t o  be below the  l i m i t  o f  detect ion 
(0.5 ppb or 0.5 u g l l ) .  

D . ASSUMPTIONS 

Some o f  t he  assumptions used f o r  making the  d a i l y  dose estimates from 
d i f f e ren t  environmental media are: 

1. The average person ingests 2 l i t e r s  o f  d r ink ing  water per day; 

2. The average person inhales an average o f ' 2 0  cubicmeters  o f ' a i r  
da i l y ;  

3, Dermal exposure i s  negl ig ib le ;  and 

4. 100% o f  t he  po l l u tan t  ingested o r  inhaled i s  absorbed. 



Table 1: Estimated Doses O f  Vinyl Chloride Exposure Through Different Media 

Homes not near 
landf i 11s less than 11 ug Pellizzari u.. 1989 

Homes near landfills up to 2600 ug SCAQMD. 1982 

Including beverages less than 0.025 ug FDA. 1986 

b'ATFR - DRIF(KINt P U R P W  

SurfaceIGround Water less than 1 ug CDHS. 1986; 1987 



APPENDIX A - U j L i  

Predic t ion o f  heal th  r i s k  from po l l u tan ts  depends upon knowledge o f  t o t a l  
personal exposure t o  t he  po l lu tants .  For d i r e c t  exposure t o  a i r  po l lu tants ,  
the dose o f  po l l u tan t  received through the  resp i ra to ry  system i s  the basic 
quant i t y  needed f o r  r i s k  assessment. I n  general, t h a t  dose depends on: a) 
the po l l u tan t  concentration i n  the environment occupied by an ind iv idua l  
(exposure~concentra t ion) ;  b) the  length o f  t ime spent i n  t h a t  enviromnent 
(exposure durat ion);  c) the r a t e  o f  breathing i n  t h a t  environment; and d) 
other phys io log ica l  factors.  Exposure through a i r  can be estimated by using 
on ly  the f i r s t  two parameters, exposure concentration and exposure duration. 

H i s t o r i c a l l y ,  outdoor a i r  concentrations o f  an a i r  po l l u tan t  have been 
used as a surrogate f o r  est imat ing personal a i r  exposure. However, studies o f  
indoor environments and o f  personal exposures t o  po l l u tan ts  have revealed tha t  
indoor concentrations o f  some po l l u tan ts  are r e g u l a r l y  higher than outdoor 
concentrations o f  those po l lu tants .  I n  addi t ion,  human t ime-ac t i v i t y  pa t te rn  
studies show t h a t  people spend most o f  t h e i r  t ime i n  non-outdoor 
microenvironments such as i n  t h e i r  homes.. work places, t ranspor ta t ion vehicles 
and pub l i c  bu i ld ings.  On the  average, people spend 80-90 percent o f  t h e i r  
t ime indoors. 

The Ca l i f o rn ia  Legis la ture recognizes the  importance t o  r i s k  assessment 
o f  considering both indoor a i r  exposure and outdoor a i r  exposure. The current 
s ta tu te  requires the  Board, when i d e n t i f y i n g  t o x i c  a i r  contaminants, t o  assess 
exposures i n  indoor, as we l l  as outdoor, environments (H&SC Sec. 39660.5). 
This combined indoor plus outdoor, o r  t o t a l  a i r ,  exposure assessment permits 
more accurate pub l i c  hea l th  r i s k  estimates fo r  a i rborne tox ics .  Indoor a i r  
exposure informat ion can also provide d i r e c t i o n  f o r  the con t ro l  o f  many t o x i c  
a i r  contaminants. 

An even more r e a l i s t i c  estimate o f  t o t a l  a i r  exposure would be the sum o f  
the products o f  the  po l l u tan t  concentration i n  each microenvironment and the 
f r a c t i o n  o f  t ime people spend i n  t h a t  microenvironment. However. 
t ime-act iv i ty  and indoor/personal monitor ing data are 1 imi ted and i n s u f f  i c i e n t  
a t  t h i s  time f o r  quantifying the concentration o f  most a i r  p o l l u t a n t s  i n  each 
microenvironment. Based on t h i s  l i m i t e d  database, indoor a f r  exposure 
assessment o f  most o f  the  t o x i c  a i r  contaminants w i l l  be crude estimates. 

Risk assessments, based only  on outdoor a i r  concentrations, may g rea t l y  
underestimate hea l th  r i s k  t o  the publ ic.  For some po l l u tan ts  present i n  high 
concentrations indoors, v e n t i l a t i o n  w i t h  clean a i r  i s  the on ly  feas ib le  method 
o f  reducing exposure. The Board must, therefore, manage outdoor 
concentrations o f  t o x i c  a i r  contaminants, not on ly  t o  reduce s i g n i f i c a n t  
outdoor exposures where they occur, but  a lso t o  preserve a clean a i r  supply 
f o r  c o n t r o l l i n g  indoor exposure t o  these substances. 



APPENDIX B - TOTAL FXPOSUBE FROM ALL MEOIA 

The concent ra t ions  o f  some p o l l u t a n t s  have be'en measured i n  d i f f e r e n t  
environmental media such as a i r ,  water, food. p e s t i c i d e s  and drugs. I d e a l l y ,  
these measurements can be i n t e g r a t e d  t o  es t imate  t h e  t o t a l  exposure t o  those 
p o l l u t a n t s  through a l l  t h e  environmental media. T o t a l  exposure da ta  a r e  
c r i t i c a l  f o r  s e t t i n g  p r i o r i t i e s  and f o r m u l a t i n g  r e g u l a t o r y  a c t i o n s  t h a t  can 
best  achieve o v e r a l l  'personal r i s k  reduc t ion .  

Whi le one o f  t h e  main o b j e c t i v e s  o f  t h i s  r e p o r t  i s  t o  d e f i n e  exposure 
through t h e  a i r  medium, personal  exposure data through o the r  media are  a l s o  . 
inc luded.  Exposure da ta  are  presented according t o  t h r e e  bas i c  rou tes  o f  
exposure which a r e  i n h a l a t i o n ,  inges t ion ,  and s k i n  absorpt ion.  

The combinat ion o f  exposure da ta  f rom a l l  media w i l l  a l l o w  t h e  
de terminat ion  o f  t h e  t o t a l  human exposure t o  a t o x i c  a i r  contaminant through 
t h e  environment. To determine t h e  added r i s k  caused by  a p a r t i c u l a r  
exposure, bo th  t h e  shape o f  t h e  dose-response curve and t h e  p r e v i o u s l y  
e x i s t i n g  exposure l e v e l  must be known. Al though the 'exposure through a 
p a r t i c u l a r  medium may be smal l ,  i t s  a d d i t i o n  t o  exposures through o the r  media 
cou ld  p rov ide  a t o t a l  dose i n  excess o f  a pos tu la ted  "sa fe  leve l ' .  

I n  a d d i t i o n ,  t h e  pathway o f  p o l l u t a n t s  i n  t h e  environment i s  dynamic and 
complex. P o l l u t a n t s  em i t t ed  i n t o  t h e  environment i n  one medium can remain i n  
t h a t  medium, t r a n s f e r  t o  another medium, and/or d isperse  i n t o  a number o f  
media. This  r e s u l t s  i n  d i f f e r e n t  rou tes  o f  exposure. For  example, so lvents  
em i t t ed  as water p o l l u t a n t s  can become a i rbo rne  and cause exposure through 
i n h a l a t i o n .  A i rbo rne  lead p a r t i c l e s  can be  depos i t  on to  food and r e s u l t  i n  
exposure through inges t ion .  Thus, i n c l u s i o n  o f  exposure through a l l  media 
w i l l  p rov ide  a more accurate exposure es t ima te  f o r  each r o u t e  o f  exposure, 
i n c l u d i n g  i n h a l a t i o n ,  which i s  t h e  Board's p r imary  concern. 

Documenting exposure t o  t o x i c  substances through d i f f e r e n t  media can 
serve as a s t imu lus  f o r  coord ina ted  r i s k  r e d u c t i o n  e f f o r t s  among d i f f e r e n t  
r e g u l a t o r y  agencies. Other r e g u l a t o r y  agencies are  more l i k e l y  t o  increase 
t h e i r  e f f o r t s  i n  reduc ing  t h e  o v e r a l l  exposure through o the r  media i f  they  are  
made aware o f  such exposure data. 
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STATE Or CALIF;iNIA GEOROE DEYKAWIAN. Gmmor 

AIR RESOURCES BOARD 
1102 0 STREEI 
P 0 BOX 2 8 1 5  
SACRAMENTO C A  95812  

April 4, 1985 

Dear S i r  or  Madam: 

Subject: Request for  Information Regaraing Vinyl Chloride 

I am writing to request information on the health effects  of vinyl chloride as 
part of our toxic a i r  contaminant program. T h i s  program i s  based on Health 
and Safety Code Sections 39650, e t  3. which require the ARB to  identify 
conpounas as toxic a i r  contaminaxs ana once identified to develop and adopt 
control measures for  such compounds. After consultation w i t h  the s taf f  of the 
Department of Health Services (DHS), we have selected vinyl chlorioe as a 
cancidate toxic a i r  contaminant to  be evaluated i n  accordance w S t h  the 
provisions of Health and Safety Code Sections 39650. e t  se . During o u r  
evaluarion of vinyl chloride, we will coprider a l l  a v ~ l d e  health 
i nformati on regarding this compound. Aadi tional l y ,  we are sol icf t i n g  
information regarding possible biological production of vinyl chloride. 

Eefore the ARB can formally identify a compound as a toxic a i r  contaminant, 
se-iera: s t tgs  must be taken. First, the ARE must request the Cepartnent of 
health Services to  evaluate the health effects  of candidate compounds. 
Seconc, the ARB s t a f f  must prepare a report which includes the health e f fec t s  
evaluation ana then submi t  the report t o  a Scientific Review Panel for its 
review. The Cport submitted to  the Panel will be made available t o  the 
pub1 i c .  Information submitted in response to  this request will be considered 
i n  the ARB report to  the Panel. A1 though any person may also submit 
iniormation direct ly t o  the Panel for i t s  consideration, I urge you to  submit  
a l i  information a t  th i s  time for our consideration in the development of the 
report for the Panel. The Panel reviews the sufficiency of the information, 
methocs, and data used by the DHS i n  its evaluation. Last, a f t e r  review by 
the Scientif ic  Review Panel, the report with the written findings of the Panel 
will be considered by the Air Resources Board and will be the basis for  any 
regulatory action by the Board of f ic ia l ly  to identify a compound as a toxic 
a i r  contaminant. 

Prior to formally requesting the DHS t o  prepare a health effects  evaluation of 
v iny i  chloride, we are providing, pursuant t o  the provisions of 
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Sect ion  39660(e) o f  the  Hea l th  ano Safe ty  b d e ,  an o p p o r t u n i t y  t o  i n t e r e s t e d  
p a r t i e s  t o  submit  i n f o r m a t i o n  on the  h e a l t h  e f f e c t s  o f  v i n y l  c h l o r i d e  which he 
o r  she be1 ieves  woula be i n p o r t a n t  i n  DHS's e v a l u a t i o n  o f  v i n y l  c h l o r i d e  as a  
cand ida te  t o x i c  a i r  contami nant.  

I n  March 1985, we rece i ved  a  re ference search on v i n y l  c h l o r i d e  h e a l t h  e f f e c t s  
u s i n g  the  MEDLINE and TOXLINE I n f o r m a t i o n  Services. These i n f o r m a t t o n  
se rv i ces  i n c l u d e  m a t e r i a l  a v a i l a b l e  t o  t h e  p u b l i c  i n  l a t e  1984. The a t tached  
b i b l i o g r a p h y  l i s t s  t h e  re ferences from t h i s  i n f o r m a t i o n  search. We a r e  
reques t i ng  p e r t i n e n t  i n f o r m a t i o n  on v i n y l  c h l o r i d e  h e a l t h  e f f e c t s ,  i n c l u d i n g  
any m a t e r i a l  t h a t  ,may n o t  be  a v a i l a b l e  t o  t h e  p u b l i c ,  t h a t  i s  n o t  i n c l u d e d  i n  
t h e  a t tached b i b 1  iography. 

Pursuant t o  the  p r o v i s i o n s  o f  t h e  P u b l i c  Records Ac t  (.Government Code Sect ions  
6280 e t  3.). t h e  ' i n fo rma t ion  you p rov ide  w i l l  be a  p u b l i c  r e c o r a  and s u b j e c t  
t o  p u n i c  a i sc losu re ,  except  f o r  t r a d e  sec re ts  which a r e  n o t  emiss ion  oata o r  
o t h e r  i n f o r m a t i o n  which i s  exempt from d i s c l o s u r e  o r  t h e  a i s c l o s u r e  o f  which 
i s  p r o h i b i t e d  by law. The i n f o r m a t i o n  may a l s o  be re leased  t o  t h e  
Environmental P r o t e c t i o n  Agency, which p r o t e c t s  t r a d e  sec re ts  and c o n f i d e n t i a l  
i n f o r m a t i o n  i n  accoraance w i t h  feae ra l  law, an0 t o  o t h e r  p u b l i c  agencies, 
which are a l so  r e q u i r e d  t o  p r o t e c t  such i n fo rma t ion .  

To exped i te  t h e  rev iew  process, we ask t h a t  any i n f o r m a t i o n  which you  b e l i e v e  
should be regarded as " t r a d e  s e c r e t "  be c l e a r l y  marked and separated f rom 
o t h e r  i n fo rma t ion .  You nay i a e n t i f y  p o r t i o n s  o f  t h e  i n f o r m a t i o n  you submi t  as 
" t r a a e  sec re t "  i n  accordance w i t h  Hea l th  and Safe ty  Code Sec t i on  39660(e). 
The c l a i m  o f  t r a a e  secrecy must be supported upon t h e  reques t  o f  t h e  A i r  
Resources board. Other i n f o r m a t i o n  c la imed t o  be t r a d e  s e c r e t  and i n f o r m a t i o n  
otherwise c la imed t o  be exempt from d i s c l o s u r e  may be i d e n t i f i e d  as  
con+i  d e n t i a l  i~ accoraance w i t h  Sec t i on  91 0'1 , T i t l e  17, C a l i f o r n i a  
A d m i n i s t r a t i v e  Coae. Sec t i on  51011 r e q u i r e s  t h a t  t h e  c l a i m  o f  c o n f i a e n t i a l i  ty  
be accompanied by  specifies suppor t i ng  i n fo rma t ion .  

- 
I would apprec ia te  r e c e i v i n g  any r e l e v a n t  i n f o r m a t i o n  you wish t o  submi t  by  
May 19, 1985. Your h e l p  i n  e x p e d i t i n g  o u r  rev iew w i l l  be g r e a t l y  
appreciated.  Please send t h e  i n f o r m a t i o n  t o  t h e  a t t e n t i o n  o f :  

h i l l i a m  V. L o s c u t o f f ,  C h i e f  
Tox ic  P o l l u t a n t s  Branch 
Re: Vinyl C h l o r i d e  
C a l i f o r n i a  AS r Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

I f  you  have'any f u r t h e r  ques t ions  rega rd ing  h e a l t h  e f f e c t s  i n fo rma t ion ,  p lease 
c o n t a c t  tdr. John Batche lder  a t  (916)  323-1505. For  any o t h e r  quest ions.  
p lease c o n t a c t  r4r. Don Ames a t  (916)  322-8285. 
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I f  you are not the person to  whom th i s  request should be addressed, please 
forwaro i t  t o  the appropriate person i n  your organization. Also, please l e t  
us know whether you would l ike  to continue to receive information inquiries 
for  other candidate compounds, and i f  not, i f  there is anyone i n  your 
organization to  whom such requests sbould be sent. 

. Sincerely, 

peter D. Venturini, Chief 
k t a t i o n a r y  Source Division 

cc: Alex Kel t e r ,  DHS 
Lori Johnston, DFA 
Xayne liorgan, President, CAPCOA 
Jan b u s h ,  Executive Secretary, CAPCOA 
David Howekamp, EPA Region IX 
Assenblywoman Sally Tanner, Chai rwoman, Comni t t e e  on Toxic Islaterial s 
Senator Ralph Dills, Chairman, Comittee on Governmental Organization 
Senator Art Torres, Chairman, Comittee on Toxics and 

Pubi i c Safety Ivlanagement 
Emil Mrak, Chairman and Scientif ic  'eview Panel 

Mei:,bers 
APCOs 
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lcguUuw d v h y l  thh~uk. 'nu t a x  amly I r g " ~ r  wirh crvlwLl nu+. 
ya*ud iurIr l ial *HI l ~ w ' ~ l f i c a i a # a r  VC. a r  IIK iuluumi~s WVR* rre.le. 
IIIIIshIIlll. w*I u u  d. a d  tm ilr &infly ~ ~ l ( r # l k s .  S u l ~ x a T i r  I u ~ ~ w y s l l w  
clulukxl 'x . u s  rm l  (hF irhutkr asnriatcd with iheta. SelswdLm 2 
surveys V("r r r k i l y  ad ilr nnucrr I ~ u t l ~ r n  c r lnuuc N, L 

I., Vinyl (%Lui.fr i USII uU( dw Asswialed ~~IWI"CI 
'llr culrilutfnl vinyl chkwkk i s  lhc basis d llu y c d  il*nl w&ly 

used 18Ia\lic i e u  II* l l # n i k d  SIMCS." VC. a gas. Is #bmk ~#~IIII p ~ a , , & ~ # ~ i ~ ~ l ~  

a d  r lh iu?  Whuw p J y 1 1 ~ 1 i r 4   in*^ ~ n ~ l y r i t q l  dthniJc. a#iJ, il is 
I d u t u k d  i,b l l t  a I~WIIIII~W~~ n1.y d ~m&*.fi. V(. w.. 1"" , , v~~~~wI , , ,~  
t w ~ u ~ r ~ c i r l l y  ia llr Ibi*J Slulrr ill 193%" hy 1916. V(. (M,,,IO~~~~ 
earcedrd 1.5 l4U i r r l runh. "  

'llc wi lk  V i l l i . l Y  $4 11%. d I'VC is k s l i u ~ m y  10 is *b*&ilily. .llr 
III~IW use 4 J  I'\'(' is i u  r tu~vmwiiut  prarlwa: a l r r  iuyu~u. u p s  at.. 
Wkagists awl r~mun l l r l  1*11**.1~.4~1 111 Lilds. I:i~u#e I WUIIIWI~~CS 11- 
yy l i cu l i o~~ \  111 1'Vt' ill I 9 7 1  \Van*Ib. n n r l r ,  glass. ~NIW (Ikslicr. .I,,I,N~, 
~ u l n i r l s  can s u l ~ n i l w  bw uevly all d I'V("r uwr. lul IsVC ir lwclnld 

k a u *  14 IEIIPI I~I~~IIUIWC IN h e r  c4n1.U l h l v c ~ .  IIWW ,dy a 
L w  u\ur hu wl~ i rh  IN, d i#cc~ ao l~r l i~~ucs t160.** 

Scuelnl di lrcl u v r  ad VC gu ilscU CI~SIC~. I~I  &,. bve In.* 
*u.s~r i~r~cJ III llr talc IQIUx. VC was l rucd far uu 3s am a a u u k ' k  h;,, 



i~ war r:jcrrd lrriur u y n c l u n h c  I-vim."lhe~r r e  alu,inJ*~Lms 
tklt Vl' w;m arrc mud n 8 rc1rigcr.m m o-llimg crp4ptrm." Umil l ye  
1'171. 3 SUYI p n c c u a ~  #I( Ik VC pU*Ycd w n  u d  as M a m t d  -Cqi  
~ ~ " l r a a u  in u ~ u r  cuntulics. *up. peSKi%.  and aln C~IIISIIIIICI pad- 
we. la 1974. mhcn VT's carr im~&li i ig &MU gemally tnm. mil- k 
liens ~II VC'.pq~~l*d n8mh w r c  Sill I* #he nuto am i m  runrultn 
lbn14> '111~ uw J VC in rl6tulls has silre kc. plildtnl.Y 
. ~ I I I C  I ilklsbaks U r  FFL d V(..s~ic~iU(. h~\bmuwLm. YV. a d  . 

d i y h ~ l .  i*rl h run d kuum ~ z p ~ m e .  l h n c  r c  lkrm irlu9,in d . 
ccnu#rl i 8 ~ ~ r l 8 u ~ e .  Tlr VC IwhSry (N'~IIC~S VL' Len plrurkubinlr. 
l'k I'VI' ilrluSry pJyl#rr irrr  llr g r i  imu d r  %did p*wk .  kmwo in b . 
,;I% hurw r, ~crin. 1k I & c i u l m t  inhnrlry cmrcrlr PVC mcrLtr iun I L i h -  
cal l ~ t * I u ~ l r  I U ~  IU conswan use III LII i s rawpy im iun ~L*LICIS d 
aulcr i tub#r~~ics h i s  in  l k w  llvrs urluwrkr hi. ~hr r r ~ ~ t c t s  arc t a w  

Iw~u i l r  ex(h8wl U, VC. a d  lha ILc tmsvn + urwn luw muted .  
l hu r i k  ul ILcse +MS. rWic*lul p q d e  slc e r l m r l  kt VC in ire 

luallr ways. IUU, VC CIIUS~~*L. wqr IIIWU Iacmwic~ MI ihC ~ , w u d i i g  
air " .%uwml. k c  *c pJpuctiraLm p4rcsr i s  intlr&cl. smut VC 
tetwlmr a gas l r s r p d  in PVC ilwcrials. .Ibis rcsiJur1 escspcs I n r m  d r  
plaslic in li.er pa.*ctin m Iahrkalum p(a8ns alrl lrpd. a d  in  subw- 
gtwnu urr nd diynul .  

As i w r  nr*vcr ihamgh #he parkn.lnm cyck 4d VC d PVC. ~lr 
lw#ulr l  SII III~IUS UIJ c<uqunics ~ ~ C C I C I I C S .  a d  P*)*I I m m ~ u  s d * r  U*l 
u u ~ c  Irhr i~ru, iw.  TL. VC' ilrlurl#y is c ~ ~ ~ n r d  .d 10 c u t p , ~ i ~  
ayrraii~~g IS ~Jarr; in 1'113. Sbll. Ihn*. a d  (:m*Lk+ h~&~r  k l d  56 
~ O C < I U  'I( cil(xwiay.*In 1975. 23 C~I I I~ IL~~S i*.ryin(l37pb*r untpi\nl 
Ilr I'VC i~rluusy. Gn*ricL is lhc auj~w PVC p~*urrr r i l h  IS poccm. 
Fi#urs*r. Can&n. Ua~im C'uhiJc. IlcuJm. Dianrnl Slunnr t .  d Ten. 
mm c r b  p m k e  l n w r e n  l i w  ul nim w r n . "  l k t c  r e  ahul(I.OOU 
I r lwkatk~~l r.n*~q~anics id aU sires.'' Hcyamd #his  pi^^ i&urkrrcau r~lr  
iakolili-.d pliutri ly by lhcir uve d VC. 

Y. I h # s ~ t . l ' * # .  K O - , . ~  !%mca-cbI. . 4 ~ u k s ~ . v V l ' 1 1  N ~ . ~ w ~ m ~ b  l'&bll%~&, 
tA~..,~3S\."...> tW.UI,,..>, 

I F  l 1  #..,,I.I~..,l.l.l 11..111' ,- 11.1..1"1...,,I,lX,, 
nu lrl.-u.r u r r  r ~ . n * k r ~ m . r ~ i ~ l . . u ~ n n . . r p r , l . y r ~ . ~ ! ~ . r ~ ~ i l * .  
rr &I.#" "r#wA,c. &-'#I, d..tka, L"W &A"*. a h  *.,, *dk" wc,:..," 

a 1  oh. v~ ' r~~ . . .~r r . ru* .u  L-. *,.r.n.mn.ril~-.,., C~PIA~WI:,.~~ 
I I ~ ~ ~ , , .  ,-er* -me a<. a 3. m. AWA.~. 11; I:SV-...WL,.. h a ~ n . ~ . . ~  A , . , ~ , ~ .  
I'.,,u,,*.., . , r*wu*,  I. S.~u..ll,. ('..l,r..*. h l*"..,~. W,,,. 1111.1 10 

l . a b " . m  %,o 1 3. b,. 1% I V # l * I ~ ~ l h ~ x ~ ~ 8 e ~  c k d  A* lzP& l%tntun%-.\ Us--* w 1 ~ ~ s ~ .  
\v.,,,, S..""... ..I 
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AS ttw a lu~t .  tup,cs iedkale. 11r VC ad t'Vt' i#u lu~ l#ks  u c  snhs~an. 
l id ly  c~~~*;etu~iucd l l w y  atr. alu, vc$ticrlly i e r y a d .  181 1912. .M ptscul 
d VC lu'du-rd war w N  II, YVC F(anls i ~ w a r d  hy VC c~urpa~~ies. .k lWgh 
lllir ligunr. l u r l  d o ~ y ~ w d  lswa 61 prrcm "I IYl82 as Ilw i nhu t i c r  yrv." 

1 I w  1x1 r h ; ~  llr \'C a1.I I'VC iu luvekr cauurim tuoly r uuinll nunllrr 
a11 i r la l i \ r ly  c tmsc~urnd nd i#uu#rrrd l i tulr Lrs nrrk L easy #IN llu 
idustrks III stwi l  wilb ww vucc in icgulatnwy pwccdings trgr~ding llr 
linuilr u l  llwir r c l~nu ,b~ i cd  vod rcuwratic cqubililicr l o  cunlta~l VC e l p b  
suuer. I l w  ioulu98irl r u t l e t  u r r r a t c  Ja* I~WLCS il dilliooh 11, nn~ l y t c  llr 
1taw can*\ d c a y 1 ~ ~ 1  nw;*ruws am1141 Jc i ru~ inc  ilc inwickece d lloane cwls 
a n  1>wdn1~1 ~ ~ i c c r .  g~adia. vugcs, v#*I u l i ~  inluls. 

hbu VC ~Janlr ate ywn-an, s x ~ ~ l ( d i l y  dl tc l ik~ ics .  1Iwy are 
I ~ ~ ~ l l c d  ill ppd.lol asus in w m l  s~;alcrpi~n' ip l l ly  i~miriana. TCKW. 
K e r r L y .  a d  l'alil8rnia." YVC planks u c  cmn'bwd. hl r l i l l  cluil VC, r*I 
IIKY UIU we LKCIIC~ nn~11y in pqu lned  ame4s. I n  a J J i i u ~  m t l r  *ow 
usvs. New l n x y .  OIIL,. **I hlaswuhuul~s avr nojlr I 'VC-~~~n*c inn 
,VJICS."~ 

Oltly a h u l  tur.+ird d Mrl V C p n ~ I ~ ~ ~ l i t t n  ir pdynv~ i zcd  d Ihe rilc 
u wltich il is mw~rhticd. MUU VC n l v l  h i ra~ rnu*d  h lwcen V C d  I'VC 
IB~IIIS. moainly Ity rail lank car. mtd a h ,  by l a &  lruck atul lwrgr In d i l w o .  
I'V<'tcsin nouv lr ~rntsrwlcd h ~ m n  ihc PVCalvl btmirricrt plams; dbis 
is ihuw lnoinouily 1,y train a ~ u l  l ~ r k . "  

VC aml 1°K ~,lautr ate higldy i ~~ccbnJ tcd  ad nl~lula,y a leldlivcly 
rollall iunulrr d wwtcrs. A l  any u ~ u  l i u r ,  IIKIC ale oldy a h u l  l.Ua 
cnuwknrccs i n  111c VC ie*lu,lrv. ah1 ar lv ahIml 5.511) ill L e  PVC i t~nlr? '  . . 
'I;Ait~g i r o  xnua,l llr 111~111.5 III#IW~WI "I WIILLIS. 4I.wl ~U.U~ICIIII)(U~ 
c o  nr cr~inoaid 18, b r c  w u t d  i u  l l r w  iulusmic, r iwc  191Y"I:alwicr. 
IL~I p l a ~ r r  me nmuc lriur ilucnriw. The nu~u l r r  d Iablicaiun w k c r s  is 
crliuured a1 1YI.tMl.' 'lku w u k t s  a ~ c  d j r l  a u w h  b w r  nlwruIcs 
ad VC llrou Ilu waukcar in  VC luul IBVC plrulr, rr llr cx&uru#c << lhc 
Iahtk* im warkrrr c a t r s  t!~Jy lams cwyi ing V(' tcrilo~ill." llr r i l e  d 
IIK gaaw~. ~IIWI~I. B ~ Y C S  rise Ub lea111111 cvcn a h w  i l r i Jewr  "I UUICCIS 

tuay claiut a hfgc tt11101lrt d livcb. 

.'l'lr V(' rid YVC a r t r s s  u e  a e t r c u w d  pi~~uti l~ thee unins: 
Iln: ILliled H ~ ~ M u .  W~wke~r. ~lr llniiul Swclwukur. rrl the 041. ~k,,~ied 
M*I Ah*llk W u ~ b l s .  Ihl lhcu U W ~  a d  if*egh l)r 1 h ~ ~ i . 1  ~ n i ( , ~  
~ k l ~ l l l ~ c l l l  111 Ilr AH.-CIO. Urse IIIIUII~ urm nub p,~icip.ts in rellinl 
Ilr V(' *.n*fUliwwl cml~~~rune Oiuu*rd. .llr I W i s ~ i m  ~r.,,,k~,s .* . -- *ulr.J ~ B Y  r V~IICIY td u~iwv. ##*I v u ~ r  arc nr U*,~*~,I r .I# 

~ . .. -. . . 

i 'flu I r~ la * *d ra l  mu1 r c u u n i c  capabilitkr d ilr VC, PVC, and 
t rh ica lu ,~~ i~H*sr icr  l o  hwcr ~ h u  rckaw d VC-in pla,~s. ru,,ou~. 

I 
it16 .is. **I i l u ~ u g h  lzwes.csc+ng rcri~luat in r v c - h a w  ~ ~ n c , ~ n . m l ~  
a~ i s r r  in  ilr icgulat~wy aai,mr Jcsctiled i n  sullwvc,,, reeli,,,a. 1.k 
di l t i r .~d~y I J  ~ ~ c d i i l i ~ ~ g  d r  luautc icctuu~hgiral u * ~  C-ic rmlifi 
clwllges in lllrlr iduwtks  is d i rus ra l  c1rculnc.m & berc h 4% rv#ul ,,, 
d v c  wulw i~mliyalion d t l w i  c k n l y  & a ~ ~ n r t n k d  p u  
caa~ulfililk~. 

W i h m l  aenl law any s ign i kau  KFhmlugkd h c a k ~ h r a u j ~ .  in the 
f l * ~  Y ~ ~ I S  siwe VC's c u c i n t ~ m i c S  be<- c k u .  #he VC, pvc. ."j 
I a h r k u i * ~  il.*uries haw rigni(icaw1y r rduad  ILL irkarcs d VC. I. 

, r c ~ l g l x  llw ~ceulaI*a a the Ihrcu d rcpluinnr.  lhc VC ml PVC 
itvluarici havc hm h w a  tu be .b* r,rc*rc -kphre -r colrcn. 

I l a I i l ~ ~  d VC fram dovl 2Y) puls p r  ~ni l l iun (p) (n a h  ,,,,,I~.'W *) I C ~ ~ U ~ S  VL. e~nissinns IO ~lr MS& by a h 1  95 ~ I ~ C I N . ~  .,*ltoralwe 
Ilr V r  r c s i h r l  nluent of k*? pleka6ing by  u w r d  uktr ul 
l~il~.'" i.lcw pluus lace lu di l l i iuhks itrel ing t k r .  b v c 1 d  krcl..'M 
I ' u l l l ~ l l l l l ~ e .  lhure is IIII sign lllv llr l i u ~ i u  IJ clutea k c L u h g k s  b v c  
I*.cll le;lr.lud nd lhc pursihilily ,r~llainr ha1 l u n l u a n ~ a l  ~ . b m h ~ i c a l  
b~ r l~ l l l l l l ~ i ng i~ r  C(IW IICCIW. 

' l ' lwu ~ r d r l u w  luve lecn achieve11 viahuv any sigi fkan, cnnwl~ic 
rlaain iv llr ~IMIIP~S u Jdllugc l o  YVC'r m&a plriliu ml lulurc 
I"Wlh I ~ I ~ ~ ~ l r C I l .  I k w g l u ~  lhc 19Nk atd cu l y  19m.  PVC conrunlp 
lkln gle* a1 a s lagge~iy  fine as p n r s  Jnl incd a d  ilr lmllk d 
i~nearud."' LI 1971. llr h t s i k u  a~u~lyus krrar( r~ i#ucr ryucd you*: 
Ilr ollajr IHII~I~III cslwrieacnl d t l u l  l i n r  was h. l i g h  ullq~ly, ad pl- 
r ~ ~ l r i ~ ~ i ~ a l  w w  ~~wctiaIs.*' 

IUI  SIC nu%.l.9 s m .  
IU? YI.IC.1 n1c-.,y ",n. 221. )I$-IIII.,,.. 
101 1'11\1 IC. w . n r  aS.3 I - ~ : E I A L I # ~ I ~ I ~  r n m l ~ l l n  l t ~ - ~ . ~ . w ~  

YI.L IIII, 
IOU G c  8e.L a,<.,.,,!.",i.'.,". ,,3 

m'n..n,  IU u l ~ y u r ~ ~ . .  r n ( u ~ ~ ~ ~ l ~ l ~ ~ . u . * . ~  w,,~ ,  L* I S .  ma. 14. u 11' .s,, s - 4  I..."& I,",-# S,d". . w u  - *I." Ill.,. *,w Ill E,& EIS, 

'"*r 0.n. .%. * 1 ,  
101 fin* 1 1 , u u r r  s**r, n y u s  rwc nnlm.. m u .  4 En'. NI.~. u.). x. 
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h h y  ' 4  IIK. cs~y*kq)lrri, uh, hlvc &I d Hvcr rnng&nmd~tu uuukcd as 
c k a ~ n r  d IIY (wly !~n i r rhrn  rc;r.*n lllr clm~mlrr in v(mirh V C i r a w v c ~ ~ .  

rA I n  I'VC) wcukol ia arcas with sittniluly high V C c ~ ~ ~ m e r . ~ " ' l l r ~  
wawke~r 1wavldvI). I&IU O r  11wn1 lwavily e g ~ a d .  ill ic,tbur d 1 ~ n 1  ~ I ~ I ~ , , .  

l a y  l r r k s  lrd nlu*i#ud iwrrsr. Th: 1 w n . i ~  kvclr  mc mu k~rwm bul ur 
crlin~aled It, l ~ r r  i#w lukd l rak  cxpw8cr g a l  several 1 l u u l 4  RUB' ad m 
8 v r r p  IJ 2x1 10. U U l ~ ~ n ~ . " ' ( k l r ~  liver mn#u~r.rrrnou vit.ai8~~ lnew~naldy 
had htwer, lerr ru \ l r i i rd  capuwcr r ,  VC.1" 

IW. hl)-rul r*..u,lunali- .dh Y . n  D )i-<Li. Paliuiw III~abLl. Ilr,, 1.6 
. "=Is S-ai". Ihri%rsr ..I Su.rilrre.  Ibnd frahil.. ul liu SOI.,. nali,~ 

k*. 11 I h ~ u w d i u l  +oIc,~ ;nl lkahb. A,, 11. #.)I 
111 lk h+w@ Iwm< ;> 10- ll**h. V A .  A C#cccb, lh-m&ad$c.#,s4& 

& ~ * - u - - o  d,b 14-v- +-us V * . d t * & d  W-I##~i.t&, l ~ ~ d . ~ ~ , , . ~ ~ ~ w , ~ , n . v .  
am. a, ~~I.M~II* I~ I rb I * , l i pme i . l , u r r r  CIA. NLrJ1:-8&.-,, 
lu lh:un(u. I,, I IU***s .  Ihvd .%**ul Cr v-,I I%L~**. a ld W.SII 
II*UI ~ k # c ~ d n = *  ., r:m nqw.d .Q.*J~. V'T ~lr- .. ,k ,#,,,,, 
Blul*u I* *an d .wiurou. J ~lr Lim h .~wbnr r"b ilr tw. I ~k "-,. **.. =*-r L* &he lrmcr..l c+- i r  .I. I;w*J hl Vc. I*l a. 
' . . ~ ' J I * h r r l r *  .*IF"\. u dICr.r.i,*Cu.dMIUi.u,k.rrJ 
h W - ~ u F w i ~ n l  Vl'c-*.%we. &.. ~ku rkc,nJr.*rtc I* Curl J I ~ c ~ L * .  

IJ? V l ' l l ~ ~ ~ ~ w ~ .  I ~ W U  -.r I. I !3tunnr*adl~ Ih*y I .  S.Il.dI~:lkr)l. I:*. A 
C,..<h. I-. rrr 8 . .  -.. 3.. ... - ............ 

I .  N i ch r .~~  . II~O<*~.,I. SAW. a SM.,II. S L ~ ,  ~.,,rir-, I.,,,,., IJ 
Vi.dlak*idd I ~ ~ I v ~ h ~ l ~ ~ h * ~  .iulrn. !u. ~ m r u r  N.Y. w.,, LI. 32s. 331111.39. 
Srr.1." I". a I'a4lro. AI.l,,.*). L~."~ .4$ l l i . l , . 'W( * , ,d ,# ,Y i . . I (U"J I . * r~ ,  

ll**/nh .$ Y. lhni~dlMd*ir l*w I l8U. i . .  I 4  H.l# l 1.1.1+ \I111 1111P11. 
I Y  w.wt<, I ,,~.,"#*#.. VI'. ",," 0.". 11, 
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digcuive syncnu mums huh tcra a d  w u v a  a d  llu kca r l  ;u*l llu vr i lv ly 
ry,lcna i n  was#nt."' l i r idclve ad Ohcr rllmr lur appcuud in  p I p l r i u n r  

- .  
on a~unn~lr  nJ lq uIlws i d r r r u y  kur VC h l r c n  rllo,ul 11, crux 
t n r c a  0. rnuualr h u h  win lnhakd a d  *In l+uc.l llr lul, h l u  l b u  

~4 I ldiuu e q w i u r ~ r  ~ ~ N L Y W C ~  by llr Lwaqram and A n n k i l l ~  VC a d  
I'VC pulucrvr. In l k s e  wrls uur idtaling high c n ~ ~ e ~ n ~ ~ l i ~ n ~  d VC 
tY I .W l  au"u1 devchurd caawctuus lvlmwvs d #he sliu. luns. url 1-~nc.'" . - .. . 
I..u81lu., r9, i p u b w ~ r d  by lllr pu*uctr  vcte - luLd anal ~ c l r v l r d  Iu I& 
l k c u l v ~ ~ i s ~ ~ d  Sdr ly and lleilllh A*winiuarLm (OSIIAI in  euly I'JlJ. As 
drrll ir <cu inlk c i w  U u l y  ul OSlIA'r sla&ud %ring. Ik J.4a u l i vcd  
a1 a caucial 1i.w. On k b r u u y  IS. Y OSIIA'r 1 n . l i d i n g  I r u i n ~  up VC. 
tlw halian rcw;uclnr r c ~ ~ w k d  llru ahem-uuplbliird liadiugs 111.1 VC Id 
i 8 m I t e . l  ingisaarcuw 11 IIr liver L tar L*Jiag n ~ r - c ~ u ~ a l i a ~ ~ r  sr bw as 
2W I1nat.'a lh A p i l  IS. OSIIA r cc r i vd  i epmr  Lnrt le,lr C~IIIIIUC~CJ 1. 

4 Yfl 
Ill C b n r r r .  N*W..& W q .  1 l u n l f A . r ~  El*l~,nlulWI't*C*~.m. 191. 

t h a u ? ~ m ~ ~ v u  Utu 62,. LV l l * Z I l  l k # e d - c  .hd -3 Uw#&r A- 
,nplu,r,,l l.rUWIu(.J.uh,ulII..\*lk**.ul+UI..Ik."lll,I** 
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South coast 
AIR QUALITY MANAG WENT DlSTRlCT 
81 80 FLAIR DRIVE. EL MONTE, CA 91 731 (61 8) 572-6200 

A p r i l  22, i985 

Mr .  Wi l l iam V. Loscutof f ,  Chief  
Toxic Po l lu tan ts  Branch 
Cal i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento, Cal i f o r n i a  95812 

e a r  !d&: 
Viny l  Chlor ide 

I n  response t o  Mr .  Ven tu r i n i ' s  request f o r  in fo rmat ion  on the  heal th  e f f ec t s  
o f  v i n y l  ch lo r ide ,  we are ,submi t t ing  several references which could be o f  use 
f n  your t o x i c  a i r  contaminant program. These references were not  included i n  

. ysur b i  b l ioyraphy dated March 1, 1985. Also, in fo rmat ion  regarding possible 
b i o l o g i c a l  product ion o f  v i n y l  ch lo r i de  may be obtained from Dr. Freeman A l l e n  
o f  Pomona College. - -  -- 5 

We would l i k e  t o  cont inue t o  receive in fo rmat ion  i n q u i r i e s  f o r  other candidate 
compounds and t o  be kept informed o f  your program's progress. 

Very t r u l y  yours. 

&o Anne Ap le t  
D l  r ec to r  o f  Planning 

Enclosure 



P A C I F I C  GAS AND ELECTRIC COXPANY 
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May 7 ,  1985 

W .  William V. Locustoff, Chief 
Toxic Pol lutants  Branch 
Re: Vinyl Chloride. 
California A i r  Resources Boatd 
P.O. BOX 2815 
sacr amento, California 95812 

Dear W .  Loscutoff: 

Requesc for Public Health 
I n  formation Reaarding V i n y l  Chloride 

Paci f ic  Gas and E lec t r i c  company received your April 4 ,  1985 
request for addi t ional  public hea l th  information regarding Vinyl 
Chloride. We have reviewed the bibliography attached to your 
request  and concluded t h a t  we are unaware of any addit ional 
information which would be of use t o  you. . - 

Sincerely, 



, e r-T= 
C L F  Chemicals r I-/ 

C?lar-Alkll~ BUYWM Unn 
PPG Chernlolr 
Om PPG Place 
Rwurgh.  Pennsylvan~a 15272 

M r .  W i l l i a m  V .  L o s c u t o f f ,  Ch ie f  
Tox i c  P o l l u t a n 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 i n y l  C h l o r i d e  

Dear S i r s :  

R e l a t i v e  t o  y o u r  reques t  f o r  h e a l t h  i n f o r m a t i o n  on v i n y l  ch lo r i de ,  we have no 
i t i f o rma t ion  which was n o t  covered i n  t h e  MEDLIlJE and TOXLINE in fo rmat io r ]  
serv ices .  . 
We thank you f o r  ask ing  f o r  o u r  input .  

S i n c e r e l y  yours,  

Techn ica l  Se rv i ce  



Addi tional References on 
Vinyl Chloride Health Effects 

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

Edmonds, L. " B i r t h  Defects and Vinyl Chloride,' Proc. Conference on Women and 
the Workplace, Washington; D.C.,.1976, a l so  Teratoloqy 17, 137 (1978). 

E q u i  tab1 e Environmental Health, Inc. "Epi demiolo~i cal Study of Vinyl Chloride. 
Workers, Final Report.* Prepared for  Manufacturing Chemists Association, 
Washington, O.C., January, 1978. 

Graniger, R.G., A.E. Walker, and A.M. Ward. 'Vtnyl Chloride Monomer-Induced 
Disease: Chemical, Radiologlcal and Imunologlcal Aspects," Chapter I1  in 
Induced Disease; Drug, Irradiat ion,  Occupation,. L. Preger, ed., Grune and 
Stra t ton,  London, 1980. 

Kuzmack, A.M. and R;E. McGaLighy. "Quantitative R i s k  Assessment fo r  Conmunfty 
Exposure t o  Vinyl Chloride," U.S. EPA, kashington, D.C., December 5, 1975. 

National Academy of Science. Principles of  Toxicological Interactions 
Associated w i  bh Mu1 ti ple Chemicals Exposures 1981. 207 p. AD-A093 809/2 
PC AlO/MF A01. - 
National Cancer Ins t i tu te  (1978). Vinyl chloride - An Information ~esourze ,  
112 p. HRP-0028012/3 PC A06/MF A01. 

National Ins t i tu te  of Occupational Safety and Health (1977). A 
Cross-Sectional ~ p i d e m i o l o ~ i c  Survey of 3inyl chloride ~ o r k r r s .  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 t o  Vinyl Chloride. Final Report t o  U.S. Environmental Protection 
-anuary 1981. 



Air Products and Chemiuh. Inr 
Esk 52: 
A'vc:s,.n. OA :El05 
ie'eo-:-r (215) 481-491 1 

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

Re: Vinyl Chloride 

.Dear Mr. Loscutoff: 

We are happy t o  provide some information re1ativ.e to vinyl 
chloride i n  respbnse t o  the April request of P. D. Venturini .- 
This i ncl udes: 

1 A paper iy me given a t  the APCA, New Orleans meeting. 

2. A paper presented a t  a CMA seminar i n  Washington, 
9 December 1983. - 

3. An unpublished review by me on the s a f e t j  and health 
aspects o f  vinyl chloride, which contains several 
references not i n  the bfbliography with the  
Venturini l e t t e r .  

4. A report  from Br. J. S"rg. 71 322 (1984) of an apparently . 
successful l i v e r  resection on an ASL patient. - 

5. An a r t i c l e  from EST 19 277 (1985) on biodegradation 
of TCE t o  VC. Note especia l ly  reference 10, Parsons, 
c t .  a1 . . fo r  corroborating evidence. You may want t o  
get the Dade County report "An Investigation i n t o  the 
Source of Vf  nyl Chloride Detected a t  the Preston and 
Hialiah Water Treatment Plants" by J. C. Balter, 1983, 
fo r  more deta i ls .  

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

i hope that  these are useful t o  you i n  your evaluation of 
t h i s  substance. - 



INTEROFFICE 
MEMORANDUM 

subject Suroi cal Removal of Anoi osarcoma 

L .  B .  Tepper To Corporate Medical Department 
ILOUImn. OIwnIJallOn. or D.L.rtrmnl1 

From J .  T. Barr Regulatory Response 
ILoutlon. OIwrwrrtlon. or OaDartmnt) 

cc: G .  Bays 
H. 1. Watson 

The attached art ic le  i s  a report o f  an apparently successful 
surgical removal o f  an angiosarcoma from the l iver o f  a PVC 
worker. I t  appeared a t  Br. J .  Surg. 71 322 (1984). - 

" 

J .  1: Barr * - 



s n o n  n o w  an0 u s e  re- 

1 .I' Vinylchldride induced hepatipi~G G 1 ~\y~~.ncnonrr~ .~ l tnround*ourda~r~ .demctvmolr rof tbcn~ 
hcrauc lobe u u h a r u % o l ~  ThcpTc hqnucroaconhncd angiosarcoma .;4~& c p m m r r  d a n  illdefined 6 l l i  f ~ e ~ e d  in thc inkrior.mn ofihc 
rlcht lobc uith t u v s m l l  d c f e n r ~ l  the l n t l  ofthe hilm. 

Y.A. Louagie, P. Gianello, P.J. Kestens. F. lcn lobe. 
A sclmi\r  rngiio~nphy of the di ancry m u l e d  8 h l p a -  

Banbled and J.G. Haot r?rxulurizcd tuaour o f r k  rkhr hemtic lobe tFinne I). - - . . - . - - -. . - - - 

D e ~ a r t m e n t  of Surgery of the Alimentary Tract 
Louvain-en-Woluwd MedicalSchoo/, and St. Luc Hospri'al. 
1200 Brussels, Belgium 

Correspondencr, to: Dr Y.A. Louagie. 20 Avenue d'Huan . 
(b te  3). 11 50 Brussels, Belgium 

The  relationship betwcm vinylchloride exposure and 
human aneiosarcoma o f the  lwer (ASL) received attention in 
1973 when a case of this rare tumour was diagnosed a t  
autopsy1. 

Case report 

A 39-year old man was fim seen in July 1979 with p i n  in the right 
u p v r  quadnnt. The liver u n  palpated at the nght costal m a i n .  
Oral choicc)'stopraphy and barium suallor were nomul and liver 
funnion tau u t n  in nonnrl limits, From I965 to 1970 he had 
cleaned reactors used for the polymerimtion of the rinylehloridc 
monomer in PVCand u r  thus cspowd to high amounu. 

He uas admitted 3 months later with persisting riphi u p c r  
quadrant pain. loss of appetite hnd fatigue. The liver edge u-s by 
then hard and 4 cm below the eosul margin. The ESR u s  accclc- 
rdtcd (80 mm/h) and alkaline phorphatua and G C f P  I\=? 
cle\ated. Carcinwmbr)vnic antigen (CEA) and a fetaslobul~n 

At r nght ~ h o n c o p h r c n o l  the tumour UJI found to k 
conGned to the right lobe. An ulmded riphr lobcctomy MI thm 
pnf.amed. The pommemk% recrmr). uu unnmtful  and tk 
p k n t  was Icm hane  o i l h  a morubly&imimisvIaim orVmcristinc 
(1 mg IVI a d  Adrism* (150 mgm' 1V) u&h wrdircPninucd 
inJune 1981. . . . - -. .- - - - . - 

Rcpatcd controls ap to Smanber I981 by l i ru  scan and 
comwtaited omoma~& mmahd nona8LThc pu*m is ail1 in 

Pathology 

The ratned ~ m c n Q b a s 2 0 5 0 ~  Oa -iaI euminatim!. 
the main tumour (13.5 x 8 an) rrr vcliowkh.ud s m n w  ud 
contained cysuc and hcmonb& k a  A veoad &lla 
bemorrhapic rrup urr found a t  ~ I C  ininhior upn of h e  riLhl l o k  
wnoundrd bynumrro- p u d e  mrpa 

Macmrmpially. the maiitumour shourd *rfc ucu o f n c a m k  
and lwmontugic ~ ~ c t p ~ c a ( F i * m h T h a c ~ u r n  
surrounded by areas of JMc 8ucuLr prolilentioa The siousoids 
w m  lined vith 1-a- sired i m g u h r  y l c ~ m t o u r  cek with 
hyperchronulic nuclci Elsewhere. blwb6lled I D I ~ ~  wnc 
runoundcd by urcawsu cells The vrcarn cclk e- 
adjacent liver cells .nC bile d u a d a .  and io6lv1~d ibr pum- 
ch>me The p u h d o g h i  diagnosis of mulkcn& mg' tma~coma 
uu made. The ra! d the lib= uu nonrul except for some 
modernrely cniuprd p o d  u~o. RosrrPin fibrosis s c p ~ l e d  
hcp~mcy~o atthe -01 of rhe p o d  marfrornditccar Wit 

Figure 1 S~Itvrrty on.uit~fraphr uf lhc c~rl iar arlm: 77w IIJW R m  3 Plf~~r*nnnw&.r rJ' tk mi81 cmmwr .&ria#! Nad 
s i r :  r . I  p p l i  h n a n t i  r i  a I 6IIcd r r w r n  rummmlcd 6.r ?r- sag% +/I-- 
rrdn br.puraurlq I JMlr ' 



S h a  notn and u w  r o p e  

cord ccllr. Animanmis and aniroc!l&-wrrc frcgutnL A cross- - ! PrOve.IO be curative. Howc\rr. there are k w  reponcd c ~ ~ c r  
rcction hiomy of the lclk lube ahowd nomml lhuc  with slight orsucceuful opcntivc rcmo\;ll of hepatic anyior;lrcom 
hcw~oc!?ic a n i ~ ~ v o s i s .  The l!mph wdCS ukcn li0m the l i ~  the longmtsuni\;ll b s h m n  I(, monlhp. 
hilum were hyl+.rriIa6tic. The main Iiitura ol'thislumous wm iu ! 1, our turnour wr conlin,.. to lobe rind 
nlulliccntricily mJ thc prcu.nccofmild l ibrab : there uas no sign orthe extcnsivc Chrwis. So Tar the pt ient  

' is apparently free oCdiscnsc after 38 months: This is. to our 
Discussiun knowsledge. the longst puhhlished survivul. 
The occurrcncc of liver angiosarcorna in vinylchloride. 
polymerization xorkcrs was rcponed in 19741.2. Prolonged 
exposure and long interval from initinl exposure is rquired 
before liver disease bccomcs appJrcnL The awrage interval 
is I ?  ycan (range 6-29)]. Our pntient w u  exposed for 
5 years and became symptomatic 14 yean lner. 

It is a rapidly progmsing lam1 diswre, apc i a l ly  in 
adulu. The clinical features include rapid liver enlargement 
with haernorrhapic ascita. fast deterioration and c a c h u i  
usually with death within 6 months. 

The treatment is disappointing and chcmothernpy and 
radiation of palliative value only. Irthe diagnosis is mode 
early. the disease is localized and there is nonuocisted liwr 
fibrosis or,ponal hypenmsion. reseaiw operation might 

Rekrenm 
I. C m h  JL ir. Johnson MS. Anyiovrconu oftht iivcr in the 

I manutjnurc ol.Pol\~inrl Chloride. J 0 b r 1 1 ~  .IIcd 197.1: 16: 

' 3. Block JB. Anyimrcomn ofthc livn following \in)+ chloride 
e x p o r u ~  J.4.11.4 IY7& 229: U-4. 

3. Heath CW. Flak H. Crcech JL Jr. Chamclcrinia o f e ~ r a  of 
angiourconu oCthc liw- amon# vinyl chloride worken in the 
UnitcdSWtcs. ..Inn N~.lrwrlS1.i 197): 244: 111-6. 

4. Adam YG. H u m  AG. Hajdu SI. Xlulignant ~ u u l o r  lumoun 
ofthc Iiwr.rl~raSurg 1972: 175: 375-83. 
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-.-a SOL r.cluroL 1sas. IS. m-wo 
--- ...~rpnology. there war no evidence that the rurface plnd mV PPJo Alb, CA, by s0~r)unr  ~ n e  

nodules were composed of any specid, unique elmen+ ~ ~ ~ h n s A L B . n d l r C d u m k r ~ b D r n  
Thew partidea from thene psrticular coUectiow ram to C 0 l - b ~  OH. and Rotb AU0d.m -a. 
be quite similar to the micrometer sire panidas amittad (EA-2892. h j a n  li7&1). Much 1983. 
in the aah (2). It ia not clear, tbcnfore, why the wUectcd (21 K.uibur. fJ; licbtmus. D. Enuuon. Sci. Tdnol.  1% 

18,544. arh shows a bimodal distriiution of micrometer size par- . (3) VdkoviC V. T,e E,emcolc tr -; CRC a tides centered around 5 rm m d  aubmicmmatsr size pu- 
ticlm centered around 0.5 rm. X-ray photoelectron &ton, FL 19B9; VoL I. pp 83-171. 

(0 % *b. F. A.oc. Symp. N. Mnm.  Rd spectroscopy ( U S )  and depth profile XPS have baen Soe. 1981,3+ 
applied to these samples to determine surface cornpodtion (5) R . h s h & L n n a W D . K S c i a r n ( w ~ ~ . ~ . c  
Resulta of thew analpea will be presented in the n u r  1984,22?, l32 - 
future. 

Literature Cited Recebd for mrirp. April 24 &uirrd n w ~ & p t  m& Sewmbv 4,1984 Amspted Cktober 30, l a .  Tht d w 
(1) 'Pknnin~ Studim fm M-mum OlChmkd EmioiorY rupported by W e  Powrr Rctlomh Imritucr Came:  Rp 

in Stsck Cans d CoJ-Fi Power PLnu.. Repon prr 16s-I. 
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I Anaerobic Degradation of Trichloroethylene hr Soil 

I Roberl 0. KI.opfer,* Dlano kl E.aley. Bernard B. Haw, JI, and Trudy G. DaDJ d " *  

Charles J. Wwrey . 

n When wichloroethy~cnt (TcE) totopidly &beled with 
one W atom is used and pa chromatography/- 
spectromety is employed to monitor the production of 
12dichloroathyl~'SC, WE). it bas been demonmated 
that reductive decblorination of TCE takes place in the 
soiL Microbial involvement in thir process ia indiwted 
since unstCriSid soil ssmples yielded up to 78 pb of 
labeled DCE while sterilized soil umplcs producs8noae. 
homer specificity waa slro found: only 12-DCE war 
produced-no 1.1-DCE waa obaarved. . 

. Introduction 
Since trichloroethylene (TCE) is a major industrial 

. solvent (234000 ~ t t i c  pmducrd uypurlly. worldwide 
(1)) wed for dclnuuine and dadm metal m e  and 
electronic compGnrntr, b b pcrhapn & awp&ag. b t  
TCZ hu found ira way into tbr en- & kn. TCE 
appears to be aidely distributed in the aquatic encriroa- 
ment (I). 

Homer ,  the enviroamentJ fate of TCE bas not been 
wcU documented, and conridanblo controvem atill asiata 
concerning iu behavior in mdmnmentrl madim Euly 
literature refersacen haw d u d d  Lh.t C, and C, lub 
genated hydrocarbons us not mekbolizad by microor- 
g a b  (2.3). More recent w e a ,  hawwe?. am a p k  on 
Jhe issue of whether TCE is biodegraded (4-7). with one 
rcsesrfh group reporting botb 'no apprechbla uuuobic 
degradation" m d  40% degradation of TCE in rimilu 
rnethaogenie cultures (8.9). 

In a very recent publiution, PUXM~ et .L hmve d e w  
owtrated that tstrachlor~*tbylena (herein referred to u 
perthlorc&hylene. PCE) ia nductively dachloriaated to 

' Prueml rddrnr  D e p u c w ~  d Civil EadMiirrt. Uohnnly 
d Illmok. Urhn*  XI, 61801. - 

TCE. dichlproetbylanc (DCD. and vinyl &Bride in F b  
rida  muck/^ water mi- (10). Wbrthrr 'ICE, 
which was prwsnt u a L6% impurity in the PCE study, 
WM h i h r l y  bi0trmafonn.d was not dimcrly investigated 
but was implied by the results for PCE (101. 

Therefore, in order to dotemhe wbethw TCE itself 
under~oes biodegnbtion, we lmve un&Nken a atudy 
~TCEwith&qlea~~totopickbding,rai l trom 
a T C E r p i U u t e i n D m W  lll).endoarySauitirnp 
E b m = W ~ a ~ h ~ l m u r  swemmetrp (GCDfS uulW 
-UC~ Sb~~DCS*C~~~ulddyufsrviraroilw 
soil-fniaahc'mduead nduaivc d e c h b r i ~ b  dTCE'Jc,, 
thb q e h e n u l  m e W  should provide cmmte evidence 
in SUPpOe Of S U C ~  6 @Way. Tbr M& of OW h 
*ation of thL problem are ?epoMd hernia 

Etperimmta1 SIcrion 
MatarWs. Since usy miaobea pment had probably 

adap t4  to TCE roit umplrr were collected at  the D a  
Mohw utr, at dwtha of 1-2 CA- samples), 48 CB' 
rumples), a d  13-17 ft Cc' umples), by wing an 18 in 
lootby2Ieak*pl i tblumpfu(11) .  TheIeaoil 
wm~cwrrnrlyudbyOC/MSfortbapmmacadTCE 
and DCE In sph of the TCE sludge appiiution b.trlag 
been discontinued in 1919 UI), dl roil ramplea coatriaad 
6 ppb of'lutiw* ( U n k W  TCE. No DCE'a were found 
in any ron'sample. (An d y r i r  of the Dea boinrr TCE 
dudge itrclf by thL labomtory m d  by m independeat 
W a g  khrory ahowed vary high lewh of TCE (9000 
P P ~ ) ,  but w DCE w u  d&cted.) 

TCEUC, wrr purehwd from Merck Shup & D o h e  
W p c r .  S i  UC labaling wu used to produca m o b  
ulu and fragment ion p.rh which did aot hva tba 1.w 
m/z d u e s  u t& DCI/=CI MW isotopic mtbunr. .,-- -- - 
I;CcMS 4 y r L  showed the TCE*r-2--L -- - - - 
I pure an4 *--- ' 



costamination Volatile organic stan* wm p a  
from Suprlco. lac, and wrre diluted appropriately with 
me.hol to contain 200 ppb of TCE md DCE S o y b  
med WM obtained commercially. 

Methods. Five gram of roil from uch depth w n  
placed in 5-mL amber vida which had bnn baked at  150 
*C for 3 h to remow any adhering vohae oxganic corn- 
~ u n d s  Ontgramofaoybeanm~wuadddtouchvL1 
to ensure anaerobic conditions, m d  thm v i d ~  w u r  then 
f a d  with 'organic-freee dirriUed water (wbicb hd bran 
purged with nitrogen). (Organic-he =tar is distilled. 
passed through a carbon m l u m ~ ~  d checked for &a 
by using GC/MS methods.) The vida were urld with 
Teflon rep& Samplar to be stariliud m e  placed in an 
au&vefor30miumint15~ E a c h v i d a ~ r r t b n ~  
with 10 of TCE-UC, (1000 ppb, or rg/kg). Duplia- 
of each sample were prepared. The dad viala won 
transferred into C01/H2 Anaerobic-Paks (BBL. Divkion 
of Eioqunt), which were then placed in ur incubator at  
23 *C. AJ much u pouible. the umple, a~ kept in tbt 
dark u, avoid photolytic degradation of the TCE Subeta 
of the vkk were removed for rodywr at 6.17. m d  41 
week 

Control and method b h k  ~ m p l u  were prepued u 
l-uuoan. (1) v i i  con* only olpmioh water, both 
with and without the TCGmC1 spike, m e  pnpuad to 
monitor v o h t h t i o n  1- and to check for cmm-mm 
tamination thugbout the proodum. (2) VLk ~~ 
only soyhm m u l  (both sterilizrd rod u~tuntrd) md 
water wen m m n n d  tn tat fm mnv n*l=ihl- ro-4-  a* 

TCE to DCE by the soybun mad itself or my Fforew 
mimben m d  to monitor adsorption of the TCE onto tht 
organic matter. (3) For the &weak samples ody, vida 
c o n t d q  roik A<, r o y h  me& and water without the 
TCEUC, spike were p repud  n method bknkL 

For the uuiyln, the mntantr of each v i d  wen trma- 
f e n d  to a Smtvkl by udug organic-h water ta 
eliminate bmdapan 4.ie s d d  with s Teflon repara 
mixed, and allowed to settle. Fivr milliWurof th ru- 
pmmt liquid wan then removed for volatile 
rndyain ruing a F h u m  Modd OWA GCIMS rod 
standud p u G  md tzapPm.thcdol~ (1% 13). ' h t ~ d o n  
limib for TCE m d  DCE by this mothod ur &tad to 
be 1 ppb. 

Resuh and Ducuuion 
All cam-& involved in thbatudy uwe idafisdby 

their charrrctrrutic CC dution time, md m m  rprcm. 
C r * i  1 shows the observed rmru r p c ~  of W e d  a d  
unlabeled TCE m d  DCE) Both qualitative and quaad- 
tative identifications wen e f f d  from mad nkted 
ion mw chra~~- for cach substma For .rrmpi* 
theirmratthelistedm/svdumnmmedfortbemulyu 
of the following compnmb: TCE (m/z (95,97,190,132, 

' 134); TCEUCl (m/z 96.9B,131.193,135): DCE (m/z 6L 
69.97, B); D = q l  (m/s 6 2  64.88,100); No dub 
resuitad from p d m  having the - m/z vduw for 
substances sina ueh compound (edurivs of its toto 
pomar) dumd at  a different the. For quaatitstion par- -- -- ---.-- >.. -.* . . . . . . . . 



Table I. Anrounu (rr/kg) of If -Dioh~~methylend"', roil -PIU showed tbr p-h of 2 ppb of W U C , .  
Produced by D.m&tioa of TricUonnhylone-nCI in This may, however, be the mul t  of an incompietcl steri- 
Unsur i i id  Soil. 1Lation ece thin WM d y  obKnml for one of the lo- 

time umplcr 
- 

Since conwnion of TCEJCt to DCEnUC. occurred - - 
6 8 7 11 h o s t  u d u r i d y  in t m ~ r i i ' t e d  mik. mipobk p d d -  

17 28 31 8 
?a4 n pation setma certain. Some caution should be erardaed 

41 25 in drawing this c o n d ~ o n ,  hodrever, since Kaufmm (14) 

text for soii depth deaignation~ b u l b  .n we- far has reported that A-ving h a  not only the bic- 
duptiuc. S U I Y P ~ ~ ;  MI- vm a%. 'No dupliut. vdw WAS logical properti- of the soil but Jlo its uhvdai and 

for the and UC compounds wen identical. Thir M- 
sumption appean to be valid since we observed MW 
a b u n b  ~psdrsintheunkbeledTCEdDCEmau 
spectra having 2% of the intenaiw of the correapondinp 
W peaks (theoretical value US). The pertinent rtsub 
of this study are discuaaed M follw: 
(1) In the water-only aamplm, no crorr-eontaminstion 

war observed at any stage of the experiment Therefore. 
no exogenous rubstanma epperu to have entsrd the s6m- 
ple vi& 

(2) The vials containing the w a r  with the TCeUC, 
spike showed considerable variability in tha* -rant re- 
cbveriu. indicating rubruntid and-inconristint vokril- 
h t ion  losea of the TCE We were thus unable to obtain 
reliable quantitative data menaming the comemion dTCE 
to DCE by following the mtcl of lou of T C E  Any ex- 
periment that measures ody the lou of TCE appem to 
suffer from thwe v o l a ~ t i o n  problenu and from ad- 
sorption problems (to be dbcuaed nest). No degradation 
produns of TCE-*Cl were observcd in theae water and 
TCGuC, samples. so roil or miawrgsntnu contained in 
the soil must be pruenr to effect thin conversion 

(3) In the ramplea con-g water. soybean med 
(whether sterilized or not), and the TCEuCI spike, no 
conversion of TCEuCI to DCEUCl WM ob.cnnd Thus, 
these control ramplu eliminate the soybean m d  as A 
potend source of TCE degradation H-, adsorption 
of the TCE on the soybean meal wss sigaiflcant From 
50 to 60% of the TCE apike waa adsorbed after 6 weeks. 
h seen from the sterilized soil rsmplea (where, except in 
one CMe of incomplete stedi7ation no ~(mvenion of TCE 
to DCE occurred), a n o h  10-154, of the TCE was ad- 

diemid properties. Neverthelarr, on thib;ia of our 
multr for TCE and those of Paraoru e t  rl(10) for PCE, 
it ap- that the degradation of TCE to DCE in the dl 
ia indeed of biological origin. 

(7) Only 1.2-DCEUC, wss produced wheaeverTCEuC1 
nu degded. No U-DCE%l (which elutm mom rapidly 
thn 1.2-DCE) WM found in any u m p k  Under ow ex- 
perimental conditioru. cw. and tm-13-DCE meluted 
(d csnnot be differentiated on the bash of thcu marr 
spectra). Thus, we could not identify wbich geometrical 
homer WM formed, or if a mixture of the two au pro- 
duced. (kr their study of PCE biodegmdatioe Puronr 
ctrl(10)w~abbtorep1yptethedrdtMI~n 
chtomatopphidy. They found that cis-13-DCE is 
aignificautly favored over the trans homer.) 

sw~~orv 
By using TCE iwtcpidy W e d  u+th a dn%. YC atom. 

we have shown that TCE is dcfiitey deckdoriaad in the 
roil to 13.DCE Isomer specifici*, WM rLo OM no 
W-DCE was detected. The TCE - DCE degradation 
appeam to be biologicd in narure. dDca soil sample which 
had been sterilized exhibited no such conversion. 

Sino&hasbeenrhoworhatmiaobcrth.thawadapd 
to degrade one member of A homologoru .uirr have aLo 
*muhmuurl~ a d a d  to darnade other mrmben of the 
ume d e a  (is), & pouibilky aziptl th.t DCE an bc 
further biitrrmsformed iuto vinyl cblorida in soils. Mon- 
itoring data at th Da, Moines &A (11) and h h u a  (16). 
thin work .and the work of Parso01) et d (10) dl strongly 
support thin DCE - vinyl chloride contention Consid- 
ering thr well-known cardn6geaidty of vinyl chloride, 
t u r r b u ~ r l o n g t b e l i n u ~ d ~ v u ~ t a d  

sorbed on the roiL Th. adsorption loug pose mother ~ ~ k ~ ~ k d ~ ~ ~ ~  
major problem in a study like thir Ekperimmtr that 
monitor the losr of, for example, TCE and a t t r i i  it We gratefully admowledge John Caoile (of- md 
solely to degradation am potantiany mspect, particularly Envhmmeu& Ine) for obtahhg the roil sumplea .nd Carl 
if care ia not taken to account for volatilization and ad- Bailey m d  Anpel0 Cuwcr (of the Region W Envimm- 
sorption 1- m m t d  Protection Agency Laboratory) for providing 

(4) The 6w-k method blanks (cont.iniry niter, roil, technical rslktrnca 
and soybean mad with no TCEUCI spike) r h o 4  no RyLtry Na TCE, 1941.8; DCE. 640.504 
neneration of mv substance CTCE or DCE. labald or 
;bt.bcled) not h e a d y  present In the mil itself. Lit.mturc Cited - . -. . - . - 

(5) Conversion of TC%'V1 to DCEuC1 nu noted in 
all mstdizd roilr. Tabla I the amounts of (1) *knbiant Water Quality Cziitui. for Tzichlomethyleno~; 

kbeltd DCE p r o d u d  AJ rem from Table 1 A general 
US krvimnmmul Rotmaionr\r~. 1980: EPA 4401 
aecWm (NTS gPSl-1176711. 

and gradual i n a u w  in the .mormt of D C E W  produced (2) Pmwn. C R: hIcCoaneL1 C. Roe. R Soc &n&n, Su. 
orrun with tima (Of course, due to adsorption and vol- B 1975,JB9.5OE-932. 
atiliation lorsar. th. amounts of m U C 1  a c t d y  pro- (3) ~ C ~ F ~ D . M : P Q ~ ~ O C R ~  
d u d  am no doubt larger th.n thaa nporLcd hcn A d  197s. 3(. 13-18. 
amounts of TCE - PCE wnvwaion in 'red" soils may (0 Van .... .-. Dyke, R A. EMiron X d h  Pmp.c+ ISPI, 21. 

arb-re. be wen b g e r  thaa n~orrcd since the (6) w w  J. T.: c & DunLp, W. k Caby. R L; 
meal to e$we anaafob i i  may well have bema i 
more attractive energy source for the roil microbar th.n Foraer, D. 1C; Bukin. L & J. ENdrorr 4uoL 19111.JO. 

e n 3  

the TCE. Indeed. b d d m n  produ- of the soybun 
-. - 

(6) T . ~ L K ~ Q ~ ~ s . ~ M ~ ~ P ~ c L ; B ~ ~ ~ E . F . J .  
meal were alro noted in the unrtsriliud roil umpl t r )  . Water PoUut. Corwd Fd. l9SL 53, SOS-WM. 

(6) With o w  exeepch, no rhrilbcd soh d o m w t d  O bider. K Conun. EIU. Co&ia, [Rep.] EUIl190. 
e y  'p33 - DCE . .. eonymion. ... . ....  One of the ......., two 41-nwk ~ C EUR-, ~ 2 0 4 .  . . . .. . -. . - . .. -. . . - . . . .. - - . - - .- . .  . . . . .~. 
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of Polychloroblphenyls 

Roborl Louw* 

2300 RA ud.n. Th. Nethuhndr 

for deeblohtion of (highly) chlori~tod indhatzhl w u ~  
matcriab e tc  Thumolysh of chlorinaud bmazmr in m 
exrru of HI ( q w  flow rarrror, rt~~.orph+ric pronure, 
residence time 5-15 a) p m c A  rmoothly at 750 .C md 
ahom vezy high degrees of collvonion (HCI farmuion) at 
CIL 900 .C (8). Sooting h u a i m p o ~ l l t ' m  a t  000 .C 
provided that the H m e  mokr intake ratio k .bocn 10. 
Aliphatic and olctinic cbloridea, in pnurl, react much 
faster t h  chlombaazenm (8). 

PolyeNorobiphmyh (PCB#) h.vr found widespread 
application. wped.Uy M mndormu 4 it# use and dt- 
poul entailing considerable eavirormd probl- We 
therefore thought it worth w h a  to eumlne the brhvior 
of PCB in hydromeking (aq I). Our obormtiom, in- 
cluding thore on appropriate modd compounds rrportd 
below, cadi our expocution thrt PCB un ba com- 
pletely converted into HCI m d  aon-chlorinated organic 
product* mainly bsruuu Hydmp.ekirrg t h u  onnimta 
an environmentally c l w  .Itornative u, inciaurtion. 

Repreaentative crampia with koclor 1248 (CI = 48% 
wt) are outlined in Tabh L Tht wnveraion of PCB L 
essentially complete and n illustrated by F i i  1. De 
chlorination of chlorobmune (PhCI) h LS7%; mono 
chlombiphcnylr m  see^^ in minot ~mnt l l t a  oaly, biphmyl 
eompz%ag a 0.7% on the PhCl f e d  Tbir biphrnyl 
atema from PhCI--or better, from benzene made 
therefrom--rather thrn from PCB (vide Notable ---..-- 2;- . . -.. --, -. 

Tahlm L Thumollrir of PCB ia ChlorobDnw ria 
Bydror*n0 

* ~ ~ h l i u ; l q u u ~ t u b u l u ( b r r u n o ~ ( ~ a 4 c n r 3 ; h ~ o r  
(-ol/h): a 21 r P ~ Q  10.2 A d o r  ua (0.6~1: duntion 
dnrnr~mi%pmduseoll .cdhampeookdvl(hl iquid 
Nc 'ByGLCrl~PhBrniwmJ~und.rd:rouiolrwf.c.uu 
from dichlorobiphlnyl on (nmrion tirnr > 27 du, U, p 
rvlniog mponu to br hdrmndmc d chlorine can- Tbm 

UUII the yirldr of PhCI, d PhCI, to p.rr rkourh a 
muimum with incnuiry tomperatam. The rime h o b  
formomdkobi- (QPbJ 44 &om PhQ Tb. 
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4 D r c '  * '  THE D O W  C H E M I C k . L  C O M P A N Y  

October  5 ,  1984 

Document Cont ro l  O f f i c e r  
Management Suppor t  Divi  s i o n  
O f f i c e  o f  Toxic Substances  (WH-557) 
U.S. Environmental P r o t e c t i o n  Agency 
401 M S t r e e t ,  S.W. 
Washington, D.C. 20460 

Dear S i r / ~ a d & :  

At tached f o r  your in fo rmat ion  p l e a s e  f i n d  a copy of a summary 
of a r e p o r t  on a Li fespan O r a l  C a r c i n o g e n i c i t y  S t u d y  of V i n y l  
Ch lo r ide  i n  R a t s  which w e  r e c e n t l y  r e c e i v e d  and which  I 
d i s c u s s e d  w i t h  David Wil l iams on Tuesday, Oc tobe r  2, 1984-  
This s tudy  was conducted i n  Euroae 5f Civo I n s t i t u t e s  TNO and 
was sponsored by Verband Kunstofferzeugende r n d u s t r i e  E.V, 
( V K I ) .  

I t  is o u r  unders tanding from V K I  t h a t  t h e  EPA w i l l  s oon  be 
r e c e i v i n g  a copy of t he  f i n a l  r epo r t .  We do  not have  a copy. 

r 

Upon review of t h i s  summary, w e  have been unab l e  t o . d e t e r m i n e  
whether  t h i s  s t udy  p r e s e n t s  any s u b s t a n t i a l  risk i n f o r m a t i o n  
under  t h e  EPA's Statement  of I n t e r p r e t a t i o n  and Enforcement '  
Po l i cy .  4 3  Fee. Reg. 11110  (Mcrch 1 6 ,  1978).  I t  a p p e a r s  from 
t h e  minimal da+a presen ted  i n  t h i s  summary t h a t  the s t u d y  is 
c o r r o b o r a t i v e  of e f f e c t s  a l r e a d y  documented in- the s c i e n t f  f ic 
1 i t e r a t u r e .  

S i n c e r e l y  , 

&Ap %rn Fin- b ~ b a s n  
R t t o r n e y  
2030 Wil l a rd  H. Dow Cente r  
517/636-0933 

Attachment  

occ: F. D. Hosrger,  2020 WHDC 
H. . Schumacher; Horgen 
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The wall-known regulatory history of v Q l  chloride and it9 role 
as a bellwether of current regulatory phUo80ph~ makes it a useful 
paradigm for examining the relationship of existing laws nnd the 
Toxic, Substanca Control Act (TSCA) for control of chronic hazards. 

To thfc end, we will f i n t  mvim =me of the highllghb of fb ! . 
regdatory history, and than angage in some rgcculatim as to the . 
response thwe events might elicit today under TSCA. 3, 

t 
I MDUSl'RlAL AND COMMERCUL USE OP VINSL CHLORIDE' 

I Vinyl chloride became of Industrial importanoe about fifQ 

i years ago, appdmate ly  a hundred yaan after its discovery, when 
Semom discovered that lta polymer could be convcrtad into useful I 
articles by plastivltlon ~4th phthalate esters. Commercial b v e l o p  1 
ment began first in Europe and than in thir country in the lam 

! 

11 Air Products and Chemi~als, Inc., 1983. 
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annually in this country, and about four times that in the world. 
Some of the broader toxicologi& attributes of vinyl chloride 

(VC) were recognized in the thirtia. It was known to be an anm- , '  . 

Also in the early sixties, the European industry recognized 
among its workers a disease termed amosteolysis, AOL, which is a 
degenerative d i i e  of the bone tufts, particularly in the fingers, 
that is accompBnid by Rqmudk phenomeri~n.~~ An extensive epl- 

21 W. F. von Oettigin, "The Halogenated ' Hydrocarbons, Their 
Toxicity and Potential Dangers," Public Health Service Publfcatim 
No. 414 (Kashington, D.C.: U.S. Department of Health, Education - 
and Welfare, 1955). 

i 

41 American Conference of Governmental and industrial Hygicn- . i 
ists, "Documentation of the Threshold Limit Value, 1963" (Cinch- 
l ti, OH, 1963). 

- 

. -. . 



)cessing equipment, for it 
:he market. For the same 

was sequestered by the 
t was not until the early 
tions developed. PVC Is 
ite falls in step with the 
six billion pounds are used 
1s that in the world. 
:tributes of vinyl chloride 
!:as known to be an anes- 

prevented its use in that 
improved, industry scien- 
S exposure be limited to 
ement in animals a t  that 
Governmental and Indus- 
nservative and accepted 
arvard ~cientists.~! This 
onal Safety and Health 
5. 

lean industry recognized 
teelysis, AOL, which is a 
rticularly in the fingers, 
7onO5/ An extensive epi- 

demiolcgical survey here and in Europe found about a hundred poxsf-- 
ble cases which were associated clossly wi th  manual cleaning of 
reactor walls between polymerization batches, but neither the rn 8 c t a  etiologlfal agent nor the discare mechanism was identified. 

An attempt was made to reproduce this dfrwse in rats by the  
medical department of one of the European producers. An e c t  
dqlicstion of the human disease was not s e a ,  but many of the rats 
dcvelomd tumors a t  numerous sites. The rep- of this finding by 
~ i o l a ~ ~  in 1970 evoked little interest in the rcgnlatorg commmitp, 
possibly because of the very high doses used, several thousand ppm, 
which were frankly toxic to the animals, and the  fact that the 
tumors were largely metastatic from the Zymbalgland, m not 
prqent in humans. 

Nevertheless, both the European and domsstlc producm 
formed consortia to perform bioassays a t  lowe concentrations and 
aLro began epidemiological surveyi of their emplqaas. T 

Preliminary results of the European bios~say bacame aMPab1a 
fint  in early 1973! and showed tumor development at much lower 
concentrations in organs which do have human counterpnrts. This 
result was transmitted to regulatory officials that summer, awl 
industrp screening of employee records was in tmdf id .V  'IWs r e  
sulted in the recognition that winter by an industry medical director 
of a cluster of three rare liver tumors termed s a g f m m a ,  ASL, in 
the employesrr of one The reporthg of this fact to 

we, nThe Toxicity of VC 
Laboratory Animals," 

XXII (19611, p, 

and Industrial Hygjen- 
t Value, 1963" (Cincin- 

i, "Study of Diseasu 
i' (19831, p. 967. 

6/ W. A Cook, et EL, "Industrial Hygiae Evaluation of Thermal 
Dmadetion Products from PVC Fetus in Meat-lvrapping Op.rr 
tions," Arch. Environ. Health, XW (19711, p. 74. A h ,  B. D. Dimnu, 
et  A, nOccupational Acroosteolysir I, An Epidemiological Studytw 
& p. 61. 

7/ P. L. Viola, "Pathology of Mnyl Chloride? Medicinn do1 
LXI (1970), p. 174. 

8 /  A W. Barnes, "ICX Ends Its Snmce on Vinyl CMorida,* 
Chemical Ensineerine News, (July 8, 19741, p. 21. 

F/ J. L. Cre rh  and M. N. Johnson, "Angfosamoma in Workarr Ex- 
posed to Vinyl Chloride as Predicted for Studios in Bats," Journal of 
Occu~ational Medicine, XVI (19741, p. 150. 
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ous steps still is lac-. 1% do not even mderstand why some p.r- .. 
sons respond with AOL and some with ASL, but none with both . . 

RTSGULATORY STANDARDS 

lo/ 19. K. Lelbech and H. J. nIarsteUer, "Advance in Intemd 
Medicine and Pediatrics " S~rfnsc~~ 'erIq , ,  XLW (New York, 1981). 

11/ R. Hefner, P. lvatanak, and P. Gehring, "Pepcutanaous Ab- 

. 
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, "Percutaneous Ab- 
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The Environmental Protection Agcncp (EPA) promulgated a 
combined engineering and works practicertsnlsrd fn 1978 which has 
resulted in ambient concentr om in the factional ppb range n c u  
producing or using facilitia. l v  

!n the meanwhile, the Food and Drug Adninistratfon (FDA) md 
Commer Product Safety Commfssion (CPS6 rstablfshed prohibi- 
tions on the use of VC in aerosol or other c o m m a  appltcationr, a 
practice which had been Giscontlnued in 1973. The Bureau of 
Alcohol, Tobacco and Firearms of the 'Itasueg Deputmtnt (BATF) 
had already banned the use of PVC liquor -3a i? 1973 because oS 
concern for taste effects from rnigratioa af residual VC into the 
contents. In 1975 the FDA proposed mmc&a of the merally 
regarded ES safe (GRAS) status of rigfd PVC packeghg under the 
Delaney clause, also because of migra'lfon concum, but that 
proposal never has been promulgated, and t h e  FDA bas stated that it 
is considering withdrawal of theeproposaI me recommendin& to 
BATF the reauthorization of plastic liquor battles in light of the 
current very low residual monomer levels im fe=ricsbed W C  articles. 

Other regulations have followed es new states and r u b  have 
come into play. The Department of T r u ~ p c t a t i m  (DOT) and the 
Coast Guard regulate the tramportation of  VC, of course, md VC fs 
bted as a priority pollut&nt and hazard- waste under varfom 
water and solid waste rules, and hsr r repoctable q v ~ t f t p  of one 
pound under Superfund. 

Did the existing laws operate satisfactorily at the tfme of 
dbcovery of the chronic hazards of I'C? !t wuur thst thap dld A 
lead@ medical authority who war deep& keolved in the worker 
health evaluation in 1974 has termed VC a %c--zca rtay." Re8vU- 
uation of the risk to  employees under tbe c- 2 m standard bg a 
c o n s w t i M  nonthreshale extsspolatton rncfin::lgPflelds a Ufetbne 
estimate of 1- than a risk level w b i d  fs not thought to be of 
concern. The comparable risk estimate fco t!e g e n d  poplllaca k 

131 EPA Standard for Vinyl Chloride, 40 CFE 61.60. 

141 P. J. Gehring, P. G. IVatanabe, and C K. Park, "Risk of -0- 
sarcoma in Workem Expored to Vinyl Chloride as Predicted for Stud- 
ies in Rats," Toxicolm and A ~ ~ l i e d  P h r m r c o l m ~ X U X  (lS?S), 
p. 15. 
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sweral orders of magnituda lower. EPA has stated on several 
occasions that i t  believes that vinyl chloride is regulated adequataly. 

EUSg m M E N T  

interested in VC, and more than a dozen have been puformed. 
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. Thwe range from 1,500 to loe5 ppb for a lifetime risk 
of loa, 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 data16/ in order to get reasonable fits to most .mod&, 
because these doses show h a d  systemic toxicity. The low& doses, 
500 ppm and below, as a group fall into a general pattern on a log- 
probit plot, but individual two or three dose experiments show tre- 
mendous differences in slope when plotted separately. The popular 
multlhit model preticts a lifetime risk of 10" a t  fractional ppb 
levela. 

The human factor was accounted for in two ways. The EPA 
used some preliminary emplov epidemiological data to confirm its 
animal-based extrap~letion~~~Dnfortunately, the human data were 

. . 
15/ J. T. Barr, "Risk Assessment for Vinyl Chloride in P e p  
tive,- (Paper 82-9.2 prwented a t  the 73th Annual Meeting Of tho 
Air Pollution Control Association, New Orleans, LA, 19821, Linw 20- 

16/ C. Maltoni, et al., "Vinyl Chloride Carcinogenicity B i ~ y s  
(BT Proje~t ) ,~  (Paper presented at  "Le Club de Cancerogeneso 
Chemique," Institute Curie, Paris, November 1.0, 1979). 

-- . . . . - - - . . . . - 
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selected from those locations known to have ASL cases, while other 
faciUQ data were omitted. They also were in error on the past 
expedura by more than en order of magnitude. This resulted in an 
estimate of 20 cases per year from the astlmated 1974 ambient 
concentrations for the population within five miles of production and 
processing facilities. , 

The EPA scldorn bothers to check its estimates against avail- 
able data, so it sometimes comas up with r a t s  such as that made 
for arsenic a few years ago that would have predicted 18 million 
cases of skin cancer a year in this country if it had been applid to 
Agency data on the average arsenic concentrations in drinking 
water. Similarly, a survey of all known ASL cues  in this countrg for 
the ten years beior 1974 shawed no c s r u  associated with rcsidmq 
near such plants>8f rather than the 200 predicted cases. It b rea- 
sonable to assume that if any cares had developed since that time, 
the publicity associated with it wwId have brought them to light. 
Thus we have 110 million-person years of negative history for nearby 
residents. Tt~is places an upper limit on risk of less than l r 7  per 
ppmyr. 

Two studies applied pharmacokmetics in an attempt to obtain 
relevant human data. Gehring and coworkers estimated a lifetime 
risk of a t  one ppm from tho probit model, based on a biotrana- 
formation of rat data. Th unconstralncd linear model p r d c t d  no 
risk a t  less than 9B ppm. 197 

Anderson, Hoe1 and Kaplan d e d  thk procedure one ~ a p  
further, and applied it to bound metabolic products, rather than to 
the total amount metabolized. Thelr results gave a lifetime rbk of 
1 o - ~  a t  less than one ppm, with the pmbit model, or a t  1- thM two 
pprn with the linearized multistep m o d e ~ ~ ~ l  

!inagenicity Bioa~lsays 181 H. Popper, et EL, wDevelopment of Hepatic Angiouuroma in 

lb de Cancerogenese Man Induced by Vlnyl Chloride, Thorotrast, and Anenic," . m a n .  
Journal of Patholm, XCn (19781, p. 349. 3, 1373). 

, "Quantitative Risk 
Chloride."\Vashinn- 

191 P. J. Gehring, P. G. IVatMabe, and C. N. Park, Toxfmlogp and 
AooUed P h a r m a e o l a  XLIX (1979), p. 15. 

Agency, December 3, 201 PA. W. Anderson, D. G. Hosl, and h'. L. Kaplan, "A Omera1 
Scheme for. the Incorporation of Pharmacokinetics in Low-dore Rbk 
Estimation for Chemical Carcinogens. ibld., LV (198O), p. 154. 
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I Thus we set that risk k in the eye of the estimator, but it  k 
clear that estimates incorporating human data reflect the human 
experience for VC far better than do the direct application of ani- 
m a l  data. 

There was understandable uncertainty on the part of both the 

.- -.-- .;-s regulators and industry in 1974. This was the first commodity chtm- 
_' .; ,-. .*- iEal to be regulated under the relativelv new statutow situation as 

agencies and industry acted promptly to reduce exposures aid em& 

for optimism that the steps Wen in the mid-siitib bkause of the 
I AOL information will haw wavmted am rimififant number of' 

cases devtloping from exposures commencing after that datc;' .Cer- 
tainly it k reasonable to urptct that there have been no new cases 
initiated after the early seventies. 

Had TSCA been in place in the mid-sixeicl, would it halBe made 
I any difference in the course of events? It ~BD- unliksh, that it 

would. C e r t a i i  the AOL discovery would have resulted in a soria 
of 8(e) notices to TSCA The probable eutcome of that would have 
been either a recommendation from thC Interagency T e s w  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 lTC llst before the AOL data btcame available. 
Additional data could have been called for under Sections 8(a) and 
(dl. The remiit of all this most likely would have been a negotiated 
testing rule, under which industry would heve initiated a saris of 
studied which would have culminated in a bioess~y, and the car- 
cinogenicity of VC would have been diicovered in due time. Yet, 
this is precisely what did happen in the absence of TSCA, exceet 

21/ J. Stafford, personal communication, Liver Angiosama . " - -  ---- 
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Liver Argiosarcoma 

final critical data were obtained earlier than would have acwcd 
under present conditions. 

Bear in mind that most of todayk powerful testing methods 
were not available twenty ycan 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 knowladga 

If the data of Viola suddenly became armflabla today instead, 
would there be any significant difference fn the outcome, or t he  
timing of that outcome? Probably so, but o m  bscausa of the MIUg 
more powerful scientific tools which we have avaaable to us now. 
Neither the speed of agency motion nor the rate a t  whicb chindurtrtdl 
facilitiar can be built or modified has incrwsed. If anything, thh 
latter haa slowed, given the multiplicity of permits and approvalp 
now required. Overall, it b possible that if today we knew nothing 
more about VC than was knowq in 1970, we would arrive at a  re@^- 
lated state a few months edrlicr than wss achieved in 1W4, but 
scientific progress, and not legislative or rreguLtory advancement, 
should get the credit. 

What if VC were to become a new product tadcry? Would ft run 
the same course in which it would be 40 yurra before there was 
recognition of its chronic potential? Certainly not. Agafn, h O W W ~ ,  
the reason is 6ue more to scientific progress rather than staMOW 
development. 

One change might be apparent. If V C  were the d j a t  of a 
Prcmanufacture Notification (P>!N) today, rather than bdng the 
model to which all other aliphatic olefins arc compared for strue- 
tu~c8ctivity analysis, it would be judged by the 0th- fn its 
famfiy. This comparison would be less dogmatic than the meme fs 
now. Ethylene and vinylidme chloride are not Mfmal carcinam 
the relevance to  humans of the carcfnognicity of high dae of 
trichloroethylene (TCE) b equivocal and controvcrsiali and vim 
acetate hap only a preliminary nnon-ncgativen report. ThW, tbfS 

class of substances would have .lost its leader for structmo 
comparison, and a decision as to the need fas frnthar t- from 
that analysb would not be clearcut, based on analogollr corn- 

Neither would a full minimum premanufachpo dnta (MPD) wt 
be of any great assistance. VC rapon& poorly to the c w d  fp 
vitro tests, and only recently ha9 it become possible to obtain rapro- 
ducible positive results in many of these. If the position ware taka 
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"little Wn for the executioners apparently is too great to be re- i 

sistedF8/ as Lester Lave pointed out recently. i 
W e  believe that EPA can best obey its statutorg mandate by ? 

developing a more efficient system for establisw prioritla, and by 1 
implementing more effectively its Scctim 9 procedures. 
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7hm cablnat lon of clrcustances whlch found the carclnogenlc hazard 
of v inyl  chloride LVC) belng discovered a t  abwt  the s u c  tlme as the 
sclence of r l s k  analysls war undcrgolng rapld devrlopment. and the 
areal c o r t r c i a l  interest and long hlstory of use of U e  substame has 
resulted I n  a body of literature ud phanacologlcal data greater than 
dm can espect t o  have for most sabstaaces. It i s  therefore i n s t r a -  
t i r e  t o  revleu the wny r l s k  assesswnts which have been prepared for 
YC against the available blologlcal lnfomatlon to detenlne if n CM 
Waluate the exlrrpolaJlon methods used, and t o  dlscuss the current 
rW la l l ons  for  W I n  l l ph t  o f  th l s  coqarison. 

Hazards of Vlml Chlorlde 

It I s  necessary t o  declde f l r s t  whlcb o f  the hazards presented by VC 
s h l d  be the basls for  the r i s k  esllmatlm. Ihe substancr presents 
Ulc acute hazards of frostbite from caposure t o  the l lquld, o f  anes- 
thesia a t  cmcentratlons over 8.OW pp and suffocation a t  hlgher I 
c ~ r n t r a t l o n s  (von Oettlnper. 1955). I t  also f ons  explosive mixtures 
I n  a l r  above 3.75 v o l u c  percrnt, and so the ef for ts  t o  control the 
)bysical safety o f  operations generally preclude exposure to .cutely 
tOB.lc Concentrations. 

I 
- 3 

l k s e  control e f for ts  were reinforced In the mld-1960's where It was 
dlscwend (Swlu. I N 3 1  that workers rho had been axposed to very 
h i@ levels o f  VC developed "vinyl chlorlds disease.' the p r l u r y  
wnlfeslal lon o f  which was acroostmlysls (ML). a dcgeneratlve dlsease 
af thr knr tuf ts i n  the hands. and more r a n l v  of Lha feet and I l l ba r  

8 2 - 9 . 1  

nglon. AlU~ough cr lppl lng ~o-sme degree, th js  dlserse I s  not fbtai. 
and i s  a1 least pa r l l a l l y  reversible i f  exposure I s  ellmlnated (Granlger. 
U l k e r  and Ward. 1080). 

persons. Animal studles have shown an excess of tumors a t  olher 
sltes, but the louest exposures a t  nhlch lhrse occur are conrlderably 
higher than that for  ASL. For example. Halloni (1979) reported the 
folloulng data: 

Almst ten years la ter  It was found that s a  of the wrkers havlng 
slmllar eaposwa also were developing a n g l o r a ~ a .  of the l l ve r  (ASL), 
a rapidly fa ta l  dlsease. Oddly enough. there I s  only one posslble 
Case of a worker developing both M L  and AS1 (Stafford. 1981) uo * m- lus cases of k~ and 90-plus cases of  AS^ now known wrlhr de. 

both a n  d ls raso  o f  the vascular system. Several large 
"I 

r p l l n i e l y l v  studles were conkrted an wrkers exposed t o  VC (Barter 
JIM fu. 1916; Chlazze. 1980; Duck. Carter and Combu. 1915; Equitable 
E W ~ m c n l a l  k a l l h .  1918; Fox and Colller. 1911; Frentzel-hym, 
Wttt, md l k i s s .  1918; Iher iau l t  and Allord. l08l). and AS1 w s  

W ~ Y  f a t l l  disease found conslslrntly t o  L. I n  excess I n  t k s r  

Concentration For 
Si te - Significant Elevatlon 

Forestomach papl l lous: 30.000 ppm 

I ~euroblastous: 1o.wo PW 
Zymbal gland carclnaas: 10.000 ppn 
UephroblasLaas: 250 ppm 
Llver anglosarcou male: 200 ppa. 50 mg/kg 

f w l e :  SO ppm, 16.7 w l k g  
b u r y  adenocarclnma: 5 Ppa 

! The la concentration for onset of wmary  t w r s  was o f  concern when 

i a prellmlnary study o f  fabrlcatlon tqloyees reported an excess of 
breast Lubrs  (Chlazze. e t  al.. 1979) but a follow-up case-controlled 
study (thlrzze. 1980) found no assoclatlon between the cases and VC 
exposure. The IargesL study of VC-PVC workers in the Unlted Stales 
reported s l lgh t  excesses of bra ln  and lung t u o r s  (Equltrble Envlron- 
mental k a l t h .  1918). but th ls  was not seen i n  the oUKr studies 
referenced above. The excess of brain t w r s  was small. and not dose- 
or exposure-related. 7he overall excess of lung t u o r s  resulted from 
an excess i n  one plant only. and reexamination of those cases also 
showed no assoc~allon wl th  VC exposure (Uaxmller. 1918). 

Vinyl chloride has been found to be actlve i n  several v l t r o  m a -  
gemt ic  tests wi th  bacteria and yeasts (Hopklns, 1979) anbtTawears 

. t o  cause c h r m o s a  rbno ru l l t l e s  i n  exposed wrkers, but these changes 
are reversible whcn enposurr I s  reduced (Hmsteene. 1970) and sever81 
'studies of mlghborhoods around WC plants have f a l l r d  t o  show a 
supportable association with b i r t h  defects (Ed.onds, 1915, 1916). It 
I s  not a teratogen In  rodents (Johns, 1977). 

Therefore i t  e a r s  reasonable t o  assue tbt i f  there I s  any ~ 1 g n l f -  
i c m t  chronlc r l s k  olher than ASL. I t  I s  conrlderably smaller than 
that fo r  ASL. and that .n adegutr r l s k  assessment can b. based on 
only tM l i v r r  t w r s .  

NOTE TO EDITORS 

Under thm new k d a m l  ~ p y r l g h t  law, 

publlcallon r ight8 lo. lhlr paper are 

nta lned by the author(s). 
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drnce 01 Just over IX. Personal experience would Indicate that, 
l o r  the perlod p r i o r  t o  1964, when a11 o f  the l l r s t  exposures o f  
the fa ta l  26 cases had occurred. the average exposures 01 l h l s  
hlghly exposed group cer ta in ly  was i n  excess o f  1.000.ppa l o r  the 
w o r k l q  day. Maltonl (1979) found a I% Incidence a t  a11oul 
I.-I0 ppa I n  rats. Calculation o l  the dose equivalent t o  a 1% 
lncldence I n  ra ts  gl.ves 0 ppm by th€ l inear  method and 7.5 p p  
lrm the log-problt equatlon l o r  the cablned Haltonl lnhalatlon 
experlunts. l h l s  crude and subjectlvo estluate would then say 
that n n  I s  about 100 t l v s  as resistant as the r a t  t o  VC Inhala- 
tion. a l lgure generally In agreement w l th  other estimates (NCM. 
1979). . 

4. F w d  Safety Councll 1978. 1980 

The f w d  Salety touull has recorended (FSC, 1978) the use o f  
the m l t l - h l t  mkl because o f  I t s  l l e x l b l l i t y  I n  handllng 
dose response data of varylng c u n l l l n e a r l t y  a t  law doses. It 
has calculated (fSC. 19.90) the n x i m m  l l k e l y  and loner 97.SX 
1 I m I t  doses fo r  substances a t  va[@s r l s k  levels and w l th  
dl f lerent wdels. for  VC, a t  10 r lsk,  these results are as 
l o l l n s  (based on ear ly Maltoni data): 

For th i s  substance. the goodness of IIt o f  the Y d h u l l  wdel 
(0.56) was superlor t o  tha t  of the mu l l l - h l t  (0.32). i k l t h e r  01 
the other tw mdels  gave acceptable 111s. l h l s  was i n  pa r t  
kcause'of the concave shape of the curve, which lncludcd a11 o f  
the high doses I n  the dose response data. 

A Dar Hcath Team p e r l o r q d  re la t l ve  r l s k  o t l n t l o n  l o r  several 
cmpnnds (Langer, e t  al.. 1919) uhlch consldermd probable expo- 
sure. the conse(~~nce  of exposure, the physlcal state 01 the. 
substance durlng processing. and.the current exposure standards. 
This resulted In a value 01 480 l o r  VC l o  a .closed system but 
w i th  employees I n  the r lc ln l ty. '  The saw procedure asslgned 
hazard ra t i ng  values t o  sow other substances as follous: 
benzene. 10; phosgene. 410; hydrogen sull lde. 5; arslne. 9.700; 
a d  blr-chlormathyl  ether. 69.7m. in a batch operation w l th  
occasl#ul n n u a l  handllng, the hazard ra t i ng  fo r  VC increased t o  
9.700 by t h l s  wthod. 

Hchlr. e l  al.. (19.90) conducted a serles o f  tests l o r  the Consucr 
tnduct Safety Cmlss lon.  a pa r t  o f  uhlch consisted o f  eaposlng 4 

rats a d  mice t o  8 series of short. high exposures, rather than 

the usual extended low dosage. lhcy Included one-hour ezposures 
to  rats and mice a t  50. 500. 5.000. and 50.000 ppm. 10 and 40 
hour erposltres a t  500 ppm. and 49 and 100 one-hour exposures a t  
50 ppm. Al ter  I l l e l l a c  observatlon they loltnd no ef fects on 
rals.  o r  the i r  ol lspring. nor on mice exposed to  less Lhan 
500 ppm. Those exposed to  over 500 ppm developed pulmonary 
adenomas. but they also had ru l le red from pneuonl t ls.  

They conslfiered the published dala on animal exposures and 
concluded that there was a l l fe t lme dose below whlch no oncogenlc . response Is  seen. Thls was estimated t o  be 5,000 ppm-hrs fo r  
mice and greater than 50.000 ppm for  rats, regardless 01 whether 
the dose was ab ln l s te red  over a short or  long perlod. l h l s  
concept of equallty 01 ellectlveness for a l l  modes 01 exposure 
does not have general acceptance and would not appear to  be 
correct, based on our present understanding o f  carclnogenesls. 
Oose-rate ef lects are. o f  course. well known. Ilowever, the 
degree 40 whlch t h l s  can.be extended to  a11 types 01 effects I s  
not k ~ * n .  

These authors also used the Crmp-Guess model ( t rmp. Guess and 
Deal. 1977) t o  evaluate the i r  data on mouse pulmonary cancer and 
estlaated that  exposure t o  5.000 ppm VC doubles the probabll ity 
01 cancer, uh l l e  50.000 ppm Increased the r i s k  nine-fold. I n  
view 01 the fact that  p n e m n l t l s  was present I n  a l l  animals 
exposed above 500 00, It I s  questionable I1 th l s  was a d i rec t  
oncogenlc response, o r  the r e s u l l  of an nongenetic event becwse 
of severe lung a g e .  Malton1 (1979) also reports an Increase 
I n  lung t w r s  I n  .Ice, but mt i n  ra ts  or  hamsters. Thus. the' 
slgnlflcance 01 t h l s  l lnd lng to  r l s k  I n  hlnrns I s  quesllonable. 

. 7. Anderson, 19110 

Anderson. e t  al., (1980) extended the work 01 Gehrlng. e t  11.. 
(1911 a d  1979) to  l i ~ o r p o r a t e  thc am1111 of  metabollc products 
lrm VC uhlch actual ly was bound t o  the DNA o f  exposed rats. 
(Gehrlng and 8lau. 1977) rather t b n  the to ta l  amount metaboll1ed. 
1hcy assimcd various values t o  the parmeters I n  a Hlchaells- 
Wnten equatlon deplctlnp the k l m l l c s  01 the metabollc process, 
and cmpared the resul ts f ro.  ertrapolatlon to  l o r  d o s o  by 
log-probl l  and u l t l - h i t  models. They found that the two extrap- 
olat lon wdels  responded qul te d l l f e ren t l y  to  these variations a t  
very In doso. and that I t  was mt posslble t o  select one model 
as the mn  appropriate lrm the hlgh-dose dala. Use of the 
values o f  6ehrtng f o r  the p r l n r y  parrreter17gave e s t l n t e s  of 
the dose egulvalent t o  l l l e t l ~  r isks  01 10 of  less than 1 ppm 
for the prob l t  w d e l  and less than 2 ppm l o r  the w l t l s t a g e  
mdel. a correspondence whlch the authors polnted out was be l ter  
than the preclr lon 01 interspecles cmparlsons. 
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Extending lh l s  crude calculation. these l l v e  m l l l l on  persons are 
nor supposed by EPA 10 be exposed 10 0.2 ppb (probably a high ' 
Ilgure), which would predlct no more than 0.0003 deaths per year. 
or one per 3.700 years I n  that whole populatlon due t o  VC exposure. 
But It also w s t  be recognized that wl th  approximately 20 cases 
per year of ASL I n  the general populallon. there can be expected 
f r m  a purely S t a t l ~ l / ~ a l  basis that there should be one casc 
every tw years O r  so UOng th ls  group of 5 m l l l l on  plant nelgh- 
bors. 

The resulis o f  lhese es t l u t es  d~~cussed  above are cmpared I n  Table I. 
al ter  canverslon Lo a unlform 10 l l l e t i r  r lsk. Es l l u t es  5. (Oow . 1919) and 12 (Scott. 1981) were not I n  a form to permll th l s  cga r l son .  
See OSIU. (1980). for relerences t o  a fen other es t l u t es  that were 
not conrldcred here. 

I t  can be seen that the resul ts f a i l  \nto two u j o r  categories, those , uhlcb project that the r l s k  of 10 occurs a t  exposures of greater 
than 1 ppn. and those uhlch l l n d  that r l s k  I n  the ppb range. lhe 
estimates whlcb y l e l d  the hl her allowable exposures are based on 
* u n  dalr (110s. 3, 7 and 143 o r  use a log-problt extrapolation model 
(No. 2. second estlmalc). o r  predict a threshold (No. 6). The 
rnalnder generally are based on th. Ilnear. non-threshold mdel. and 
mke no biological comctlon. The result  I s  a dll leranc* of 3 o r  4 
orders of ugnltudc. The es t l u t es  bialch y le ld  the hlgher a l l a a b l e  
exposures are In M t t e r  agreement wltb hUlll experience than are those 
01 the other group. . 
Mdl t lonal  Oalr 

A l l  01 the extrapolations reported here have used l o r  Ute or lg ina l  
k l tonl  data frm h is  exper l rn t  BF1. I* has nar reported (tbltonl. 
1919) t h m  other cuparable Inhalatlon exper l rn ts  on the s u c  s t ra ln  
01 rats. and o n  on another strain. I n  addltlon t o  tw ingestion 
Sludles. Ihe resul ts 01 these enper l rn ts  are shmn I n  Flgure 1, on a 
l q r p r o b l t  scale. It can be seen that they a l l  follow a slmllar 
pattern. but that *re are large varlatlons i n  slope between the 
various data grwps. Table Ill contalns the lag-prablt equations 
calculated r r r  sow 01 the tndlvldual experlunls. and var iom groups 
I e r t s  Excellent l l t s  are ablrlned t o r  a slngle eaperl8ent. 
as w u l d  be eapecled f r m  the wll nubcr of data points. butladequate 
( I t s  are obtained l o r  the gmu) as a whole. Incluslon 01 the h ls tor lc  
control data on ASL (0.09% sponlrnews lncldence) d ld  not a f l u t  the . 
Ill Substanllally. except l o r  the very la dose data. Incluslon o f  
ttm 0.0 (orlgin) as data point  d i d  give s lgn l l lcant ly  poorgg I I t s .  
II* comblned e r p r l r n t s  lndlcate that a l t l e t l u  r l s k  o f  10 for  
rats I s  obtalned from a dose In the 1-2 ppb range. 

Similar varlatlon I s  seen w l U  tk other u l h e u l l c a l  *xpresslons, 
such as l l m a r  o r  elpolunt lai  eqwllons. 

Regulatory Status 

The current regulatory status of v inyl  chloride I S  summarlzed i n  Table 
11. The f i r s t  regulatory actlon on VC was taken In  1913 when the 
Bureau of Tax. Alcohol and Firearms prohlblled the usc of r l g i d  PVC as 
l iquor conlalners. This was based on i t  being present as an adulterant 
and not on any conslderatlon 01 risk. The Consumer Product Safely 
Cnrrlsslon (CPSC). llae Food and Orug A&iristration. (FDA). and the 
€PA a l l  acted t o  ban the use of VC as an aerosol propellant thus 
eslabllshlng a zero r l s k  pasitlon. The FOA proposed (fOA. 1975) t o  
wItMraw the p r lo r  sanctlon status 01 r l g l d  PVC as a food package 
collponent because 01 the concern l o r  residual VC that might m I  rate 
The TDA has taken no lur lher actlon on th ls  proposal, and nm (Is 

. 
consldcrlng a 'constlluent" pol lcy which wu td  permit r l l le t ime 
exposure a t  some )bcepLahle r l s k  level. This r l sk  has been proposed 
recently t o  be 10 l l le t lme for the gluttonous consutr. As was 
dlscussed above. the EpA required a best avallable technology approach 
whlch reduces the average exposure t o  those wl lhln 5 mlles 01 a piant 
t o  about 0.2 ppb, by EPA est lu tes.  OSlU established a rule i n  1974 
uhlch set 1 ppn l o r  8 hours as the u x l v r  penlss lb le  exposure, and 
also set 6.5 pp as an actlon level below uhlch a r t  features 01 the 
regulation d id  not a ~ l y .  These were chosen as feaslble levels. and 
not necessarily 'sale doses (OYIA. 1974; EPA. 1916). 

The EIA has establlshed an exposure t o  the general populallon only 
0.1% o f  that allowed In  the workplace. The CPSC has required zero 
exposure. and the F M  has cfflsldcred that approach. Depending on 
rh icb  r t h n d  of e r t { u t l o n  the FDA may chwse. i t s  allawrble exposure 
could be e l lher  greater or less than those currently set by EM a d  
OSIU. It has been es t l u t ed  that the mximm aaunt  of VC Ingested by 
the average European *ho uses .uch a r e  p last lc  packaging than we. I s  , 
l es t  than f6 glday. JCEFIC. 1976) whlch -Id be i n  the order 01 a 
10 or 10 l i f e t l w  r l s k  by even Ulc m s t  conservative mdels. 

There have been var lws  estlu.ter mde of the cost-elfectlveness 01 
the Federal regulation for v inyl  chloride. Craha8 and Vaupel (1961) 
e s t l u l e d  tha l  the O M  ru le  cost $7.5 m l l l l on  per l l f e  saved. and 
$490 thousand per l l le-year saved over the option of leavlng the 
exporum I ImI t  a& 50 p p .  Luken and I l l l l e r  (1981) state the1 the 
l q u l e d  value of a l l l e  I ra  lhe OSlU standard I s  $4 mllllon. t b r r e l l  
(1982) uses an annual cost of $20 ml l l l on  and an annual benellt of 0.1 
l l f e  saved t o  derive a cosl lbenel l l  01 $200 mI11Ion per l l l e  l o r  the 
0 9 s  rule. The EPA has reported (EPA, 1979) that the cost 01 c a p l f -  
ance wlth I t s  VC standard was $2% ml l l l on  through July 7. 1981. and 
w i l l  be an addltlonal $470 ml l l l on  durlng the m x t  1 I r e  years. a l l  I n  
1971 dollars. I1 the EPA ot lmate 01 up to 20 dcalths per year were 
correct, th ls  w u l d  be a cost of $4.7 m l l l l on  per l l fe .  Hwever. as 
dlscussed here. there I s  no evldence tha l  any l lves have been saved by 
th l s  rul*. 

There are many d i l f i c u l t l o  in abtainlng accurate estimates 01 t h l S  
type. and serlous problems I n  detenlning the proper value t o  be 
asslpmd t o  a l l l e .  mvertheless, the doubtlul nature o f  the claims 



fnr  any s lgn i f lcan l  benefit from these rules suggests l h a l  a t  best. 
these rqu la l l ons  are excessively cos l ly  l o  soclely. Iherefore, we 
mast attcwpt t o  improve both our dala base and our melhods l o r  Inter-  
prel lng and dpplying the dala. 

Discussion 

m a t  can be learned f m a  l h l s  exerclse other than the already 
recognlaed f a c l  l h a t  various exlrapolal lon~ao&ls can y l e l d  very 
d l l f e ren l  results? I n  th is  case. a1 leasl. there are several points 
uhlch are w r L h  considering. 

1; V l y l  chlorlde I s  no exception l o  the r u l e  l h a l  W a n  dala always 
mu51 be Incorporaled whenever posslble. lhe epldemic of.occupa- 
Lional ly Induced AS1 whlch was feared I n  1914 has not u l e r l a l l z e d .  
probably due l o  the Steps Ula l  were taken I n  the ear ly 1960's l o  
rrduce exposure because of the discovery 01 AOL. No Inslances o f  
M U  froa exposure l o  VC In the m r a l  populallon have been 
subrlanlialed. Ihe overpredic lgn of occupatlona! cases was due 
l o  lhc  underes l lu l lon 01 worker exposure and overreliance on raw 
a n l u l  dala wllhoul p r  er  pharucoklnellc adjustment. We are 
mot @ROW able 10 9xIraJaLe re l i ab l y  b e h e n  simi lar  species and 
cer la ln ly no1 from rodents t o  huans. wl lhoul  utch addltlonal 
&la. 

2. The re  ulal ions for v l y l  chloride were not based p r l u r l l y  on 
s c l c n t ~ f i c  data, but on %ioec-!c and p o l l t i c a l  declr imr.  

3. MaLhemrlical exlrapolation w d e l r  i r e  not adequate in ih&selvts 
for  predlcllons o f  r isks  u h  beyond the experiaenlal ran*, no 
aa l le r  how good the Ill I s  l o  the dala I n  the observed r a  e. 2 lhe r a r l a b l l i l y  o f  re la l l ve l y  s u l l  exper lwntal  groups a s t o  
the error range. Ihus. bloassays lnlended for  quanl l la l lve r i s k  
assessacnt appllcalions should be a t  as low doses as posslble. 
and as large as possible. and should be Interpreted very cau- 
1 Iws ly .  

4. Ihe currenl  s late o f  Lh. a r t  I s  such Ll;al quanl l la l lve r l s k  
Jssesswenls may be useful f8 r  delemining re la l l ve  r lsks  Iron 
s lml lar ly  acl lng carcinogens, but are net sullable for  across- 
lhe-board a p p l l o l l o n  l o  a11 rchanlsas 8 f  carclnogenesls. 

l h l s  I s  no1 l o  say U111 we should abandon e f f o r l s  aL developing 
m r e  ef lect lve r l s k  assesmnt  r l h o d r .  We w s t ,  hanver, reco 121 f the probleas Inherent In b l l n d  r p p l l c t t l o n  of u W H u l l c a l  mde s 
wllhoul proper assesswnl 01 the available blocheaical dala, o r  
an und.rslandlnp of how rppllcable the exper lwnlal  dala are LO 
hurns. 

1 

We have available t o  us a1 least as much data regarding vlnyl  chlorlde 
as we have for any other substance, and we s l i l l  have J i f f l c u l t y  i n  
derivlog a suitable erpresslon l o r  r i sk  from a purely malhcmallcal or 
s l a l i s t i c a l  balls. Only when hman relevance i s  consldered can r e  
arr ive a1 a predlctlon lhat  approrimales actual experience. 

f Ihe regtllators are faced w i lh  a tremendously d i f f i c u l t  task when t h y  
are presented u l l h  a few p~eces o f  a n i u l  dala whlch suggest the need 
for  concern and po len l la i  regulallon. We must develop a sullable 
program l o  obtain and use as much relevanl dala as posslble l o  assure 
l h a t  rat lonal  regulations are possible. The vlnyl  chlorlde experience 
can help us underslrnd the kind o f  dala which are needcd. 

3785-A1 
2/19/82 
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TABLE l l  

REGULATORY STATUS OF VINYL CHLORIDE 

AGENCY CONTROLLED LEVEL PHILOSOPHY 

BATF BANNED AS LIQUOR BOlTLE ADULTERANT 

CPSC BANNED IN CONSUMER PRODUCTS ZERO RISK 

FDA USE lN RIGID FOOD PhCKAGING CONSIDERING ACCEPTABLE 
QUESTIONED RISK 

EPA APPROXIMATELY 0.2 ppb BEST AVAILABLE TECHNOLOGY 

OSHA 1 ppm 8-HR TWO MAXIMUM 0.5 ppm LOWEST FEASIBLE LEVEL 
ACTION LEVEL 



TABLEI l l  
EQUATIONS FOR CURVES FITTED TO VARIOUS SINGLE 

AND COMBINED MALTONI EXPERIMENTS 

EXPERIMENT 

- 
BT.1 

PLUS CONTROLS 

01.2 
PLUS CONTROLS 

BT-15 
PLUS CONTROLS 

ALL INHALATION STUDIES I41 
PLUS CONTROLS 

ALL INGESTION STUDIES (21 
PLUS CONTROLS 

ALL SWDIES 161 
PLUS CONTROLS 

ALL STUDIES: LOW OOSESONLY 
PLUS CONTROLS 

LINEAR 

, b r 

LOG PROBIT 
P-a IN  DOSE + b 

I b r 

0.35 2.76 0.99 

1.80 0.88 1.0 

0.69 3.46 1.0 

027 2.98. 0.82 

0.30 3 0.88 

027 3.05 0.82 

0.51 253 0.75 
0.1 271 0.49 

CONCENTRATION 
AT 104 RISK. 

lLOG.PR031T). ppm 
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To : Kenneth K i z e r ,  D i r e c t o r  
. Department of  i i e a l t h  S e r v i c e s  

714 P S t r e e t  - W '  
mes D. B d  

June 17, 1985 

Sub*. 
E v a l u a t i o n  of 
Vinyl  Cblor ide 

W I am w r i t i n g  o  r e q u e s t  f o r m a l l y  t h a t  t h e  Department 
e v a l u a t e  t h e  h e a l t h  e f f e  i ts of v i n y l  c h l o r i d e  a s  a  c a n d i d a t e  toxic 
a i r  con taminant  i n  accordance  w i t h  Assembly B i l l  1807 ( T a n n e r ) .  
According t o  Hea l th  and S a f e t y  Code S e c t i o n s  39660-62, your  
Department h a s  n i n e t y  days  t o  submi t  a  w r i t t e n  e v a l u a t i o n  and 
recommendations on t h e  h e a l t h  effects of v i n y l  c h l o r i d e  t o  t h e  Air 
Resources  Board and may r e q u e s t  a  t h i r t y  day e x t e n s i o n .  

At tached f o r  your s t a f f ' s  c o n s i d e r a t i o n  i n  e v a l u a t i n g  
v l n y l  c h l o r i d e  are :  At tachment  I - a  s u g g e s t e d  list o f  topics t h a t  
we b e l i e v e  shou ld  be i nc luded  i n  your v i n y l  c h l o r i d e  e v a l u a t i o n  and 
recommendations; At tachment  I1 - a  list of r e f e r e n c e s  o n  v i n y l  
c h l o r i d e  h e a l t h  e f f e c t s  w h i c h  were p r e s e n t e d  i n  an ARB l e t t e r  of 
p u b l i c  i n q u i r y ;  At tachment  I11 - a d d i t i o n a l  r e f e r e n c e s  and comments 
r e c e i v e d  from t h e  p u b l i c  i n  r e s p o n s e  t o  t h e  i n q u i r y  le t ter ;  and 
Attachment  I V  - ambient  v i n y l  c h l o r i d e  c o n c e n t r a t i o n  d a t a  and 
emis s ion  d a t a  which s h o u l d  be used t o  e s t i m a t e  t h e  r a n g e  of r i s k  t o  
C a l i f o r n i a  r e s i d e n t s  a s  r e q u i r e d  i n  Hea l th  and S a f e t y  Code S e c t i o n  
39660(C) .  

My s t a f f  is a v a i l a b l e  f o r  c o n s u l t a t i o n  i n  c o n d u c t i n g  t h i s  
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c l o s e l y  w i t h  you and your  s t a f f  i n  c a r r y i n g  o u t  t h i s  l e g i s l a t i v e  
mandate. I f  you have  any fur ther  q u e s t i o n s  r e g a r d i n g  t h i s  m a t t e r ,  
p l e a s e  c o n t a c t  me a t  445-4383. 
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ATTACE:,:E::Z I V  ;. 
SUl4MARY O? AXSISRT \-I!:X-:I. CESOIiIDE COICCENTRATIONS 

V i n y l  c h l o r i d e  h a s  been produced i n  one i n d u s t r i a l  
f a c i l i t y  and used  by f o u r  f a c i l i t i e s  i n  C a l i f o r n i a ,  a l l  of them i n  
t h e  South Coas t  Air Bas in  (SCAB). :n Kay 1978,  t h e  A i r  Resources  
Board (ARB) adop ted  an ambient  a i r  c u a l i t y  s t a n d a r d  for  v i n y l  
c h l o r i d e  of 10 ppb, 24-hour a v e r a q e .  Subsequent  a m b i e n t  m o n i t o r i n g  

= i n  t h e  SCAB found t h e  1 0  ppb s t a n d a r d  t o  be  exceeded f r e q u e n t l y  i n  
t h e  v i c i n i t y  o f  t h e s e  f a c i l i t i e s  f r ~ n  1979-1981. However, s i n c e  
1982 t h e  r e c e n t  m o n i t o r i n g  d a t a  fcr VC nee? t h e s e  v i n y l  c h l o r i d e  
f a c i l i t i e s  h a s  shown a l l  v t l u e s  =c =e = e l a x  1 0  33b,  w i t h o u t  a  
6 . e t e rmina t ion  o f  t h e  a c t u a l  v a l u e .  These r e d u c t i o n s  i n  a n b i e n t  
c o n c e n t r a t i o n s  a r e  l i k e l y  due t o  t h ~  c i o s u r e  o f  t h e  p r o d u c t i o n  
f a c i l i t y  i n  1982 and i m p l e n e n t a t i c n  of r e c u l a t i o n s  by t h e  South  
Coas t  A i r  Q u a l i t y  Nanegtment D i s z r i c t  (SCkQX3) d e s i g n e d  t o  r e d u c e  
v i n y l  c h l o r i d e  emis s ions .  

V iny l  c h l o r i d e  h a s  been d e t e c t e d  i n  t h e  community n e a r  t h e  
EKK Class I l a n d f i l l  i n  West Covina. I n  1983, t h e  Department o f  
H e a l t h  S e r v i c e s  ( D H S ) ,  AR3, and =he South C o a s t  A i r  Q u a l i t y  
Management D i s t r i c t  i s s u e d  a  r e p o r t  d e t a i l i n g  a n b i e n t  c o n c e n t r a t i o n s  
( r e p o r t  a t t a c h e d ) .  A s  t h e  r e p o r t  i n d i c a t e s ,  t h e  a v e r a g e  v i n y l  
c h l o r i d e  c o n c e n t r a t i o n s  v a r i e d  w i t h  l o c a t i o n .  The worst case 
r e s i d e n t i a l  l o c a t i o n ,  S t a t i o n  A ,  h a t  mean 24-hour VC c o n c e n t r a t i o n s  
o f  7.1-7.3 opb, w i t h  a maximum r e a d i n g  of a b o u t  39 rpb. Data f o r  
t h i s  r e p o r t  were c o l l e c t e d  over  t h r e e  s o n t n a  ( J u l y  19-October 15, 
1 9 8 2 ) ,  w i t h  24-hour samples  t a k e n  f i v e  days  p e r  week. 

A newly d i s c o v e r e d  p o t e n t i a l  s o u r c e  of v i n y l  c h l o r i d e  
e m i s s i o n s  i n t o  t h e  a i r  is t h a t  of  seslaFe t r e a t m e n t  f ac i l i t i es .  An 
EPA c o n t r a c t o r  r e c e n t l y  made some e s t i ~ a t e s  of v i n y l  c h l o r i d e  
e m i s s i o n s ,  as  well a s  o t h e r  v o l a t i l e  a r o m a t i c  compounds, f rom t h e  
'Top 20" sewage t r e a t m e n t  p l a n t s ,  na t ionwide .  (Please see Appendix 
D o f  Versa? Memorandum, At tachment  :VC.) I n  t h i s  document, t h e  
Hyper ion f a c i l i t y ,  which i s  l o c a t e d  i n  t h e  SCAB, was c a l c u l a t e d  t o  
r e l e a s e  1 7 1  m e t r i c  t o n s / y e a r  of  v i n y l  c h l o r i d e .  ARB s t a f f  modeled 
t h i s  e m i s s i o n  e s t i m a t e  ( a s s u m p t i o n s  on Attachment IVB) and p r e d i c t e d  
8  ppb above any background a s  a n  a n n u a l  a v e r a g e  v i n y l  c h l o r i d e  
c o n c e n t r a t i o n .  The 24-hour maxinun VC c o n c e n t r a t i o n  p r e d i c t i o n  is 

, 23 ppb above  background.  ARB a n l  SCh3KD p l a n  t o  c o n f i r m  t h e s e  
e s t i m a t e s  w i t h  s o u r c e  and ambient  v i n y l  c k l o r i d e  t e s t i n g  a t  t h e  
Bype t ion  f a c i l i t y ' i n  t h e  summer o f  1985. 



Sumary o f  the Health E f f e c t s  or V iny l  Chlor ide 

I. HEALTH EFFECTS 

The hea l th  e f t e c t s  o f  v i n y l  ch lo r i de  have been reviewed by several 

sources. Two good reviews are by t he  In te rna t iona l  Agency f o r  Research on 

Cancer (IARC, 1979) and the  U.S. Deparbnent o f  Health, Education and 

r ie l fa re  (U.S. HEW, 1978). 

A. Carcinogenicity 

1. Humans - Epidemiological srud ies have shown t h a t  v i n y l  

ch lo r i de  causes angiosarcoma. o f  t he  1 i v e r  i n  liumans. Strong evidence 

also e x i s t s  t h a t  v i n y l  ch lo r i ae  may cause cancer o f  t he  cen t ra l  

nervous system, espec ia l l y  gl ioblastoma multiforme. Evi dence a lso  

e x i s t s  t h a t  v i n y l  ch lo r i de  induces cancers o f  t he  lung  and lymphatic 

system b u t  t h i s  evidence i s  weaker. (IARC, 1579; U.S. HEW, 1978) 

. .  . .  . 
2. Animals - Vinyl ch lo r i de  has been shown t o  be carcinogenic i n  

several animal species a f t e r  o r a l  and i n h a l a t i  on admin is t ra t ion.  

L i v e r  angiosarcmas were observed i n  mice, r a t s  ana hamsters exposed 

t o  v i n y l  ch lor ide.  Other tumors seen were mammary adenocarcinomas, 

lung  adenomas, Zymbal gland tumors and - angiosarcomas a t  s i t e s  other  

than the l i v e r .  Doses i n  t he  i n h a l a t i o n  experiments ranged from 50 

t o  10,000 ppn. A s i g n i f i c a n t  increase i n  some tumors (angiosarcomas) 

was seen a t  the  low dose (50 ppm) leve l .  , (IARC, 1979; U.S. HEW, 1978) 



Vinyl ch lo r ioe  i s  mutagenic i n  sevei-a1 t e s t  systems. Vinyl ch lo r i de  

has been found t o  be w~ tasen i c  i n  several s t ra ins  o f  bacter ia,  insec ts  and 

matmnalian ce l l s .  Chronosonal aberrat ions have been induced i n  workers 

exposed t o . v i n y l  chlor ide.  (IARC, 1982) 

C. Teratogenic i ty 

Evidence t h a t  viny'l ch lo r ide  causes teratogenic e f f e c t s  i n  humans o r  

animals i s  equivocal. Vinyl ch lo r ide  has been impl icated i n  causing 

increased f e t a l  deaths i n  the wives o f  v i n y l  ch lo r ide  exposed worker's and 

b i r t h  defects i n  ch i ld ren  a f  workers. Evidence i s  inconclusive. (IARC, 

1979 

E. Pharmacokinetics . 
The metabol i sn o f  v i n y l  ch lo r ide  has been reviewed by several authors 

(IARC, 1979). AbsorbeG v i n y l  ch lo r iae  i s  el iminated preaominantly v i a  

metabolism and e x r e t i  on o f  metabol i tes i n t o  the  urine. A small amount i s  

excreted v i a  t he  expired a i r  as unchanged v i n y l  chlor ide.  As t h e  

concentrat lon o f  v i n y l  ch lo r ide  t o  which an animal i _ s  exposed i s  raised, a  

l a r g e r  percentage o f  the  absorbed dose i s  el iminated as unchanged v i n y l  

ch lo r ide  i n  t h e  expire0 a i r .  The i n i t i a l  product o f  metabolism i s  

be l ieved t o  be chloroerhylene oxide. V iny l  chlor ide,  i n  t he  presence o f  a  

microsomal enzyme f rac t ion ,  binds t o  RNA -- i n  v i t r o  and t o  RNA and DNA 

vivo. Chloroethylene ox ide i s  b e l i e v e ~  t o  be involved i n  the  covalent - 



b ind ing  t o  kNA and DNA. Since an abundance o f  animal pharmacokinetic 

data ex i s t s ,  i t  may be poss ib le  t o  incorporate i t  i n t o  the 

aose-response assessment. - (IARC, 1979 

E. Acute and Chronic E f fec ts  (non-carcinogenic ) 

Acute exposure t o  v i n y l  ch lo r i de  causes narcosis, card 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  

re1 a t i v e l y  h igh  doses. L iver  t o x i c i t y  i s  ev ioent  as c e n t r i l  obular 

degeneration, hepat ic f i b r o s i s  and necrosis. Degeneration o f  bone, nerves 

and 

connective . t i  ssue i s  seen a f t e r  chronic  exposure. Acroosteolysi s, a 

degeneration o f  the  bones i n  t he  f ingers,  occurs i n  workers. [i isturbances 

i n  l i v e r ,  kidney and pulmonary f unc t i on  a l so  occur a f t e r  chronic exposure. 

The U.S. EPA proposed a National Emission Standard f o r  v i n y l  ch lo r i de  i n  

1575, which was promulgated i n  1976. The proposal f o r  t he  emission 

standara s ta tes  t h a t  there i s  no known thresh01 d f o r  v i n y l  ch lo r i de ' s  

t o x i c  e f fec ts .  (Federal Register, 1975) 

111. DOSE-RESPONSE ASSESS1;IENT 

The U.S. EPA's Carcinogen Assessment Group has performed a r i s k  assessment 

o f  v i n y l  ch lo r ide 's .  carcinogenic e f f e c t s  (U.S. EPA, 1975). The potency 

slope f o r  v i n y l  ch lor ide,  der ived f rom an animal i nha la t i on  study, 

i s  1.75 X 10-~(mg/kg /da~ )-I.  . 
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APPENDIX V I  
J 

LANDFILL GAS TESTING PROGRAM 



Sta t c  law=(He&ltlr=md -SdetyCod~Sectlorr418ObS5) requtrers owners-or- 
operatorr of a1 1 ackive+and: soapinac#w-lanW1ls. t & ~ ~ r f W r a i I - ~ ~ a l t t ~ -  
sol i d  w a s t e a s s e s ~ . t e s t i n g - t o -  e h u l c t r r t t c t h e - p a r d t h i n  landf i l l s  i d ;  
the d e n t  airaround=thr- l m d t i  11s ,and:tgrdebrmtnr..if the.landfl11 g a t  . i s  migratin0-unde~und:beyond:the-sitcboundrrrtet, Ten specified a i r -  
contaminants-were- selected t o  bc tes teb r fo r  baucG-0lt:hoalth effects= 
assoeiated-with- long-terarexposare; pwt l cu la r l y  caminogenicity, and the: 
avai lab i  1 i t y  ot- s-1 ing-and a n a l p i s u t h o d ~  The~kerspeci f  led 
contaminants-ware- a& f 01 lous :. vinyl  chlorider benzene;.. ethylene-d ibronide;. 
ethylene-dichloride, mthylene-cklortde. perdrloroethylene, c u b o r  . 
tetrachloride.. 1.1.1-trtchlorWhane-(AIUIyl chlorofom). trichloroethylene, 
and chloroform I n  additlon, landf i  11 gas- sampl.r.mrr also analyzed: f o r  
oxygen; nitrogen-; methane& and- errban-dioxide.. 

To acccunplish the test ing required by state, law, the A i r  ~esources- 
Board (ARB) and the Cali fornia Air-Pollut ion Control Offfcers Association- 
(CAPCOA) prepared guidelines outlining-a test ing program- t o  ident i fy  sites: 
that pose a potential r i sk  t o  public health. These guidelines were approved 
by the ARB f o r  non-hazardous waste s i tes i n  December 1986 and f o r  hazardous. 
waste sites i n  January 1987. 

State law requires l a n d f i l l  operators t o  report the testing r 0 S ~ l t S  t o  
the i r  local a i r  pol lut ion control d is t r i c t .  The distr icts.  i n  turn. submit 
sunmaries of the test ing resul ts t o  the ARB and determine i f  the si tes pose 
a threat t o  huraan health or the environment. The ARB was required t o  
sunraarize the data submitted by the d i s t r i c t s  i n  two reports to  the 
Legislature. due by July 1. 1988 and July I. 1989. The f i r s t  report 
described the ear ly implamentation of  the landf Ill testing program. The 
second report, Presented to  the Board on June 9. 1989. sumaarized statewjde 
results o f  the Solid waste disposal s i t e  test ing reported t o  the ARB. The 
r e p o r t  presented prelimtnary findings. based on the results, and described 
ongoing testinv and evaluation activi t ies. - 

The preliminary findings were that: 1) one o r  more o f  the spacified 
contaminants. selected as indicators o f  hazardous waste. were present I n  
approxiraately 244 out o f  the 356 landf i l l s  tastod.. regardless o f  whether tho 
s i t e  accepted hazardous-waste ornon-hmrdous waster 2) hazardous and norr- , 
hazardous waste st tes appeared t o  be s i m l l u  in t h e i r  a b i l i t y  t o  produce- 
tox ic  gases; 3) I n  solw. cares, tox ic  gases escaped from-landf i l ls  and 
dispersed into the ambient- air; and 4) wthane atconcentrations exceeding 
the regulatory standard-of t l v e  percenk was found t o  be migrating of f -s i te 
undarground a t  approximtely 20 percent of  the Sites. The Board askad that- 
the s ta f f  return- i n  1990 with f u r t he r  malysls o f  the data. 



S i n c s t h o l 9 1 9 r m ~ ~ 1 r p m ~ f u ~ ~ n d ~ h r o ~  
conduet.~mdsrdd.ttlon~bdatEha~boorcol~loet.6-- In-So-198FCtbe 
f u r t h r t m ~ l y r i t ; . w t l l  b.tpmmnbrhto. t h a A l r  R o s o ~ ~ o r - o n :  
in form~t iona l  pnsantr+lom Tho. f o l l m l n p t r h l m t  err-oxacptrd- f rowtho 
Staff r e p o r t  and=smuStrCtho. f lnding~rogacdlng-thm-pmtonc.rof v iny l  
chloride I n - t ho - l and f i l l  gar-md i n  t h ~ . ~ o n t a i r s u r r o a n d i n g -  
landf 11 1s t r r tob-  Tho , lmdf  Ill tosting-drtsetrd--vinyl chloride-lnrido of 
approximately h a l f  o f  tho: l m d f  11 1s tost.&.and=ln- thr - l .b i rn tzr i r  rL 
approximately ten- p o m n t o f  tho r I tor -  tortod; 

The 1 i a t t od  tost lng- conducted war- dosignodrto bo u rad r fo r  ru8ming- 
purposes as dorcribod i n  tho test ing guidol inor; For tho~rooson ;  v iny l  
chloride my bo prosant  i n  tho mbimt a i r  at: addttlonal l a n d f l l l ~ ,  b u t  war 
not detected in  the l l n i t o d  on0 t o  throo. drys of-  mb ionk tos t tng  rpoeif lad 
I n  the tes t lng gutdoltnu. f o r  the program:- F u r t h o r i n t o r p r r t l t t o ~ o f  t h r -  
data from s p o d f l c  s i t a r  nnts t r lsa  c o n s i d s r f r c t o r r r u d t a s  h a  tho tost ing 
was carrfed out, along wi th  location. size m d  proximity t o  s m s i t i v o  
r rc rp tor r .  Fur ther  Infomat ion nay also be avo i l rb l8  In the cornploto 
tes t ing  reports submitted by s i t e  o p o r r t o r r t o  tho a i r -po l lu t ion control 
d i s t r i c t s .  



TABLE 1 

CONCENTRATION STATISTICS OF VINYL CHLORIDE IN WDFILLS* 

Number of Landfills Where Detected: 160 

Total Landfills Tested: 340 

50th percentile (median): 106 ppbv (detection 1 imit)"" 

75th percentile: 1000 ppbv 

95th percentile: 9800 ppbv 

Maximum: 72.000 ppbv 

* See Attachment A for landfill gas testing guide1 ines. 

** The T e s t i n a - 1  Sit= suggest an 
analytical procedure for internal landfill gas testlng with the same method 
of determining the limit of detection (LOO) 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 lfmit of 106 ppbv was calculated by 
averaging the results below 500 ppbv. 



Landfill Gas T d n g  

If the disposal site has an operaring interior gas collection system, samples should be 
wken from. the system: addirional wells need not be installed. Each installed welf should 
'be to a depth of at least 6 feu below the boaom of the intennediare or fmal cover. The 
well should not penerrate any leachate liner. During installation the contractor should 
rake approprinte steps to mitigate rhe public nuirance of gas escape. NI wells should be 
capped when not being sampled. . 

To locatc the wellf draw a box around the 
disposal site on a scale map with the box sides 
100 feet outside the frled am edge. The 
sides should run nonh-south, em-west. 
Connect the opposite corners with diagonals. 
Locatc 5 points: Point A M the diagonal 
i n m n .  point B at the center of the 
largest sector formed by the diagonals and 
the filled area, poinr. 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 senor. Figure 1 is 
an example. Five samples should be d e n .  
one sample from each well and analyzed for 
the Anachment 1 compounds. 

Fig~re 1: Well Location Example 

To complete the HSC 418055 requirements for c ' g imdfill gas, the owner should 
p e r f m  an investigation of methane emissions E S O $ W  squarc-f~OC lpid of the 
disposal site along with the landfa gas test The gid selected should be a ~ e d  by 
the APCO and the owner should use methods described in these guidelines. 

1. Protocol 

The technician should make ccreain the seal around the top of the well does not ailow ik 
infdaation. The well should not be sampled until 24 hours after the instahion is 
complete. To sample the well. the technician attaches the pump andwithdraws at least 2 
well volumes from the well. The technician then attaches the bag and draws a liter 
sample at a one liter p a  minute rate. The bag should be.in a light sealed container and 
should be analyzed within 71 hours. 

If the owner chooses to lave the well intact for f u m  sampling, 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 escape. 

2. Datn 

For each sample, the owner should record: 

a Date, time, and sample location. . 
b. Methane. C02, oxygen, and nimgen concenwrions. 

c. Concentrations of compounds listed in Attachment 1. Analytical methods an inclllded 
in Attachment 2. 

d. The operating schedule. status. and gas quantity exuacud for any l~ndtill gas 
collection system for the previous 3 days for each day sampled. 



. ATTACHMENT 1 

SPECIFIED AIR CONTAMINANTS 

COMPOUND 

Chloroethene (Vinyl Chloride) 

Benzene 

1,2-Dibromocthane (Ethylene Dibrornide) 

1.2-Dichlorocthane (Ethylene Dichloridc) 

Dichloromethane (Methylene Chloride) 

Teaachlorocthene (Pachloroethyfene) 

Teaachloromethane (Carbon Tetrachloride) 

1.1.1-Trichloroethane (Methyl Chloroform) 

Trichloroethylene 

Trichloromethane (Chloroform) 

Detection Limits, ppb 
Air Disposal site 

2 500 

2 500 

0 5  1 

0.2 20 

1 .  60 

0.2 10 

0 3  5 

05 10 



ATTACHMENT 2 

The-choice of analytical method is left up to the individual laboratory p c r f d g  % 
analysis. The methodo @ded in Attachment 2 am provided as cxamplcs of methods wluch 
can be used to sample and analyze fm the specified air cmamiaans idenrified in 
Attachment 1. The methods ate used by ARB labaramsics IO quantify the compounds listed 
at or below rhc detection IlimiP spec@& in Arrochnuu I. Table 2-1 stmnnari,rr the 
method detection limits achievable by thcse methods and the dereetion l i d s  to be 
rcponed for these gnidelincs: 

TABLE 2-1: METHOD DETECI'ION LIMl'IS 

COMPOUND 

Chloroerhene (Vinyl Chloride) 

Benzene 

1.2-Dibromoetfiane (Ethylene Dibromide) 

1.2-Dichloroethane (Ethylene Dichloride) 

Dichloromethane (Methylene Chloride) 

Teuachloroethene (Pachloroethylene) 

Teuachloromethane (Carbon Teuachloride) 

1.1.1-Trichloroechane (Methyl Chlorofonn) 

Trichloroethylcne 

Trichlorometh~e (Chlorofonn) 

Method Detection Lirnio, ppb 
Gui&linc Haagm-Smit AaomeaicDafa 

m r O r Y  DiviJiw 



ATTACHMENT B 

AMBIENT AIR MONITORING 

HSC 41805.5 requires rhat air adjacent to disposal sites be tested and analyzed for 
specified air contaminanrs. To comply with HSC 418055. disposal site owners should 
conduct ambient air monitoring at the perimeter of the disposal site. The tea should 
adequately charancrize the conraminants in the air. 9he air column listed in Attachment 
1 shows the lower detection limits to be achieved in pana per billion. Each disposal 
site should perform the ambient air sampling on three separate, not ncccsady 
c o n s ~ v e .  days. 

. At sites whm the owner has chosen to charactaire only the gas abwe the disposal site 
using the integr;lred surface sampling -technique, all specified air c-P must be 
tested and analyzed for in the air samples. A site w h m  landfill gas testing is used and 
w h m  chlomethene (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 wen developed to cover differences in topography md climate which m y  occur 
at different sites. Each option has two pans. One addrrsses sites with different day 
and night wind patterns and one addresses sites with the same day and night wind patterns. 
The option chosen will depend on rhe results of rhe meteorological survey. 

A. OPTION 1 

1. General Procedures 

HSC 41805.5 requires rhat air adjacent to disposal sit# 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 turned on after a typical inoperative period. This option requires 
twenty-four hour samples to be taken on 3 separate, not necessarily consecutive, days. 

2. Meteorologiul Survey 

A meteorological survey should be conducted prior to ambient air sampling in order to 
deterrmne the local wind flow patterns which will subsequently be used to help identify 
the number and location of samplers required for an effective ambient air monitoring 
program The opentor should submit the s m e y  to the APCO prior to ambient sampling. 3s 
part of the monitoring p h .  The survey should summarize how wind flow pmrns at the 
site will be characterized based on: previously collected on site meteorological dam, 
data collected nearby (e.g., local airport dm),  proximity to warn crr terrain which may 
influence diurnal v ~ n s  (e.g.. daytime updope winds, nighttime downslope, or sea 
breeze condirions), or a pian for.on site meteomlogical 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 ms, shrubbery, md.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 NBIENT AIR SAMPLES 
COLLECTED AT THE PERIMETERS OF MDFILCS* 

Number of Landfills Where Detected: 24 

Total Landfills Tested: 251 

50th percent1 le (median): 2 ppbv. (detection limit) 

75th percentile: 2 PPbv 

95th percentile: 2 P P ~ V  

2nd highest value: 13 ppbv 

Maximum: 15 ppbv 

* See Attachment B for ambient air testing guidelines. 



sampling equipment will k installed at the locations which will be d e d c d  
by: 

1. Site topography, 

2: Meteorological survey, and 

3. Locai landuse panems. . The samp~mgequipmentshouldbel~ 
at or near the perimeter of the waste 
disposal site, in the char and away 
from surrounding obstcuctions. The 
inlet probes for the ambicnt samplcrs 
should be located between six and nine 
feet off the ground (reaching height) 
and a minimum of sixty feet from 
obstacles such as aces, shrubbery and 
buildings. Air flow around the krlet 
probe should be unrcsuined in an SIC 
of at least 270 degms with the 
predominant wind direction for gcatcst 
expected. pollutant concenuation 
potential included in the 270 degree 
arc. 'Ihe sampler locations should be 
carefully selected to ensrm: the 
predicted prevailing wind parrasrs for 
h e  sampling date will come auoss the 
main body of the disposal site to the 
downwind station Wind speed and 
direction measurements will condnue to 
be collected throughout the ambient air 
sampling period to verify that the 
mczeomlog!cal criteria an mer. 

Figure 4: Option 1 
S P n h h r  AQMD 

Ambient air samples will be collected over a 24-hour period beginning and ending at 10:00 
A . U  u.&g the selfcontained ponable sampling units dcsuibed in Equipment Descriprian 
In gen& 24-hour and clkctionally conmlled sampling wiU be required to a w e  that 
maximum contaminant c o n c e n ~ n s  arc ident5ed for each sampling paiod. Ho-. 
directionally controlled sampling may not be required at sites which have a constant wind 
direction for 24 hours. All samples will be removed &om rhe samplers immediately sfter 
the 24-hour sampling period and analyzed for the required compou~~ds. It is ~ ~ c ~ m m ~  
that t!e sample k analyzed within 72 hours of collection. 

b. Specific Sampling Criteria 

i. At sires that experience different day and night wind flow parrems. a minimum of two 
24-hour samplus and two directionally controlled samplers will be required. Twenty-four 
hour samplers will be placed at the upwind and downwind site p a h e t e n  based on the 



pnvailing wind direction. The dirrcrionatly controlled sampicr(s) l o c a d  downwind of 
the disposal site should be placed at sites which will sample under the stable (drainage) 
wind conditions idenrified in the meteorological survey. The dhdonally controlled 
sampler located upwind of the disposal site shouid be placed near the upwind 24-hour 
sampler. The 24-hour samplers will operare condnuously for the specfied 24 hours and 
the dindonally controlled sampIns will only opmw when the wind dkecdon is within 
a wind sector allowing air to pass across the disposal site to the downwind sampla. This 
will allow the downwind dirrctiDnally controlled samplcr(s) to only collect air that has 
prrrsed over the disposal site and the upwind diremionally conuolled sampla to only 
coilect air that has not pursed over the disposal site. 

ii. At site that experience a constant wind direction for 24 ho&. 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 the prevailing wind direction so that the upwind sampler only 
collects air that has not p a d  over the disposal site and the downwind sampler only 
collects air that has pursed over the disposal site. Additional 24 hour samplers should 
be placed at locarions which will sample under the stable (drainage) wind conditions 
idenrifled in the meteorological survey. Since the wind direction does not change. these 
24-hour smplers will act as diredontally conuolled samplers as well as 24-hour 
samplers. Comparison of the results from these s m p l m  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 meteorologicd 
conditions arc characmized by the following meteorological conditions: 

a. Siable nights with avenge wind speeds of five miles p a  hour or iess. 

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. Rccipitation 

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 vitone rubber. The maximum pump unloiuled 
flow rate is 4.5 liters p a  minute. 

2. One 10-liter zedlare bag with a push-pull valve c o m c t c d  of aluminum and stoinlesr 
steel with a Viton o-ring seal. 

3. Rotameter made of borosilicate glass with a flow m g e  of t h r e e  to fifty cubic 
centimeters pcr nrinute. The sa le  is in millimeters with rrriljor pdu;lrions (Idxlcil) 
every 5 mm and nrinor graduations every I mm. 



- 4. Air flow conmi orifce made with 316 stainless steel capxlhy tubing. 

5. Bypass valve. 

6. Fittings, tubing and conneetors made with 316 stainless sted or tefion. 

7. Clock timer with an accuracy that should be better than 1%. 

. - b. Wind directionally conmlled system 

1. Wind dtection sensor with a vane which has a range of 0 - 540 degrees and a thshold 
of 1.00 mile p a  hour or lesr 

2. Conmllv and indicator console wirh an indicator range of 0 - 360 degccs and an 
accuncy of 2 2500 of N1 scale. 

c. Wind speed and dirrcrion monitoring with conrinuous recorder. 

1. Anemomerer h cup assembly wirh a rangeaf 0-50 miles per hour and a thrrshold of 
0.75 miles per hour or less. 

2. W i d  vane with a m g e  of 0 - 540 degms and a threshold of 1.00 miles p a  hour or 
less. 

6. Wind Data Reporting 
Wind d m  (speed and direction) will be 
rcponed as an hourly avaage. Far 
example, the data c o l l ~  b a w ~  1:00 
P.M. and 2:00 PM. will be averaged and 
rcponed as the 1:00 P.M. hourly 
average. Wind speeds will be rcponed 
in miles p a  hour. Wind directions will 
be reponcd using the sixreen point 
scale (sixteen dircaional poinu 
corresponding to the mariner's compass 
rose on which each direction is 
equivalent to a 22 112 degree sector of 
a 360 degree circle). For example, wind 
dirrcrions would be N. NNE, NE. E ESE, 
SE, SSE,S.SSW, SW.WSW. W, WNW,NW. 
and h W .  

B. OPTION 2 

1. General Procedures 

HSC 41805.5 ~ q u b  thas air adjacent 

Sec Option 1. 



to disposal sites be tested and analyzed for specified air contaminants. These guidelines 
require that 24-hour and less than 24-hour ambient air sampling be conducted on thrce 
different, not necessarily consccutivc, days. 

2. Meteorological Survey 

See Option 1. 

3. Ambient Air Sampling 

Sec Option 1. Subsection 3a. General Sampling Critaia 

a. At sites that experience different but predictable day and night wind flow patterns, 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 dirrction. The less thnn 24-hour synpleds) located downwind of the 
disposal site should be placed at sites to sample under the stable (*age) wind 
conditions identified in the meteorological survey. The less than 24-hour sampler located 
upwind of the disposal site should be plriced n w  the upwind 24-hour sampler. The sun 
and stop times for the less than 24-hour samplers will comspond to the stable (drainage) 
conditions identified by analyzing the the hourly wind roses. Thc 24-hour samplers will 
operate continuously for the specified 24 hours and the less than 24-hour samplers will 
only operate when the wind dirrction is corning across the disposal site to the downwind 
sampler. This will allow the downwind less than 24-hour samplcr(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 nor 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 wil l  be place both upwind and downwind 
of the site based on the prevailing wind direction so that the upwind sampler only 
collects air that has nor 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 meteorologicid survey. Since the wind direction does not change, these 
24-hour samplers will act as directionally controlled samplers as well as 
samplers. Comparison of the results from these samplers will providt informanon on 
ambient air quality standards and the effects the disposal site has on the ambient 
quality. 

4. Sampling Conditions 

See Option 1. 

4. Equipment Description 

See Option 1. 

6. Wlnd Data Reporting 

Sec Option 1. 



C. OPTION3 

, 1. General Procedures 

HSC 418055 requires that air adjacent to disposal sites be tested and anal+ for 
specified air concaminanu. These gui&lina require that 24-hour ambient air samphg be 
conducted on three different. not necessarily consecutive, days. ' . 
2. Meteorological Survey 

See Option 1. 
3. Ambient Air Sampliag 

See Option 1, Subsection 3% Cicnaat 
Sampling Criteria. 

a At sites that experience different 
day and nlght wind flow parruns, a 
rmnimum 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 pmgiIing wind 
direction. Additional 24 hour samplers 
will be located downwind of the disposal site 
at sites which will sample under rhc 
stable (drainage) wind conditions 
idensled in the meteorological slwey. 
In addition, one 24-hour sampler will be 
placed in the v&ty of the dispoJal site, 
approximately one mile away, so it will 
not be affmcd by the disposal site 
emissions. This 24-horn sampler should 
also be approximately one mile away from 
other possible major emission sources so 
that the sample it collccfs will 
represent the background concentrations 
for the ares This background sampler 
whould be located in the clear and away 

a 
w e -  

. --n-- P e # 

from surrounding obstmctions. Its inlet probe must be locared between six and niue feet 
off the ground Omathing height) and a minimrun of 60 feet from obstacles such as nees. 
shrubbery, and buildings. Air flow around the inlet probe must be umsmcted All of 
the 24-hour samplers will operate continuously for the specified 24 how. Comparison of 
the results b r n  the samplus will provide information on the ambient air quality 
standards. 

J 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 s m p l a  only 
collects air that has nor pursed o v a  the disposal site and the dowiwind sampla only 
C O ~ X S  air that has pnsscd over the disposal sitc Additional 24-hour sampla should 
be placed at 'locations which will sample under the stable (drainage) wind conditions 
identified in the metcorologid survey. Since the wind direction docs nor change, these 
24-hour samplm will act as less than 24-hour samplers as well as 24-hour samplers. In 
addition, one 24-hour sample wi l l  be placed in the vicinity of the dispo* .site. 
a&ximatcly one mile away. so it will not be effected by the disposal site cmrssrons. 
This 24-hour sampla should also be appmxirnateiy one mile away from possible major 
emission sources so that the sample it co l lec~  will represent the background 
concenuations for the area. This background sampla should bt located in the clear and 
away from surrounding obsrmnions. Its inlet pmbe should be located between six and 
nine feet off the ground (brcaxhing height) and a minimum of sixty fen from o b s ~ l e s  
such as mes. .shrubbay and buildings. Air flow around the inlet probe should be 
unrestricted. All of the 24-hour samplm will operate continuously for the specified 24 
hours. 

4. Sampling Conditioqs 

See Option 1. 

5. Equipment Description 

See Option 1. 

6. Wind Data Reporting 

See Option 1. 

B. GENERIC ANALYTICAL METHODS 

HSC 41805.5 directs the ARB to p;blish tesdng guidelines "specifying air contaminants to 
be rested for and idennfying acceptable testing. analytical and reporting mehtods. The 
following generic analytical methods contain a brief description of the standard 0paadng 
procedures (SOP) used by the ARB to sample and analyze specific compounds. Specific SOPS 
are contained in Attachment 2. 

1. Method for Vinyl Chloride 

Ambient samples arc collected o v a  a 24-hour paiod in a thiny l i ta  ~ c d l a r ~  bag using a 
low-volume sampla. 

Samples ye analyzed using chromatography with Flame Ionizadon or Photo Ionianon 
Detection and prcconccnoadon techniques. Resultant concenandon peak is identified by 
retention times and quantified by rcfamce to calibration scandnrds. 

2. Method for Carbon Tetrachloride,Chloroform, Ethylcne Dibromide, Ethylcnc Dictiloritlc. 
Methyl Chloroform, Methyicne Chloride, Pcrchloroclhylene, and Trichloroelhylenr 

Ambient samples arc collected over a 24-hour period in a c h i  l iw  ~ e d l u *  bag using a 
low volume sampler. i 

7 



Samples an analyzed using-gas chromatography with Elccaun Captufc Detection and 
prcconcenuadon techniques. Resultant conccnaadon peaks arc identified by ~~f t l l t ion  
times and quantified by refc~cnccs to caiibxation wndyds. 



ATTACHMENT 1 

SPECIFLED AIR CONTAMINANTS 

COMPOUND 

Chloroethene (Vinyl Chloride) 

Benzene 

1.2-Dibromoethane (Ethylene Dibromide) 

1,2-Dichloroethane (Ethylene Dichloride) 

Dichloromethane (Methylene Chloride) 

Teoachlomthene (Pcrchloroethylene) 

Tenachloromethane (Carbon Terrachloride) 

1.1.1-Trichlomthanc (Methy 1 Chlorofom) 

Trichloroethylene 

Trichloromethane (Chloroform) 

Detection Limits. ppb 
Air Disposal site 



The choice of analytical merhod is left up to the individual laboratory perfoxmhg the . iinalysis. Thc muhods provided in Attachment 2 arr provided as examples of methods which 
can be used to sample and analyze for the spechied air con- identified in 
Attachment 1. The methods an used by ARB laboratc&s to quautify the compounds listed 
at or below the detection h i t s  specified in Azra~hem 1. Tablc 2-1 s~ulmnarires the 
method detection limits achievable by these methods and the detection limits to be 
reported for these guidelines: 

TABLE 2-1: METHOD DEIEcltlON 

COMPOUND 

Qlloroethene (Vinyl Chloride) 

Benzene 

1.2-Dibromoethane (Ethylene Dibromide) 

1.2-Dichloroethane (Ethylene Dichloride) 

Dichloromethane (Methyiene Chid) 

T e w  hlomethene (Perchloroethylene) 

Teuachlmmethane (Carbon Tetrachloride) 

1.1 .l -Trichlokthane (Methyl Chloroform) 

Tricfiioroethylute 

Trichloromethane (Chloroform) 

Method Detection Limits, ppb 
Haagen-Smit Aaomerric Data 

-tory Division 



APPENDIX VII 

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



Ouility Control Manual 
Ftbruary 9, 1989 

Analytical Limits of Oetectron ( L O D )  must be calculated. The 
LOO for each method must be calculated by the folloving 
equation (reference): 

LOD = A + 35 

where 

A is the least squares intercept calculated from the 
multipoint data (section 4.1.2). 

S 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 to 5 times the estimated 
detection 1imi.t.. I f  data is not available in the 
concentration range .near the deteciion 1 imit, t may be 
tst imated by: 

t = RSD x A 

where &Q is the relative standard deviation of the lowest 
standard analyzed. 

The equation as listed above was obtaine'd 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 Apt i 1 : Method T) 1. Pub1 icat ion No. EPA- 
600/4-84-041. 

Note that the Laboratory Services Settion policy is to report all 
analysis results above the analytical limits of detection. However. 
data errors may approach + 100% at levels < 10 x LOD.- - 
A1 1 analysis methods must be written in detail as a Standard 
Operating Procedure to be used in the laboratory. Any ~ubteauent 
revisions or improvtments 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 

Vinyl chloride is a short-chain halogenated hydrocarbon used 
predominantly in the manufacture of polyvinyl chloride and various packaging 
and construction products. Vinyl chloride has a very low degree of acute 
toxicity, with two-hour inhalation LD50 values ranging from 27,419 ppm in mice 
to 236,215 ppm in rabbits and guinea pigs. Exposure to high concentrations 
can lead to narcosis, cardiovascular and respiratory irregularity, 
convulsions, cyanosis and death. Several human deaths have been attributed to 
occupational exposure to very high levels of vinyl chloride. Autopsies of 
these patients revealed congestion of the liver, spleen and kidneys. Acute 
toxicity symptoms are thought to occur above 100 ppm. 

Chronic exposure of workers to vinyl chloride has been shown to lead to 
"vinyl chloride disease", characterized by occupational acro-osteolysis, 
vasospasm of the hands similar to Raynaud's syndrome, dermatitis, circulatory 
and central nervous system alterations, thrombocytopenia, splenomegaly and 
changes in liver function. Eight symptoms commonly reported by workers 
exposed to vinyl chloride (including dizziness, headaches and nausea) were 
observed even at dose levels below 50 ppm. 

Vinyl chloride has been shown to induce cancer in animals utero. but 
has not been shown to cause any other reproductive or developmental effects in 
rats, mice and rabbits. Epidemiologic studies of families of vinyl chloride 
workers or communities having vinyl chloride processing facilities suggested 
the possibility of an increased incidence of birth defects and spontaneous 
abortions among people at risk; however, subsequent reviews of these studies 
have concluded that there is inadequate evidence to link environmental or 
paternal exoosure to vinvl chloride with birth defects or spontaneous 
abortions in humans. 

The noncarcinogenic effects occur at concentrations near or above 10 
ppm, which is greater than four orders of magnitude above possible general 
ambient levels in California (0.5 ppb). The noncarcinogenic effects also 
occur at concentrations greater than 3 orders of magnitude above the highest 
concentrations measured near landfills (10 ppb). Consequently, DHS staff do 
not exoect noncarcinogenic adverse health effects to occur from acute or 
chronic exoosures to vinvl chloride in ambient air. 

The International Aeencv for Research on Cancer (IARC). the United 
States Environmental Protection Agencv (EPA) and the California De~artment of 
Health Services ICDHS) have identified vinvl chloride as a chemical for which 
there is sufficient evidence of carcinoeenicitv in both humans and 
exoerimental animals. Chronic inhalation and oral exposures of rats, mice and 
hamsters to vinyl chloride have been associated with an increased incidence of 
malignant and benign tumors at several sites including the liver, lung, 
mammary gland and the nervous system. In humans, epidemiological studies of 
occupationally exposed workers have linked vinyl chloride exposure to 
development of a rare cancer, liver angiosarcoma, and have suggested a 
relationship between exposure and lung and brain cancers. 

Although pharmacokinetic studies in humans exposed to vinyl chloride are 
rare, limited evidence indicates that, following inhalation of low levels of 



vinyl chloride (3 to 24 ppm), up to 71% (with a mean value of 42%) of the 
given dose may be absorbed. Vinyl chloride absorption appears to depend on 
its metabolism, which is a dose-dependent, saturable process. Due to 
saturation of the enzyme systems responsible for the metabolism of vinyl 
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 vinyl chloride leads to formation of chloroethylene oxide and 
chloroacetaldehyde, two reactive intermediates which undergo covalent binding 
to cellular macromolecules and are thought to be responsible for the toxic 
effects of vinyl chloride. These and other metabolites may be further 
metabolized and excreted in the urine. Unmetabolized vinyl chloride is 
eliminated primarily in exhaled air. 

Vinyl chloride is mutagenic in both prokaryotic and eukaryotic test 
systems, with significantly greater genotoxicity seen after metabolic 
activation. DHS staff have found no evidence of a carcinopenic threshold 
;g 
a threshold for carcinoeenicitv. 

Several studies of carcinogenicity of vinyl chloride in animals and in 
occupationally exposed workers have been analyzed for risk assessment 
purposes. The lowest lifetime equivalent concentration associated with an 
increased incidence of tumors in laboratory animals is 0.06 ppm or 6 to 60- 
fold above potential human exposure concentrations. Although measurements of 
actual exposure levels are not available for vinyl chloride, worker exposure 
estimates have been used to evaluate the Waxweiler et al. (1976) study. Based 
on these estimates, the present analysis calculates that the 95% upper 
confidence limit (UCL) on lifetime unit risk of contracting cancer from vinyl 
chloride, assuming liver, brain and lung cancer are all related to vinyl 
chloride exposure, is 4.5 x ppb-l. In the case that only liver cancer 's 

- + assumed to be linked to exposure, the UCL on unit risk is 2.5 x ppb . 
These predictions are uncertain due to inadequate exposure data, follow-up 
time and other methodological problems. Evaluation of animal experiments by 
the linearized multistage model yields redictions of UCLs on unit risks for 
humans to be in the range of 3.7 x to 20 x ppb-l. Evaluation of 
animal tumorigenicity data indicates that vinyl chloride's carcinogenic 
potency is dependent on sex, tumor site and age of exposure. Taking all these 
factors into account, DHS staff conclude that the best estimate to use in 
order to assure the public health is the top of the range of animal UCLs of 
unit risk, 20 x ppb-l. The overall range of UCL on unit risk suitable -7 for regulatory purposes is 2.5 x to 20 x ppb . 

Vinyl chloride has not been detected in the ambient air of California 
(limit of detection - 0.5 ppb) except at certain "hot spots". Air Resources 
Board (ARB) staff has monitored vinyl chloride emissions from the BKK 
hazardous waste site in West Covina and the 011 landfill in Monterey Park. 
Estimates of peak exposure concentrations for maximally exposed receptors 
range from 2 to 10 ppb at the BKK landfill and from 0.6 to 9 ppb at the 011 
site. Air Resources Board staff has estimated that between 17,000 and 131,000 
individuals may be exposed to 1 ppb at the BKK site. The model predicts that 
the 95% upper confidence limit on cancers due to lifetime exposure of 131,000 
residents to 1 ppb would be in the range of 3 to 36. Based on the finding of 
vinyl chloride-induced carcinogenicity and the results of the risk assessment, 



DHS staff finds that vinvl chloride is an air oollutant which mav cause or 
contribute to an increase in mortalitv or an increase in serious illness. oy 
which mav Dose a Dresent or ootential hazard to human health, 

1.1 Vinvl Chloride Hi~hliehts 

I. National and International Evaluation (Other Agencies' Evaluation) 

A. International Aeencv for Research on Cancer (IARCZ 

1. Short-Term Tests: 
exists. both with and without an exoeenous metabolic 
activation svstem, 

2. Animal carcinogenicity bioassays: Sufficient evidence of 
animal carcinoeenicitv bv oral administration or inhalation 
exists, 

3. Human evidence: Sufficient evidence of carcinoeenicitv to 
humans exists, Occupational exposure to vinyl chloride has 
been linked with development of angiosarcoma of the liver, 
and has been associated with tumors of the brain and lung 
and of the hematopoietic and lymphatic systems. D=nyl 
chloride is erouoed under IARC cateeorv 1. meanine that it 
is causallv associated with cancer in humans. 

B. U.S. Environmental Protection Aeencv (EPA) 

1. Short-Term Tests: Sufficient evidence of mutagenic activitv 
exists. both with and without an exogenous metabolic 
activation svstem, for both DNA damage and mutation. 

2. Animal carcinogenicity bioassays: Sufficient evidence of 
animal carcinoeenicitv bv administration orally or by 
inhalation exists, 

3 .  Human data: A number of e~idemioloeical studies have linked 
vinvl chloride with anviosarcoma and other forms of 
neo~lasms. Sufficient evidence exists to indicate that 
vinvl chloride is a human carcinoeen bv inhalation, 

C. Conclusions; Both EPA and IARC have concluded there is ample 
evidence that vinyl chloride is genotoxic and is carcinogenic in 
both animals and humans. 

11. Exposure Sources 

A .  Air Levels 

1. Throughout 1987 the South Coast Air Quality Maintenance 
District monitored near two landfill sites in the Los 
Angeles area. The highest annual average obtained at any of 
three stations near the BKK site was 2.6 ppb, and the 



highest annual average at any of three stations near the 011 
site was 2.0 ppb. 

A. Ranee of Extra~olatiop: Animal to human exposures in air for 
calculated lifetime daily exposure. 

1. Experimental to ambient: Vinyl chloride has not been 
detected in ambient air, except at "hot spots". 

2. Experimental to "hot spots": The lowest exposures in the 
animal studies are approximately 10- to 20-fold higher than 
the highest residential exposures. 

B. Ranae of Risks; 

The human risks associated with the equivalent of a continuous, lifetime 
exposure to vinyl chloride have been estimated using the linearized multistage 
model from both animal carcinogenicity bioassays and epidemiological studies 
of exposed workers. The current DHS analysis obtained UCLs on unit risks for 
humans es imated from animal data in the range from 3.7 x ppb-l to 20. x E ~ p b -  , depending on experimental exposure levels, tumor type observed, 
and sex, species, and age of ani a1 evaluated. The DHS analysis also obtained 
a UCL on unit risk of 4.5 x lo-' for liver, lung, and brain cancer and 2.5 x 

5 10- for liver cancer only from an occupational study. 



2.0 METABOLISM AND PHARMACOKINETICS 

2.1 Summary 

Experimental evidence has suggested that vinyl chloride must undergo 
transformation to a reactive metabolite(s) by the liver to be toxic. Based on 
this information, the best dose-response data would consider the amount of 
vinyl chloride actually absorbed and metabolized rather than the reported 
exposure or administered dose concentrations. Reports of the vinyl chloride 
metabolism in humans are sparse, but limited evidence indicates that, after 
inhalation exposure to low concentrations, up to 71% (average - 42%) of a 
given dose was absorbed (Krajewski et al., 1980). Based on this study it is 
assumed that 71% of an inhaled vinyl chloride exposure may be absorbed by 
humans at ambient concentrations. Unmetabolized vinyl chloride is eliminated 
primarily via the lungs. Unlike the results in other species, the percent 
absorption of vinyl chloride at the concentrations tested in humans did not 
depend upon concentration. Data from rodent studies suggest that the 
absorption of vinyl chloride depends on its rate of metabolism and the extent 
of metabolic saturation. The metabolic pathways of vinyl chloride exhibit 
substantial satuation at exposure concentrations above 100 ppm in the monkeys 
and above 200 ppm in rats. 

Metabolism of vinyl chloride involves the cytochrome P-450 mixed- 
function oxidase system. The first step is 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 cellular 
macromolecules. Intramolecular rearrangement of the chlorine atom may also 
occur, resulting in the formation of chloroacetaldehyde, another reactive 
intermediate. In addition, alcohol dehydrogenase has a role in vinyl chloride 
biotransformation, because inhibitors of this enzyme can significantly reduce 
the amount of vinyl chloride metabolized. Section 2.3 of this report provides 
a detailed discussion of vinyl chloride metabolism. 

2.2 Absor~tion. Distribution and Excretion 

2.2.1 Inhalation 

The pharmacokinetics of vinyl chloride following inhalation has been 
studied in five species of experimental animals. The uptake of vinyl chloride 
at higher doses appears to depend on its metabolism. The metabolic breakdown 
of vinyl chloride in rats and monkeys (and perhaps in other species) is a 
dose-dependent, saturable process (Buchter et al., 1980, Filser and Bolt, 
1979). Substantial species differences have been observed in the rates of 
vinyl chloride clearance, with first-order metabolic clearance rates (in 
liters/hour/kg body weight) for the elimination of vinyl chloride decreasing 
in the order of mouse (25.6) > gerbil (12.5) > Wistar rat (11.0) > Rhesus 
monkey (3.55) > rabbit (2.74) > human (2.02) (Buchter et al., 1980). 

Results from inhalation exposure studies in humans, monkeys, and rats 
using direct and indirect test methods indicate that vinyl chloride is rapidly 
absorbed and metabolized, quickly distributed throughout the body, and 
excreted by the kidneys. Unmetabolized vinyl chloride is expired by the lungs 
and, to a limited extent, expelled in the feces. 



Several limited studies have been conducted in humans measuring vinyl 
chloride absorption following inhalation exposure. Krajewski et al. (1980) 
observed that five male volunteers exposed to 3, 6, 12, or 24 ppm vinyl 
chloride for six hours by a "face only" chamber absorbed an average of 42% of 
the dose regardless of concentration. Large interindividual variation in the 
degree of vinyl chloride retention was observed, with one individual retaining 
71% of the dose at the time exposure was terminated; no other individual 
retained greater than 45%. This finding indicates a large range of 
interindividual variability. Concentration of vinyl chloride in expired air, 
measured for 90 minutes after cessation of exposure, decreased to negligible 
amounts after only 30 minutes post-exposure. The quantity of unmetabolized 
vinyl chloride exhaled was considered negligible and constituted roughly 4% of 
the inhalation concentration of vinyl chloride to which subjects were exposed 
(Krajewski et al., 1980). Thus, humans metabolized up to 96% of the absorbed 
vinyl chloride dose. 

Buchter et al. (1978) reported that humans exposed to 2.5 ppm vinyl 
chloride retained 26-28% of the administered dose (Krajewski et al., 1980). 
Substantial interindividual differences were reported in this study. These 
differences appear due to differences in the adipose tissue mass among 
individuals, although this hypothesis has not been confirmed in follow-up 
studies (Buchter, 1979; Buchter et al., 1978; Bolt et al., 1981). 

Pulmonary absorption of vinyl chloride by rats occurs rapidly. Blood 
levels of vinyl chloride increase with the dose. Blood concentrations quickly 
decline after cessation of exposure; unmetabolized vinyl chloride is exhaled 
(Withey, 1976; Hefner et al., 1975a; 1975b; 1975~). 

Evidence from both whole animal and "nose-only" inhalation studies in 
rats indicates that the rate of pulmonary uptake of vinyl chloride in a closed 
system is partially dependent on the extent of metabolism (Bolt et al., 1977; 
Hefner et al., 1975a; 1975b; Withey, 1976). In the "nose-only" exposure 
system used by Hefner et al. (1975a), pretreatment of rats with either 
pyrazole or 95% ethanol significantly reduced both the uptake (as calculated 
from the disappearance of vinyl chloride from the exposure chamber) and 
metabolism of vinyl chloride. This held true for both exposure levels. 
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 vinyl chloride following 
inhalation exposure (Bolt et al., 1976; 1977; Hefner et al., 1975a; 1975b; 
Buchter et al., 1977). In an investigation into the disposition of vinyl 
chloride, Bolt and co-workers (1976) e posed male Wistar rats to initial 
concentrations of "less than 100 ppm8' '$12 labeled vinyl chloride (apparent 
range 1-50 ppm) in a closed system for six hours. The half-life for vinyl 
chloride disappearance from the chamber was about 68 minutes. From this 
study, the authors estimated that approximately 40% of the inspired vinyl 
chloride was absorbed by the lungs (Bolt et al.. 1976). Pulmonary uptake of 
vinyl chloride by rats was completely blocked following pretreatment with the 
cytochrome P-450 inhibitors 6-nitro-1,2,3-benzothiadiazole or 3-bromophenyl- 
4(5)-imidazole (Bolt et al., 1976). Uptake of vinyl chloride appeared to be 
linked to its metabolism, since 24 hours after pretreatment with the 
relatively short-lived P-450 inhibitor 3-bromophenyl-4(5)-imidazole the uptake 



of vinyl chloride had returned to control levels. Following exposure, the 
liver and kidney contained the highest levels of vinyl chloride metabolites 
(Bolt et al., 1976). In an attempt to determine the exact minimal 
concentration of vinyl chloride in air necessary to achieve metabolic 
saturation, Bolt et al. (1977) exposed groups of rats to a wide range of vinyl 
chloride concentrations and showed that saturation occurred at 250 ppm. 
First-order kinetics occurred at exposures less than 250 ppm, while zero-order 
kinetics predominated at higher exposures. 

Hefner and colleagues (1975a; 1975b) exposed male Sprague-Dawley rats to 
initial vinyl chloride concentrations ranging from 50 to 1,167 ppm in a closed 
nose-only inhalation system. The rate of uptake of vinyl chloride by the 
animals (as calculated from the rate of disappearance of vinyl 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 initial equilibration period and regardless of 
the administered concentration, vinyl chloride disappearance from the chamber 
apparently followed first- order kinetics. The half-life for atmospheric 
vinyl chloride at concentrations below 100 ppm was 86 minutes compared with 
261 minutes for concentrations greater than 220 ppm. Hefner et al. (1975b) 
concluded that the predominant pathway for metabolism of vinyl chloride by 
rats exposed to 100 ppm or less is saturable and that this metabolism was 
inhibited by pyrazole and ethanol. 

Studies in rats and monkeys suggest that, after absorption, vinyl 
chloride is rapidly distributed to all tissues reached by the bloodstream 
(Duprat et al., 1977; Buchter et al., 1980). Lipids or lipoproteins, rather 
than proteins, transport vinyl c loride in the blood (Bolt et al., 1977). 
Studies of the distribution of C-labeled vinyl chloride in rats indicated 
that, immediately after inhalation administration, the liver (predominant site 
of metabolism) and the kidneys (site of excretion of polar metabolites) 
contained the highest concentrations of 14c activity, followed by lungs, 
spleen, a d small intestine (Watanabe et al., 1976a; Bolt et al., 1976). 
However, r4C counts quickly decreased after cessation of exposure. In one 
study, vinyl chloride metabolite concentrations decreased significantly in 
these tissues 48 hours after a single inhalation exposure (50 ppm for five 
hours) compared to measurements made immediately after exposure ended (Bolt et 
al., 1976). 

Watanabe and co-workers (1976a) also examined the fate of 14~-vinyl 
chloride following inhalation exposure in rats. Male Sprague-Dawley rats were 
exposed to 10 or 1,000 ppm vinyl chloride in whole-body metabolism cages for 
six hours and were observed for an additional 72 hours. After exposure to 10 
ppm vinyl chloride, urinary radioactivity accounted for 68%, expired vinyl 
chloride for 2%, expired C02 for 12%, feces for 4%, and carcass and tissues 
for 14%, respectively, of the recovered radioactivity. After exposure to 
1,000 ppm, urinary radioactivity accounted for 56%, expired vinyl chloride for 
12%, expired C02 for 12%, feces for 4%, and carcass and tissues for 15% of the 
recovered radioactivity. The patterns of pulmonary elimination of 
unmetabolized vinyl chloride following exposure to 10 or 1,000 ppm were 
similar and could be described by first-order kinetics, with half-lives of 
20.4 and 22.4 minutes, respectively. A corresponding biphasic elimination of 
urinary radioactivity following inhalation exposure to 10 or 1,000 ppm vinyl 
chloride was observed: the half-lives for the initial phase were 276 and 246 



minutes, respectively. The liver and skin contained the highest 
concentrations of radioactivity 72 hours after exposure to either dose. The 
authors concluded $ a t  since "the rate of elimination of vinyl chloride per se 
from the lungs or C activity in the urine was not different in rats exposed 
to 10 or 1000 pprn," the dose-dependent fate (the relative amount of vinyl 
chloride excreted by the two different routes) was not attributable to 
saturation of the excretion pathways. The results are in agreement with the 
hypothesis that the metabolism of vinyl chloride becomes saturated at high 
exposure levels (Watanabe et al., 1976a). 

Gehring et al. (1978) have investigated the extent to which the 
metabolism of vinyl chloride in rats quanitatively follows Michaelis-Menten 
kinetics. Over the exposure range of 1.4 to 4600 ppm for six hours the data 
follow approximately the Michaelis-Menten equation with: 

Vm - 8558 + 1147 (SD) pg/6 hr, maximum velocity; 
Km - 860 + 159 (SD) pg/liter (336 2 62 (SD) ppm), saturation constant; 
R - 0.88, correlation coefficient. 
The pharmacokinetics of inhaled vinyl chloride in a closed system has 

also been examined in Rhesus monkeys (Buchter et al., 1980). Uptake of vinyl 
chloride appeared to depend on its metabolism and to be a dose-dependent, 
saturable process. When monkeys were exposed to concentrations up to 200-300 
ppm in a closed system, vinyl chloride disappearance from the chamber followed 
apparent first-order kinetics. At higher exposure levels (up to 800 ppm), 
zero-order kinetics were observed, implying metabolic saturation. The first- 
order clearance rate was 3.55 liters/hour/kg. The clearance rate fell by 90% 
after pretreatment with the aldehyde dehydrogenase inhibitor, disulfiram 
(Buchter et al., 1980). 

Gargas et al. (1986, 1988) have used gas uptake data to determine the 
kinetic constants of vinyl chloride and other organic gases in the F-344 male 
rat. The results for vinyl chloride are Vmax = 40 pmol/h, near previous 
values ; Km - 0.1 mg/l blood, lower than previous values by 10-fold; and 
blood-air partition coefficient - 2.68, near recent determinations. See also 
Chen and Blancato (1989). 

Liver microsomal enzyme activities and macromolecular covalent binding 
in rats following either single or repeated exposures to vinyl chloride were 
compared by Watanabe et al. (1978a). One group of rats was exposed by 
inhalation to 5,000 ppm nonlabeled vinyl chloride 6 hours/day, 5 days/week for 
1 weeks, and then exposed to carbon-labeled vinyl chloride on the last day. 
The fate of the labeled vinyl chloride from these rats was compared with a 
separate group exposed for a single 6-hour period to 5,000 ppm of labeled 
vinyl chloride. The activities of aniline hydroxylase and p-nitroanisole 0- 
demethylase were the same in rats exposed once or repeatedly or in unexposed . 
control rats. Covalent binding to hepatic macromolecules was greater in rats 
repeatedly exposed as compared to those given a single exposure. Watanabe et 
al. (1978a) concluded that this "increase in hepatic macromolecular binding 
indicates that repeated exposure augments the reaction of electrophilic 
metabolites with macromolecules, and this may be expected to enhance potential 
toxicity, including carcinogenicity". Chronic exposure (28,000 ppm, seven 
hours/day, five days/week for 2, 4 or 6 weeks) wqs found to increase 
glutathione reductase activity, glutathione-S-epoxide transferase activity, 



glutathione-S-aralkyl transferase activities, and glutathione levels in rat 
liver and to depress cytochrome P-450 levels (Du et al., 1982). This suggests 
that a reactive metabolite of vinyl chloride can destroy cytochrome P-450 and 
disrupt several enzymes that may effect its chronic toxicity. 

2.2.2 - r  st ic. Intr a ueritoneal. Intravenous. D e nn al,& 
--on 

Uptake and absorption of vinyl chloride administered by intragastric 
(IG), intraperitoneal (IP) and intravenous (IV) administration follows the 
patterns observed in inhalation studies. It appears from these studies that 
the quantity of vinyl chloride metabolized by these routes is dependent on the 
quantity administered. 

Green and Hathway (1975) examine the excretion pattern of single doses 
of 0.25 and 450 mg/kg of radiolabeled P4C-vinyl chloride administered to rats 
by the IG, IP, and IV routes. More than 90% of the administered dose was 
excreted within the first 24 hours. Exhalation of unmetabolized vinyl 
chloride is 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 vinyl chloride and less than 1% as C02, while 5% of the 
administered radioactivity was found in the urine. At the low dose, urinary 
excretion accounted for 72% of the dose, unchanged exhaled vinyl chloride for 
4% of the dose, and C02 for 13% of the dose. About 100 times more vinyl 
chloride was metabolized at the higher dose level than at the lower dose (an 
1,800-fold difference in dose). These observations suggest that the 
metabolism of vinyl chloride is saturable by administration of a single dose. 
In another experiment, chronic IG dosing with unlabeled vinyl chloride at 3, 
30, or 300 mg/kg daily for 60 days did not affect the rate or route of 
elimination of a single dose of radiolabeled vinyl chloride from the body. 
Based on these results, the authors suggested that vinyl chloride 
excretion data for a single dose may also apply for chronic exposure to vinyl 
chloride. 

Watanabe and associates (1976b) examined the excretion of 14c-labeled 
vinyl chloride following single oral doses of vinyl chloride in rats. Their 
results were similar 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 
vinyl chloride to male rats, urinary metabolites accou ted for 68, 59, and 
11%, respectively, of the administered dose while the P4C02 in expired air 
accounted for 9, 13, and 3%, respectively. Pulmonary elimination of 
unmetabolized vinyl chloride represented only 1 to 3% at the lower dose 
levels, but 67% at the higher dose level. Pulmonary clearance of the 0.05 and 
1 mg/kg doses was monophasic, with half-lives of 53.3 and 57.8 minutes, 
respectively. Clearance of the 100 mg/kg dose was biphasic, with half-lives 
of 14.4 and 40.8 minutes for the fast and slow phases, respectively. 

Absorption of vinyl chloride after oral administration has been measured 
in rats, both in diet studies (Feron et al., 1981) and gavage studies (Withey, 
1976; Watanabe, 1976b). In these reports, almost 100% of the administered 
dose was absorbed, suggesting extensive gastrointestinal uptake of vinyl 
chloride. Maximum blood concentrations of vinyl chloride were observed within 
10-20 minutes following dosing with aqueous or vegetable oil solutions (dose 



range 12.5-28.2 mg per rat (Withey, 1976). Green and Hathway (1975) observed 
absorption of 98.7% from the gastrointestinal tract following an oral 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 vinyl chloride has 
been demonstrated in monkeys (Hefner et al., 1975~). The usefulness of this 
study is limited, however, since only one monkey was exposed at each dose 
level. Exposure times were limited to 2.5 hours for the 800 ppm group and 2 
hours for the 7000 ppm group. The majority of the absorbed vinyl chloride was 
eliminated in the expired air (Hefner et al., 1975~). 

Metabolism of vinyl chloride involves both microsomal and nonmicrosomal 
enzymes and results in the conversion of vinyl 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 in the urine. 

The initial studies of Hefner and colleagues (Hefner et al., 1975a; 
1975b), suggested a possible role of alcohol dehydrogenase in the metabolism 
of vinyl chloride. Following exposure of Sprague-Dawley rats to low 
concentrations (< 200 ppm), vinyl 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 
significantly reduced both the uptake and metabolism of inhaled vinyl chloride 
(Hefner et al.. 1975a). This inhibition now appears more likely due to 
competition by a P450 isozyme (Brady et al. 1989). 

Another proposed pathway, which involves only microsomal enzymes, is 
that following the formation of chloroethylene oxide, it 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 identified in the urine of animals treated with vinyl chloride 
(Figure 2.1). Specifically, monochloroacetic acid, S-(carboxymethyl)cysteine, 
N-acetyl-S-(2-hydroxyethyl) cysteine, N-acetyl-vinylcysteine, and 
thiodiglycolic acid have been found in the urine of rats exposed to vinyl 
chloride by the inhalation and oral routes (Green and Hathway, 1975; 1977; 
Watanabe et al., 1976a; 1976b). Thiodiglycolio acid and chloroacetic acid 
have been detected in the urine of workers exposed to atmospheric vinyl 
chloride (Muller et al., 1978; Heger et al., 1982). The generation of CO2 
from vinyl chloride has been postulated to occur through the tricarboxylic 
acid cycle or the one- or two-carbon pools, with chloroacetic acid or 
chloroethylene glycol as the starting intermediate (Woo et al., 1985). 

Studies by Bolt and co-workers (1976) indicate that the cytochrome P-450 
system is involved in vinyl chloridemetabolism. Their results demonstrated 
that the uptake of 50 ppm vinyl chloride in a closed system was completely 
blocked by inhibitors of cytochrome P-450, such as 3-bromophenyl-4(5)- 
imidazole or 6-nitro-1,2,3-benzothiodiazole. Pretreqtment with the 



insecticide dichlorodiphenyl trichloroethane (DDT), an inducer of cytochrome 
P-450, was effective in enhancing uptake and absorption. However, 
phenobarbital, another P-450 inducer, has shown no effect on vinyl chloride 
metabolism (Guengerich and Watanabe, 1979), possibly due to selective 
induction of different cytochrome P-450 isozymes by the two compounds. 

Chronic ethanol treatment has been shown to potentiate the carcinogenic 
effect of vinyl chloride in male Sprague-Dawley rats (Radike et al., 1981). 
Animals were exposed by inhalation to 600 ppm vinyl chloride four hours/day, 
five days/week, for one year. Ingestion of 5% ethanol in water 
(volwne/volume, v/v) ad libitum was begun four weeks prior to vinyl chloride 
exposure and continued for life or until the termination of the experiment, 
2.5 years after the first vinyl chloride exposure and 1.5 years after vinyl 
chloride exposure was terminated. The incidence of liver angiosarcoma in rats 
exposed to vinyl chloride and ethanol was 50% (40/80) versus 23% (18/80) in 
rats exposed to vinyl chloride alone and 0% (0/80) in animals treated only 
with ethanol. Radike and associates have suggested that this potentiation of 
tumor formation may be due to the effect of alcohol on vinyl chloride 
metabolism and a shared step in the oxidation of ethanol and vinyl chloride. 
The acetaldehyde product in ethanol metabolism may compete with 
chloroacetaldehyde for ADH. This would result in higher levels of 
chloroacetaldehyde. However, this metabolite may not be the ultimate 
carcinogen. Chloroacetaldehyde buildup may result in a decrease in epoxide- 
to-aldehyde conversion, leading to epoxide buildup and increased interaction 
with cellular macromolecules. 

Radiolabeled vinyl chloride has been shown to bind covalently to 
cellular macromolecules in vivo and in vitro (Watanabe et al., 1978b; Woo 
et al., 1985; International Agency for Research on Cancer [IARC] 1979). 
Watanabe et al. (1978b) exposed rats to C-vinyl chloride (range 1-5000 ppm) 
for six hours, and measured covalent binding of radioactivity to hepatic 
macromolecules, RNA and DNA, along with levels of hepatic glutathione. 
Binding of vinyl chloride metabolites to liver macromolecules did not increase 
proportionately with dose, but was instead related to the total amount of 
vinyl chloride metabolized. Binding appeared to plateau above 500 ppm, while 
below 100 ppm binding was approximately proportional to the increase in 
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 al., 1978b). However, a subsequent study found 
covalently bound vinyl chloride metabolites attached to proteins and nucleic 
acids isolated from the livers of rats exposed to either 10 or 250 ppm vinyl 
chloride for two hours. (Guengerich and Watanabe, 1979). Rat liver DNA 
isolated from the two groups of exposed animals contained 0.04 and 0.9 pg of 
total bound metabolites per gram of wet liver, respectively. Pretreatment 
with phenobarbital had no apparent effect on metabolism or DNA-binding of 
metabolites, but did increase binding to protein and RNA at the 10-ppm dose 
level. In vitro binding of 14C-vinyl chloride to proteins and nucleic acids 
appeared to be dependent on the thiol 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 vinyl chloride. The epoxide is considered to be the 



most biologically active metabolite (Bartsch et al., 1975; Laib and Bolt, 
1977). Other researchers have proposed that chloroacetaldehyde may be a more 
effective alkylating agent (Woo et al., 1985). a and in studies 
by Guengerich and Watanabe (1979) suggest that the mechanism for activation 
and binding of vinyl chloride involves the release of the chloride atoms as 
chloride ions, either in the actual activation mechanism or in rearrangment of 
the metabolite or adduct. However, Guengerich and Strickland (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 vinyl 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 in the mechanisms of 
genotoxicity. 





3.0 ACUTE TOXICITY 

Several investigators have reviewed the toxic effects of acute exposure to 
vinyl chloride. (Selikoff and Hammond, 1975; Torkelson and Rowe, 1981; EPA, 
1984b). The sections below present a brief account of the principal findings. 

3.1 Summary 

The acute effects of vinyl chloride are similar for humans and animals: 
central nervous system depression (anesthesia) and cardiac, circulatory, and 
respiratory irregularities. Frostbite from contact of skin with liquid vinyl 
chloride has been reported. Repeated inhalational exposure of humans to high 
concentrations of vinyl chloride has been associated with narcosis, damage to 
the liver, spleen, and circulatory system, and a complex of symptoms identified 
as occupational acro-osteolysis. With the exception of acro-osteolysis, the 
occurrence of these toxic symptoms has also been confirmed in 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% lethality (LDSO) in groups of animals 
exposed to vinyl chloride by inhalation for two hours indicates a low acute 
toxicity: 27,419 ppm in mice, 47,640 ppm in rats, 236,215 ppm in guinea pigs, 
and 263,215 ppm in rabbits. Toxic symptoms following exposure included narcosis 
accompanied by respiratory and circulatory disturbances. Death was caused by 
respiratory failure. Microscopic examination of all animals indicated damage to 
the lungs, liver. and kidneys (Prodan et al., 1975a). 

3.3 Human Data 

Several human deaths following very high exposure (concentrations 
unreported) to vinyl chloride have been reported. Autopsies revealed congestion 
of the liver, spleen, and kidneys (Danziger, 1960, cited in Maltoni et al., 
1984). Lester and co-workers (1963) estimated that the short-term (five 
minutes) exposure limit (STEL) of vinyl chloride to which a human could be 
exposed without symptoms of acute toxicity was between 8,000 and 13,000 ppm. 
Suciu et al. (1975) reported that workers exposed to vinyl chloride (levels not 
given) experienced euphoria, intoxication, and narcosis. They also reported 
generalized transient contact dermatitis after dermal exposure. 



4.0 SUBCHRONIC AND CHRONIC TOXICITY 

Several investigators have reviewed the toxic effects resulting from 
subchronic and chronic exposure to vinyl chloride. (Selikoff and Hammond, 
1975; Torkelson and Rowe, 1981; EPA, 1984b). The sections below present a 
brief account of the principal findings. 

4.1 Human 

Reports on the adverse effects of repeated occupational exposure to 
vinyl chloride are based mainly on the observations of workers who have been 
the most heavily exposed. Those individuals were involved in occupations 
such as cleaning autoclaves and centrifuges, or engaged in drying and 
shifting processes. They experienced a wide range of symptoms: a 
vasospastic disorder in the hands similar 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 alterations; paresthesias; and 
central nervous system symptoms. These clinical symptoms (classified as 
"vinyl chloride disease") were accompanied by circulatory disturbances, 
thrombocytopenia, splenomegaly, and changes in the liver. The period of 
exposure before the first 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 al., 1975; Wilson et al., 1967; Harris 
and Adams, 1967; Lilis et al., 1975). 

Several studies have reported hepatotoxicity and impaired liver 
function in humans resulting from exposure to vinyl chloride at 
concentrations ranging from 1 to 470 ppm (Marstellar and Lelbach, 1975; Lilis 
et al., 1975; Thomas and Popper. 1975; Suciu et al., 1975). 

Repeated occupational exposure to vinyl chloride has also been noted to 
result in impaired pulmonary function (Miller et al., 1975; Gamble et al., 
1976). Interstitial pulmonary fibrosis has been reported, but these 
particular workers were also exposed to polyvinyl chloride dust. It has been 
proposed, but not satisfactorily demonstrated, that interstitial pulmonary 
fibrosis may be caused by vinyl chloride-altered immune status (Lilis et al., 
1975; Ward et al., 1976). In a study of present and past workers affected 
with vinyl chloride disease, Ward et al. (1976) observed a range of symptoms 
associated with immune system dysfunction in 19 of the 28 affected workers. 

From their study of occupationally exposed workers, Spirtas et al. 
(1975) concluded that a dose-response relationship existed between exposure 
to vinyl chloride and certain acute (primarily neurological) symptoms. The 
investigators examined the frequency of eight symptoms indicative of central 
nervous system disturbance, peripheral neuromuscular and neurovascular 
disturbance, and local irritation. Vinyl chloride doses were estimated from 
company data describing probable exposure scenarios for different job 
descriptions. Exposure concentrations appeared to range from 0 to 200 ppm. 
They observed a statistically significant dose relationship in the occurrence 
of five of the eight symptoms (dizziness, nausea, headache, tingling 
sensation in arms and legs, and fatigue). These symptoms occurred after 
exposures to less than 50 ppm. These data support other observations in 
humans that indicate vinyl chloride may produce adverse health effects even 
at levels below 50 ppm (Spirtas et al., 1975). However, it should be noted 



the exposure estimates based on probable scenarious may not r e f l e c t  
individual exposures due t o  person-specific work pract ices .  

4 . 2  Animals 

Repeated inhalation exposure t o  v iny l  chloride has been reported t o  
r e s u l t  i n  osteoporosis and tox i c i t y  t o  the  l i v e r ,  kidney, spleen,  lung, and 
t e s t e s  i n  ce r t a in  animals. The r e s u l t s  of soma of these s tud ies  a re  
reported i n  Table 4.1.  







5.0 DEVELOPMENTAL AND REPRODUCTIVE EFFECTS 

5.1 Summary 

Experimental and epidemiologic studies have investigated the 
developmental and reproductive toxicity of vinyl chloride. (Barlow and 
Sullivan, 1982; Bardin et al., 1982; Hemminki and Vineis, 1985). Vinyl 
chloride crosses the placenta of experimental animals. Some data indicates 
it may act as a transplacental carcinogen. No teratogenic effects were 
observed when vinyl chloride was administered by inhalation al: maternally 
toxic doses. A single unconfirmed report disclosed a teratogenic effect in 
rats after vinyl chloride exposure as low as 2.5 ppm. Evidence that vinyl 
chloride causes male reproductive damage has been presented in one 
experimental study and in a few human case studies. Epidemiologic analysis 
of communities located close to polyvinyl chloride plants have suggested an 
association between those locations and an increased risk of birth defects, 
but none of the studies have adequately controlled for all confounding 
variables, and no positive correlation has been made conclusively linking 
vinyl chloride exposure with harmful reproductive effects. 

5.2 Teratogenic Effects in Animals 

5.2.1 Inhalation Studies 

Rats: John et al. (1977) reported that no developmental toxicity or - 
defects occurred when pregnant Sprague-Dawley rats were exposed to either 500 
or 2500 ppm vinyl chloride for seven hours daily 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 vinyl chloride by 
inhalation and 15% ethanol in drinking water experienced greater maternal and 
fetal toxicity than animals exposed only to vinyl chloride, but no 
teratogenic response was observed. However, fetal body measurements were 
lower among those rats that received ethanol and vinyl chloride. These 
effects on fetuses were similar to those reported following administration of 
ethanol only (John et al., 1981). 

Ungvary et al. (1978) exposed groups of three pregnant CFY rats to 
1500 ppm vinyl 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 vinyl chloride during the first 9 days (p < 0.05), 
but no significant effects were observed in rats exposed at other stages of 
gestation. 

In a recent study reported in abstract form, Radike et al. (1988) 
reported that vinyl chloride was a transplacental carcinogen capable of 
causing perinatal oncogenesis. An increase in the numbers of liver 
carcinomas and angiosarcomas in the offspring of pregnant rats exposed to 600 
ppm for four hours/day from day 9 to day 21 of gestation was observed. Post- 
natal exposure of the pups to 600 ppm increased the incidence of liver 
tumors. Co-administration of 5% ethanol with vinyl chloride-did not increase 
the incidence of treatment-related malignancies. 

A single Russian study has reported an association between vinyl 
chloride exposures of as low as 2.5 ppm during pregnancy and embryo 
lethality, teratogenicity, and fetotoxicity in rats (Mirkova et al., 1978, 
cited in Barlow and Sullivan, 1982). The study and its results were reported 
only qualitatively and no statistical data were published. Adverse effects 



reported included doubling of embryo mortality, a high incidence of cerebral 
malformations, and fetotoxicity. 

Bi et al. (1985) examined the effects of vinyl chloride on testicular 
seminiferous tubules in rats. Groups of 75 male Wistar rats were exposed by 
inhalation to either 0, 10, 100 or 3000 ppm vinyl chloride for six hours/day, 
six days/week for three, six, nine or twelve months. Eight to thirty rats 
were sacrificed after each exposure period, with remaining animals killed 18 
months after the initial exposure e .  six months after terminating 
exposure). Incidence of seminiferous tubule damage for the control, 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 epithelial necrosis and degeneration. Seminiferous tubule 
damage in the two higher dose groups was significantly greater than for the 
control group (Bi et al., 1985). 

Mice: Groups of 30 to 40 pregnant CF-1 mice were exposed by inhalation 
to either 50 or 500 ppm vinyl chloride for seven hours/day on days 6-15 of 
gestation. Exposure to 500 ppm caused maternal toxicity while no maternally 
toxic effects were observed at 50 ppm. No developmental defects were 
reported in fetuses exposed to either concentration. An increased number of 
resorptions and decreases in litter size and fetal body weight were seen in 
mice exposed to 500 ppm, but these effects were considered secondary to the 
toxic effects of vinyl chloride in the mother (John et al., 1977; 1981). 

Rabbits: No teratogenic or embryotoxic effects were observed in the 
offspring of pregnant rabbits (15 to 20 per group) exposed by inhalation to 
either 500 or 2500 ppm vinyl chloride for seven hours per day on days 6-18 of 
gestation. The incidence of resorptions was significantly increased in 
rabbits exposed to 2500 ppm vinyl chloride, a dose that produced other 
adverse effects in the dam (John et al., 1977; 1981). Simultaneous 
administration of 15% ethanol in the drinking water and 500 ppm vinyl 
chloride in air resulted in increased toxicity to the mother and produced 
defects in the developing embryo not observed in animals exposed to vinyl 
chloride alone. 

5.3 Reproductive Effects in Humans 

Several epidemiologic studies have been conducted to assess potential 
reproductive and developmental effects in the families of vinyl chloride 
workers (reviewed in Wagoner and Infante, 1980; Clemmesen, 1982). Infante 
(1976) analyzed birth certificate data obtained from a group of Ohio 
communities, three of which contained vinyl chloride polymerization plants. 
Although a statistically significant increase (p < 0.01) in birth defects 
was observed in the towns with vinyl chloride facilities (compared with the 
birth defect rate for the entire State of Ohio), several other cities without 
vinyl chloride factories ezhibited rates equally high and higher. 
Spontaneous abortion rates were also elevated in wives of vinyl chloride 
workers (Infante, 1976). Edmonds et al. (1975; 1978) conducted two case- 
controlled studies evaluating CNS malformations among offspring of vinyl 
chloride workers and families living near polyvinyl chloride facilities in 
Painesville, IN and Kanawha County, WV. More cases than controls lived 
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 linking environmental or paternal exposure to vinyl 
chloride with birth defects in humans. 



Theriault et al. (1983) measured the incidence of birth defects in 
infants born to residents of Shawinigan. Canada between 1966 and 1979. A 
vinyl chloride polymerization plant had been operating in the town since 
1943. Although the authors stated that some descriptive data suggested an 
association between ambient exposure to vinyl chloride and birth defects in 
the exposed community, no significant increases in either still births or 
birth defects were observed (Theriault et al., 1983). 



6.1 Summary 

Several authors have reviewed the genotoxicity of vinyl chloride. 
(IARC, 1979; Duverger et al., 1981; Bartsch et al., 1975; SRI International. 
1983; Fabricant and Legator, 1981). Vinyl chloride causes genetic damage in 
many test systems, including bacteria, fungi, higher plants, and in vitro 
mammalian systems, as well as in vivo in Droso~hila (fruit fly), rodents, and 
humans. Previous reviews have suggested that a metabolite of vinyl chloride 
is the major cause of the observed genotoxicity. However, vinyl chloride has 
been observed to be mutagenic in some v u  test systems without an 
exogenous activation system. This particular effect may be the result of 
endogenous cellular metabolizing enzymes, or the molecule itself may be 
genotoxic. From experiments in laboratory animals vinyl chloride does not 
appear to cause genetic damage to germ cells, but does transform mammalian 
cells and enhances virally-induced mammalian cell transformation in vitro. 
This strong evidence of the genotoxicity of vinyl chloride suggests that its 
reported carcinogenicity proceeds by genotoxic mechanisms. Data that support 
this suggestion are summarized below. 

Vinyl chloride is mutagenic in most major short-term tests. Its 
activity is enhanced in the presence of exogenous or endogenous metabolic 
activation, suggesting that a metabolite may be more mutagenic than the vinyl 
chloride molecule itself. This observation is supported by vitro 
experiments in E coli examining mutagenesis by the vinyl chloride metabolite 
2-chloroacetaldehyde (CAA). CAA generated predominantly cytosine-to-thymine 
(C-to-T) transitions and less often cytosine-to-adenine (C-to-A) transversions 
or other mutations at adenine (Jacobsen et al. 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 in mutagenesis at 
cytosine lesions, suggesting that these predominant lesions do not block DNA 
replication. Several investigators have marshalled evidence that 
chloroethylene oxide, the first metabolite of vinyl chloride and an immediate 
precursor for CAA, is responsible for mutagenesis in vivo. See sections 2.3 
and 6.5. 

6.2.1 Bacterial Assavs 

Several studies of vinyl chloride have been conducted using the Ames' 
Salmonella twhimuriuql (2. twhimuriq) assay (McCann et al., 1975; Bartsch 
and Montesano, 1975; Bartsch et al., 1975; Garro et al., 1976). These studies 
and others have recently been summarized (IARC, 1987). These studies indicate 
that vinyl chloride apparently acts as a mutagen whose effect is 
significantly enhanced in the presence of liver microsomal enzyme preparations 
from mice, rats, or humans, and NADPH. For example, Bartsch and Montesano 
(1975) investigated the mutagenicity of vinyl chloride in air at 
concentrations of 0, 0.2, 2, or 20% in both the absence and the presence of S- 
9 fraction obtained from livers of uninduced or phenobarbitone-induced rats. 
In the absence of metabolic activation, a dose-related increase of up to 15 
times background was observed in S. twhimurium strains TA1535 and G46. In 



the presence of S-9 from uninduced rats, the frequency of revertants was 
increased up to 23 times above background in strain TA1530, and up to 16 and 
five times above background in strains TA1535 and G46, respectively. The 
frequency of revertants increased to approximately 28 times above background 
in strain TA1530, and to 18 and six times above background in strains TA1535 
and G46, respectively, when S-9 from phenobarbitone-induced rats was used. In 
the same study, chloroacetaldehyde, a metabolite of vinyl chloride, proved 
mutagenic (15 times above background) in strain TA1530 in the absence of 
exogenous metabolic activation. 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 in revertants in the absence of an exogenous metabolic activation 
system was either the result of nonenzymatic breakdown products of vinyl 
chloride or a result of compounds formed by bacterial enzymes. However, the 
answer to this question was not effectively resolved by this study (Bartsch 
and Montesano, 1975). 

Salmonella strain TA1538, which is specifically reverted by 
frameshift mutagens, was unaffected by concentrations of 20% vinyl chloride in 
air (Bartsch et al., 1975). Vinyl chloride in water or methanol when tested 
in S .  strains TA100, TA1530, TA1535 or G46, even with S-9 liver 
fractions from phenobarbital-induced mice, did elicit a mutagenic response. 
The apparent inactivity of vinyl chloride might have been caused by the rapid 
diffusion of vinyl chloride from the solution into the atmosphere (Bartsch et 
al., 1975). 

Other experiments have confirmed the mutagenic activity of vinyl 
chloride in Salmonella. Vinyl chloride was mutagenic in S .  strain 
TA1530, both with and without activation, after incubation in a vinyl 
chloride/ethanol medium. This medium probably helped retain vinyl chloride in 
this system. The mutation rate increased when cells were incubated in the 
presence of ultraviolet light and decreased when hydroquinone, a radical- 
trapping agent, was added to the incubation medium. These results and others 
suggest that radical metabolites may also be important determinants of 
mutagenic activity (Duverger-Van Bogaert et al., 1982; Garro et al., 1976). 

In at least one study, the increases in vinyl chloride-induced 
mutagenicity in S .  twhimuriym strain TA1530 observed with the addition of 
liver fractions obtained from untreated or PCB-induced animals were similar, 
(Garro et al., 1976). Vinyl chloride was mutagenic in strain TA1530 in the 
presence of rat or mouse liver S-9 fraction from Aroclor-induced animals. 
Mutagenicity was observed even in the absence of an NADPH-generating system. 
Heat-inactivation of the mixed-function oxidase system did not result in 
decreased mutagenicity of vinyl chloride. These results suggest that the 
mutagenic activity observed with vinyl chloride in the Ames' test is not 
necessarily due to enzymatic activation by a mixed-function oxidase system. 

Vinyl chloride induced forward and reverse mutations in Escherichia & 
(&. w) strain 343/113 (Mohn, 1981) and forward mutations in &. strain 
K12 with, but required metabolic activation with mouse liver microsomes (Greim 
et al., 1975, cited in IARC, 1979). 

Chloroethylene oxide at concentrations of 2.5 mmol was more cytotoxic 
and mutagenic than chloroacetaldehyde at concentrations of 100 mmol when 



tested in E. strain K12A (Perrard, 1985). These results are consistent 
with those obtained in the Salmonella assay (Bartsch et al., 
1975). 

Vinyl chloride induced forward mutations in the yeast 
Schizosacchar-  omb be following either a host-mediated assay in mice or a 
vitro after metabolic activation with mouse liver microsomes (Loprieno et al., 
1976; Bartsch and Montesano, 1975). Chloroethylene oxide was mutagenic 
without activation in the same system (Loprieno et al., 1976). In 
Saccharomvces cerevisiaa strain Dq, vinyl chloride (in concentrations of 
either 16 or 48 mM) induced gene conversion at the adenine-2 and tryptophan-5 
loci only in the presence of mouse liver microsomes (Loprieno et al., 1976). 
Vinyl chloride, both as a gas and as an ethanol solution, was tested for 
potential mutagenicity in two strains of the fungus Neuros~ora crassa. There 
was no detectable mutagenic effect, either with or without metabolic 
activation. The authors suggested this was because vinyl chloride could not 
penetrace the conidia (spore) (Drozdowicz and Huang, 1977). 

6.2.3 Cultured Mammalian Cell Assavs 

Vinyl chloride was tested in the Chinese hamster ovary/hypoxanthine 
guanine phosphoribosyl transferase (CHO/HGPRT) system, an assay designed to 
detect mutations in the gene coding for the HGPRT locus. Vinyl chloride (at 
concentrations of 10% in air) was mutagenic only in the presence of complete 
S-9 mixcures from Aroclor-induced rat livers. When various cofactors used to 
activate the liver enzymes (for example, NADPH) were not included in this test 
system, vinyl chloride was inactive even at higher concentrations (Krahn, 
1979). 

Forward mutations were induced in V79 Chinese hamster lung cells in the 
presence of phenobarbital-pretreated rat liver supernatant (15,000 x g) 
(Drevon et al., 1977, cited in IARC, 1979). Huberman et al. (1975) reported 
that at concentrations of 6-13 mmol the vinyl 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 in Chinese hamster V79 
cells I?. Both 2-chloroethanol and monochloroacetic acid (at 
concentrations of up to 2500 mmol) were found to be inactive (Huberman et al., 
1975). 

6.2.4 In Vivo Mutaeenicity Assavs 

A significant increase in recessive lethal mutations in Drosoohila 
melanoeasteg was observed after exposure to 850 ppm vinyl chloride for two 
days. Exposure to 30 ppm for 17 days also caused an increase in recessive 
lethal mutations. Although vinyl 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 attributed to saturation of metabolizing 
enzymes (Verburgt and Vogel, 1977). However, vinyl chloride did not cause any 
significant increase in dominant lethal mutations, translocations, or entire 
or partial sex-chromosome loss following exposure to 30,000 ppm for 2 days 
(Verburgt and Vogel, 1977). 



Maier and Schawalder (1988) found a dose-dependent increase in gene mutations 
at the 6-thioguanine locus in fibroblast-like cells isolated from subcutaneous 
granuloma tissue of male Sprague-Dawley rats dosed with vinyl chloride. This 
"granuloma pouch assay" is believed to detect genotoxins activated by 
peroxidative pathways like the xenobiotic co-oxidation pathway mediated by 
prostaglandin H synthase. Nevertheless, other factors precluded the 
conclusion that vinyl chloride was being metabolically activated by these 
pathways (Maier and Schawalder, 1988). 

Vinyl chloride failed to produce dominant lethal mutations in offspring 
of male CD-1 mice exposed by inhalation to concentrations of 3,000, 10,000, or 
30,000 ppm, six hours/day for five days, and then mated with successive pairs 
of untreated females over an eight-week period (Anderson et al., 1977). There 
was no evidence that vinyl chloride had any mutagenic effect on any maturation 
stage of spermatogenesis. In addition, no significant increase in the number 
of post-implantation early fetal deaths, no evidence of preimplantation egg 
loss, and no reduction in fertility were observed in this study (Anderson et 
al., 1977). 

Male rats were exposed to 0, 50, 250, or 1000 ppm vinyl chloride by 
inhalation for six hours/day, five days/week for 11 weeks (Short et al., 
1977). During the eleventh week of exposure, the rats were housed with two 
untreated females for seven evenings or until matings occurred in both 
females. Although there was a significant reduction in the number of females 
who became pregnant when housed with males exposed to 1000 ppm vinyl chloride, 
there was no significant effect on total implants/female or dead 
implants/female in those females that became pregnant (Short et al., 1977). 

No dominant lethal mutations were produced in proso~hila melano~aster 
following exposures of up to 30,000 ppm for two days (Verburgt and Vogel, 
1977). 

6.3.2 -Aberration/Sister C Chroutid Exchanne Studies 

6.3.2.1 Exuerimental Studies 

Sister chromatid exchanges (SCE) and aberrant metaphases were increased 
in chromosomes of bone marrow cells of Chinese hamsters exposed to either 
1.25, 2.5 or 5% (v/v) vinyl chloride in air for 6, 12, or 24 hours. The 
greatest number of SCEs were seen after exposure to 2.58 vinyl chloride for 24 
hours. The greatest number of aberrant metaphases was observed after exposure 
to 5% vinyl chloride for 24 hours (Basley and Rohrborn, 1980). 

The mutagenic potential of vinyl chloride was evaluated in the mammalian 
spot test. Female C57Bl/6J Han mice were mated to male Han/T mice, then 
exposed to 4600 ppm vinyl chloride in air for five hours on day 10 of 
gestation. No effect on litter size or coat color was seen in F1 offspring 
(Peter and Ungvary, 1980). 



No individual clastogenic effect (including chromatid gaps, breaks, and 
fragments) was significantly increased in bone marrow cells obtained from 
male Wistar rats exposed to vinyl chloride at 1500 ppm, six hours per day for 
five days. However, there was a significant increase in the number of cells 
with any abnormality following this exposure scenario. Although the percent 
of cells with gaps was elevated, no statistically significant increase was 
observed when vinyl chloride exposure was extended to three months (Anderson 
and Richardson, 1981). 

Walles et al. (1988) observed induction of single-strand breaks in liver 
DNA by the unwinding technique. Female mice received exposures of 100, 250, 
and 500 ppm vinyl chloride for 27 hours. Single-stand breaks increased in a 
dose-dependent manner that appeared to saturate by the 500-ppm exposure. 
Measurements of adduct levels in hemoglobin and inferred levels in DNA also 
indicated a saturation effect. Calculations indicate a greater mutagenic 
efficiency of vinyl chloride than other agents that have been similarly 
tested. The same techniques showed that 80% of the single-strand breaks are 
repaired in 20 hours. 

6.3.2.2 Human Observations 

Several studies of chromosomal abnormalities in the peripheral 
lymphocytes of workers exposed to vinyl chloride were reported in the IARC 
monograph (1979). Aberrations most frequently reported were fragments, 
dicentrics and rings, and breaks and gaps. These earlier studies were of 
limited value, involving small groups of workers with inadequate controls. 
For example, Leonard and associates (1977) examined lymphocytes from seven men 
working in a vinyl chloride plant and 11 workers in a vinyl chloride 
polymerization plant. The incidence of such chromosome aberrations as 
chromatid breaks and gaps were comparable in all groups, but the degree of 
severity of the abnormalities observed was more severe in ten of the 11 
polymerization plant workers than in the seven workers from the other vinyl 
chloride factory. The lack of controlled conditions greatly reduces the 
usefulness of this 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 in 
earlier years. Also, several of the polymerization plant workers had been 
given X-ray treatment on the hands, but no controls had been exposed to 
similar X-rays (Leonard et al., 1977). 

Another study of 56 workers in the polyvinyl chloride industry suggested 
that occupational exposure to vinyl chloride could have a measurable effect on 
the induction of chromosomal aberrations in cultured lymphocytes obtained from 
these workers (Purchase et al., 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 viral infections were excluded 
from the study. However, the results from this study and their significance 
were not discussed (Purchase et al., 1975). Kucerova and colleagues (1979) 
found that the frequency of SCE and other chromosomal aberrations was 
significantly higher in workers exposed to 20-150 ppm vinyl chloride in air 
than in unexposed controls matched for sex and age. Chromatid and chromosome 
breaks were detected in the greatest frequency; chromatid and chromosome 
exchanges occurred only sporadically. 



Some subsequent studies have verified these findings. The majority 
suggest that the frequency of occurrence of aberrations decreased with 
decreasing occupational exposure levels. For example, polyvinyl chloride 
workers (N - 52) exposed to mean concentrations of 2.34 ppm vinyl chloride had 
significantly greater numbers of chromosome breaks and chromosomal aberrations 
than did unexposed controls (N - 74) (Suskov and Sazonova, 1982). However, in 
another study, workers exposed to low levels of vinyl chloride showed no 
differences from controls in the number of SCE or chromosome breaks. 
Significant differences had been seen in the same population previously when 
occupational vinyl chloride exposures had been higher (Hansteen et al., 1978). 

Cytogenetic studies of peripheral lymphocytes from 67 workers 
occupationally exposed for 15 years to vinyl chloride (current occupational 
level of 5 ppm) were made to determine the location and frequency of 
chromosomal breaks (Fucic et al., 1990). Chromosomal breakage in newborns 
presumed to have minimal exposure to clastogens is found to be random (Funes- 
Gravioto et al., 1974). In the 67 workers exposed to vinyl chloride, some 
chromosomal locations were found to be more sensitive to breakage (non-random 
pattern of breaks). The authors conclude that vinyl chloride induces 
localized chromosomal breaks (Fucic et al., 1990). There is however, some 
uncertainty concerning this conclusion since this study did not employ an 
unexposed control group for comparison. 

Cytogenetic studies of peripheral lymphocytes from 67 workers 
occupationally exposed for 15 years to vinyl chloride (current occupational 
level of 5 ppm) were made to determine the location and frequency of 
chromosomal breaks (Fucic et al., 1990). Chromosomal breakage in newborns 
presumed to have minimal exposure to clastogens is found to be random (Funes- 
Gravioto et al., 1974). In the 67 workers exposed to vinyl chloride, some 
chromosomal locations were found to be more sensitive to breakage (non-random 
pattern of breaks). The authors conclude that vinyl chloride induces 
localized chromosomal breaks (Fucic ee al., 1990). There is however, some 
uncertainty concerning this conclusion since this study did not employ an 
unexposed control group for comparison. 

A study of a large number of polyvinyl chloride workers suggested that 
vinyl chloride exposures below 15 ppw did not induce chromosomal aberrations 
(Picciano et al., 1977). When lymphocyte cultures from a group of 109 workers 
who had worked in the plant (exposure periods ranged from one to 332 months) 
were compared with cultures from a control group of 295 pre-employment 
examinees, no significant chromosomal differences were observed. The workers 
had been exposed to levels of 15.2 ppm vinyl 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 isolated from 39 workers 
from a polyvinyl chloride plant and 16 control males dem~nstrated a 
significant increase in chromosome-breakage frequency for the exposed workers 
(3.41% versus 1.79%, respectively). This study was repeated Eor 37 of the 39 
workers 2-2.5 years later, during which time the workers had only a minimal 
exposure to vinyl chloride. More appropriate in-plant matched controls were 
selected for the follow-up study. In the repeat study no difference was found 
in mean chromosome-breakage frequency between the workers and their controls 
(Hansteen et al.. 1978). 



6.3.3 Micronucleus Tests 

In CBA male mice exposed to 5% vinyl chloride in air, nearly a four-fold 
increase in micronucleated cells was observed (Jenssen and Ramel, 1980). 

6.3.4 DNA Damaeeflnscheduled DNA Svnthesis (UDS) Tests 

Vinyl chloride has been reported to induce unscheduled DNA synthesis in 
adult rat hepatocytes, but no experimental details were provided in the 
publication (Probst et al., 1981). 

Differential killing was induced in the repair-deficient E. & strain 
polA in assays using the standard disc and liquid suspension methods 
(Rosenkranz, 1981). 

6.4 Mammalian Cell Transformation 

Vinyl chloride, 20 to 50% in air, has been reported to transform BHK 
cells exposed (Styles, 1980). A clear positive transformation response was 
obtained in BALB/c-3T3 mouse cells exposed to vinyl chloride; in addition, 
vinyl chloride (chamber concentrations 0-1024 ppm) caused a dose-dependent 
cytotoxicity (Tu et al., 1985). An increased sensitivity to transformation by 
SA-7 virus was observed in primary Syrian hamster embr o (SHE) fibroblasts 
exposed to vinyl chloride concentrations up to 194 mg/cmy (75,781 ppm) (Hatch 
et al. , 1981). 

6.5 relations hi^ to carcinoeenesis 

Bolt (1986), Bolt et al. (1986). Bolt (1988) and Van Duuren (1988) 
reviewed DNA adduct formation by vinyl chloride (metabolites) and other 
halogenated mono- and bi-functional alkylating agents and related this process 
to carcinogenesis. Products of vinyl chloride reactions with DNA identified 

6 4 in vivo include l,N -ethenoguanine; 3N -ethenocytosine (Eber e et al., 1989); -- \ 7(2-oxoethy1)guanine (Singer and Grunberger, 19834 and N ,3-ethenoguanine 
(Laib et al., 1985). Singer et al. (1987) found N ,3-ethenoguanine to be a 
highly efficient mutagen when incorporated into a sing e strand FWA templa e 16 E read by AMV reverse transcriptase. In contrast, l,N -ethenoadenine, 3,N - 
ethenocytosine and 7-(2-oxoethy1)guanine were not markedly mutagenic (Singer 
et al., 1987; Barbin et al., 1985; Barbin and Bartsch, 1986; Singer and 
Spengler, 1986). Bolt (1988) and others have argued that chloroethylene oxide 
is the ultimate genotoxic metabolite of vinyl chloride based on in vitro 
metabolism studies, in viva studies with a metabolic precursor of 
chloroacetaldehyde (2,2,-dichlorodiethyl ether), mutagencity data and 
carcinogenicity data. Further comparisons made between the nucleophilic 
selectivity of vinyl chloride metabolites (chloroacetaldehyde and 
chloroethylene oxide) and the carcinogenic potency of vinyl chloride support 
this conclusion (Barbin and Bartsch, 1989; Barbin et al., 1990). 

Several investigations into the relationship between DNA alkylation by 
vinyl chloride and cancer susceptibility have been made. In 11-day old and 
adult Wistar rats administered vinyl chloride via inhalation, approximately 
5-fold more 7-(2-oxoethy1)guanine adducts per mg hepatic DNA were recovered 
from young than from adult animals (Ciroussel et al., 1990). In 7-day old and 



13-week old BD VI rats dosed with 500 ppm vinyl chpride 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 al., 1990). In addition the investigators found these 
adducts in the liver, lung and brain of the group exposed starting at 7 days 
of age, is consistent with tumors produced by vinyl chloride in these organs. 
The increased level of adduction in young animals correlates with their 
increased sensitivity to the carcinogenic effects of vinyl chloride (See 
section 7.1.4.3). 



7.0 CARCINOGENICITY 

7.1 Animal Studies 

7.1.1 Summary 

Recent reviews of the evidence for the carcinogenicity of vinyl chloride 
in laboratory animals include those by Kalmaz and Kalmaz, 1984, IARC, 1979, 
SRI, 1983, Kuzmack and McGaughy, 1975, and Purchase et al., 1987. Adequate 
experimental evidence exists to indicate that vinyl chloride is carcinogenic 
in mice, rats, and hamsters when given orally and by inhalation. Vinyl 
chloride has been found to cause tumors in a dose-related manner at several 
sites, including liver, lung and manunary gland. The oncogenic response 
appears to be a function of the site, vinyl chloride concentration, tumor 
type, species of animal, and route of administration. 

Although some evidence of vinyl chloride-induced carcinogenesis has been 
observed by all routes of administration and in all species tested, important 
discrepancies in the protocols of many studies have limited their usefulness 
in quantitative risk assessment. These discrepancies include the lack of 
appropriate control groups, insufficient exposure time, or incomplete 
histopathology of the animals. Studies that have been used previously in risk 
assessment include feeding studies (Feron et al., 1981; Ti1 et al., 1983) and 
a series of inhalation studies (Maltoni et al., 1984). In the Feron studies, 
liver angiosarcomas and hepatocellular tumors (the primary site) were produced 
after chronic oral administration of vinyl chloride. In the studies by 
Maltoni et al. (1984) a wider variety of tumor types was observed. These 
studies and others are reviewed below. 

7.1.2 Intraperitoneal. Subcutaneous, and Trans~lacental 
Administration 

Vinyl chloride has been tested in experimental animals by 
intraperitoneal, subcutaneous, and transplacental administration, but for 
various reasons all of these studies were deemed inadequate for the evaluation 
of the carcinogenic risk of vinyl chloride. These reports and the reasons for 
their inadequacy are described in Appendix A. 

7.1.3 Oral Administration 

7.1.3.1 Studies bv 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 
vinyl chloride in olive oil five days/week for 52 weeks. These animals were 
then observed for the remainder of their lives (Experiment BT11, Maltoni et 
al., 1984, IARC, 1979). Dose-related increases in the incidence of several 
types of tumors were observed, including liver 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 in 
one female in 0.3 mg/kg group and two females and one male in the 1.0 mg/kg 
group. No such tumors were observed in controls (Experiment BT27, Maltoni et 



al., 1984). No statistical analyses were reported' for any of these 
experiments. 

7.1.3.2 S t u d - !  

Vinyl chloride in soybean oil was administered by gastric intubation at 
a dose of 300 mg/kg once daily, five 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 liver and 52 had angiosarcomas of the 
lung (Feron et al., 1981). Although vinyl chloride was clearly demonstrated 
to be carcinogenic in this study, the data are not suitable for use in 
quantitative risk 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 vinyl chloride monomer content (0 to 4000 ppm) in 
the diet for their lifetimes (Feron et al., 1981). The actual doses of vinyl 
chloride given to rats in the feed were 0, 1.7, 5.0, and 14.1 mg/kg/day. 
Access to food for controls and treated animals was limited to four hours per 
day; an additional control group was fed & w. Gross pathology was 
performed on all animals that died or were killed; complete histopathology of 
all 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 lived the longest 
before being killed. Histopathology of all other rats was restricted to the 
liver, zymbal glands, lungs, kidneys, spleen, pituitary, thyroid, adrenals, 
grossly visible tumors, and organs containing lesions suspected of bearing 
tqors. Statistical significance of tumor incidence was determined by the 
Chi-square test. 

Vinyl chloride caused a dose-related increase in the death rate in the 
5.0- and 14.1-mg/kg groups; all animals receiving the highest dose were dead 
by week 134, with females dying earlier than males (Feron et al., 1981). In 
the low-dose group the mortality of male rats was comparable with that of 
controls; the death rate in female rats was slightly higher than that in 
controls. Death of treated animals was attributed to pulmonary or hepatic 
insufficiency due to neoplastic or nonneoplastic lesions in these organs. 

Liver angiosarcomas were reported in 27/59 (p < 0.001) and 
hepatocellular carcinomas in 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, in females receiving the 
highest dose (Table 7.1) (Feron et a1. 1981). Necrosis, centrilobular 
degeneration and mitochondria1 damage were also seen in the hepatic parenchyma 
of rats administered vinyl chloride. The inoidence of angiosarcoma of the 
lung was also significantly increased in high-dose males (19/59, p < 0.001) 
and females (5/57, p < 0.05) (Table 7.2). Low-dose male6 and females showed 
necrotic damage of the liver and 26/58 low-dose females (p < 0.01) had 
neoplastic nodules of the liver (Table 7.1) (Feron et al., 1981). It is 
possible that underreporting of tumors at all sites occurred because of the 
incomplete histopathology performed and the fact that only the longest- 
surviving high-dose animals were chosen for complete histopathology. 



7.1.3.3 Studies bv Ti1 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 polyvinyl chloride (up to 1% of 
diet) with a high content of vinyl chloride monomer for up to 149 weeks (Ti1 
et al., 1983). Levels of vinyl chloride administered in the powder were 0, 
0.017, 0.17, and 1.7 mg/kg/day for 149 weeks. Actual oral exposure to vinyl 
chloride monomer (calculated by measuring the evaporative loss of vinyl 
chloride during the four-hour feeding periods, the rate of food intake, and 
the level of vinyl chloride in the feces) was estimated to be 0.014. 0.13. or 
1.3 mg vinyl chloride/kg/day for the low, middle, and high dose groups, 
respectively. Access to food was limited to four hours per day. An 
additional control group, comprised of 100 rats of each sex, received food & 
libitum and were housed in a separate room. Gross pathology was performed on 
all animals and was restricted to the liver, all grossly visible tumors or 
presumable tumors in the abdominal cavity, zymbal gland, and mammary glands. 
No clinical signs of toxicity attributable to vinyl chloride were observed. 
In the lowest- and mid-dose group, body weight and survival of treated rats 
were not significantly different from those of controls. In the high-dose 
group, mortality was slightly increased. 

The results of this study demonstrated significant increases in the 
incidences of hepatic foci of cellular alteration, neoplastic nodules, 
hepatocellular carcinomas, liver-cell polymorphism, and cysts in the highest 
dose group. Two females and one male in this group developed liver 
angiosarcomas. Females, but not males, of the low- and mid-dose groups 
developed a higher incidence of hepatic basophilic foci of cellular 
alteration. No pathologic effects in other organ systems were attributed to 
vinyl chloride exposure (Table 7.3) (Ti1 et al., 1983). 

Ti1 and co-workers reported that a threshold of 0.17 mg vinyl 
chloride/kg/day for the induction of tumors in rats was observed. In fact, a 
threshold cannot be demonstrated. Vinyl chloride induced hepatocellular 
alterations at allconcentrations tested. Histopathology of all organs was 
not performed on all animals; therefore, tumors not grossly observable or 
palpable could have been missed. 

Because of the shortcomings of the study, its utility for the evaluation 
of carcinogenic risk is limited. 

7.1.4 Inhalation Exuosure 

Several researchers have investigated the potential carcinogenicity of 
vinyl chloride administered by inhalation (Viola, 1977; Caputo et al., 1974; 
Keplinger et al., 1975; Lee et al., 1977; Hong et al., 1981; Suzuki, 1981; 
Groth et al., 1981; Drew et al., 1983; Maltoni et al., 1984). All experiments 
confirm the carcinogenicity of vinyl chloride, although only a few of the 
studies are adequate for a quantitative evaluation of carcinogenic risk. 

7.1.4.1 Studies in Rats 

The earliest information on the experimental carcinogenicity of vinyl 
chloride administered by inhalation was reported by Viola (1971). Wistar rats 



were exposed to 30,000 ppm by inhalation (four hours/day, five days/week) for 
twelve months. At the end of the treatment period, the surviving animals were 
killed at 20-day intervals and "the most important tissues and organs examined 
histologically by standard methods". The primary tumors observed were located 
in the zymbal gland (found only in rodents), with metastases to the skin, 
bone, and lung. 

Caputo and associates (1974) exposed Wistar rats to 50-20,000 ppm vinyl 
chloride four hours/day, five days/week for 12 months. Liver angiosarcomas and 
skin carcinomas were observed in animals exposed to 500 ppm or greater and 
lung adenomas in those exposed to 2,000 ppm or more. 

Bi et al. (1985) evaluated the tumorigenic potential of vinyl chloride 
in male Wistar rats following inhalation exposure to 0, 10. 100 or 3000 pprn 
(six hours/day, six days/week) for up to 12 months. The incidence of liver 
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 
failed to discuss the specific types of tumors or their significance, focusing 
instead on the testicular effects of vinyl chloride (discussed in Section 5 of 
this document) (Bi et al., 1985). 

In a preliminary paper reviewed by IARC (1979), Keplinger and co-workers 
(1975) reported results from ongoing tests on mice, rats, and hamsters. Vinyl 
chloride was carcinogenic in all three species; the female mouse was the most 
sensitive of the animals tested. CD1 Swiss mice were exposed to 0, 50, 200. 
or 2,500 ppm vinyl chloride seven hours/flay, five days/week for nine months, 
then observed for another nine months. Primary tumors found in animals that 
died included liver angiosarcomas, lung adenomas, and mammary adenocarcinomas. 
At the time of the IARC report, histological evaluation had been carried out 
only on grossly visible tumors, but no final report has been published. 
Consequently, we cannot accurately quantify tumor incidence in the study. 

Lee and co-workers (Lee et al., 1977; IARC, 1979) reported that female 
mice were more responsive to vinyl chloride exposure than rats. Two month-old 
male and female CD-1 mice were exposed by inhalation to 0, 50, 250, or 1,000 
ppm vinyl chloride for six hours/day, five days/week for 52 weeks (end of 
experiment). Vinyl chloride induced primary tumors in mice at multiple sites 
after exposure to 50 ppm or more. Liver cell angiosarcomas, bronchiolo- 
alveolar adenomas, mammary ductular adenocarcinomas, and squamous and 
anaplastic cell carcinomas (with metastases to the lung) were observed in 
treated animals. Vinyl chloride induced tumors at all dose levels, with the 
incidence and severity of the tumors increasing with dose. The total tumor 
incidence may have been underestimated because of the short duration of the 
study . 

Hong and colleagues (Hong et al., 1981), as a follow-up of the studies 
of Lee and associates (Lee et al., 1977), examined the development and 
incidence of vinyl chloride-related carcinogenic effects during a post- 
exposure follow-up period. Groups of eight to 28 two month-old male and 
female CD-1 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 sacrificed. 
Although the number of animals used in the experiment was inadequate for risk 



assessment purposes, four of sixteen female mice exposed to 50 ppm vinyl 
chloride for one month (and autopsied one year later) 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 
significantly higher than in controls (p - 0.05). Tumor incidence was related 
to dose and duration of exposure. Bronchiolo-alveolar tumors were also 
significantly increased in the high-dose group (p - 0.05), but no clear trend 
for the other dose levels was observed (Hong et al., 1981). 

In rats, tumor incidence rates following exposure for one or three 
months did not differ significantly from control values. After a six or ten 
month exposure, the combined (male and female) cumulative incidences of 
hemangiosarcomas, hepatocellular carcinomas, and neoplastic liver nodules in 
rats exposed to 250 or 1,000 ppm differed significantly from those in combined 
male and female control animals (statistics not reported) (Hong et al., 1981). 

Suzuki (1981a) exposed male CD-1 mice (between 30 and 40 per group) to 
1, 10, 100, 300, or 600 ppm vinyl chloride six hours/day, five days/week for 
four weeks. The animals were then observed for up to 41 weeks after cessation 
of exposures. One mouse in the 10 ppm group had a subcutaneous 
hemangiosarcoma in the left ear 29 weeks after exposure; one mouse in the 600 
ppm group developed a hepatic hemangiosarcoma 65 weeks after exposure. In a 
separate study, Suzuki (1981b) exposed 27 mice to either 2500 or 6000 ppm 
vinyl chloride for five or six months. Additional mice were exposed to 0, 1, 
10 or 100 ppm for four weeks, and sacrificed forty weeks after exposure. All 
animals were evaluated for pulmonary tumors. Twenty-six of the 27 high dose 
animals possessed "alveologenic" tumors. Animals in the lower dose groups 
exhibited a dose-related trend for pulmonary tumor formation (Suzuki, 1981b). 
Although this study cannot be used to quantify risk due to study design (for 
example, inadequate number of test animals), it did demonstrate a carcinogenic 
response to vinyl chloride after exposure to relatively low concentrations for 
short durations. 

Adkins et al. (1986) exposed strain A/J mice to 50, 200, and 500 ppm 
vinyl chloride to test the oncogenic response of this strain via inhalation. 
The result was that incidence of pulmonary adenomas was statistically 
increased at all exposures of vinyl chloride. 

7.1.4.3 Studies on the Potential Effects of Age at Time of Exposure 

Groth et al. (1981) exposed groups of 110-128 male and female Sprague- 
Dawley rats to 948 ppm vinyl chloride in air seven hours/day, five days/week 
for 29 weeks, beginning at ages varying from six weeks to 52 weeks. Animals 
were sacrificed after termination of exposure. On the basis of this testing 
regime, those researchers concluded that vinyl chloride-induced liver 
angiosarcomas occurred with the greatest frequency in rats whose exposure 
period began at 52 weeks of age, with females more susceptible than males. 
The data and study methodology are inadequate for making this conclusion, 
however. If liver angiosarcomas are expressed at a later age in the rat's 
life cycle, animals exposed at an early age and sacrificed early in their life 
cycles would not have had time to express the same tumor incidence as they 
would if they had lived their full lifetimes. The animals exposed later in 
their life cycles would then seem to have the highest tumor incidence. 



Drew et al., (1983) looked at the effect of age and exposure duration on 
vinyl chloride oncogenicity in females of several different species of 
rodents. Groups of female CD-1 Swiss mice, B6C3F1 mice, Fischer 344 rats, and 
Golden Syrian hamsters (N - 54 for mice, N - 56 for rats and hamsters) were 
exposed to vinyl chloride for six hours/day, five days/week for six, 12, 18, 
or 24 months, beginning at eight weeks of age, and observed for their 
lifespans. Other groups were held until six or 12 months of age, exposed for 
six or 12 months, and then observed for the remainder of their lifespans. The 
exposures were conducted at a single dose level for each species: mice, rats 
and hamsters were administered 50, 100, and 200 ppm, respectively. All 
animals exposed to vinyl chloride at age eight weeks (the start of the 
experiment) exhibited decreased survival relative to controls (Drew et al., . 
1983). B6C3F1 mice experienced the most significant life-shortening 
regardless of the age at which exposure was begun. No significant decrease in 
survival was observed in rats, hamsters, or Swiss mice initially exposed 
after six months of age. Other clinical signs of vinyl chloride toxicity were 
not evident and liver necrosis was not observed. 

In rats, exposure to vinyl chloride was associated with 
hemangiosarcomas, mammary gland adenocarcinomas and adenomas, and 
hepatocellular carcinomas (Table 7.4) (Drew et al., 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 if begun early in life. One-year exposures produced a 
significant incidence of tumors, especially if begun early in life. The 
incidence of mammary gland adenocarcinomas and fibroadenomas was not always 
related to exposure duration, but the incidence was higher in rats whose 
exposure began at eight weeks of age. Hepatocellular carcinomas were induced 
in a dose-related manner in rats when exposures began at eight weeks. 

In hamsters, hemangiosarcomas, mammary gland carcinomas, stomach 
adenomas, and skin carcinomas were associated with vinyl chloride exposure 
(Table 7.4) (Drew et al. 1983). The highest incidence of hemangiosarcomas and 
stomach adenomas occurred in animals exposed early in life for only six 
months. The highest incidence of mammary gland carcinomas was seen in animals 
exposed at an early age for up to twelve months. Exposure beginning at or 
after eight months of age resulted in a markedly lower tumor incidence, 
possibly because the lifespans of chronically exposed hamsters were 
significantly reduced to the point that late-appearing tumors would not be 
expressed. 

Mice, especially the B6C3Fl strain, appeared to be the species most 
sensitive to the carcinogenic effects of vinyl chloride (Table 7.4) (Drew et 
al., 1983). Hemangiosarcomas and mammary gland carcinomas in both strains and 
lung carcinomas in Swiss mice were associated with vinyl chloride exposure. 
In B6C3F1 mice, exposure to vinyl chloride for six months resulted in 60-70% 
incidence of hemangiosarcomas, regardless of the age at exposure initiation. 
The incidence of mammary gland carcinomas in B6C3F1 mice was greatest when the 
animals were exposed early in life. Lower incidences of this tumor were seen 
when initial exposure occurred at a later age. In Swiss mice, exposure to 
vinyl chloride at an early age resulted in the highest incidence of 
hemangiosarcomas, mammary gland carcinomas, and lung carcinomas, regardless of 



duration of exposure. Lower incidences of all tumors were observed in animals 
exposed later in life. 

The patterns of tumorigenicity produced by vinyl chloride in the study 
by Drew et al. (1983) are consistent with patterns reported in other 
inhalation studies. However, the results reported by these investigators 
apparently contradict those of Groth et a1. (1981). This apparent 
contradiction can be explained by the fact that Groth et al. reported only the 
incidence of hemangiosarcomas, a tumor shown in the Drew study to be a 
relatively late-appearing tumor that developed regardless of either the age at 
initial exposure or the duration of exposure. In the Groth et al. study, 
animals exposed at a young age were also sacrificed at a young age, thereby 
decreasing the probability of hemangiosarcoma development relative to the 
older exposed animals who were allowed to live. 

Maltoni and co-workers performed a series of chronic inhalation studies 
on rats, mice, and hamsters in the Bentivoglio Laboratories (BT) or the 
Bologna Institute of Oncology (Maltoni et al., 1984). The investigators 
studied the effects of exposure to 14 concentrations of vinyl chloride (1- 
30,000 ppm) in male and female rats and six concentrations of vinyl chloride 
in male and female mice and male hamsters. A summary of some of these 
experiments are included both in this section and in Appendix A. In each 
experiment, animals were exposed to vinyl chloride for four hours daily, five 
days per week for various durations, and observed for the rest of their lives. 
A number of the experimental procedures were not described or were 
inadequately described in the report by Maltoni et al. (1984). A full 
necropsy was performed on each animal and the following tissues reportedly 
were routinely excised for histopathology: brain, zymbal glands, 
interscapular brown fat, salivary glands, tongue, thymus, lungs, liver, 
kidneys, adrenal glands, spleen, pancreas, esophagus, stomach, intestine, 
bladder, uterus, gonads, and any organ in which pathologic lesions were 
observed. Details of the experimental protocol for the BT experiments are 
provided in Table 7.5 (Maltoni et al., 1984). 

Data on noncarcinogenic toxic effects of vinyl chloride were sparsely 
reported in the Maltoni BT experiments. Vinyl 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 vinyl chloride-induced tumors. The 
available information on survival, including Kaplan-Meier survival curves, 
indicates that vinyl chloride decreased survival in a dose-dependent manner. 

In the Maltoni experiments, exposure to vinyl chloride was associated 
with an increased incidence of malignant tumors at a variety of tissue sites 
in all of the species tested. A summary of these tumor sites is provided in 
Table 7.6 (Maltoni et al., 1984). A direct relationship between exposure 
levels and tumor incidence was apparently demonstrated, although no 
statistical tests for trends were performed. Results of experiments on 
Sprague-Dawley rats exposed to vinyl chloride for 52 weeks were statistically 
analyzed using the Fischer exact probability test. Correspondence analysis 
was also performed on the relationship of the incidence of liver 
angiosarcomas, zymbal gland carcinomas, nephroblastomas, and forestomach 
papillomas and acanthomas to vinyl chloride exposure (Tassignon, 1980, cited 



in Maltoni et al., 1984). The results of this analysis were not discussed by 
Maltoni et al. (1984). A summary of the lowest concentrations at which a 
statistically significant excess of tumors was observed is given in Table 
7.7. When adjusted to average lifetime exposure, the lowest concentration 
associated with tumor production is 0.06 ppm (1 ppm * 4/24 * 5/7 * 12/24 - 0.3 
ppm). 

-nt BTL. Most previous risk assessments have been based on the 
data from experiment BTl (Maltoni et al., 1984). In this study, 30 Sprague- 
Dawley rats of each sex were exposed to concentrations of vinyl chloride 
ranging from 50 to 10,000 ppm for four hours daily, five days per week for 52 
weeks, beginning at 13 weeks of age. A positive control group received 2,500 
ppm of vinyl acetate. After treatment the animals were observed for their 
lifespans up to 135 weeks. Survival of both males and females decreased in a 
dose-related manner, especially at concentrations above 500 ppm. Vinyl 
chloride appeared more toxic to females than to males in this experiment. 
Vinyl chloride was associated with an increased incidence of liver 
angiosarcomas in a dose-related fashion. These results are presented in Table 
7.8 (Maltoni et al., 1984). In addition to liver angiosarcomas, vinyl 
chloride (at concentrations above 2500 ppm) caused an increased incidence of 
zymbal gland carcinomas, nephroblastomas, hepatomas, and neuroblastomas. The 
incidence of liver angiosarcomas was probably underestimated at the higher 
exposure levels due to mortality resulting from tumors at other sites. 

Exoeriment BTlS. Groups of 60 male and 60 female Sprague-Dawley rats 
were exposed to 0, 1, 5, 10, or 25 ppm of vinyl chloride for four hours daily, 
five days per week for 52 weeks, beginning at 13 weeks of age (Maltoni et al., 
1984). Following exposure the animals were observed for the remainder of 
their lives (up to 147 weeks). Available data, including Kaplan-Meier 
survival curves, indicated that vinyl chloride did not affect survival at the 
concentrations tested. No statistical analyses of mortality and body weight 
data were reported. Mortality was greater in the male control group than in 
the treated groups: the time at which 50% of the male control group had died 
was week 72, compared with week 100 in the 25-ppm vinyl chloride group. No 
explanation was given for this decreased survival. The incidence of mammary 
gland carcinomas in treated females was higher than in controls at all 
concentrations of vinyl chloride exposure. The differences from control 
values were statistically significant at concentrations of 1 ppm and above. 
The mammary gland adenocarcinoma incidence for this and the other relevant BT 
experiments are presented in Table 7.9 (Maltoni et al.. 1984). 

w e n t  BTq. Thirty male and 30 female Swiss mice were exposed to 0, 
50, 250, 500, 2,500, 6,000, or 10,000 ppm of vinyl chloride four hours daily, 
five days weekly for 30 weeks, beginning at 11 weeks of age (Maltoni et al., 
1984). The study was terminated 81 weeks after the exposure period began. 
Vinyl chloride was highly toxic to both males and females, but males appeared 
more sensitive than females to the toxic effects of vinyl chloride. Survival 
decreased in a dose-related manner, although statistical analysis apparently 
was not performed on the data presented. 

A very high incidence of lung adenomas was observed in vinyl chloride- 
treated male and female mice. A statistically significant increase in the 
incidence of liver angiosarcomas was seen in male and female mice exposed to 
vinyl chloride, but a dose response was not seen in the male animals. In 



addition, a high incidence of mammary gland adenocarcinomas occurred in 
treated female mice. These results are presented in Table 7.10 (data from 
Maltoni et al., 1984). 

7.2 Human Studies on the Carcinoeenic Effects of Vinvl Chloride 

7.2.1 Introduction 

In 197h, Creech and Johnson described three cases of angiosarcoma of the 
liver (LAS) among workers at the B.F. Goodrich Tire and Rubber Co. in 
Louisville. Kentucky. Because LAS is a very rare cancer (20-25 cases per year 
in the United States), the clustering of three cases in one vinyl chloride 
polymerization facility indicated an abnormally high incidence of this cancer. 
Based on this report, as well as data indicating that vinyl chloride is 
carcinogenic in laboratory animals, multiple studies of workers exposed to 
this agent were conducted, By 1985, at least 17 epidemiologic studies 
relating vinyl chloride exposure to the incidence of various cancers had been 
completed. 

7.2.2 General Desien of E~idemioloeic Studies 

Most of the epidemiologic studies have been retrospective cohort 
designs. Groups of workers in the vinyl chloride industry were selected by 
reviewing employment records. Few baseline data other than age, job 
classification, and length of employment were obtained. 

The concentrations of vinyl chloride to which workers were exposed were 
generally not available, since ambient levels of vinyl chloride were not 
routinely measured before 1975. Almost all of the investigators estimated 
vinyl chloride exposure retrospectively, based on some combination of job 
classification and length of exposure. Only two studies (Ott et al., 1975; 
Buffler et al., 1979 reported measurements of vinyl chloride exposure. 

A11 the studies traced workers to determine the number of deaths that 
had occurred in the defined cohort. Death certificates provided the cause of 
death. In the studies from Sweden and Norway, national cancer registries also 
provided data to assess incidence of cancer (Byren et al., 1976; Heldaas et 
al., 1984). The expected numbers of deaths were estimated using population- 
based mortality statistics. Finally, a standardized mortality ratio (SMR) was 
calculated from the proportion of observed to expected deaths from each cause 
and the statistical significance of these ratios was tested. 

7.2.3 Qiificulties in Inter~retine the E~idemioloeic Evidence 

There are two major problems involved in the interpretation of these 
studies : 

1. 1. In several of the 
studies reviewed, outcome data on approximately 10% of the original workers 
were not obtained (Duck et al., 1979). Since the tumor incidence in humans 
exposed to vinyl chloride is relatively low, the loss of 10% of the data base 
could have a significant effect on the observed tumor rate, and possibly allow 
for an underestimation of risk. 



2. Inade- exnosure data. Specific exposure data did not exist in 
any of the studies reviewed with the exception of Ott et al. (1975) and 
Buffler et al. (1979). In some cases, no attempt was made to evaluate 
exposure. In most studies, exposure was estimated from odor levels, acute 
toxicity levels, job classification, or length of exposure - methods all 
considered unreliable for accurate exposure estimation. However, gross 
differences in exposure levels based on the type of job and length of exposure 
may have occurred, particularly before 1975, when very high levels of vinyl 
chloride were common in the industry (up to 500 ppm with rare excursions up to 
4,000 ppm) (Ott et al. 1975). After 1975, ambient workplace levels were 
drastically reduced to an average of about 1 ppm, so that differences in dose 
estimated by job classification became small. 

A summary of the important characteristics of individual epidemiologic 
studies is given in Tables 7-11 and 7-12. Each study should be evaluated 
keeping in mind the difficulties noted above. 

Soon after the initial case reports by Creech and Johnson (1974), 
describing the identification of liver angiosarcomas in vinyl chloride 
workers, Monson et al. (1974) published a proportionate mortality analysis of 
the deaths of 161 vinyl chloride workers at two plants in the United States. 
A statistically significant 50% excess mortality for all cancers and an 11- 
fold increase in mortality from cancer of the digestive system, including five 
angiosarcomas of the liver (LAS), were observed. In addition, increases in 
the proportionate mortality ratios (PMR) for brain cancer, lung cancer, and 
lymphoma were noted. Proportionate mortality ratios do not represent a 
specific measure of risk, but the consistent PMR excesses for neoplasms found 
in this study suggests that vinyl chloride may operate as a multisystem 
carcinogen. 

Tabershaw and Gaffey (1974) published a large cohort study of 8,384 
vinyl chloride workers at 33 plants in the United States, which demonstrated 
a statistically significant increase in angiosarcoma of the liver and 
nonsignificant positive trend correlating vinyl chloride exposure with 
lymphoma and cancers of the buccal cavity and pharynx, CNS (primarily brain), 
and lung. The SMRs for all these tumor types were greater in the high 
exposure groups after the cohort was stratified by high and low exposure 
indices (estimates based on job classification and length of exposure), but 
the differences in SMRs for the high- and low-exposure groups were not 
statistically significant. Follow-up in this study was only 85% complete. 
The workers for whom follow-up was incomplete were mostly older workers, and 
Tabershaw and Gaffey (1974) suggested that these workers, who experienced a 
long latent period after exposure, might show a somewhat different mortality 
pattern from workers who were followed up. Another significant problem is 
that the authors reported only digestive system cancer and did not distinguish 
cancer of the liver from other cancers in this classification. Information on 
this cohort has been updated and reanalyzed by Cooper (1981). The final 
report included 10,173 vinyl chloride workers from 37 plants in the United 
States (Cooper, 1981). Follow-up had increased to 95.1% of the cohort and 
extended more than 20 years for 33.4% of the cohort. Statistically 
significant excess mortality was shown for U S  and for CNS cancers (primarily 



brain). Again, SMRs for lung cancer and lymphoma were elevated but not 
statistically significant. 

Duck and co-workers published an analysis of 2,122 vinyl chloride 
workers in Great Britain (1975). In this study, no excess of total or cause- 
specific mortality occurred. There were no cases of LAS, although one was 
recorded in the cohort after the study period ended. Only 16% of the cohort 
in this study was followed more than 15 years from the time of initial 
exposure, which undermines the reliability of the negative results of this 
study . 

Nicholson and colleagues (1975) reported on 257 workers in the United 
States who were exposed to vinyl chloride for at least five years and whose 
initial exposure occurred more than ten years before the end of the study. 
These inclusion criteria are important because this is the first study that 
attempted to limit the cohort to workers who had significant vinyl chloride 
exposure and follow-up time. Three cases of LAS were observed and the SMRs 
for all deaths and deaths due to cancer were elevated. Because LAS is 
otherwise exceedingly rare, the increased incidence of this tumor was 
statistically significant, but the study lacked power to detect significant 
increases in other classifications of malignancy. 

Based on similar criteria, Waxweiler et al. (1976) studied a larger 
cohort for the National Institute for Occupational Safety and Health (NIOSH). 
This study followed an adequate number of workers (1,294) for more than 10 
years, with all having had more than five years of exposure. Separate 
analyses were also performed for those workers with more than 15 years of 
follow-up time. Significant excesses in the SMR of exposed workers were found 
for all deaths due to cancer, liver cancer (11 cases of US), and CNS cancers. 
Standard mortality ratios for lung cancer and lymphoma were elevated, but were 
not significant at the p < 0.05 level. 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 statistical significance 
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 vinyl 
chloride and the subsequent development of cancers of the liver, CNS, and lung 
(Waxweiler et al., 1976). 

Ott and associates completed a study of 594 Dow Chemical workers in 
Michigan (1975). Many of these workers were also included in the study by 
Tabershaw and Gaffey (1974). The best available vinyl chloride exposure data 
are included in this study. Automated sampling of air levels began in one 
plant as early as 1959. Unfortunately, a large number of workers had less 
than one year of vinyl chloride exposure at the time of this report. 
Stratifying the cohort into low, medium, and high exposure groups resulted in 
less than 200 subjects per group, with only 20, 18, and 22 deaths per group, 
respectively. No cases of LAS and no significant increase in mortality from 
any cause for the entire cohort were noted. However, total deaths and deaths 
due to cancer were significantly higher in the high vinyl chloride exposure 
group compared to all other dose groups. These data are insufficient to 
develop any human dose-response relationship. 

Buffler and co-workers (1979) performed the only other study using 
quantified human exposure data. Area sampling began after 1971 for 464 Dow 



Chemical vinyl chloride workers in Texas, but data on exposure levels were not 
available for those workers (the majority) exposed before monitoring began. 
No cases of IAS were observed among these subjects. There was a statistically 
significant excess only for lung cancer in exposed workers. The number of 
deaths (N - 28) in this cohort was very small, making it impossible to perform 
statistical assessment of many of the causes of death. Buffler and associates 
have published the only information on the smoking habits of vinyl chloride 
workers. Even after adjustment for smoking habits, the excess of lung cancers 
in this group remained significant. 

Byren et al. (1976) reported on 777 vinyl chloride workers in Sweden, 
where the investigators had access to an excellent cancer registry. The study 
reported a significantly increased mortality due to U S  and to CNS cancers. . 
There was also a trend toward increased mortality due to lung cancer. 

Fox and Collier (1977) studied all 7,717 workers in Britain who may have 
been occupationally exposed to vinyl chloride between 1940 and 1974. Four 
cases of liver cancer were found; two of these were angiosarcomas. No other 
tumor type showed a significant increase (statistical methods not reported). 
Because workers were added to this cohort as they entered the industry, the 
study included a large proportion of workers with brief exposure and short 
follow-up time. Approximately 75% of the subjects had been employed in the 
vinyl 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 this study's negative results of questionable validity. 

Jones et al. (1988) followed up the study of Fox and Collier (1977) of 
British vinyl chloride workers. The new study used stricter criteria 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 additional ten 
years. Deaths due to non-secondary liver tumors ro$e from 4 to 11 (SMR - 
567). The new study could find no evidence for any other increase of cancer 
deaths due to vinyl chloride. 

Bertazzi et al. (1979) examined the mortality rates among 5,441 Italian 
vinyl chloride workers. This study showed a significant increase in mortality 
among exposed workers only for liver cancer (three cases of US). Follow-up 
was less than optimal (14% of the total remained untraced), and person-years 
at risk were calculated as if the workers unavailable to follow-up were all 
alive and well, which contributed to the very low SMR for all causes of death. 

A further study of the vinyl chloride industry in Italy (Belli, et al., 
1987) has detected statistically significant excess for all malignant csncer 
( S W  - 159) and for lung cancer (SMR - 217). That plant had 437 workers in 
the cohort. A related study Pirastu et al. (1990) has reported seven cases of 
livgr angiosarcoma and sevep primary liver cancers that are not angiosarcoma. 
The combined study of all Italian facilities is of 5000 workers. 

Masuda and co-workers studied 304 Japanese vinyl chloride workers 
(1979). This cohort was too small to determine statistical significance for 
any cause of death. 

Weber, Reinl, and Greiser (1981) reported on mprtality information from 
three cohorts of German chemical industry workers: 7,021 vinyl chloride and 



polyvinyl chloride production workers (usually considered a high exposure 
area), 4,007 polyvinyl chloride processing workers (a lower exposure area), 
and 4,910 chemical workers not exposed to vinyl chloride (1981). The SMRs 
were determined for causes of death in each of the three groups but no 
statistical comparisons were made. A significant increase in mortality from 
liver cancer was observed in all three of the groups evaluated, most notably 
for the vinyl chloride processing workers (SMR - 1523). A significant increase 
in malignancies of the lymphatic and hematopoietic tissues was noted among the 
production workers, while a significant increase in brain tumors was observed 
among the processing personnel. 

Analysis of the mortality experience of 4,524 Japanese vinyl chloride 
workers by Nakamura (1983) revealed a significant increase in the mortality 
ratio for death from all cancers and from liver cancer alone (three cases of 
US). Cancer of the lung was not elevated; cancers of the CNS and lymphoma 
were not reported in this study. 

Theriault and Allard (1981) studied Canadian vinyl chloride workers in 
the only cohort to employ an occupational control group for evaluation of 
relative risk in workers exposed to vinyl chloride. The control cohort 
consisted of 870 chemical workers not exposed to vinyl chloride, while the 
study group comprised 585 vinyl chloride-exposed workers, with 454 of these 
workers exposed for more than five years. Exposure levels were not 
quantified. Very few deaths (59 cases) occurred in the exposed group, 
compared with 233 in the control group. The only significantly increased 
relative risk was for liver cancer (eight cases of US). The SMR for 
digestive cancer (which includes liver cancer) among workers exposed for 
greater than five years was 259, significantly 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 finding an excess of CNS cancer 
or lymphoma that may have been present. Theriault (1983) published an 
extended follow-up on this same cohort in 1983 with no significant changes in 
the initial findings. 

Heldaas et al. (1984) reported a study of cancer incidence and mortality 
in a cohort of 454 male workers exposed to vinyl chloride and polyvinyl 
chloride between 1950 and 1969 in Norway. This cohort was divided into three 
exposure groups, as estimated from job classification, 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 in 
the exposed cohort. This study, using an excellent cancer registry, reported 
cancer incidence, as well as mortality, unlike most other scudies. 

This observation of an increased incidence of malignant melanoma is the 
first to be reported in humans. Four malignant melanomas of the skin were 
identified in the study population where only 0.8 were expected. Three of 
four cases of malignant melanomas occurred in the high exposure group, where 
0.5 cases were expected. The fourth case was in the medium exposure group 
with 0.18 cases expected. After the observation period,. one more case was 
diagnosed in the medium exposure group. The authors noted one additional case 
of incipient malignant melanoma in the medium exposure level group that was 
diagnosed in 1977 but not included in the study (Heldaas et al. 1984). 



A follow-up study of 434 of the original workers has strengthened the 
association between vinyl chloride exposure and three categories of cancer, 
malignant melanoma, lung cancer and colon cancer (Heldaas et al., 1987). 

Laplanche et al. (1987) compared the cancer cases occurring among 1100 
exposed and 1100 nonexposed workers in vinyl chloride polymerization plants in 
France. One case of liver angiosarcoma of the liver occurred among those 
exposed. Six cases of lung cancer occurred among those exposed versus two 
among those not exposed. Neither of those results reached statistical 
significance in the comparison. 

Dahar et al. (1988) recently published an update to the vinyl chloride 
mortality study of Ott et al. (1975). In contrast to the earlier study, the 
new study found there was no statistically significant excess for any neoplasm 
or disease of interest among the exposed cohort of 593 Dow chemical workers in 
Michigan. In a much larger study Rinsky et al. (1988) evaluated the mortality 
rate and cause of death for a cohort of 29,139 male chemical workers in West 
Virginia. Statistically significant increases in liver cancer (SMR - 174) and 
lympho- and reticula-sarcoma (SMR - 140) were seen among the workers. For 
biliary and liver cancer the SMR was 301 for those who worked at least 25 
years and whose deaths occurred 30 years or more after first employment. 

Smelevich et al. (1988) reported a large increase in deaths from 
malignancies of the lymphatic and hemopoietic tissues among 43,216 (27059 men 
and 16,157 women) workers in the oldest vinyl chloride and polyvinyl chloride 
plants in the USSR. The SMR for females was 2000 for all levels of exposure 
and 4000 for the highest exposures. The SMR of 385 for stomach cancer in 
women was also significantly increased. The SMR of 500 for leukemia in men 
and women combined was significantly increased. None of the increases in 
cancer categories in males alone reached statistical significance. The study 
did not detect any cases of liver angiosarcoma in the cohort during the follow 
up period. 

Wu et al. (1989) reported a cohort study and a case-control study of 
workers at one of the four vinyl chloride plants previously studied by 
Waxweiler (1976). The cohort of 3635 workers was exposed to high 
concentration of vinyl chloride monomer prior to 1974, when concentrations 
dropped dramatically. The overall SMR's for brain cancer, lung cancer. 
laryngeal cancer and all respiratory cancers ranged from 115 to 223, above 
normal but not statistically significant. The SMR for liver cancer in that 
cohort was statistically significant at 333, and the SMR rose to 371 when 
workers with less then 15 years of follow up were excluded. Among that 
subcohort the risk of mortality due to cancer of the liver was consistently 
elevated for all durations of employment beyond five years. Neither lung 
cancer nor brain cancer exhibited a clear increase with duration of exposure. 
The highest SMR in that subcohort was 1429 for liver cancer in workers with 
10-15 years exposure. A brief calculation using data in their Table 5 shows 
that the SMR for liver cancer in all workers in that subcohort with more than 
five years' exposure was 1000. 

Hagmar et al. (1990) reported a significant increase in total cancer 
morbidity among 2031 male workers at a polyvinyl chloride processor plant in 
Sweden (SMR - 128). Respiratory cancers were also significantly increased 



(SMR -213). The six brain tumors observed, versus 2.6 expected, gave an SMR - 
229, which was not statistically significant. 

Their case-control study found that there was a statistically 
significant association between cumulative dose of vinyl chloride monomer and 
liver cancer, but that study did not find a significant association for any 
other cancer. Upon dividing the liver cancers into angiosarcomas and others, 
the positive dose response was found to exist only for angiosarcomas. At the 
highest level of exposure the odds ratio for liver cancer was 8 while for 
liver angiosarcoma alone the odds ratio was 110. 

7.2.5 Cancer Risks Associated with Exuosure to Vinvl Chloride 

This summary of cancer risks assocated with exposure to vinyl chloride 
focuses on each of the important sites 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 vinyl chloride workers in the United States (Lelbach and Marsteller, 
1981; Spirtas and Kaminski, 1978). The expected incidence of LAS is 0.014 
cases per 100,000 per year in the general population in the United States 
(Heath et al., 1975). Based on analysis of these data, the relative risk for 
developing LAS following vinyl chloride exposure among this country's vinyl 
chloride workers is 483. 

The epidemiologic studies also demonstrate a strong and consistent 
association between vinyl chloride exposure and primary cancer of the liver. 
All eight of the studies that assessed risk for primary liver cancer note a 
statistically significant increase in standardized mortality ratios (SMR). 
The average relative risk for liver cancer among vinyl chloride workers is 
five to six times greater than the incidence of that seen in the general 
population. The evidence strongly suggests that exposure to vinyl chloride 
can cause liver cancer. All reports published to date indicate that the 
standardized mortality ratios of exposed workers are elevated, and risk of 
liver 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 vinyl chloride exposure and increased risk for 
other cancers is not as clear as that for liver cancer. Some evidence 
associates exposure to vinyl chloride with increased mortality ratios for 
brain cancer, lung cancer, and lymphoma. Since these cancers appear more 
commonly in the general population than LAS and primary liver cancer, it 
becomes more difficult to show increased risk. 

7.2.5.2.1 BrainCancer 

Workers exposed to vinyl chloride appear to be at greater risk for brain 
cancer than do non-exposed populations. Of the six studies that assessed the 
risk of brain cancer, five showed a positive trend for increased risk of this 



cancer type following exposure to vinyl chloride, with four demonstrating 
statistical significance (p < 0.05) (Table 7-14). Cancer risk increased an 
average of four times above that expected in the general population in those 
studies that exhibited a significantly increased risk. Of the two studies not 
showing a significant increase in risk for brain cancer, statistical power in 
the Bertazzi and associates study was only about 358 (Bertazzi et al., 1979), 
while that of Fox and Collier (1977) was approximately 80% (Beaumont and 
Breslow, 1981). In the Fox and Collier study, the number of deaths overall 
was low and, most importantly, a large percentage of workers in the cohort was 
very recently employed in the vinyl chloride industry and thus had a short 
follow-up time. These factors may partially explain why this study failed to 
detect an association between vinyl chloride exposure and brain cancer. 

The evidence linking vinyl chloride exposure with lung cancer remains 
inconclusive. Analyses of SMRs for cancer of the lung were performed in 12 
studies (Table 7-15). Of these, seven studies showed an increased risk for 
lung cancer, but only one was statistically significant at the 5% level 
(Buffler et al., 1979). This increased risk persisted after adjusting for 
personal smoking habits (for this particular cohort). However, this cohort 
was small and the study was unable to demonstrate an increased risk for any 
other cancer. The Waxweiler et al. cohort (which had a follow-up period 
greater than 15 years) also used a small group (1976). 

An association between vinyl chloride exposure and lymphoma has not been 
established. Five studies evaluated the risk of lymphoma development among 
workers occupationally exposed to vinyl chloride (Table 7-16). Four of the 
studies showed a positive trend for lymphoma among vinyl chloride workers, 
but statistical significance was noted only by Weber et al. (1981). However, 
the statistical power in all of these studies was less than 80% to demonstrate 
a relative risk of two, and less than 40% to show a relative risk of 1.5. 

Doll (1988) assessed the evidence from the epidemiologic literature that 
vinyl chloride workers experienced more cancer and other types of disease than 
did the general population. He found that (a) "men occupationally exposed to 
vinyl chloride have experienced a specific hazard of angiosarcoma of the 
liver" and (b) "any other occupational hazards that may have existed must have 
been smal,l." He also concluded that "No positive evidence of a hazard of any 
nomaligant disease or any type of cancer other than angiosarcoma of the liver 
has been found except possibly for a small hazard of lung cancer when exposure 
was heavy." 

Most of the published epidemiologic studies did not present quantified 
exposure data. Levels of exposure were estimated by job classification and 
length of employment. Only the studies by Ott and co-worker6 (1975) and 
Buffler and associates (1979) contain measured industrial hygiene data. After 
the workers were classified according to exposure levels, the cohorts were too 



small to yield any statistically significant correlations. 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 risk analysis below did use historic estimates of exposure in an 
occupational study having an ample cohort with well documented worker 
statistics. 

7.2.7 ConclusipIlg 

Epidemiologic studies of workers exposed to high levels of vinyl 
chloride indicate that this chemical is a human carcinogen. The evidence 
strongly suggests that vinyl chloride causes an increased risk for 
angiosarcoma of the liver. The evidence also suggests that vinyl chloride may 
be associated with a moderately increased risk for brain cancer, and with 
development of lung cancer. Although actual exposure data in humans are 
lacking for most studies, the past exposure levels can be estimated in order 
to obtain useful predictions of human risk at low concentrations of vinyl 
chloride. 



TABLE 7.1 

INCIDENCE OF LIVER TUHORS AND NEOPLASTIC NODULES IN 
WISTAR RATS EXPOSED ORALLY TO VINYL CHLORIDE (Feron et al., 1981) 

Vinvl v d a v )  - 0 -LL 19- L t L L  

Liver Angiosarcoma 
Male 0/55 0/58 6/56* 27/59***2 
Female 0/57 0/58 2/59 9/57** 

I 

Hepatocellular Carcinoma 
Male 0/55 1/58 2/56 8/59** 
Female 0/57 4/58 19/59*** 29/57*** 

Neoplastic Nodules 
Male 0/55 1/58 7/56** 23/59*** 
Female 2/57 26/58** 39/59*** 44/57*** 

l~umber in denominator - number of animals necropsied. 
2~alues marked with asterisks differ significantly from controls according 
to the Chi-square test: 



TABLE 7.2 

INCIDENCE OF LUNG ANGIOSARCOMAS, ABDOMINAL 
MESOTHELIOMAS AND MAMMARY TUMORS IN WISTAR RATS 

EXPOSED ORALLY TO VINYL CHLORIDE (Feron et al., 1981) 

Incidence 1 

Vinvl Chloride (me/ke/dav) - L -LL 19- -145, 

Lung Angiosarcoma 
Male 
Female 

Abdominal Mesotheliomas 
Male 3/55 1/58 7/56 8/59 
Female 1/57 6/58* 3/59 3/57 

Mammary Adenoma 
or Adenocarcinoma 
or Anaplastic carcinoma 

Female 

'~umber in denominator - number of animals necropsied. 
2~alues marked with asterisks differ significantly from controls according 
to the Chi-square test: 



TABLE 7.3 

LIVER TUMOR INCIDENCE IN MALE AND FEMALE 
WISTAR RATS EXPOSED TO VINYL CHLORIDE BY ORAL 
ADMINISTRATION FOR 149 WEEKS (Ti1 et al., 1983) 

Liver Angiosarcoma 
Male 
Female 

Hepatocellular Carcinoma 
Male 0/99 0/99 0/99 3/49 
Female 1/98 0/99 1/96 3/49 

Neoplastic Nodules 
Male 0/99 0/99 0/99 1/49 
Female 0/99 1/99 0/99 9/49 

l~umber in denominator - number of animals necropsied. 
Vinyl chloride intake data was adjusted to compensate for loss of vinyl 
chloride during the four-hour feeding periods. The initial levels of vinyl 
chloride administered in the diet were 0, 0.017, 0.17, and 1.7 mg/kg/day. 



TABLE 7.4 

TUMOR INCIDENCE FOLLOWING VINYL CHLORIDE EXPOSURE IN 

FEMALE RATS, HAMSTERS AND MICE FROM THE STllDY OF DREW ET AL. (1983) 

Tumor Type 
Length of Exposure Tumor Frequency 

(Months) LDE (Ppm)' ( 8 )  

Female Fisher 344 Rat: Experimental Exposure 100 ppm 

Liver control 
Hemangiosarcomas 6 

12 

Mammary Gland control 0 4.5 (5/112) 
Adenocarcinoma 6 4.46 7.9 (6/76) 

12 8.93 19.6 (11/56) 

Hepatocellular 
Carcinoma 

control 0 0.9 (1/112) 
6 4.46 4.0 (3/75) 

Female B6C3F1 Mice; Experimental Exposure 50 ppm 

Hemangiosarcoma control 
(all sites) 6 

12 
18 

Mammary Gland control 0 4.3 (3/69) 
Carcinoma 6 2.23 43.2 (29/67) 



TABLE 7.4 continued 

Length of Exposure Tumor Frequency 
Tumor Type (Months) IJE (Ppm)' ( 8 )  

e CD-1 8x.t.w Mice; Experimantal Exponure 50 ppm 

Hemangiosarcoma control 0 1.4 (1/71) 
(all sites) 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) 

Pemale Experimental Exposure 200 ppm 

Hemangiosarcoma control 
(all sites) 6 

12 
18 

Mauuuary Gland 
Carcinoma 

Skin Carcinoma 0 0 0 (0/133) 
6 8.93 2.5 (2/80) 
12 17.86 18.8 (9/47) 

'LDE - Lifetimg Daily Exposure (in ppm) 



TABLE 7.5 

EXPERIMENTAL PROTOCOL FOR INHALATION STUDIES 
MALTONI AND CO-WORKERS (1984) 

Age a t  
Exposure S t a r t  of Number of 

Experiment Dose Duration Species/ Exposure Animals pe3 
Number - (weeksr' S t r w  (week& Dose Level 

52 Rat/SD 17 30 M, 30 F 
(no con t ro l s )  

5 Rat/SD 21 6 F 
(parents)  (no con t ro l s )  

5 1 day 21-22 M, F 
(offspr ing)  (no con t ro l s )  

7 6 Rat/SD 13 54 F 
(60 F) 

69 1 day 68 M, 64 F 
(158 M, 149 F) 

15 Rat/SD 1 day 60 M, 60 F 
(60 M, 60 F) 

1 Rat/SD 19 30 F 
( f e tu s )  13-29 M, F 

(no con t ro l s )  



Table 7.5 continued 

Age at 
Exposure Start of Number of 

Experiment Dose Duratiop Species/ Exposure Animals pe5 
N u m b e r ( D D m l ( w e e k s ) - ( w e e k s )  Dose Level 

BT8 0, 50, 250 30 Hamster/ 11 30 M 
500, 2,000, Syrian golden (62 M) 
6,000, 10,000 

'~xposures were for four-hours daily, five days per week. 

2~umber in parentheses - number of control animals for experiment. 



TABLE 7 . 6  

TUMORS CORRELATED TO INHALATION EXPOSURE TO VINYL 
CHLORIDE IN RATS, MICE, AND HAMSTERS IN THE BT EXPERIMENTS' 

Tumors LG kuS.!2 !mSSSr 

Liver angiosarcomas + + + 

Hepatomas 

Encephalic neuroblastomas 

Lung adenomas 

Angiosarcomas at other sites 

Zymbal gland epithelial tumors 

Nephroblastomas + 
Cutaneous epithelial tumors 

Mammary adenocarcinomas 

Forestomach papillomas, acanthomas + (+) + 

l~ata from Maltoni et al., 1984 

+ - Tumor incidence was statistically significant (p < 0.05) by the 
Fisher exact test. 

(+) - Association was not statistically significant, but was considered 
biologically significant. 



TABLE 7.7 

LOWEST CONCENTRATION AT WHICH A SIGNIFICANT (p < 0.05) 
EXCESS OF TUMORS WAS REPORTED BY MALTONI AND ASSOCIATES' IN 

INHALATION STUDIES AT SPECIFIC SITES IN SPRAOUE-DAWLN RATS~ 

Tumor 

Forestomach papilloma 

Zymbal gland carcinoma 

Neuroblastoma 

Nephroblastoma 

Liver angiosarcoma 

Manunary adenocarcinoma 

Vinyl Chloride - 
30,000 (male, female) 

10,000 (male, female) 

10,000 (female) 

250 (female) 

100 (male) 

200 (male) 

25 (female) 2 

1 (female) 

'Data are from Maltoni et al., 1984. 

2~ignificant at this dose level when specific corrected tumor incidence is 
used, p - 0.047. Analysis by Fisher exact probability test. 



TABLE 7.8 

INCIDENCE OF LIVER ANGIOSARCOMAS (IAS) IN MALE 
AND FEMALE SPRAGUE-DAWLEY RATS EXPOSED FOR 52 WEEKS 

TO VINYL CHWRIDE (Maltoni et al., 1984) 

Experimental 
S-tUtY Dose Level l o w  

L$S Incidence 
1 

Female 

Corrected 
J& Incidence 2 

u EewzJ& 

LAS Incidence in Historical Controls: 

'Number in denominator - number of animals necropsied. 
2~umber in denominator - number of animals alive when first liver 
angiosarcoma was observed. 



TABLE 7.9 " .  

INCIDENCE OF W Y  GTAND CARCINOMAS IN FEMALE 
SPRAGUE-DAWLEY RATS AND SWISS MICE EXPOSED BY 

INHALATION TO VINQ CHLDRIDE (Maltoni et al., 1984) 

BT2 
(Rat) 

BT6 30,000 
(Rat) 

BT9 
(Rat) 

Corrected 
v2 

Tumor Incidence in Historical Controls 100/1202 100/1202 -----------------------.--------------------------------------------- 
BT4 0 1/80 

3 - - - - - -  
1/673 

(Mice) 50 12/30 12/303 
250 13/30 13/2g3 
500 10/30 10/28, 

2,500 9/30 9/30, 
6,000 9/30 9/2B3 

10,000 14/30 14/28 

Tumor Incidence in tfistorical Controls 21/554 

2~umber in denominator - number of anipa$s alive when firsf malignant i .  

mammary tumorwas observed (type unspecifi&4). . , .  

3~umber in denominator - number of animals alive when first mammary 
tumor was observed (type unspecified). 
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TABLE 7- 13 

A SUMMARY OF EPIDEMIOLOGIC STUDIES WHICH EXAMINED 

POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL 

VINYL CHLORIDE EXPOSURE AND PRIMARY CANCERS OF THE LIVER 

Byren et al. 

Waxweiler et al. 

Fox & Collier 

Bertazzi et al. 

Masuda 

Weber et al. 

Theriault & Allard 

Nakamura 

Wu 

INCREASING INCREASING 

SHB I ~ & u ~  ~ 2 s ~ ~  F/U  TIME^ 

signif icanta 

Significant b 

signif icanta 

significanta 

s ignif icanta 

Significant b 

signif icanta 

signif icanta 

Significant 
b 

- - -  

Yes 

- - -  
- - -  

Yes 

- - - 
Yes 

Yes 

Yes 

Yes 

- - -  
- - -  
- - -  

Yes 

No 

Yes 

Yes 

1 - Does risk increase with higher estimated dose? 
2 - F/U time - Follow-up time (years) 

Does risk increase with longer latency? 
3 - Relative risk, not SMR 
4 - a: p < 0.05, b: p < 0.01 



TABLE 7-14 

A SUMMARY OF EPIDEMI0II)GIC STUDIES WICH EXAMINED 

POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL 

VINYL CHLORIDE EXPOSURE AND BRAIN CANCER 

INCREASING INCREASING 

SklR iua!ax4 PQSE~ F/U TIME 
2 

Byren et al. 612 significanta - - - - - - 
Waxweiler et al. 329 significanta - - - Yes 

Fox & Collier 5 5 Yes - - -  
Bertazzi et al. 125 + - - - - - - 
Weber et al. 535 significanta No No 

Cooper 3 203 significanta - - -  - - -  

Wu 145 + No Yes 

1 - Does risk increase with higher estimated dose? 
2 - F/U Time - Follow up time (yeats) 

Does risk increase with longer latency? 
3 - Cooper's data are used in the most recent reevaluation 

of the Tabershaw. Gaffey and EEH cohort. 
4 - a: p < 0.05 

+ - non-significant positive trend for increased risk (p > 0.05) 



TABLE 7-15 

A SUMMARY OF EPIDEMIOLOGIC STUDIES WHICH EXAMINED 

POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL 

VINYL CHLORIDE EXPOSURE AND LUNG CANCER 

Duck et al. 

Ott et al. 

Byren et al. 

Waxweiler et al. 

Fox & Collier 

Buffler et al. 

Bertazzi et al. 

Masuda et al. 

Cooper 3 

Heldass et al. 

Theriault & Allard 

Nakamura 

Wu 

INCREASING INCREASING 

MX BESIILT~ q e ~ ~ ; ~  ~ n r  TIME* 

No 

- - - 
- - -  
Yes 

- - - 
- - - 
- - -  
- - -  

No 

- - -  
- - - 
- - -  

No 

1 - Does risk increase with higher estimated dose? 
2 - F/U time - Follow-up time (years) 

Does risk increase with longer latency? 
3 - Cooper's data is used in the most recent revaluation 

of the Tabershaw, Gaffey and EEH cohorts. 
4 - Relative risk, not SKR 
5 - a: p < 0.05 

+ - non-significant positive trend for increased risk (p > 0.05) 



TABLE 7-16 

A SUMMARY OF EPIDEMIOLOGIC STUDIES WHICH EXAMINED 

POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL 

VINYL CHLORIDE EXPOSURE AND LYMPHOMA 

INCREASING INCREASING 

Waxweiler et al. 159 + - - - Yes 

Fox & Collier 100 - - -  - - - 
Bertazzi et al. 133 + - - -  - - - 
Weber et al. 214 signif icanta + - - -  
Cooper 3 112 + - - - - - - 

1 - Does risk increase with higher estimated dose? 
2 - F/U time - Follow-up time (years) 

Does risk increase with longer latency? 
3 - Cooper's data are used in the most recent revaluation 

of the Tabershaw, Gaffey and EEH cohorts. 
4 - a: p < 0.05 

+ - non-significant positive trend for increased risk (p > 0.05) 



8.0 QUANTITATIVE CARCINOGENIC RISK ASSESSMENT 

8.1 Introduction 

Inhalation studies discussed in Chapter 7 have demonstrated that vinyl 
chloride is a carcinogen in three species of laboratory rodents: rats, mice 
and hamsters. Those studies generally found an elevated occurrence of the 
otherwise rare tumor, liver angiosarcoma, over a wide range of concentrations 
of atmospheric vinyl chloride. Those studies also found cases of elevated 
incidence of carcinoma of the liver 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 inhalation results. 
Epidemiologic evidence has associated occupational exposure to vinyl chloride 
with the development of liver angiosarcomas in chronically exposed workers, 
and possibly with other tumors. IARC (1979), the EPA (1984b) and the State of 
California (CDHS, 1985) have identified vinyl chloride as a human carcinogen. 
Vinyl chloride has been identified as a "chemical known to the State to cause 
cancer" under California's Proposition 65, California Health and Safety Code 
Section 25249.8. 

The analyses below derive risk 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 results of the rodent bioassays. 
All of the analyses applied a simple metabolic (pharmacokinetic) model to 
convert atmospheric concentrations of vinyl chloride to estimates of exposure 
in terms of the metabolites assumed to produce tumorogenesis in the affected 
tissue. 

8.2. The Metabolic Model 

Two related aspects of vinyl chloride metabolism (reviewed in Chapter 2 
of this document) are relevant to understanding the dose-response character of 
its carcinogenicity. First, the oncogenicity of vinyl chloride appears to be 
due to one or more reactive metabolites, rather than the parent molecule. 
Second, the metabolism of vinyl chloride is a saturable, dose-dependent 
process because rate of formation of the carcinogenic metabolites is limited 
by the metabolism of the parent compound. 

Gehring et al. (1978) developed a metabolic model relating the rate of 
formation of adducts of macromolecules to the concentration of vinyl chloride 
in 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 strain, Spartan substrain, and weighed 200-250g. The study assayed the 
liver tissue for adducts of macromolecules. The authors used the data to 
estimate the parameters of an equation of Michaelis-Menten form, relating the 
velocity of the reaction to the exposure concentrations: 

where F - rate of adduct formation (hr-I), 
Vm - maximum velocity of the reaction (lg/hr), 
Km - Michaelis saturation concentration (ppm), 



x - atmospheric eposure (PP~), 
a - constant (lg- ) .  

This equation multiplied by an appropriate constant (Km/aVm) yields 
another expression for metabolite formation (Y): 

For sufficiently low concentration this measure of dose rate becomes 
equal to actual exposure, thus avoiding the need for conversions in low dose 
risk estimates for any sufficiently homogeneous group under analysis. 

The present analysis will proceed to relate cancer incidence to the 
estimated metabolized exposure. Although there is 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 al. 1980). The accuracy of this measure is 
subject to improvement by adjusting parameters when applying the result to 
different organs and to different sizes and strains of rats and to other 
species. Gehring et al. (1978) determined the Michaelis saturation constant 
for Sprague-Dawley rats to be Km - 336 ppm. In Appendix B the present 
analysis uses for humans Km - 150 ppm, a value which was estimated from data 
on monkeys. 

8.3 Analysis of Human Data from Waxweiler et aL. 

The review of the epidemiological studies (Section 7.2 of this document) 
strongly suggests a causal association between vinyl chloride and several 
different types of cancer, including liver, 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 
historical industrial hygiene data to reconstruct a range ~f likely exposures, 
from which risk estimates can be extrapolated. 

This risk analysis proceeds by selecting the Waxweiler et al. (1976) 
study of 1294 workers who experienced high sustained exposures to vinyl 
chloride and who were followed long eqough (10 years) to develop substantial 
numbers of cancers that appeared to be related to the exposure. The 
retrospective estimates of Barnes et al. (1976) for the relevant industrial 
processes furnished concentrations of the exposures of vinyl chloride, having 
an overall average value of 647 ppm. The analysis converts these annual 
average exposure estimates to a lifetime daily 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 is based on 
extrapolated measurements of binding rates to macromolecules (Gehring et al. 
1977). The seven liver cancer deaths reported for that cohort project to a 
lifetime risk of .039 (.089 upper confidence limit) per worker for liver 
cancers. That risk divided by the overall lifetime daily equivalent of 
effective exposure yields unit risk estimates for that malignancy. See 
Appendix B for the calculations, which also include the case of all observed 
cancers. 

The calculation prov ded the following upper confidenc limi s (UCL) on 
unit risks: 2.5 x 1 0  ppbSi for liver cancers. and 4.5 r LO-' p p b  for three 

8-2 



sites of cancer combined, liver, lung and brain. Each of these three sites of 
cancer had a significantly elevated SMR when calculated for a 15-year follow 
up time. The unit risks calculated in this manner are about six times greater 
than would be calculated by using actual exposures instead of the effective 
exposures that take account of the metabolic saturation in the tissue. A 
committee of The National Health Council of the Netherlands (1987), using 
mortality data from three studies including Waxweiller, calculated maximum 
likelihood estimates o uni risk. That council's committee obtained in 
present terms 1.2 x lo-' ppb-' for liver tumors and 2.1 x ppb-I for a11 
tumors. 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. 

8.4 Models of Carcinoeenesis Fitted 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 is likely to find acceptible. The present analysis employs the 
multistage model because it is a biologically 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 
al. experiments together provide an unusually large set of data on cancer 
incidence in both males and females rats over a large range of exposures at 
many concentrations--altogether fifteen groups beyond the four control groups. 
The Drew et al. experiments provide incidence data on female rodents for an 
unusual exposure protocol in that the duration varied - -  two or three groups 
beyond controls - -  while the concentration remained fixed for each species. 
The Bi et al. experiments provide incidence data on male rats for three 
exposures beyond controls. 

Individual analyses proceeded in attempts to obtain risk estimates for 
each homogeneous experimental grouping within species, strain, 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, all by Maltoni et al. 
These groupings, which followed from similarities of body weight, colony 
survival characteristics, and tumor response, tended to strengthen results, 
for example by reducing confidence intervals. The spectrum of risks obtained 
from all the acceptable analyses provides some insight into uncertainties 
expected in extrapolating the rodent results to humans. 

8.4.1 Comuutational Methods 

The analyses that follow used the linearized multistage compu,ter 
program, GLOBAL86, to calculate potential risks associated with vinyl chloride 
exposure. The form of multistage model in that program may be expressed as: 

2 P(d) - 1  - exp (-40 - qld - q2d - . . .  - qkdk) (8-3) 
with qi 2 0 for all i. 

where P(d) is the lifetime probability of cancer for a given dose rate d of 
carcinogen, exp is the exponential function (e raised to the power indicated 



in parentheses), qo is a constant that accounts for the.background incidence 
of cancer occurring in the absence of carcinogen, and ql, q2, . . .  qk are 
coefficients that allow the data to be expressed to various powers of the dose 
of carcinogen to obtain the best fit of the model to the data. (Howe et al. 
1986). 

The analyses used several adjustments to the experimental exposure data 
in order to calculate the lifetime daily exposure (LDE) levels. For these 
inhalation experiments, the metabolized exposure determined by Equation 8-2 
was multiplied by: 

H/24: where H is the hours of exposure per day. This converts the 
exposure period to a time-weighted average for 24 hours daily continuous 
exposure. D/7: where D is the number of days of exposure per week. This 
converts the dosing schedule to a time-weighted average for a seven day/week 
continuous exposure. 

Le/L: where Le is the length of the experiment and L is the lifespan of 
the animal (the longer of Le or 24 months). This converts the experimental 
protocol to a continuous lifetime exposure. Table 8-1 displays the resulting 
ranges and other basic data on experiments used in the analysis. 

8.4.2 Model Results 

Significant trends for liver angiosarcoma dominated the results of the 
multistage modeling. All three analyses of female rats and two of the three 
analyses of male rats met the statistical criterion (p > .05) for goodness of 
fit of the dose-dependent response of liver angiosarcoma (US) to vinyl 
chloride. In addition the following experimental groups met that criterion: 
lung carcinoma in the Swiss mice of Drew et al., lung angiosarcoma in the 
Wistar rats of Bi et al., and mammary tumors in both the Sprague Dawley rats 
of Maltoni et al. and the F-344 rats of Drew et al. 

Table 8.2 gives unit risk estimates calculated by using the linearized 
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 al. (1984), 
Bi et a1. (1985), and Drew et al. (1983). The entries in* Table 8.2 include 
all those instances in which an adequate fit (p>.05 and ql /q1<3) of the data 
is achieved by the model using all data points for each species, sex, and 
tumor type at exposures not greater than 500 ppm, when practical. Because 
there is an abundance of experiments available for the risk assessment of 
vinyl chloride, this stringent measure of adequate fit (p > 0.05 and 
ql*/ql < 3) was chosen to focus the risk assessment on the best available 
studies. This exposure limitation tends to reduce the effects of the parent 
compound (including mortality) at the higher exposure levels. The analyses 
did include one higher exposure, the 3000 ppm exposure of Bi et al., which wag 
retained in order to obtain an adequate number of exposure groups (four) to 
establish a clear trend. 

In Table 8.2 the column indicating which coefficients were nonzero 
provides some evidence that two stages were appropriate for the model fitted 
by the maximum-likelihood procedure in these bioassays. Only for the analysis 
of BT-9,15 rats ~ i t h  liver angiosarcoma did the occurrence of an excessive 
ratio (16) of ql (r)/ql(r) prompt the selection of a single-stage model to 



human unit risk resulting from use of this formula. This surface area 
correction results in an estimated 2.6 fold increased risk 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 stand rd values were used. Humans '1 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, 
1985~) : 

For mice: IR - 0.0345 [wt (kg)/0.025 (kg)4'l3 3/day (8-5) 
For rats: IR - 0.105 [wt (kg)/0.113 (kg) I3 mY/day 

3 The inhalation rate for hamsters was assumed to be 0.086 m /day (Biology Data 
Book, 1974). Rodent bodyweight values for the studies of Maltoni et al. 
(1984) and Bi et al. (1985) were derived from data provided in the respective 
publications. Rodent bodyweights were not given for the Drew et al. (1983) 
study. They were estimated to be 300 g for rats, 30 g for mice, and 92 g for 
hamsters. See Table 8-1 for values of body weight and inhalation rate used in 
the analyses. 

8.6 Risk Predictions for the Reeulation 

The rank ordering of Table 8-3 and the points of Figure 8-1 provide the 
range of YCL on unit jisk f r humans, ql*, for the present assessment: from -7 2.5 x 10- to 20 x 10- ppb . 

In the opinion of DHS staff, the best estimate for regulation in thi 
asse sment coincides with the top of the range, when rounded, 20 x 10- -Tt 

3 
ppb . This is approximately the value obtained from the more recent Maltoni 
et al. experiments, with lower exposure concentrations than the previous 
experiments. That result is at the top of the range of six experiments that 
provided clear dose resp nse relationships for liver cancer. The bottom of P that range at 4.4 x 10- ppb-I is not far below. The selected top of the 
range, 20 x ppb-I is also equal to the Drew et al. result for lung 
carcinoma in mice. That result is one of the lowest for mice. The other, 
higher results for mice are not explicitly reported in the present risk 
analysis because of scattering of points in each case not providing a clear 
exposure-response trend. The results for hamsters, not reported 
quantitatively for the same reason, were close to those for the rats. 

As indicated in Chapter 7, based on laboratory animals, females appear 
to be more sensitive than males to vinyl chloride exposure. Furthermore, 
earlier initiation of exposure appears to increase vinyl chloride 
susceptibility (as discussed below, p. 8-13). Two different approaches permit 
indirect estimation of the unmeasured overall risk of carcinogenesis in human 
females, providing an instructive consistency check. The first is to ta e the F result for all cancers in the (male) occupational study, 4.5 x ppb- , and 
multiply it by ratio of female-to-male cancers in animals. The best ratio 
available is 3.1 for liver angiosarcoma from expe iments in rats (BT-9,15). 
The resulting multiplication gives 14 x ppb". This result allows in 
humans for the probably greater susceptibility of the female to contracting 
cancer from vinyl chloride exposure, as observed in rodents. The second 
approach starts with the result of the analysis that uses all Maltoni et al. 



obtain a more consistent ratio. ' In this case very lit 
achieved by including the se 
the effect of selecting t 
increase ql* by only 4%. 

, . 

'~ The results of Table 8.2 do not 'include the analyses for 
: ..., ", 

and mammary tumors in mice or the angiosarcoma, skin carcinoma, a k  mammary * tumors in hamsters. The estimates for ql for the angiosarcornas a d mammary 
tumors in mice were in the range of 20 x to 50 x ppb-r, greatly 
elevated above t ose for rats while the estimates for those tumors in 

5 hamsters (6 x 1 0  and 10 x 10- ) were about the same as the highest results 
in rats. None of these analyses met the stringent criteria for goodness of 
fit of the MLE as defined above; so in the tabulation 

. . of risk estimates. 

. . .  
The effect of combining the BT (Maltoni et al. 1984) experiments was to 

" 

lower the value of the resulting ql* by a m dest amount. Thu BT-1 and BT- '3 .individually yielded v lues of 2 . 5 ~ -  lo-. and 2.2 x lo-'- respective1 
compared to 1.9 x lo-'. whe-7 cokbined. A o BT 9 and 'BT 15 individual1 

. . .. .. 
" '  - : :  ~ - yielded values of 6.9 x 10 and 1 0  x 10- , compared to 6.7 x w 

, . . . .  . , . .  . 
. . . . combined. 

- : effect of 

negligible at ( 

exposure. 

8.5 Extra~olatin~ Rodent Risks to Humans. 

Estimates of human risks from the rodent results require an 
extrapolation based on a scaling assumption. The DHS (1985) has provided 
guidelines for scaling such that--in the absence of strong arguments to the 
contrary--dose rate is scaled according to the two-thirds power of body 
weight. Thus, the current analysis uses 

* * " 2/3 q1 human - ql rodent (IH /IR ) x (WR /WH ) ( 8 - 4 )  

where IR and IH are the inhalation rates of rodents and humans, respectively, 
and WR and WH are the body weights of rodents and humans, respectively, where * 
q1 is expressed in units of (ppm)'l. Table 8.2 displays the values of UCL on 



data for LAS*in female rats at expo ures not greater than 250 ppm (10 groups), 
which is ql (h) - 7.7 x ppb'8 (not shown in the table). This result, 
when multiplied by the ratio of risk for all o served human cancer to observed P liver cancer in humans gives 13 x 10.' ppb- . This value also allows in 
humans for all cancers in the probably more susceptible female. Considering 
the uncertainties involved, these two results are remarkably similar to each 
other and to the best estimate just discussed. We have not attempted 
adjustments for the increased susceptibility due to early age of exposure, 
however, DHS staff believe that such an adjustment would elevate the risk 
estimate derived from the human date. That is, lifetime exposure is likely to 
be of greater risk to humans than adult exposure as occurred in the 
occupational study. 

Using data from Maltoni and Lefe ine 1975), the EPA (1984b) calculated 
a UCL on rodent unit risk of 6.8 x lO-'ppb-'. This is equivalent to a q1 of 
1.8 x ppb-'. Figure 8-1 shows that this result is below the bottom of 
the present range, reflecting the use of only the earlier Maltoni et al. data, 
rather than the more recent results published in 1984, and the choice 
not to use a metabolic model. Note that the lower value of risk for BT-1,2, 
which are the earlier studies, is among the lowest of the present assessment. 
EPA has also calculated risks based on feeding studies. Using the later 
Maltoni et a1 (1980, 1981) data, PA (1985b) calculated a human inhalatio 

- i' 
"i pore cy of 2.95 x 10-I (mg/kg-day)- , equivalent to a human ql* of 11 x 10- '3 

ppb . Figure 8-1 shows that this value is below the top of the present 
range. EPA has also calculated risks based on feeding studies. Assuming that 
dietary absorption has the same efficiency as inhalation absorption (both 
abzut 4 0 % ) ,  the PA (1 84b) oral potency of 2.3 (mg/kg-day)-' is equivalent to 
q of 1.7 r lo-' ppb-'. This result is approximately 9-fold greater than the 
top of the range presented in Table 8-3. 

In a more recent risk assessment, Chen and Blancato (1989) have used 
metabolized dose in a multistage model to estimate cancer risk from the 
Maltoni et al. (1984) data on liver angiosarcoma, experiments BT-1 and BT-15. 
Their result of 2.3 x ppb-I for the UCL on lifetime unit risk actually 
appears to be for females and not for males as indicated in their report. In 
Tables 5, 10, and 13 for the Maltoni inhalation data, the males and females 
were reversed. This value compares to the risk of 18 x ppb-I calculated 
for the DHS analysis. The lower risk estimate of Chen and Blancato, (1989) 
appears to be due to their higher calculated dose rate. Chen and Blancato 
(1989) used a daily dose rate, which is not clearly documented in the study, 
but appears to be 8-fold higher than estimates based upon calculation methods 
used in the current DHS analysis. 

Zapponi et al. (1988) have reported that using different bioassays has 
little effect on unit risks that result from fitting the multistage model. 
They used the Michaelis-Menten function to establish metabolized exposure, and 
found K, - 950 ppm (in current terms) for the BT-1 experiment in comparison to 
the Km - 336 ppm used in the current analysis. For that experiment the UCL on 
unit risk was 2.5 x when adjusted for rat lifetime exposure, w ich is '3 similar to the estimate for BT-1.2 in the current analysis of 1.9 x 10- , 

Brown and Hoe1 (1986) used a time-variable form of the multistage model 
to determine how well the model was able to predict incidence in appropriate 
experiments. Their result indicates that the model performed very well for 



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 fits, 
and a strong effect of the first stage was apparent. A separate approach 
explored statistically for effect of age at first exposure, detecting a 
significant reduction in susceptibility with increasing age of first exposure. 

All these estimates are subject to substantial uncertainties, as have 
been discussed on 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 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. 

In spite of such uncertainties and the potential differences in exposure 
duration, oncogenic sensitivity of different species, age of exposure, sex. 
and levels of exposure and in spite of the uncertainties in the human data, 
the estimated unit risk 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 vinyl chloride exposure 
(particularly LAS) exhibit a long latency period, exposure at an early age 
would produce a greater risk. The average latency period for the development 
of LAS in one study of occupationally exposed vinyl chloride workers was 
determined to be 22.1 years (Stafford, 1983). Drew et al. (1983) demonstrated 
that in rats, mice and hamsters, the highest incidence of neoplasms was 
observed when vinyl chloride exposure was started early in life. Exposures 
early in life may produce up to a 10-fold greater incidence in tumors compared 
to exposures late in life. 

Because of these considerations, this assessment concludes that it is 
necessary that the best estimate coincide with the top of the range of 
estimates of human unit risk extrapolated from rodents. This approach 
provides adequately health protective estimates of human unit risks, which 
represent the 95% upper confidence limits for risk calculations. 



TABLE 8.1 SUMMARY DESCRIPTION OF RODENT EXPERIMENTS CONSIDERED IN RISK ANALYSES 

~f fectiveC Inhalation 
Ex~eriment straina/svecies . Sex Ex~osures b LDE 

P P ~  (no. (PP~) 3=@ (kg) (m /day) 
Maltoni et al. 

BT-1,2 sd/rat, female 0-500 (10) 0-10.4 .275 .I90 
sd/rat, male d 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 al. wi/rat, male 

Drew et al. fi/rat, female 0-100 (5) 0-13.7 .300 .200 
bc/mouse, female d 0-50 (3) 0-5.8 .030 .039 
sw/mouse, female 0-50 (4) 0-5.8 .030 .039 
gs/hamster, female d 0-200 (4) 0-5.8 .092 .086 

asd - Sprague-Dawley, wi - Wistar, fi - Fischer-344, sw - CD1 Swiss, bc - B6C3F1, 
gs - golden Syrian. 

b~ange of exposures for all groups used in the analysis. Number of groups used is 
in parentheses. 

'~an~e of exposures expressed as effective lifetime daily exposure, using Equation 
8-1 and the lifetime adjustments of the text. 

d~id not achieve an adequate fit of the multistage model for any tumor. 



TABLE 8.2 RISKS OF CARCINOGENICITY FROM VINn CHUIRIDE EXPOSURE ESTIMATED FROM RODENT DATA 

coefficientsC ~ a $ i o ~  Roent UCL Hugan UCL~ 
Experiment Straina/species . Sex Tumor b /stages 

Sl (r) 91 (r) s1 (h) 

ql(r) ppb-l ppb-l 

Maltoni et al. 
BT-1,2 sd/rat, female LAS 1.2 2.3 1.9 4.9 
(5500 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 al. 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 al. fi/rat, female LAS 0.1.2 2.1 3.2 8.4 
fi/rat, female hepatocellular 0,1,2 2.0 1.7 4.4 

carcinoma 
fi/rat, female mammary 0.1 1.7 1.6 4.2 
sw/mouse, female lung 0.1 1.8 6.9 20. 

a~ee Table 8.1 note a 

- liver angiosarcoma 
C~umber to the right of the slash indicates degree that is chosen by the user for 

polynomial in the multistage model. Remaining numbers indicate subscripts of non- 
zero coefficients of the polynomial for the maximum likelihood estimate, following 
Equation 8-6. 

$atio of unit risks: the 95% UCL to the maximum likelihood estimate. 

e~etermined by multiplying by the scaling factor on rodent dose. 



TABLE 8.3 RANK ORDERING OF ESTIMATES OF HUMAN RISK BY CATEGORY 

Rank Experiment ~train~/~pecies, Sex Tumor b 1ndividualsC Unit*Risk, UC 
n1 (h) ppb- 

i 

1 Drew sw/mouse, female lung carcinoma 228 20 lo-5 

2 BT-9.15 sd/rat, female U S  380 18 

3 Bi wi/rat, male U S  78 13 x 

4 Drew fi/rat,female U S  353 8.4 x 

5 BT-9,15 sd/rat, male U S  

6 BT-1.2 sd/rat , female LAS 

7 Waxweiler oc/human, male liver + brain + lung 1294 4.5 lo-s 

8 Bi wi/rat,male lung angiosarcoma 78 4.5 10‘~ 

9 Drew fi/rat, female hepatocellular carcinoma 353 4.4 loe5 

10 Drew fi/rat, female mammary 354 4.2 x 

11 BT-1,2 sd/rat , female mammary 394 3.7 lo-5 

12 Waxweiler ocfiuman, male liver 1294 2.5 x 

- occupational cohort. See Table 8.1 for other abbreviations. 

- liver angiosarcoma. 
 umber of all individuals entered in the analysis, exposed and unexposed. 
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9.0. CONCLUSIONS 

9.1 Acute Toxicity 

Vinyl chloride has a relatively low degree of acute toxicity in 
experimental animals; two-hour inhalation LDSO values are greater than 
200,000 ppm in several species. Human exposure for longer than five minutes 
to concentrations of 8000 ppm or more may lead to narcosis, cardiovascular 
and respiratory irregularity, convulsions, cyanosis and death. Several human 
deaths have been attributed to occupational exposure at very high levels of 
vinyl chloride. Autopsies of these patients revealed congestion of the 
liver, spleen and kidneys. 

9.2 Subchronic and Chronic Toxicity 

Chronic exposure of workers to vinyl chloride has been shown to lead to 
"vinyl chloride disease", characterized by occupational acro-osteolysis, 
vasospasm of the hands similar to Raynaud's syndrome, dermatitis, circulatory 
and central nervous system alterations, thrombocytopenia, splenomegaly and 
changes in liver function (Veltman et al., 1975). Spirtas et al. (1975) 
measured the frequency of eight symptoms commonly reported by workers exposed 
to vinyl chloride (including dizziness, headaches and nausea) and observed a 
dose-response relationship using exposure levels estimated from job 
classifications. 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 vinyl chloride 
was absorbed by both man and rats. Oral exposure results in more complete 
absorption. Radiolabeled vinyl chloride metabolites have been detected in a 
range of tissues, suggesting thorough distribution. Most of the metabolized 
vinyl chloride is excreted by the kidney, often as glutathione conjugates. 
Unmetabolized vinyl chloride is eliminated primarily by pulmonary excretion. 

Both alcohol dehydrogenase and cytochrome P-450 are involved in the 
metabolism of vinyl chloride. The evidence suggests that reactive 
metabolites may be responsible for the toxic effects of vinyl chloride, with 
the most likely candidates thought to be chloroethylene oxide and 
chloroacetaldehyde. 

The rate of metabolism of vinyl chloride appears to depend upon the 
level of exposure, with higher levels being incompletely metabolized. The 
saturation of the metabolizing enzymes becomes substantial in monkeys above 
exposures of 100 ppm, and in the absence of better data this value may be 
extrapolated to humans. 

9.4 Reproductive Toxicity 

No teratogenic or embryotoxic effects were observed in mice, rats or 
rabbits exposed to vinyl chloride at maternally toxic doses during gestation. 
A recent study has suggested that vinyl chloride can cross the placental 
barrier of exposed pregnant female rats and cause liver cancer and 
angiosarcoma in the offspring. Epidemiologic studies have suggested a 
possible increased rate of fetal deaths in women whose husbands were 
occupationally exposed to vinyl chloride. However, additional studies have 



concluded that there was no association between vinyl chloride exposure and 
fetal deaths or birth defects. 

Vinyl chloride has been identified as a mutagen in bacteria, yeast and 
animal systems, both with and without addition of an exogenous metabolic 
activation system. Chloroacetaldehyde and chloroethylene oxide, the putative 
toxic metabolites of vinyl chloride, were also mutagenic. Levels of 
chromosomal aberrations and sister chromatid exchanges were higher in workers 
exposed to vinyl chloride (20 to 150 ppm) than for unexposed control groups. 
Workers exposed to less than 15 ppm showed no differences in chromosome 
breaks or aberrations from controls. 

9.6 Carcinopenicity 

Both experimental animal studies and epidemiological studies of worker 
populations have demonstrated that vinyl chloride is carcinogenic. 

The International Agency for Research on Cancer (IARC) reviewed the 
literature on vinyl chloride mutagenicity and carcinogenicity and concluded 
that vinyl chloride is a proven human carcinogen (IARC, 1979) and placed 
vinyl chloride in its carcinogenicity group 1. Substances assigned to this 
category have demonstrated sufficient evidence to support a causal 
association between exposure and cancer in humans. 

IARC noted that, "...several independent but mutually confirmatory 
studies have shown that exposure to vinyl chloride results in an increased 
carcinogenic risk in humans, involving the liver, brain, lung and 
hemolymphopoietic systems in man." They also noted in "two proportionate 
mortality studies . . .  there appeared to be an increased proportion of cancer 
of the digestive system in both sexes and possibly of the urinary system and 
of the breast in woman," and "there is no evidence that there is an exposure 
level below which no increased risk of cancer would occur in humans" (IARC, 
1979). 

The Environmental Protection Agency (EPA, 1984b) has likewise reviewed 
the data and also concluded that vinyl chloride is a proven human carcinogen. 
The EPA placed vinyl chloride in its 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 
risk assessment on epidemiological studies, the present risk assessment 
includes an analysis of an occupational study of Waxweiler et al. (1976), 
using a retrospective estimate of exposure (Barnes, 1976; Paddle 1986) that 
was converted to an effective 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 first exposure. Fetuses, newborns, 
younger animals, and females exhibited the highest carcinogenic sensitivity 
(Drew et al., 1983). In the epidemiological studies of vinyl chloride 
workers, who were predominantly male, the average age at first exposure was 
29.7 years. Thus, to protect all members of the general population, it is 
more appropriate to base risk assessment calculations on the animal 
inhalation studies, which because of their use of more sensitive categories, 
the young and females, reflect a wider range of population sensitivity. 



The staff of the Department of Health Services conclude that: 

1. Vinyl chloride is mutagenic and is a proven animal and human 
carcinogen. 

2. Because vinyl chloride is genotoxic and there is no experimental 
evidence that vinyl chloride has a carcinogenic threshold, it should not be 
considered to have one. Animal evidence has demonstrated that vinyl chloride 
is carcinogenic at a lifetime daily equivalent exposure of 0.06 ppm. 
Potential human residential exposures may be only from six to 60-fold lower 
than those in the animal studies. 

3. Vinyl chloride has been demonstrated to cause a number of 
mali~nant tumor types in animals, including angiosarcoma of both the liver 
and lung, hepatocellular carcinomas, several different lung tumors, brain 
tumors, and other types of cancers. Vinyl chloride has been shown to cause 
liver angiosarcoma in humans and epidemiological evidence suggests that vinyl 
chloride may induce lung, breast, and brain tumors. Vinyl chloride has been 
demonstrated to be multisite carcinogen, and this risk assessment performed 
by the staff of DHS reflects this finding. 

4. Quantitative risk assessments of the relevant animal inhalation 
studies of vinyl chloride using the linearized multisfage model have 
suggested a range of potential human unit risks from 4 x 10-'/ppb to 20 x 101 
/ppb (Table 8.3). The human unit risk from occupational vinyl chLori.de 
exvosure for males has been estimated- herein to be 4.5 x 10>b-L for 
cancer at all sites and to be 2.5 x lo-' ppb-l for liver cancer alone. Thus, 
althou~h the human risk estimates are based on a historical reconstruction of - 
occupational exposures, the results overlap the range estimated from animal 
studies. 

5. The California Air Resources Board has monitored vinyl chloride 
emissions from the BKK landfill in West Covina and the 011 landfill in 
Monterey Park. Estimates of peak concentrations for maximally exposed 
receptors range from 2 to 10 ppb at the BKK landfill and 0.6 to 9 ppb at the 
011 site. The Air Resources Board has estimated that between 17,000 and 
131,000 individuals may be exposed to 1 ppb at the BKK site. The present 
assessment predicts that there is only a 5% chance that a lifetime exposure 
of 131,000 residents to 1 ppb would result in more than 3 to 26 excess cancer 
cases, and there is a 95% chance that there would be less cases. 
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Appendix A 

Abstracts of Maltoni et al. (1984) Bioassays 



Intraperitoneal Administration 

Rats: Groups of 30 male and 30 female 13-week-old Sprague-Dawley rats - 
received an intraperitoneal injection of 4.25 mg vinyl chloride in olive oil 
on 1, 2, 3, or 4 occasions over a two-month period and observed for the 
duration of their lives (145 weeks). One nephroblastoma and one subcutaneous 
angiosarcoma were found. No difference in survival or body weight was 
observed between test animals and controls. This experiment was considered 
inadequate for the determination of the carcinogenic potential of vinyl 
chloride because of the unconventional dosing protocol used (Experiment BT12, 
Maltoni et al., 1984). 

Subcutaneous Administration 

Rats: In a separate study, a group of 75 male and female Sprague- - 
Dawley rats was administered a single subcutaneous injection of 4.5 mg vinyl 
chloride in 1 ml olive oil at 21 weeks of age and observed for the remainder 
of their lifetime (145 weeks after injection). Body weight and survival were 
not significantly different between controls and created animals. One 
nephroblastoma in a treated male was observed (Experiment BT13, Maltoni et 
al., 1984). The insufficient protocol prevents any assessment of the 
carcinogenicity of vinyl chloride from this 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 vinyl chloride. The 
females and offspring were observed for their lifetimes (143 weeks after 
start of experiment). Survival of the offspring was poor after week 95 of 
the experiment. Several animals from both groups exposed in utero had 
mammary tumors, zymbal gland carcinoma, leukemias and nephroblastomas; no 
heparic angiosarcomas or hepatomas were reported. No results from control 
animals were reported, thus statistical evaluation of these results is not 
possible. Only a few tumors were found in the female breeders (Experiment 
BT5, Maltoni et al., 1984; IARC, 1979). 

Transplacental-Inhalation Exposure 

Rats: Groups of 12-week-old pregnant Sprague-Dawley rats were exposed 
to either 0 or 2.500 ppm vinyl chloride four hours/day, five days/week for 
seven weeks, then seven hours/day for 69 weeks, after which time all animals 
died. One group of offspring was first exposed transplacentally from day 12 
of gestation, then exposed by inhalation after birth 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, five days/week for 
seven weeks, then seven hours/day, five days/week for eight weeks. Vinyl 
chloride was toxic at all concentrations tested: all animals exposed to vinyl 
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 certainly 
diminished the number of observed tumors, especially tumors with long latency 
periods, such as liver angiosarcomas. An increased incidence of zymbal gland 
tumors (8/54), liver angiosarcomas (27/54), hepatomas (5/54), and 



neuroblastomas (32/54) were reported for the breeding females exposed to 
vinyl chloride, compared to 1/60, 0,60, 0/60, 1/60, respectively, in the 
controls. 

In the male offspring exposed to vinyl chloride for 76 weeks, 9/63 had 
zymbal gland carcinomas, 36/63 had liver angiosarcomas, 27/63 had hepatomas, 
and 31/63 had neuroblastomas, compared to 2/158, 0/158, 1/158, and 0/158, 
respectively, in the controls. In the female offspring exposed to vinyl 
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 in the controls. 
The incidence of these same tumors in the male offspring exposed to vinyl 
chloride for only 15 weeks was 7/59, 24/59, 42/59, and 7/59 for the same 
tumors respectively, compared to 2/19, 0/158, 1/158, and 0/158, 
respectively, in the controls. In female offspring exposed for 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 in controls. 
These studies (BT4001, BT4006) were cited by Maltoni and colleagues (1984) as 
an example of transplacentally-induced-tumorigenesis, but was, in effect, an 
investigation of the increased sensitivity of young experimental animals to 
the toxic effects of vinyl chloride. The tumor incidence in breeders and 
offspring exposed to vinyl chloride for 76 weeks did not appear to differ 
significantly, nor did the increased tumor incidence in offspring exposed to 
vinyl chloride for 15 weeks appear to differ substantially from the tumor 
incidence in exposed breeders. However, no explicit statistical comparison 
of these parameters was made in the report (Maltoni et al., 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 vinyl chloride, four hours daily, 
five days weekly for 30 weeks, beginning at 11 weeks of age. The hamsters 
were then observed for their lifespan (109 weeks). Two liver angiosarcomas 
were observed in the group exposed to 500 ppm vinyl chloride and one liver 
angiosarcoma was observed in the group exposed to 6,000 ppm. The increased 
incidence of forestomach epithelial tumors in hamsters exposed to 500 ppm or 
more of vinyl chloride appeared to be biologically significant but no 
statistics were reported (Experiment BT8, Maltoni et al., 1984). 



A ~ ~ e n d i x  B 

Cancer Risk Estimates for 

Vinyl Chloride 

Based on Human Data 



Introductior] 

Epidemiological data from many studies provide strong evidence that 
vinyl chloride is 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 in using the epidemiological data for quantitative predictions of 
effects of vinyl chloride is the lack of suitable exposure data. For vinyl 
chloride, some indirect exposure estimates are available. 

The quantitative risk assessment developed in this appendix uses 
cancer incidence data from one study, Waxweiler et a1 (1976). The industry- 
wide estimates of exposure by Barnes et a1 (1976) furnish the data for 
estimating year-by-year exposures of the known worker population in 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 risk per unit of metabolized exposure, which closely 
approximates atmospheric exposure at concentrations below 10 ppm. 

Mortalitv data 

Of the many occupational studies that have been reported, the cohort 
study reported by Waxweiler et a1 (1976) contains the most thoroughly 
documented information for risk assessment purposes. That study selected a 
cohort of polyvinyl chloride (PVC) workers who had worked for at least five 
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 lost 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 liver, 
more than any other study, and three were due to billiary cancer. The 
standardized mortality ratio (SMR) for billiary and liver cancer was 1155, for 
brain cancer, 329, and for lung cancer, 156. All of these values represent 
statistically significant increases. It is apparent from Table B-2 that the 
SMRs from Waxweiler et al.. are consistent with some of the other studies. The 
cumulative risk of liver, lung and brain cancer following vinyl chloride 
exposure is, however, greatest in the Waxweiler et al. (1976) report. Thus, 
cancer risks to vinyl chloride workers are unlikely to be substantially 
underestimated by a risk assessment based on this study. 

Ex~osure Data 

As in many retrospective cohorts, individual exposure data were not 
available (Waxweiler et al., 1976). However, several reports have attempted 
to reconstruct the magnitude of exposure among vinyl chloride workers since 
the 191rO's (Ott et al., 1975; Jones, 1974; Paddle. 1986). Table B-3 
summarizes proposed estimates of exposure for several countries. 

Most of the specific 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 



exposures were less than proposed international levels' during commensurate 
time periods because Dow Chemical Company responded to early reports of vinyl 
chloride toxicity in animal studies by creating an in-house standard of 50 ppm 
(Ott et al., 1975; Paddle, 1986). This standard was well below industry-wide 
acceptable limits during the 1960's and early 1970's and probably well below 
the average exposure at other vinyl chloride polymerization plants. Dow 
Chemical Company had not reported any cases of angiosarcoma of the liver to 
1985 (Forman et al., 1985). 

The exposure estimates presented by Barnes (1976) and summarized in 
Table 8 - 3  of this appendix are likely to describe the average exposures for 
the Waxweiler et al. cohort, which spanned the years, 1942-1973. Barnes did 
not substantiate his exposure estimates but simply stated, "the general 
consensus of opinion throughout the world, today, is 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 
existing standards during the corresponding time periods. The current 
analysis used those Barnes estimates, which are expected to be within a factor 
of five of che actual values experienced by these workers. 

Some work histories started before the first time period provided by 
Barnes (January 1, 1945). The present analysis counted those histories 
separately and assigned exposures prior to 1945 a concentration of 1000 ppm, 
which is equal to Barnes' estimates of concentration in the first ten years, 
on the assumption that exposure during early process days (pre-1945) was the 
same as thar during the 1945-1955 exposure period. 

Recorded deaths due to angiosarcoma of the liver occurred between 1964 
and 1973. The present analysis examined work histories to identify the 
person-time in each calendar year for the cohort which had at least five years 
of employment and who began work (and thus vinyl chloride exposure) prior to 
1964. The analysis incorporated these restrictions to correspond to the same 
restrictions used by Waxweiler and co-workers (1976) in generating their SMR 
values. Thus, both the exposure and the SMR values correspond to those 
workers with at least five years of exposure and at least a ten-year latency 
period from first exposure. 

Relationship of Risk to Exuosure 

This development of a relationship of risk to exposure considers a 
cohort of individuals, each subcohort of which is exposed at a constant rate 
to a particular chemical during each time period of one calendar year. The 
rates of exposure may differ among subcohorts and time periods. The 
development here makes no distinction according to age. 

The model assumes proportionality between excess risk and the 
metabolized exposure, a measure of the amount of vinyl chloride ever bound to 
macromocules in the course of an individual life time (Gehring et a1 1977, 
Anderson et a1 1980). Thus, the excess risk due to a lifetime daily 
equivalent metabolized exposure, Yij, of subcohort i during time period j is 
assumed to be given by 



where Pij - excess probability of cancer in subcohort i due to exposure 
during time period j. 

Q - the lifetime unit risk, a coefficient of 
proportionality, independent of subcohort and period, 

Yij - metabolized exposure for subcohort i during time 
period 1, defined in Equation 8 - 3  and representing 
adduct formation. 

Tj - time of exposure during time period j, 
T - general population lifetime (life expectancy). 
This analysis uses a metabolic model of formation of active carcinogen 

because occupational exposures experienced in the older studies are well above 
the saturation level for adduct formation for all species in which the 
kinetics have been determined. The analysis assumes that Michaelis-Menton 
kinetics govern the rate at which adducts form in target tissue due to a 
reactive metabolite (Gehring, 1977). That rate is given by 

where Fij - rate of adduct formation in subcohort i due 
exposure during time period j 

a - proportionality constant 
Vm - maximum velocity of the reaction, 
Km - Michaelis saturation constant, 
Xij - atmospheric exposure. 
Instead of using the target dose rates Fij in the subsequent analysis, 

it is convenient to use the proportional quantity, the metabolized exposure, 
defined as, 

See Figure 9-1 for monkey data used to estimate Km - 150 ppm. The 
analysis uses this value for humans. 

The metabolized exposure has the convenient property of becoming 
essentially equal to (atmospheric) exposure for values of exposure 
sufficiently below the saturation level Km (less than 1% error for exposure 
less than 1% of saturation level). Strictly speaking, Yij is the difference 
in metabolized exposure between the study population and the comparison 
population used in calculating relative risk. However, the exposure of the 
comparison population is usually negligible 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 effectively gives an estimate of 
the difference between the worker cohort exposure and the exposure of the 
comparison population. 

In order to estimate the unit risk Q, the analysis continues by equating 
the modeling prediction of Equation B-1 to the risk of excess cancers in 
subcohort i due to the life time daily equivalent to the exposure in time 
period j. 



where Aij - specific (liver in this case) cancer deaths 
that occurred in subcohort i due to life time 
daily equivalent to the exposure in time period j, 

Eij - number of specific cancers expected to occur in 
the lifetime of those Ni workers, based on 
experience in the genera 1 population, 

Nij - number of individuals in subcohort i during time 
period j . 

Equating the expressions in Equations B-1 and B-4, then 
multiplying by Nij and summing i and j yields an equation for 
Q in terms of overall quantities that were observed or reconstructed. 

Dividing by the sum on the left-hand side, 

where Xij - summation over i, j 
A - XijAij, overall observed cancer deaths, 
E - XijEij, overall expected cancer deaths, 
N - XijNij, overall person-years exposed, 
Y - XijNijYij/N overall average exposure (B-7) 

intensity, 

Ty - actual time of exposure during each time period of one year. 
Equation B-6 takes a convenient form by using an expression for relative 

risk, which is the SMR divided by 100. 

where R - A/E - relative risk, 
E - STH - SH/D - expected number of deaths in the lifetime of 

individuals from the general population matched to those in the 
overall cohort,," to the definatin of E, 

S - yearly background rate of this specific cancer in the 
general population, 

H - number of individuals in the cohort, 
T - 1/D - 70 years for humans, 
D - probability of death in the general population per 

year. 

The actual computations had available estimates of only the overall 
exposures for each time period. The analysis first proceeds by assuming that 
each of these estimated exposures represents the population-weighted average 
for that time period, so that 

Yij - Yj. 
On this assumption Equation B-7 becomes the single summation, 



where Nj - N the number of individuals exposed in time 
period j . 

The analysis next determines the effect of a distribution of subjects 
and exposures. In the absence of data on distributions of the number of 
subjects, Nij, in each subcohort experiencing atmospheric exposure Xi. within ?, each time period j, calculations for a uniform distribution indicate ow much 
the actual value of Y in Equation B-7 may differ from that calculated in 
Equation B-9, assuming all the N values of Xi are at one exposure level, Xj, 
the time-period mean. The uni 1 o m  distribut 1 on is that in which, for each 
year (j), the number of persons exposed at each level is uniformly distributed 
over the exposure range from 0 to 2Xj. With that distribution an integration 
produces the expression for metabolized exposure during the year, for use in 
Equation (B-9). 

where Ln is the natural logarithm of the designated argument. 

A numerical exploration for Km - 150 ppm shows that the expression in 
Equation (B-9) is between 0.89 and 0.92 of that using the case, Xij - Xj in 
Equation 8 - 3 ,  over the range of exposures 100-1000 ppm. This range covers 
that of the study Waxweiller et al. (1976). So for each year the analysis of 
that study will use 0.9 times the average metabolized exposure Yj for the year 
based on Barnes estimates for X.. Therefore, the analysis multiplied 0.9 by 
the value of overall metabolized exposure obtained in 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 in Equation B-8. 

XjNjYj - 1.72 x lo6 pm-persons E N - ZjNj - 1.44 x 10 persons 

Thus the modified Equation 8-7 gives the overall average metabolized 
exposure, 

Y - 0.9 x 1.72 x lo6 ppm / 1.44 x lo4 - 108 ppm 
In the Waxweiler study the time during each year spent working furnishes 

for all years. Equation B-8 requires this quantity. 
Risk Calculations for Liver Cancer 

The remaining quantity needed to obtain unit risk in Equation B-8 is 
the background mortality ratio S/D. The present analysis used information on 
deaths in the general population during the same time period as the study. 
Between 1960 and 1979, 67,782 deaths from liver cancer occurred among white 
males in the United States (International Classification of Diseases -(ICD) 



codes 155,156). The total number of deaths among the same group was 
approximately 18,297,297. Thus, one in approximately 270 deaths was the 
background from liver cancer, S/D. 

Finally the analysis estimates unit risk for liver cancer per person 
by using Equation B-8. The numerator contains the added lifetime risk of 
liver cancer per person, which is the excess relative risk, 10.55, times the 
background rate of one liver cancer death per 270 deaths to all causes or 
0.039. The denominator contains the lifetime equivalent of exposure during 
one calendar year: the average metabolized exposure, 108 ppm, times 0.211 
years of exposure divided by 70 years of life expectancy. The equation then 
calls for multiplying the resulting quantity by the ratio, person-years of 
exposure to cohort size or N/H, which is the average number of years of , 
exposure, 11.3 years, in order to obtain the lifetime daily equivalent of 
average metabolized exposures. 

The expected unit risk Q, then, is the lifetime added risk per person 
divided by the lifetime daily equivalent of average metabolized exposure, 3.6 
PPm. 

Q - (11.55-1)(1/270) 1294/10E2ppm (P.211/70) 14442 
= 0.039/3.6 ppm - 1.1 x 10- ppm- 

Cancer Risk Scenarios Includine Brain and Lunv Cancer as Well as Liver Cancer 

This analysis adopts the same approach for brain cancer and lung 
cancer. The next sections discuss evidence for the relationship of these 
cancers to vinyl chloride exposure. In the absence of evidence to the 
contrary, the analysis assumed that the latency period is the same as for 
angiosarcoma of the liver. The number of deaths from brain cancer (ICD codes 
191 & 192) between 1960 and 1979 in the United States was 79,847 (1/229 of 
deaths), and for lung cancer (ICD codes 160-163, 165) 978,504 (1/18.7 of 
deaths). Applying the same procedure indicated above, (R-1)S/D for the added 
brain cancer lifetime risk was one in 100 and, for lung cancer, was one in 
33.4. Substituting these ratios in Equation B-8 yields the most likely 
values, given in Table 8-6. 

While it is clear that exposure to vinyl chloride causes angiosarcoma 
of the liver, the causal relationship to brain and lung cancer is not so well- 
defined. One review suggested that there was a consistent relationship to 
brain cancer in occupational studies, but not to lung cancer (Beaumont and 
Breslow, 1981). However, it would seem appropriate to consider lung cancer in 
the risk assessment along with liver and brain cancer, since this is 
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 statistical power independent of the degree of exposure experienced by the 
various cohorts reviewed. The lung cancer findings become more consistent 
when considered in conjunction with the liver cancer excess experienced by 
each cohort. Since excesses of liver cancer can be used as a surrogate 
indicator of exposure, this suggests that some studies not finding an excess 
of lung cancer may have been a result of relatively low exposures. 

A more recent large study presents evidence against a relationship 
between lung cancer and vinyl chloride exposure (Wong et al., 1986). This 



study considered deaths between 1942 and 1982 inclusive for a cohort of 10,173 
men who had worked for at least one year in jobs involving exposure to vinyl 
chloride. 

The SMR for liver cancer was 641, for brain cancer was 180, but for 
lung cancer was only 95.8. Most of the liver and brain cancer excess was in 
two of the 37 plants forming the cohort. Unfortunately, lung cancer SMRs were 
not presented for these two plants. In spite of this, the study provides 
evidence against a vinyl chloride-lung cancer association. However, without 
lung cancer data for the two plants with the highest liver and brain cancer 
excesses, it would seem inadvisable to exclude lung cancer from the risk 
assessment. 

Confidence Limits for the Lifetime Risk Estimates 

Confidence limits for the risk estimates are calculated by combining 
the risks for tumor development for each site (by summing observed and 
expected values for each site) and then calculating the 95% confidence limits 
of that single point estimate assuming a Poisson distribution. The 95% 
confidence interval for the liver cancer SMR is (467-2404). To estimate the 
upper 95% confidence limit for the excess risk estimate, the upper limit of 
excess risk (24.04 - 1 - 23.04) is multiplied by the lifetime risk for the 
average person of dying from liver cancer (1/270). Therefore, the upper 95% 
confidence limit for the added risk due to vinyl chloride exposure is 23.04 x 
1/270 - 0.085 or 1/11.7. 

The same sort of calculation estimates the upper 95% confidence limit 
based on liver cancer and brain cancer combined. In this case, the combined 
observed and expected values for liver and brain cancer (7+3)/(0.6+0.9) 
results in 95% confidence interval for the SMR of (319 - 1226). Thus, the 
upper 95% confidence limit for the excess risk estimate is (12.26- 
1)(1/270+1/229), or 1/11.0. 

For liver cancer, brain cancer, and lung cancer combined, the observed 
to expected ratio is 22/9.2 and the 95% confidence interval for the SMR is 
(149 - 362). Using the same strategy, the upper 95% confidence limit for the 
estimate of added risk is (3.62 - 1)(1/270 + 1/229 + 1/18.7), or 1/6.20. 

Extra~olation of Risk to Low Dose Ex~osure 

There are many models for extrapolating risks to low exposures. The 
method of analysis employed here gives only one exposure point and therefore 
limits the models that may be used. A linear extrapolation of excess risk was 
chosen as the most appropriate for this analysis. This approach is very close 
to a one-hit model extrapolation. In turn, the one-hit model extrapolation is 
very close to a multistage extrapolation with linearization as recommended by 
the U.S. Environmental Protection Agency (EPA) Carcinogen Assessment Group for 
use with animal data. Thus, a simple linear extrapolation would provide 
similar results 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 in the 
current analysis. The values of Q for each case come from use of Equation B- 
8. The numerator contains the 



most likely value or the 95% confidence limits of (R-l)S/D for the cancer 
sites considered. Table B-6 provides the results for the three cancer sites. 

Assumptions and Uncertaintieg 

The confidence limits that were calculated for the risk estimates 
measure only the uncertainty related to the SMR statistics for workers and do 
not measure the uncertainty of the risk assessment process overall. This risk 
assessment is based on specific assumptions which, if incorrect, affect the 
assessment by either overstating or understating the true risk. These 
assumptions are listed below. 

1. Assumptions are made concerning the exposure estimates. This can 
affect the accuracy of the risk estimates in either direction. 

2. The relationship between excess relative risk and lifetime average 
exposure rate is assumed to be linear. If the relationship is better 
described by a supralinear curve, then a linear assumption will 
understate the risk. Conversely, if the relationship is better 
described by a sublinear curve, then a linear assumption will 
overstate the risk. 

3. It was assumed that cancer risks were dependent on cumulative exposure 
and not on exposure rate. A given cumulative exposure achieved as an 
adult is assumed to carry the cancer risk equal to the same cumulative 
exposure starting at birth. 

4. It was assumed that relative risk was dependent only on cumulative 
exposure and not on age. 

5. Based on the pattern of excess exposure for this cohort (Smith et al., 
1980), it was assumed that the dose accumulated five years prior to 
death was not relevant to causation of cancer. 

6. The SMRs used were calculated using United States general population 
cancer rates. If national cancer rates were higher than local rates, 
the value of the SMR is underestimated, and vice versa. 

7. It is assumed that lung cancer and brain cancer are causally 
associated with vinyl chloride exposure and that the dose accumulated 
in the five years immediately prior to death was not relevant to 
causation of cancer. If these cancers are not associated with 
exposure to vinyl chloride, then the true risk is overstated by 
including them in the analysis. 

8. It is assumed that the effect of a given cumulative exposure is the 
same in men and women. 

Conclusions 

This risk assessment analysis suggests that a lifetime daily 
equivalent exposure to 3.6 ppm of vinyl chloride may result in an added 
Xlifetime cancer risk of 1/25.6 for liver cancer, 1/100 for brain cancer, and 



1/33.4 for lung cancer, assuming each cancer is related to vinyl chloride 
exposure. 

If one adopts a linear extrapolation approach, one would conclude that 
a lifetime exposure to one part per billion of vinyl chloride has a 95% upper 
confidence limit of 4.5 x LO-' risk of cancer, if all these cancers are 
related to such exposure. In the most likely case that only liver and brain 
cancer are related to exposure, a lifetime to one part per billion has a 95% 
upper confidence limit of 2.6 x 10-5 risk of cancer. 
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TABLE B-4 

EFFECTIVE EXPOSURE FOR WAXWEILER ET AL. (1976) 

Year Index workersa Expo ure (ppm) Product 
Estimate ~etabolized~ person-ppm d 

Weighted 
Total 14442 Average 119 

-Number of workers exposed. 
b~stimates of exposure after Barnes, by linear interpolation. 
'~etabolized exposure by modified Michaelis-Menton Equation B-2. - 150 ppm. 
d~roduct of number of workers times metabolized exposure. 



TABLE B- 5 

1 2  HISTORICAL EVOLUTION OF OCCUPATIONAL EXPOSURE LIMITS , 

Late 1974 

April 1975 

Authority 

 MAC^ 
ACGIH~ 

OSHA~ 

OSHA 

OSHA 

OSHA 

OSHA 

Vinyl Chloride 
Limit (ppml 

50 - temporary emergency 
standard over an eight 
hour period 

Proposed non detectable 
1 imi t 

1 - averaged over eight 
hour period with a 
maximum of five for 15 
minutes 

'~rom G . Paddle Correspondence (1986) 
2 ~ s  a point of interest, this table presents a summary of historical 
occupational standards for vinyl chloride. 

3MAC - Maximum Allowable Concentration; 
ACGIH - American Conference of Government Industrial Hygienists; 
OSHA - Occupational Safety and Health Administration 



TABLE B- 6 

VINYL CHLORIDE UNIT RISK COEFFICIENTS FOR WAXWEILER ET AL (1976) 

Cancer Maximum Likelihood Lower 95% Upper 95% 
Sits Estimate Limit Limit 

Liver 1.1 x 0.38 x loe5 2.5 x loe5 

Liver and 1.4 x 0.49 x 2.6 x 
Brain 

Liver, Lung 2.2 0.84 x 4.5 
and Brain 



I_ 
" - - -- - - - - 4i3 
TECHNICAL SUPPORT DOCUMENT 

PART C 

R E  ODENUOWGAUOQN OF 
H 
\ / H  
, C = C  . 

\ 
H CI 

VINYL CHLORIDE 

OCTOBER 1998 

C State of California 

Air Resources Board 

Stationary Source Division 



This r e p o r t  has been reviewed by the s t a f f  of  the Cal i fornia  A i r  
Resources' Board and approved f o r  pub1 i c a t  ion. Approval does not s igni fy  
tha t  the contents. necesrar i ly  re f l .ec t  the views and po l ic ies  of the A i r  
Rasources Board, n o r d o e r m m t i o n  of  t rade n a m e r o r c a ~ r c l a l  products. 
conrtttutcl endorsamen+or recornendation f o r  use. 



PART C 

STAFF RESPONSES TO PUBLIC COMMENTS 
ON THE VINYL CHLORIDE REPORT 

Prepared by the Staffs of the Air Resources Board 
and the Oe~artment of Health Services 

October 1990 



PART' C 

TABLE OF CONTENTS 

E m L  

I. COMMENTS RECEIVED- 

A. Comnents f r o m t h e  ~ o o d ~ e a r  T i r e  & Rubbercompany 

8. Comnents f r on r the  8F Goodrich Company 

C. Comnents f r on r the  V iny l  Chlor ide I n s t i t u t e  

0. Comnents f rom O r .  Roger-Atkinson o f  t h e  Statewide A i r  
P o l l u t i o n  Research Center a t  t he  Un i ve rs i t y  o f  
Ca l i fo rn ia .  Riverside 

11. A I R  RESOURCES BOARD STAFF RESPONSES TO COMMENTS ON PART A 

A. Responses t o  Comnents from the  Goodyear T i r e  & Rubber 
Company 

8. Responses t o  Comnents from t h e  BF Goodrich Company 

C. Responses t o  Comnents from Dr. RogerAtkinson 

111. DEPARTMENT OF HEALTH SERVICES RESPONSES TO COMMENTS ON 
PART 8 

A. Responses t o  Comaants from t h e  V iny l  Chlor ide I n s t i t u t e  

8. Responses t o  Comnents from the  Goodyear T i r e  & Rubber 
Company 

C. Responses t o  Comnents from the  BF Goodrich Company 

IV. LANDFILL GAS TESTING PROGRAM UPDATE 

V. A I R  RESOURCES BOARD STAFF LETTER TO GOOOYEAR TIRE & RUBBER 
COMPANY REGARDING THE REQUEST FOR AN EXTENSION OF THE FIRST 
COMMENT PERIOD - 

I. COMMENTS RECEIVED 

A. Comnent from the  United States Environmental 
Protect ion Agency 



B. Cornents. frorewaste. Management o f  North-America. -. Inc. 46 

C. Comnents fromDow Chemical 72 

11. A I R  RESOURCES BOARD. STAFF RESPONSES TO COMMENTS' ON PART A 

A. Response:to the  Cornant f rom t h e  United States E n v i r o m n t a l  79 
Protect tpn Agency 

0. Responses t o  the  Comnents front Wasta Management o f  North 79 
America, Incorporated 

111. DEPARTMENTOF'HEALTH SERVICES RESPONSES TO COMMENTTON PART B 

A. Responses t o  Comnents from Waste Management o f  North 
America, Incorporated 

13. Responses t o  Comnents from Oow Chemical 



I. COMMENTS. RECEIVED 



CORPORATE ENGINEERING 

September 1, 1989 

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

Dear Mr Barham: 

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

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

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



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

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

CAS : cas 

Sincerely,  

C-9 jQL 

C A See 
Environmental Engineer 
Corp Environmental Engineering 



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

September 6, 1989 

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

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

Dear Mr. Barham: 

The BFGoodrich Company welcomes this opportunity to comment on the 

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

accurately assembling and summarizing the extensive data 

describing vinyl chloride's uses, emissions, physical properties 

and exposure in California. 

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

primary deficiency of the CARB document on identifying VCM as an 

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

epidemiology studies: 

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



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

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

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

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

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

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

added o r  sentences reordered as described below. 

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

Paae A-17 t o  A .. 18 . 

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

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



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

Paae A - 27 

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

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

- 

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

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

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

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

PVC fabricated consumer and construction industry products. 

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

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

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

Sincerely,  

Kathleen E. St imler  
Manager, Government Relations 



September 8, 1989 

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

Vinvl Ch- Re: Draft Reno* on 

Dear Mr. Barham 

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

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

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

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



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

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

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

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



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

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

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

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

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



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

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

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

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

155 Route 46 West 
Wayne, New Jersey 07470 

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

Sincerely yours, 

Meredith. N. Scheck 
Assis tant  Director 

mS/pmb 
cc: M r .  Richard Forey 

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



A DEviaimM The Society ol The Pl8Mcs Indusq Inc. 

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

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

Dear Mr. Barham: 

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

Sincerely yours, 

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

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

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

OF OCCUPATIOSAL EXPOSURE* 

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

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

and 

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

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

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

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

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

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

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

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

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

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

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

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

c o r n  D a  
Turnsv 

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

' Iw trnakb. 

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

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

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

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

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

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

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

An analysis of the sutistial power of various nor decompose to YCN = h a  heated). In pen& the 
audies for auotiation beween. V M  cxposurc and exposure levels for t h e  r o r k m  am very low in 
uncer of the lung. liver 2nd. bnin (Beaumont 6 comparison to thore forPVCpol!me~tionworkers 
Bresiow. 1981) condudcd that ;he rcsulu for Liver .(from. 10 to IM) r inn  iowerL 
=ere c ~ a s k c a f  m i d  an aeuolodd role for VCM. Co--who a t  fwd m d  &ink k v m g n  b a t  
For bnin aacer. wbere I&= out of five nudin had have k packed in PVC z a y  tnpm -0cd \'Chi 





l PO- 



- -  - 

of \'C>f rnetabuliurrm n l s  IS mvmm F i r  I .  On t h e  
baus of this uhcmcthe htphl?: rerctne ~ n t d u : -  
In thc.metabolic proms tpa.fllculrrl\ chloroctWlcne' 
ox~det rean ~ 7 t h  cellular macromoleculn. tncludtne- 
DSA to produce the m n a l  lesions leadrnt 10 mu- 
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5 b r e  j 

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

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

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

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

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

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

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

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

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

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

L 
? the aumadon of risk increased the level of exposure 

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

5 refinnoem of the techniqueusing DSA binding u - 
i 

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



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

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

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

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

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

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

Fwd YIV Co- 
(1910) 

Pat 
R.1 

&I 
Mm 
R.1 

MOW 
Maa 
Rat 

M o w  
Man 

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

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

Wetbull includ~nt bomlulomuuon lor nun 

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

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

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

Man 0.7 ,#,>dry 
b t  

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

.Urn BVrlIPI>L 



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

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

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

\ I "  
0 x 1  

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

~ ~ 

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

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

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

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

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

BT 7 
930 1.3. 10' 12.0 

$00 
BT 1 

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

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

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

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

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

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

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

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

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

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

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

O 0 

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

00OOa7- 
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I F \ I  Rlrnau n .I 

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

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

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

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

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

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

- 1?95pg,4hr 

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

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

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

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

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

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

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

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

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

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

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

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

1.7 
v 

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

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

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

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

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

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

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

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

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

Risk aucLIment from human m d i n  

P.rpisur of AS1 ccse; 

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

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

TauL.. 9 
R ~ d U w y .  

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

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

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

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

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

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

I 1 1 4  Fl4. LXL GI2 

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

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

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

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

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

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

Sonh Am- 

t fill a. cs27 
USII. US29 
C CSl9 
CI. a. CSL en. usx 
cc. L'Sl. US9 

6 h l ,  Rj .Sd.  0. '3. GSI. CS11. VS?I. 
VS3It 

1 Sw3 C6. US= US:6 
I PI9 
9 FllZFlr 

I9JO Fr?. h'l. LXI 
I S r l .  LW 

3 GII.111 CIO Iavl. YI 
b G7. GI. LX4. GI9 CSII Y l  
J Gll. Gl6. GI1 L'U USl7. US= 
6 FrlO.Gl 
7 Frl. U. I C G 1  Ctl 
I Fr6. BI u rn  JapZ Y4 
9 FtL hb 

1914 G$. GI3 
I G9. GIO. GI?. G17: 

ciao. GX a 
2 Gd. UKL G3I CS6 
1 Fr13. UKl 
4 Su5 CS30 
I F* 

'1101 is  not mnnnml rrth 0th- AIL caw the w.myy lumour my tars b m  d Lt pnnrdru, .  Tnr 
man m r u d d  PI'C u k r  

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

me uu ~ q u u e d  a r c  

induced by VChl. 

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

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

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

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

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

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

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

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

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

0 
9 1 3  0.01 

0 
0 0 94.m 0.01 

0 
6 1 0  . I 

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

.o o nm 0.14 
l b l 0  :a 

1 : s  
U.fN 

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

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

I 8  
0.97 

2630 
c2m M'" 57 

0.49 41.7% 
6 

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

n 
03 ri.100 

3- 6 
I3 10.150 0.55 5 8 . W  32 

6-50 0.89 51.7% 
41-45 0 

46 
bCQ 

3% 1.71 5lCm 
? 417% 

94 

4 s  0 
? 

a 
310 ? W150 ? 

? 2.m ? 0 ? 
0 51- 0 

:4.m ' 
4:.m 

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

0.50 .W.750 I50 0.m a?_- XI 
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k t  T h t C K  is n o r  typmLof thcuorldulde- k twcmrVCU exporwrand 4SL in man- 4SL rnd 
growth tn the~expa&poputwon. neoplasmwof a numter-of otner o r p u s  haw rrm 
Id) SO account. h a c b c m u k m  of plant tm- ~nduccd:ln labontor?-rodenu b\ \'CM. Esnmation 
P r o ~ e m m s  oMrnnlFpnor to  1964 and hence- of the aposurrlevcls Itlel?. to o u u r  l~fetrmensk of 
f ewera rc t :  map occur In. for example t h e  ASLof lo-* on thcbans of thnrdaa pve extremely 
198&100(1 penod than ar tnI tmatcd f r o m l h r  low-*ntr(&un to 1.9 = 10-' ppb) u h ~ h  appear to 
1940-1980 e x p m c n e  be u n r a l t u ~ e  e n ~ m a ~ u  for m a n  Part of the reason 

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

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

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

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

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

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

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

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

Dear Dr. Corey: 

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

Yours sincerely 

~ o g i r  Atkinson 
Research Chemist 



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

Roger- Atkinson: 

A. Vlnvl  Chloride. 

OH Radical Reaction. 

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

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

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

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

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

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

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

those of Perry and coworkers. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

chloride document. 



Comments: - page 2 
NO Radical Reaction. -2 

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

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

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

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

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

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

of 

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

Lifetime. 

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

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

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

processes, if applicable) uith measured or estimated miant. 

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

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

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

emission inventory of methylchloroform, leading to an hnrxally and 

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

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

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

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

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



COCUUents:~ - page 3 

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

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

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

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

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

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

chlor ide.  



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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



111. DEPARTMENTOF HEALTH SERVICES RESPONSES TO COMMENTS ON PART B 



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

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

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

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

treatpharmacokinetic knowledge of vinyl chloride: 

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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



Response to Comments: .The Goodvear Tire and Rubber Companv 

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

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

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

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



Response to Comments: The B.F. Goodrich Companv 

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

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

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

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

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

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

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



I V .  LANDFILL GAS TESTING PROGRAM UPDATE 



I V .  LANDFILL GAS TESTING PROGRAM UPDATE 

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



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

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



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

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

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

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

D e a r  Ms. See: 

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

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

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

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

S i n c e r e l y ,  

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

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



CORPORATE ENGINEERING 

September 1, 1989  

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

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

Dear Mr Barham: 

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

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

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



September 1, 

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

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

Since re ly ,  

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

CAS : cas 



I. PART C ADDENDUM 
COMMENTS RECEIVED 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

215 Frernont Street 
San Franc~sco. CA 94105 

June 8, 1990 

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

D e a  Ms. Shiroma, 

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

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

Please include the following paragraph in the Executive Summary: 

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

Thank you for the opportunity to comment. 

Sincerely, 
n P 

pe Enviro 
nmktal  Engineer 



June 11, 1990 

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

ATTENTION: Vinyl Chloride 

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

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

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

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

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



ARB/Viny 1 Chloride 
June 11, 1990 
Page 2 

*LANDFILLS AS A SOURCE OF VINYL CHLORIDE; 

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

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

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



ARB/Vinyl Chloride 
June 11, 1990 
Page 3 

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

PUBLIC HEALTH RISK OF VINYL CHLORIDE 

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

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



ARB/Vinyl Chloride 
June 11, 1990 
Page 4 

RECOMMENDATION 

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

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

Sincerely, P. 

Charles A. White, Manager 
Regulatory Affairs 

CAW: fa1 
Attachments 
cc: Dave Dolan 

Sara Broadbent 
Sue Briggum 



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

G&c Charaaenzauon 
Ambirnt Air (Net Oownvnna 

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

P e ~ o u r  Cont!nuobls 
Samplr 

- - -- - 

Pfimuv Teray 
Monttonna Compnund 

Vinyl Chloride 3.000 3.0 0.0 

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

Chloroform 430 <0.8 

Note: ppbv = pans per billion by volume. 

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

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

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

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



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

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

Landfill Gad4 lyz'cy 
26Uour Oirrctionall 

Sample Canttnuoudd ~ontroi\.d(J 

Prtmaw TaraeT 
Monitorina Camaound 

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

~uoolemental taroet 
Manitprina Comoound~ 

Benzene 57 1 < 2.0 0.0 0.0 

Ethylene Oibrom~de . < I  c 0.5 0.0 0.0 

Ethylene Oichloride < 20 < 0.2 0.0 0.0 

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

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

Carbon Tetrachloride < 5 0.8 4.8 (b) 0.7W 

Methyl Chloroform 824 S0.S 0.9W 3.7(bI 

Trichloroethylane 442 <0.6 0.0 0.0 

Methane , 62.000.000 10.000 

Note: ppbv r; parts per billion by volume. 

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

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

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



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

Gas Choractarizrtion Ambient 

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

sakipi. 
...... 

Upwind Concantration)(a) 

Vinyl Chloride < 500 C2.0 0.0 

Banranr < SO0 <2.0 0.0 

Ethylene Dibromida < 1 e0.5 0.0 

Ethylme Oichloride < 20 <0.2 0.0 

Methylene Chlor~de < 60 8(b) 0.0 

Pcrcnloroethylene < 10 C0.2 0.0 

Carbon Tetrachlortae <5 C0.2 0.0 

Mathyl Chloroform < 10 1.1 (0 0.4(d) 

Trichloroethylene < 10 C0.6 0.0 

Ckloroform c 2 <0.8 0.0 

Methane 530,000,000 <ZOO0 

Norm: ppbv = pans per billion by volume. 

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

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

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



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

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

Uownd Concencratlont 
Landfill Gar In{:3?$ 

Sarnpl* 24-Hour Conunuous 

Prlmaw Tamet 
Monitarina Compound 

Vinyl Chloride 3,000 <2.0 0.0 

$uoolcmental Taraet 
Man~lonna Comoounds 

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

Note: ppbv r pans per billion by volume. - 

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

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



TAUS 1.1 
SUMMARY OF lRADLEY ASWAT RESULTS Ippbv) 

Ambient Alr 
(Not Downwind Incnam 
Camparad with Uowtnd 

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

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

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

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

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

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

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

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

Gas Unractenzatlon Ambient Air 

24-Hour 
Emission Cormnuoul 

Landfill Gas Screening Oownwind(l1 

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

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

Perchloroethylene 2,100 - 0.7tO 

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

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

Notv: ppbv = pans per billion by volume. 

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

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

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

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



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

CONTIN'UOUS DOWNWINO STAnON) AN0 AVAIUPU REGIONAL DATA 

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

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

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

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

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

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

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

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

Note: ppov .I parts per billion by volume. 

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

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

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

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

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



ATTACHMENT 3' 

DATE : ~ u n e  11, 1990 

FROM : Chuck White 

TO : David Dolan 

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

Carbon dioxide 
Oxygen 
Nitrsgen 



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

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

TXWlC (as C6) 8,3E+02 

Carbon dioxide 
Oxygen 
N i t z ~ ~ e n  



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

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

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

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

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



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

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

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

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

SITE E f G H 

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

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

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

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

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

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

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

~veraqe total :. 4E+00 



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

2.2 w f i .  

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

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

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

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

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

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

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

036906,3 



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

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

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

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

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

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

S t a t e s .  C ~ n s i d a r i z q  tze dlZZerL?,?q ~ e t h o d o l o g i e s ,  tkis agrees yell 
w f t k  t>.s ESA Draft Socrtsant est-to of 0.11 (Scenaric 3 ,  the Only 
one whick CM ke sivea any czedenca) . Rawever, tho difFerenCaS r,oted 
above, especially the Gomi,?ant efzect  of vif.pl chloride I-? t2esa 
est iz iacea,  suggests tzat tta EPA z r a i t  ;oc0=en= 3 consiCetahLg ia 
ester. 5nsuZZlcfene lara is given in t 3 a  Craft Doeaenl: ca Locatd 
where such er=cr =aY have arisen, hut cce l i k e l y  place La ifi tke  
z f  l e c t s  Xadel. mh r..@ techziqce d o s c z f S e d  o t  LocatAr.g ?opuiat!.On 
c e n c s r s  r e l a t i v e  to S a n d f i l l s  is prcne -,: ieaC :a sul l s tant fa i  
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a v u r e s t l & ~ e a  or ~xparure if a maLl. error 11 nada La. U ? O C . ~ L Q ~  
r popul r t ion  c l o s o  t o  a Land t i l l .  TZII  averaqa exposus* may than 
doPLinaea4 by those eat iaaead f a t  nearby populatfons. 

- 2n3 aa.ca% 

Tar w o t s t  c r o o  ri3k e s t i a t e  w i l l  he fog those p*rsons lLvFnq 
cear t3 a Lwdifll. As mentionad above, howevar, 8 dfsprrsiew 
model?i.?q used for t2r narionwi.de average ( b o a  here and L9 thr  ESW 

GraLt Docuaent) will give  very misLradLrq results eloaa La* 'b f 

1 u C f i L L  gas is c o l l o c t s d  togeckor i a t o  a s i n g l e  vent, tkrt  qaa will 
28 fLdred. The wsrar: caaa exposure e a t i z a t a  will c e t ~ a s p o n ~  t 3  a 

:andflX w i t 2  no collec+~:.-. sy$E&n+ I=, which case the emtsaicna w i l l  
cake ?lace kz rn  cver t k a  whole S U Z ~ J C I  area BC tEe 1 Tile 

. cancantrac icns  :=ern such araa e a i s s i o n s  a r e  cona ids r ab ly  Lower Can 
t5.05e f = O m  a vent p ipe  ewLt=fng t k e  same t t t a l  q u a n t i t y  o f  gar, ae 
equal distances f r s m  tha edqa of tt.4 area at t.?e vent ?ipe* 

TO maka an ejtf3ate of t!aa wots: ca je  emissicns, c ? ~ S i d a r  *&a 
l ~ d i i l l  lebeLled X above (Table 1.1) . T ~ L S  ras ptevicusly used P3= 

re co-di:POsal of  hazardous raa:s a3 weLl a3 .aunLcigal waa:o. ... a t o t a l  
emiss?on rate x unit risk :a: a lmdzil?. ?s 3 .? n J / s ,  aad i: 
cer.:af.?s 12 .6  mAflion t o m  o l  :etuse. The worst case urlL acts= with 
maxLc~U3L ami83ions Fer Lli: area of  Landf i l l ,  $0  we will assuss wa3Ca 
?ilsd ts a height o f  LO0 f e e t  and t an averaqa dansi:Y O f  I 
tsn/cg. yd. tdoublo . that aaslt3ed in t.c.e e ? ~  Draft Docc3entl + :be 
entssian rate x unit risk ?ec u n i t  area f 3 t  tk i9  l anbf1f1  is 
8.2 x m / 1 ,  and tk-s l a n d f i i l  c svcrs  an area o f  about 3.2 x la5 
2 ,  carZea~onc!icg t o  a diameter of about: 640 m. 

3sing a CLapersion Godel f o r  area emis s ions ,  r e  find =>-ac 
a geraon zpendizg tkeir whole Lives 500 m from the edejo of auc! a 
LandffLL t k e  l i i a t i z e  risk is about: 20 x whiie even for a 
;ersen 3tayir.g p e m a n e n t l y  at the edge of :he 1 a n d Z i 1 1  tae liieti~8 

-6 r i s k  is cnly 5 0  x 1 0  . 
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T H E  D O W  C H E M I C A L  C O M P A N Y  

~AIOLANO MICHIGAN 48674 

1803 BUILDING 
July 3,1990 

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

Dear Ms. Cook: 

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

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

assessments. 

Pleased call on us should you require additional information. 

Sincerelv, 

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

kal 

Attachments 



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

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

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

Pharmacokinetic Information 

Pharmacokinetic (PK) infonnation can be used in two ways to augment risk 
assessments for vinyl chloride. PK data have been used to demonstrate and 
explain nonlinear behav~or at both the high dose and low dose portions of 
the dose-response curve. The bioassay data of Maltoni (1979) clearly indicated 
a plateau in the dose-response curve at high doses. This phenomenon can be 
explained by the use of a Michaelis-Menton function to calculate metabolite 
concentrations, as suggested by Watanabe e t  al.  (1976), and implemented by 
Gehring et al .  (19781, Crump (1982) and USEPA (1987). However, this 
methodology only explains the hicrh-dose - results in the animal bioassay 
rather than addressing the problem of low-dose extrapolation. Low-dose risk 
assessments utilizing PK data have been discussed by Gehring et al. (1979) and 
Anderson et al.  (1980). 

O Q Q O 7 ~ ~  



Purchase et al. (1980) reviewed risk assessments for VCM and showed that. 
among the linear models used, risk estimates vaned from the current DHS 
value, (equivalent to a unit risk of 20 x lo(-5) per ppb), upwards (less risk) at 
least a factor of 100-fold. The different values derived from anunal models 
vary primarilv on the basis of whether or not pharrnacokinetic information 
has been uiilized in the assessment. In evaluating the use of 
pharmacokinetic data, Anderson et al. (1980) condude that: "Based on the 
present understanding of the mechanism of cardnogenesis, we believe this to 
be a more rational approach to the low-dose extrapolation problem." 

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

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

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

Risk assessments derived from epidemiology data 

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

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



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

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

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

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

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

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

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

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

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

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

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



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

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

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

400 pprn 
30 years 

400 pprn 
20 years 

300 pprn 
30 years 

300 pprn 
20 years 

200 pprn 
30 years 

200 pprn 
20 years 

100 pprn 
30 years 

100 pprn 
10 years 

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



A. COMMENT FROM THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

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

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

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

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

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

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

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



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

&uLce 
BKK Landf i 1 1  

- 
44-197 1987 

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

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

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

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



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

Response: Preliminary Landfill Gas Testing Program data have been 
included at appropriate places in the revised vinyl chloride 
report. In addition, a table of Landfill Gas Testing Program 
data has been provided in Appendix VI. 
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DEPARTMENT OF HEALTH SERVICES RESPONSES TO COMMENTS ON PART B 



RESPONSE TO COMMENTS: 

WASTE MANAGEMENT OF NORTH AMERICA. INC. 

June 11, 1990 

PUBLIC HEALTH RISK OF VINYL, CHLORIDE 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

conservative. 

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

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

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

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

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

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

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

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

is only 50 x * n  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

RESPONSE: The linearized multistage model affords an efficient unified approach 

to determining carcinogenic potencies of most substances for which there are 

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

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

This model accommodates phannacokinetic conversion of dose rate and can account 

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

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

simple linear regression becomes inappropriate at high doses in many animal 

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

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

model would introduce some bias into the low dose extrapolation. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

uncertainty. Furthermore, the present approach uses other' assumptions that are 
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designed to be somewhat health protective in the absence of precise knowledge. 

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

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

may overpredict or underpredict human risk. 

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

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

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

of the Krewski et al. analysis is necessary." 

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

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

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

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

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

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

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

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

limitations is inappropriate for this document. 

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

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

is unclear whether the Maltoni experiments were conducted in his medieval 

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

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

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

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

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

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

et al. but also with Bi et al. 

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

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

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

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

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

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

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

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

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

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

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

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

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

closely linked to the biological observations of cell proliferation than the 

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

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

worth consideration. 



RESPONSE TO COMMENTS: 
THE DOW CHEMICAL COMPANY 

July 3, 1990 

Derivation of a Unit Risk for Vinyl Chloride 

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

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

Pharmacokinetic Information 

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

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

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

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

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

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

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

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



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

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

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

Risk Assessments Derived from Epidemiology Data 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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




