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INTRODUCTION

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

The ARB is the state agency responsible for the identification
of TACs in their non-pesticidal uses. .The California Health and Safety
Code Section 39655 defines a TAC as “an air pollutant which may cause or
contribute to an increase in mortality or an increase in serious
illness, or which may pose a present or potential hazard to human
health." The findings of the Part A report are considered with the
health effects findings (Part B report) of the Department of Health
Services (DHS) to determine if a compound should be identified as a
TAC by the ARB.

In 1978, the ARB adopted an ambient air quality standard for
vinyl chloride of 10 ppb for a 24-hour average. The standard
represented the 1imit of detection for vinyl chloride at the time it was
adopted.

Vinyl chloride is an extremely volatile compound that 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
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construction industry. In California, the identified sources of vinyl
chloride emissions are landfills, PVC production and fabrication
facilities, and sewage treatment plants.

Available information indicates that landfills are the largest
source category of vinyl chloride emissions in California. Vinyl
chloride has been measured in the ambient air near hazardous waste and
municipal waste landfills. Numerous studies have documented the
presence of vinyl chloride in the landfill gas of these and other
landfills, and have shown that vinyl chloride can be formed in landfills
where chlorinated organic compounds have been disposed. Therefore,
because disposal of such chlorinated compounds is prevalent, the staff
recommends that all landfills (hazardous and municipal) in the state
be reqarded as potential vinyl chloride emission sources.

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
results show that people living near these landfills are exposed to
elevated levels of vinyl chloride. The results also imply that people
residing near other landfills in the state may be exposed to elevated
levels of vinyl chioride. In addition to estimating ambient air
exposure, this report aiso evaluates indoor air exposure to vinyl
chioride.

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 landfills, inhalation of indoor air
may represent the most significant source of vinyl chloride exposure.
This is because vinyl chioride can migrate underground from landfills
and accumulate in nearby structures. The concentrations of vinyl
chloride measured in homes located near landfills have been reported to
be several times greater than the corresponding ambient concentrations.

- A-2
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EXPOSURE TO YINYL CHLORIDE

A. AMBIENT MONITORING IN CALIFORNIA

Vinyl chloride is frequently detected in the ambient air of
California. Howaver, detectable levels are limited to locations near
identified emission sources. Previous monitoring throughout the South
Coast Air Basin (SCAB), as part of the ARB's ambient monitoring network,
has failed to detect vinyl chloride above the ARB's 1imit of detection
(LOD) of 0.5 ppb. In recent years, the only known emission sources in
California near which vinyl chloride has been frequently detected in the
ambient air are two landfills in the 5CAB: BKK and Operating Industries
Inc. (0II). For both of these landfills, the South Coast Air Quality
Management District (SCAQMD) has frequently measured ambient vinyl
chloride concentrations above the SCAQMD's LOD of 2 ppb. The analysis
in this report estimates ambient concentrations and population exposure
to vinyl chloride near BKK and OIl because they are the only landfills
in the state where vinyl chloride has been routinely monitored on a
long-term basis.

In response to the lack of monitoring data for other landfills,
Health and Safety Code Section 41805.5 requires hazardous and municipal
landfills throughout the state to conduct monitoring for several
contaminants that include vinyl chloride. As these monitoring results
are evaluated, they will be helpful in identifying which landfills could
be expected to emit vinyl chloride and warrant further monitoring
studies or mitigation measures. A more detailed description of the
requirements of Health and Safety Code Section 41805.5 is provided on
page A-31,

The SCAQMD's monitoring program for vinyl chloride at BKK and 0II
has consisted of six monitoring stations. Three stations have been
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located on the southern borders of each landfill. Previous monitoring
around both landfills has indicated that the southern borders are
generally where the highest concentrations are detected. Al1 samples
are 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.

Topographical maps of the BKK and Q0II landfills are provided
respectively in Figures II-1 and II-2. These figures show the
approximate perimeter of the landfills, the approximate locations of the
monitoring sites, and proximity of streets to the landfills. As
indicated by the maps, the southern borders of BKK and QII 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.

Ambient air samples used to estimate population exposure near BKK
and 0II were collected from January through December 1987 and January
through December 1986, respectively. When the exposure analysis was
performed, these sampiing periods represented the most recent caiendar
years of monitoring data that were available. For BKK, 337 to 34%
sampies were taken at each of the monitoring sites; of those sites, a
range of 55 to 90 percent of the samples are below the L0OD of 2 ppb. For -
O0IT, 128 to 264 samplies were taken at each of the monitoring sites; of
those sites, 32 to 100 percent of the samples are below the LOD.

The ambient vinyl chloride monitoring data for BKK and 0II are
summarized in Tables II-1 and 1I-2, respectively. Each table provides
the number of samples taken at each site, the percent of samplies below
the LOD, an estimate for the values below the LOD, the estimated mean
concantration, and the maximum 24-hour concentration that was measured.

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

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

Gleit's method accounts for the concentrations below the LOD by
setting them equal to the "below-L0D mean," the mean of the portion of
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FIGURE II-1
BKK LANDFILL AND THE SURROUNDING AREA
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FIGURE I1I-2
OIT LANDFILL AND THE SURROUNDING AREA
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the normal distribution below the LOD. Setting the unknown

concentrations to their average value seems intuitively reasonable, and
the simulations reported in Gleit's paper show that his method is more
accurate than other commonly used approximations. A detailed
description of the method used to estimate the concentration of data
below the LOD is provided on Appendix II.

The estimated values for samples beiow the (0D range from 1.0 ppb
to 1.1 ppb for BKK and from 1.0 ppb to 1.2 ppb for QII. As previously
indicated, the specific value for each station is shown in Table II-1
for BKK and II-2 for 0lI. Because all samples for site 1 of QII are
below the LOD, Gleit's method could not be used to estimate their
concentration. Therefore, a value of one-half the LOD (1.0 ppb) is
assumed for these samples.

TABLE II-1

SUMMARY STATISTICS FOR THE JANUARY 1987 THROUGH
DECEMBER 1987 MONITORING DATA FOR VINYL CHLORIDE
NEAR BKK LANDFILL
(Concentrations reported in parts per billion (ppb))

Number of Samples - 337 337 345

Percent of Samples Below the Loo? 73 90 65

Estimated Concentration forb , 1.0 1.0 1.1
Samples Below the LOD

Estimated Mean ° ) 1.2 2.6

Concentration

Maximum 24-Hour Concentration® 15

a - The SCAQMD's 1imit of detection (LOD) for vinyl chloride is 2 ppb.
b - Gleit's method was used to estimate the concentration of samples below
the LOD,

¢ - California's Ambient Air Quality Standard for vinyl chloride is 10 ppb
for a 24-hour averaging period.




-

NP A
i 4 t‘l’

- A5

The estimated mean vinyl chloride concentrations, as provided in Tables
II-1 and II-2 range from 1.2 ppb to 2.6 ppb for the monitoring stations at
BKK, and 1.0 ppb to 2.0 ppb for the monitoring stations at O0Il. For all
stations, except station 3 of BKK, the estimated annual mean concentration is
equal to or less than the SCAQMD's LOD for vinyl chloride.

Tables II-1 and II-2 also list the maximum Z24-hour concentration of
vinyl chloride for each monitoring station at BKK and OII, respectively. For
BKK, the maximum 24-hour concentration is 15 ppb (measured at station 3); for
0I1 the maximum concentration is 9.8 ppb (measured at station 3), These
concentrations can be compared to ARB's ambient air quality standard for vinyl
chioride of 10 ppb for a 24-hour averaging period. The standard was

TABLE II-2

SUMMARY STATISTICS FOR THE JANUARY 1986 THROUGH
DECEMBER 1986 MONITORING DATA FOR VINYL CHLORIDE
NEAR OII LANDFILL
(Concentrations reported in parts per billion (ppb))

Station 1 Station 2 Statien 3

Number of Samples 264 220 128
Percent of Samples Below the LOD? 100 41 32
Estimated Concentration forb 1.0 1.1 1.2
Samples Below the LOD

Estimated Mean® 1.0 2.0 2.0
Concentration

Maximum 24-Hour Concentration® d 8.3 9.8
a - The SCAQMD's 1imit of detection (LOD) for vinyl chloride is 2 ppb.

b - Gleit's method was used to estimate the concentration of samples below
the LOD.

¢ - California's Ambient Air Quality Standard for vinyl chloride is 10 ppb
for a 24-hour average.

d - All samples are below the LOD

A-8
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adopted in 1978 in response to information which associated vinyl
¢chloride with the development of cancer in humans. However, the
standard is not necessarily health protective; it simply represented the
LOD at the time it was adopted. For the monitoring periods presented in
this report, BKK exceeded the state standard for vinyl chloride 11 times
(all exceedances occurred at site 3) while OII did not exceed the
standard. Based on previous years of monitoring data, the number of
exceedances at BKK and OII has decreased substantially. In fact, due to
the lack of exceedances of the standard, the SCAQMD discontinued
monitoring for vinyl chloride at OII in early 1987. The reduction in
ambient concentrations of vinyl chloride near BKK and O0II has been
attributed to the instailation of gas collection and flare systems.

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

The following text discusses the statistical treatment that is
used:

a) After reviewing the ambient vinyl chloride monitoring data for
BKK and 0II, the staff observed that the data appear to be
lognormally distributed. Because available software analyze
data that are only normally distributed, vinyl chloride
monitoring data were first converted from a lognormal
distribution to a normal distribution. This was done by using
the logarithms of the data for: the analysis. The statistical
analysis system (SAS, 1982) was used to calculate the standard
error about the mean. The standard error calculated from the
logarithms of the data is then converted back into
concentration units by taking the antilogarithms.

The upper and lower bound estimates reported for the mean
represent two standard errors. For the error associated with
sampling and analysis, ARB staff used an overall uncertainty
factor of + 20 percent to calculate the upper and lower bound
estimates of the mean. This is in agreement with the actual
error which is estimated to be + 1 ppb in the range of 1 ppb to
50 ppb. The lower bound estimate represents two standard
errors for the data with each sample concentration reduyced by
20 percent. The upper bound estimate represents two standard
errors for the data with each sampie concentration increased by
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20 percent. Upper and lower bound estimates for each station
are shown in Table 1I-3. Because all values for station 1 of
Q0I1 are below the LOD, the upper and lower bound estimates
represent + 20 percent of one-half the LCD.

B. ESTIMATING AMBIENT CONCENTRATIONS

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

The estimated emission rates were derived by ratioing estimated
annual mean concentrations over modeled concentrations for each station.
TABLE II-3

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

Lower bound Annual Mean Upper Bound
Estimate Concentration Estimate
BKK Landfill
Station 1 1.2 . 1.7 2.1
Station 2 0.9 1.2 1.4 o
Station 3 1.9 2.6 3.4
QII Landfill
x
Station 1 0.8 1.0 1.2
Station 2 1.4 2.0 2.8
Station 3 1.4 2.0 2.6

* - All sampies are below the LOD of 2 ppb.
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D)
The modeled concentrations were determined by assuming a landfilé
emis§1ge rate of | gram per square meter per second (gram meter
second °) in conjunction with historical meteorolegical 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 assuQed to emit vinyl chloride from an area of
approximately 1,700,000 meters™ while O0II was assumedzto emit vinyl
chloride from an area of approximately 330,000 meters™. These assumed
areas approximate the area where wastes have been disposed.
Meteorological data for 1981 at the SCAQMD's Walnut and Upland stations
were used for BKK and QlI, respectively. Meteorological data from these
stations were used for this study because Walnut was considered the most
representative station for BKK where processed data were available while
Upland was considered the most representative station for OII where
processed data were available. These data were entered into the ISCST
model to calculate the annual average modeled concentration at each
monitoring station. Because one year of meteorological data is used,
one modeled concentration is obtained for each monitoring station at BKK
and 0II. For each site at BKK and OIl the modeled concentration was
divided into the estimated mean concentration (from Table II-3) of its
respective monitoring station. The resulting factors or ragios were,
then multiplied by the assumed emission rate (1 gram meter second *)
to estimate a landfill emission rate for each monitoring station that
will result in an exact match between estimated and modeled
concentrations. Equation (1) illustrates the procedure that was used:

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

The estimated landfill emission rates for each monitoring station
at BKK and OII are given in Table II-4. The emission rate derived from
the estimated mean concentration for each monitoring station and the
emission rates derived from the upper and lower bound estimates of the
mean concentration for each monitoring station are listed. The greatest
range_gf estimated emission rates for BKK is from 0.75 micrograms 2
meter ".second” " (lower bound at station 2) to 3.32 micrograms meter”
second ° (upper bound at station 3). Egr 0II, gge estimated emission
rates range from 0.31 micrograms metsr secogd( (lower bound at

station 1) to 4.42 micrograms meter second - (upper bound at station
3).

Using the fg}1 range_gf emission rate estimates (0.75 to 3.32
microggfms meter ~ second ° for BKK and 0.31 to 4.42 micrograms meter”
second ~ for OII), a range of estimated annual average vinyl chloride

concentrations was derived for the 41 by 41 grid of one square kilometer

2

CMA 0103543

%




TABLE II-4

ESTIMATED EMISSION RATES OF VINYL CHLORIDE

FROM BKK AND OII LANDFILL§
(micrograms meters “ second

Lower Bound? Average® Upper Bound®

BKK Landfiil
Station 1
Station 2
Station 3
QIT Landfill
Station 1 0.31 0.38 0.46
Station 2 0.52 0.74 1.04

Station 3 2.69 3.46 4.42

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

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

cells. Each landfill was located in the center of the grid and was
represented as an area source. As previously stated, BKK was assuQed to
emit vinyl chloride from an area of approximately 1, 700 000 meters

while O0I] was assumed to emi& vinyl chloride from an area of
approximately 330,000 meters These areas approximate the area where
wastes have been disposed at each landfill. However, because subsurface
migration of landfill gases has been observed at BKK and 0II, it is
possible that emissions of vinyl chloride occur over an area
substantially greater than where wastes have actually been disposed.

The ISCST model used the range of estimated emission rates assuming no
plume rise in conjunction with historical meteorological data to predict
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a range of annual average concentrations for each of the 1681 one square
kilometer cells. The annual average concentrations of vinyl chloride
predicted for the one square kilometer ceils within the grid centered on
BKK, range from less than 0.1 ppb to approximateiy 22 ppb. For OII, the
range is from less than 0.1 ppb to approximately 3.8 ppb.

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

1)  Vinyl chloride is assumed to bg emitted from an area of 2
approximately 1,700,000 meters™ for BKK and 330,000 meters
for 0II. Although these areas approximate the area where
wastes have been disposed, data are not available to
demonstrate that these areas actually represent where vinyl
chloride emissions occur. Emissions of vinyl chloride may
occur over an area which is either larger or smaller than that
assumed.

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

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

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

C. POPULATION EXPOSURE
The population exposure to vinyl chloride near BKK and OII was

estimated by using the grid cell concentrations estimated from the ISCST
model in conjunction with 1985 updated census data. Estimates of the

Al
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cumulative population exposed to various concentration levels of viny]
chloride near BKK and 011 landfills are shown in Tables II-5 and II-6.
The 1985 residential population estimates were determined for each 1
kilometer grid cell with the concentration determined at the center of
each cell by the ISCST model. The 1,681 grid cells, with their
associated populations, were sorted from high to low by concentration.
The grid cell populations were then summed to determine the cumulative
population exposed to a certain level of vinyl chloride. For Tables II-
5 and II-6, a lower bound of exposure is estimated. This range of

TABLE II-6

RANGE OF CUMULATIVE POPULATION EXPOSED
TO VINYL CHLORIDE NEAR BKK

Vinyl Chloride

Concentration
(opb) Range of Cumulative Population Exposed
LowerTBoung Upper-;Boundb
Estimate Estimate -

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

0.05 732,000 - 1,970,000

0.1 _ 374,000 - 1,431,000 '
1.0 17,000 - 131,000

2.0 0 - 54,000

3.0 | o - 28,000

4.0 0 - 20,000

5.0 0 - 14,000

6.0 0 - 7,000

7.0 0 - 2,500

a - The exposure estigate ij based on a vinyl chloride emission rate of 0.75
micrograms meter © sec.

b - The exposure estigate i3 based on a vinyl chloride emission rate of 3.32
micrograms meter © sec,

A-14
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TABLE II-6

RANGE OF CUMULATIVE POPULATION EXPOSED
TO VINYL CHLORIDE NEAR OII

Vinyl ChToride
Concentration

(ppb) Range of Cumulative Popylation Exposure

Lowgr-BoHnd Upper-Bognd
Estimate”  Estimate”

272,000 3,111,000
33,000 1,073,000
12,000 445,000

6,000 22,000
6,000 12,000
2,000 6,000

0 6,000

The exposure,estimate is based on an emission rate of 0.31 micrograms
meter = sec

The exgosure,estimate is based on an emission rate of 4.42 micrograms

mater sec

exposure represents the range and upper bound of concentrations
predicted for each of the one-square kilometer cells. Table II-5 shows
that approximately 732,000 to 1,970,000 people are exposed to an annual
average concentration of at Jeast 0.05 ppb of vinyl chloride from the
BKK landfill. Approximately 17,000 to 131,000 of these people are
exposed to an annual average concentration of at least 1.0 ppb from this
facility. Table II-6 shows that approximately 33,000 to 1,073,000
people are exposed to an annual average concentration of at least 0.05
ppb of vinyl chloride from the QII landfill. Additionally, Table II-6
shows that a range from 0 to 12,700 people are exposed to an annual
average concentration of at least 1.0 ppb vinyl chioride near 0QII.
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In addition to estimating the cumuiative population exposure to

vinyl._chloride for people 1iving near BKK and 0II, the population-

weighted exposure results were calculated. The population-weighted

exposure is calculated by multiplying the estimated annual average

concentration for each cell by the population represented by the cell.

The exnosure results for the 1681 cells are subsequently summed and

divided by the total population represented by the 1681 cells. Ffor BKK,

the population-weighted exposure results show that 2,154,000 people are

exposed to an annual average vinyl chloride concentration ranging from

0.08 ppb to 0.34 ppb. For OIl the population-weighted exposure results

show that 4,287,000 people are exposed to an annual average vinyl

chloride concentration ranging from 0.004 ppb to 0.06 ppb.

The model was also used to estimate the annual average
concentrations for the maximum exposed individual at each landfill. For
BKK, the maximum exposed individual is estimated to be exposed to an
annual average concentration ranging from 2.3 ppb to 10.3 ppb. For 0II,
the maximum exposed individual is estimated to be exposed to an annual
average concentration ranging from 0.6 to 8.7 ppb.

The population exposure results for BKK and OII suggest that other
landfills in California that emit vinyl chloride may expose the nearby
population to elevated concentrations. However, because monitoring data
for other landfills is limited, we are unable to estimate population
exposure near other landfills in the State. Chapter III of this report
discusses other vinyl chloride monitoring data that are available as
well as existing programs intended to provide more information
concerning vinyl chloride emissions and exposure resulting from other
landfills in California.

D. INDOOR EXPQSURE TO VINYL CHLORIDE

With the exception of some homes located near landfills, indoor
concentrations of vinyl chloride are not expected to be substantially
greater than outdoor concentrations. Although data are limited, the
above statement is supported by the following facts: 1) few indoor
sources of vinyl chioride 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. Homes situated near landfills can accumulate
vinyl chloride resulting in indoor concentrations that may be several
times greater than general outdoor concentrations. In some houses
located near landfills, vinyl chloride has been detected at
concentrations up to 100 ppb.

We estimate that people living near landfills may be inhaling up to
2600 micrograms of vinyl chloride a day (see Appendix for III
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assumptions). For these individuals, inhalation of vinyl chloride
indoors is expected to represent the most significant source of
exposure. A more detailed discussion of indoor exposure to air
contaminants is presented in Appendix II1I.

1. Potential Sources of Indoor Yinyl Chloride

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

. There are at Teast two ways
that vinyl chloride emissions from landfills may contribute to indoor
concentrations of vinyl chloride in nearby residences: 1) homes that are
located downwind from landfills can receive vinyl chloride through
direct outdoor air influx into indoor environments; and 2) landfill
gases containing vinyl chloride can migrate underground and enter homes
through substructures. The rate of accumulation of vinyl chloride
indoors depends on several factors including soil permeability, source
strength, air exchange rate, and structure of the home. In addition,
higher indoor concentrations may occur because vinyi chloride is more
rapidly destroyed in outdoor air than indoor air because of direct
exposure to suniight.

j Plastic products
made of PYC 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). 1In the past, residual vinyl chloride
concentrations in PYC resins at the time of shipment, were as high as
2000 ppm. Currently, PVC resins contain about 10 ppm residual vinyl
chloride at the time of shipment and may lose vinyl chloride at a rate
of 20 to 50 percent per month during storage. In addition, most of the
vinyl chloride will vaporize and escape during the high temperature
processes in which PYC resins are meited and made into final products.
Thus, consumer products made of PVC resins no longer contain elevated
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residual levels of vinyl chloride monomer and, therefore, are not
expected to be an important contributor of indoor levels of vinyl
chloride.

;4-

Yaporization from Water Sources. B8ecause 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 ground water quality, the California
Qepartment of Health Services reported, based on a limit of detection of
0.5 micrograms/liter, that one out of the 2,947 wells for large public
water systems that were sampled had detectable levels of vinyl chloride
(DHS, 1986). The maximum concentration found in that well was 23
micrograms/liter with a median value of 20 micrograms/liter. Vinyl
chloride has not been detected in wells used for small pubiic water
systems (DHS, 1987). Therefore, vinyl chloride in the water supply is
not believed to significantly impact indoor air concentrations of vinyl
chloride.

. A minute amount of vinyl chloride has been -
identified in the smoke of cigarettes (1.3 to 16 nanograms/cigarette)
and of little cigars (14 to 27 nanograms/cigar) (IARC, 1985; Hoffmann,
Patrianakos and Brunnemann, 1976). The vinyl chloride level in the
mainstream smoke may be estimated by the total inorganic chioride
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.

2. Indoor Monitoring Data

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

Based on limited personal sampling
data, it appears that 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 occasions, all of
the 138 air sampies taken were below the LOD (Wallace et al., 1984),

The LOD was reporged to range from 0.25 ppb to 1.11 ppb (0.63 to 2.84
micrograms meter
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Fixed-Site Sampoling Data. For a study conducted in

Califernia, fixed-site monitoring stations were installed to monitor
indoor and outdoor air concentrations of vinyl chloride. Based on the
analysis of 32 indoor samples taken in eight homes during summer season
for two twelve-hour sampling periods (daytime and nighttime),
concentrations of vinyl chloride are all below the LOD. The samples
were analyzed by two analytical methods with LODs_Eanging from about
0.21 ppb to 55 ppb (0.55 and 140 micrograms meter ~) (Pellizzari, 1989).

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

Spacial Sjtuation Air Monitoring. In 1981, the SCAQMD
collected 24-hour bag samples in the vicinity of BKK landfill. Over 500
air samples were taken at two outdoor sites and at four indoor sites
downwind of the landfill (SCAQMD, 1982). Al1l of the samples
(approximately 120 samples) that equaled or excegged the state vinyl
chloride standard of 10 ppb (26 micrograms meter ) were taken inside
the residences. The highest recorded indoor vigyl chloride
concentration was 50 ppb (130 micgg rams/meter ) The LOD was reported
to be 2 ppb (5.2 micrograms meter ?.

In 1985, the SCAQMD collected grab-samples inside some residences
adjacent to OII. The sampling study was prompted by the SCAQMD's
finding of elevated levels of vinyl chloride in several water meter
boxes in homes adjacent to QII. Indoor sampling results show vinyl
chlorjge concentrations ranging from 8 to 100 ppb (20.8-260 micrograms
meter ~) (SCAQMD, 1985). Presently, indoor concentrations of vinyl
chloride in these residences are believed to be substantially lower
because routine monitoring of water meter boxes has not detected
significant levels of landfill gases. This has been attributed to
improvements in the OIl landfili gas collection system (Coy, 1987).

E. EXPOSURE THROUGH OTHER ROUTES

While the main objective of this report is to estimate exposure
through the air, exposure to vinyl chloride may also occur from the
ingestion of food and water that contain residues of vinyl chloride.

The Health and Safety Code specifies that the ARB shall identify the
relative contribution to total exposure to the contaminant from indoor
concentrations, taking into account both ambient and indoor environments
(California Health and Safety Code, 1983). 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 chioride
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from different environmental media are presented in Table II-7. From
the table, exposure to vinyl chloride from the indoor air of homes not
located near landfills, food, and water appears to be minor. However,
for people living in houses located near landfills, indoor exposure to
vinyl chloride may represent the major source of total vinyl chloride
exposure. The need for total exposure assessment and some of the issues
and concepts involved in total exposure estimates are discussed in
Appendix III.

TABLE II-7
ESTIMATED VINYL CHLORIDE EXPOSURE THROUGH DIFFERENT MEDIA?

Media Daily Dose Reference
AIR

Ambient Air < 104 to 780 ug® Table II-1
Indoor Air

Homes not near a

landfills < 11 ug Wallace ef al., 1984

Homes near landfills up to 2600 ug SCAQMD, 1982

INGESTION

Drinking water:
Surface/Ground Water 1 ug DHS, 1986; 1987
Foeod including < 0.025 ug FDA, 1986
beverages

a - The assumptions that were used for Table II-.7 are provided in
Appendix III.
b - ug = Micrograms
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1. Water Ingestjon
" The major source of drinking water feor California 1s surface water
which, bectause of vinyl chloride's high volatility, 1s not
expected to have detectable levels of vinyl chloride. Ground water used

for public water systems is also relatively_{ree of vinyl chloride with
concentrations typically below 0.5 ug liter * (DHS, 13987, 1986). Based

on this information, staff believe that exposure to vinyl chloride
through drinking water is not important under ordinary situations.

2. Food Ingestion

Yinyl chloride is not routinely monitored for in U.3. food
products. However, before 1973, vinyl chloride was found in food and
be!?rages packaged in vinyl chloride polymer materials (IARC, 1979).
kg~ (ppm) of vinyl chloride monomer were present in alcoholic beverages
packaged in this material. Vinyl chioride was also found in edible
oili, butter and margarine at concentrations ranging from 0.05-14.8 mg
kg When cleaner PVC resins became available after 1975, vinyl
chloride polymer containers typically contained less than 10 ppb of
residual vinyl chloride monomer. In its recent rule-making proposal,
the Food and Drug Administration (FDA) estimated Jifetime-averaged
individual exposure.to vinyl chloride from food and beverages packaged
with vinyl chloride polymer materials would not exceed 25 nanograms per
day.
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California Health and Safety Code, 1989., Section 39660.5 (d).
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PRODUCTION, USES AND EMISSIONS

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

Based on the emission estimates for two landfills in California
(BKK and 0II), 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. However, without monitoring data which
shows otherwise, all of the state's landfills should be regarded as
potential vinyl chloride emission sources. Other known emission sources
of vinyl chloride in the state include PVC production and fabrication
facilities, and sewage treatment plants.

A. PRODUCTION

Commercial production of vinyl chloride in the United States began
in 1936. During the first year of production, two thousand tons were
produced (CEN, 1984). With a reported annual U.S. production of 3.8
million tons, vinyl chloride ranked 21st on a list of the most produced
chemicals in the United States in 1984 (CEN, 198%a). Figure III-1 shows
the production, imports, exports, and use of vinyl chloride from 1974
through 1984 (CEN, 1985a; US DOC, 1985a; and US DOC, 1985b). During
this 10-year period, vinyl chloride production increased at an average
annual rate of 3% (CEN, 1985a). More recent estimates for U.S. viny]
chloride production are 4.7 million tons and 4.2 million tons for 1985
and 1986, respectively (CEN, 1987).
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FIGURE III-1
NATIONAL YINYL CHLORIDE PRODUCTION, IMPORTS, EXPORTS, AND USE
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Two facilities in California currently use vinyl chloride to
produce PYC. Two other facilities in the State that were producing PVC
ceased production, one in 1982 and the other in 1985 (Personal '
Communication, 1985a, 1985b, 1985¢; and Zwiacher, W. et al., 1983).

B. CURRENT AND PROJECTED USES

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

The growth of the vinyl chloride industry is closely tied to PVC
use. Historical data for California show the number of housing units in

the construction industry increased from approximately 1.0 million units
in 1981 to 1.8 million units in 1986 (U.S. DOC, 1987). If this growth
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1n the construction industry continues, the PVC use by this industry is
also expected to increase. Data are not available to forecast the use
of PYC in other sectors. However, the total United States demand for
PYC has been forecasted to increase by approximately 3 to § percent
annually from 1985 to 1990 (CMR, 1985).

C. LANDFILLS: A MAJOR EMISSION SOURCE

Landfills are estimated to be the largest source category of vinyl
chioride emissions in California. However, because landfills vary in
the amount and composition of wastes they accept as well as the wasie
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
jandfills, and some methods used to control landfill emissions.

1. Iypes of Landfills

There are three types of landfills in California: Class I sites
(e.g., BKK, located in West Covina) which accept all types of wastes
including hazardous materials; Class II sites (e.g., Operating
Industries Inc. (OII), located in Monterey Park) which normalily accept
only “"non-hazardous” wastes but can accept certain types of hazardous

wastes (ARB, 1982b); and Class III (municipal or sanitary landfills)
sites which can accept only household wastes. In California, there are
fourteen Class I sites (includes two open and twelve closed facilities),
210 Class II sites, and approximately 2000 Class III sites (ARB, 1982b;
WRQCB, 1987).

2. Land Disposal Methods

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

landfills. In landcovering, wastes are spread over the land. At the
end of each day, the wastes are covered with approximately si1x inches to
12 inches of cover. Ultimately, the wastes are covered with a layer of
cover material that is at least four feet deep.

3. Landfill Emissions

Emissions of vinyl chloride from landfills mainly occur by two
mechanisms: 1) direct vinyl chloride emissions from disposed wastes
which contain vinyl chloride; and 2) the formation of vinyl chloride
from the biodegradation of chlorinated hydrocarbons. Other minor
mechanisms by which vinyl chloride emissions may occur include chemical
reactions such as pyrolysis, surface photolysis, and hydrolysis of
trichloroethylene and other chlorinated hydrocarbons, and off-gassing of
PYC (Molton et al., 1987).

. 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 II or Class III landfills, Class I landfills
(e.g., BKK) at which vinyl chloride has been disposed are probably the
largest source of direct emissions of vinyl chloride. However, because =~ -~
vinyl chloride containing wastes may have been illegally disposed, Class
II and Class III landfills may also emit vinyl chloride directly.

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

Results of an ARB sponsored study demonstrated the formation of
vinyl chloride when soil samples from two municipal landfills were
incubated with chlorinated hydrocarbons (Molten et al., 1987). Similar
results were obtained when sludge samples were incubated with
chlorinated hydrocarbons. The evaluation of the biological mechanism
showed that vinyl chloride production occurred predominently 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, 1985; Beeman, et al., 1978; Wood et al., 1980; and Parsons et
al., 1984). Figure III-2 illustrates the pathways by which vinyl
chloride is formed from the dehalogenation (chlorine removal) of

A-27

cHAa 010560




FIGURE I1I-2
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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
unequivically 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 Tandfills as well as some Class II landfills
throughout the state. The halogenated wastes are composed of many of
the chlorinated compounds which can lead to the formation of vinyl
chloride. However, the amount of halogenated wastes previously disposed
in these facilities is unknown. Therefore, without monitoring data that
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shows otherwise, all Class I and Class II facilities (this includes open
and closed facilities) should be regarded as potential vinyl chloride
emission sources.

Industrially generated halogenated wastes were never permitted to
be disposed in Class III facilities. However, many of the chlorinated
compounds which can lead to the formation of vinyl chloride are used
extensively in consumer products, which after use typically end up in
Class II1 landfills. The amount of chlorinated compounds remaining in
consumer products and disposed in landfills is not known. However,
because of the widespread use of these compounds in consumer products,
all Class III landfills (this includes open and closed facilities)
should be regarded as potential vinyl chloride emission sources.

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

A method to estimate vinyl chloride emissions where formation may
be occurring is to establish monitoring stations around landfill sites
to measure the 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 OII.

Landfill Emission Estimates. As previously stated, the
largest source category of vinyl chloride emissions in California is
landfills., Table III-1 summarizes vinyl chloride emission estimates for
the state's landfills. As indicated in the table, vinyl chloride
emissions have been estimated for BKK and OIl Jandfills. Although other
landfills (Classes I, II, and III) throughout the state may emit vinyl
chloride, the information necessary to estimate emissions is not
available. Thus, total vinyl chloride emissions from landfills may be
significantly greater than estimated in this report.

The vinyl chloride emission estimates for BKK and OII make several
assumptions. These assumptions are: 1) vinyl chloride is emitted from
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TABLE III-1
YINYL CHLORIDE LANDFILL EMISSION ESTIMATES

Source Emissions lnxgnlgnx

Soyrce Ivpe (fons/year) Ref.
BKK, West Covina Area 44-197 1987 ARB, 1988b
Qther Sites Area NA
0I1, Los Angeles Area 4.51 1986 ARB, 1988h
Qther Sites Area NA
Class III Landfills Area NA N
* - 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

an area of approximately 1,700,000 meters2 for BKK and 330,000 meters2
for OII; 2) annual average emission rates of vinyl chloride from BKK
and 0II are within the ranges estimated in Table II-4; and 3) emissions
of viny) chloride are uniform over the entire area of the landfill that
is estimated to emit vinyl chloride. Although these assumptions add
uncertainty to the emission estimates for BKK and 0II, ARB staff believe
they are sufficient to infer that landfills represent the largest
identified source category of vinyl chloride emissions in California.

Based on 1987 monitoring data for BKK, ARB staff estimate a_yinyl
chloride em1ssion rate ranging from 0.75 to 3.32 micrograms meter
second ° (see Table 1II-4). For BKK landfill, this translates to
estimated vinyl chloride emissions ranging from 44 and 197 tons per
year. Over BKK's history it is not known how much vinyl chloride
containing or halogenated wastes were disposed at the landfill.
However, in 1984, BKK received approximately 136,000 tons of volatile or
toxic wastes. An unknown portion of these wastes were halogenated
solvents (ARB, 1982b). For OII, ARB staff estimated a vigy) chlorjde
emission rate ranging from 0.31 to 4.42 micrograms meter ~ second

A-30

CMA 010563




(Table II-4). For the OII landfill, this translates to estimated vinyl
chloride emissions ranging from 4 and 51 tons per year. The amount of
halogenated wastes disposed at 0Il over its history is unknown.
However, in 1982, OII received 9,200 tons of volatile or toxic wastes.
As with BKK, an unknown portion of these wastes were halogenated
solvents (ARB, 1982a).

Other than for BKK and 0II, vinyl chloride emissions have not been
estimated for any of the state's landfill sites. However, based on test
results from several Class II and Class III landfills, it is expected
that many other landfills in California are vinyl chloride emission
sources.

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

To partially address the lack of monitoring data from other
landfills throughout in the state, Health and Safety Code Section
41805.5 (AB 3525 and subsequent amendments by AB 3374) requires the
development and implementation of landfill monitoring guidelines and the
reporting of monitoring results. The law requires the ARB to establish
guidelines to monitor gas migration, gas constituency, and the ambient
air at many of the hazardous and municipal waste landfills in California
(ARB, 1986; ARB, 1987). The testing guidelines identify viny] chloride
as one of the compounds requiring monitoring. Landfill operators were
required to report their results by July 1, 1987 with provisions for an
extension of not later than January 1, 1989. Presently, results for 386
municipal and hazardous waste landfills have been received by the ARB.
0f these 386 landfills, 288 performed landfill gas testing with vinyl
chloride detected in the gas of 136 sites. Concentrations of vinyl
chloride in the landfill gas of the tested sites ranged from below
detection to 120 ppm. As these monitoring results are evaluated, they
will be helpful in identifying which landfills could be expected to emit
vinyl chloride and warrant further monitoring studies or mitigation
measures.

3. as Collection Systems

For many landfills emissions are required to be controlled to
reduce odors as well as emissions of methane and toxicants. However,
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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 instalied a number of
wells and gas collection lines to help control gaseous emissions.
Although there are still potential sources of gaseous emissions such as
cracks at the landfill surface, pipe connections and valves, and burner
exhaust, ambient concentrations of vinyl chloride near BKK have been
decliining. Since installing their gas collection system, BKK has
continued to expand the system by adding welils and trenches. Since
installing a gas collection system at 0II, 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 ppb), ambient
monitoring at the perimeter of 0II was discontinued by the SCAQMD in
early 1987.

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 pliaced inside the hole. The space between
the pipe and the hole is backfilled with uncrushed gravel (Sanitation
Districts of Los Angeles County, 1984). A typical gas control system
showing both well and trench systems is shown in Figqure III-3.

FIGURE III-3

LANDFILL GAS COLLECTION SYSTEM

FLARING STATION OR GAS COLLECTION TRENCHES
GAS ~TO-ENERGY FAGILITY

WELLS

GAS
MONITORING
PROBE

Exi3TmG

GAS COLLECTION
HEADER PIPE

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

D. OTHER KNOWN EMISSION SOURCES

Other than landfills, emissions of vinyl chloride emissions occur
from: PYC production and fabrication, publicly-owned treatment works
(POTWs), ethylene dichloride production, vinyl chloride production,
methyl chloroform production, caprolactam production, and incomplete
incineration of chlorine containing materiais (Sittig, M., 1981;
Iwiacher et al., 1983; and Lamorte, M., 1978). 1In California, the
identified sources of vinyl chloride emissions that can be quantified
are PVYC production, PYC fabrication, and PQOTWs, Table III-2 provides
estimates of vinyl chloride emissions for identified sources.
Currently, there are no known vinyl chioride, ethylene dichioride,
methyl chloroform (TCA) or caprolactam production facilities operating
in the State.

TABLE III-2
SUMMARY OF VINYL CHLORIDE EMISSION ESTIMATES FOR OTHER SOURCES

Source Source Emissions Inventory Reference
Iype Tons/Year = Year
PYC Produyction Point <0.5 1988 ARB, 1988b
BYC Fabrication Point 0.75 1982 Iwiacher, et al,, 1983
BPOTWs Point 1.7 1985 Chang et al., 1987
On-sife Wastewater

Ireatment Plants Point NA
Waste Incinerators Point NA

Iransportation and
Accidental Spillage Area NA
NA ~ Net Available
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1. Polyvinyl Chloride (PVC) Productien
Three PVC producers reported emitting a cumulative total of 3 tons
of vinyl chtoride in 1984 (Personal Communication, 1985a, 1985b, and
1985¢c). In 1982, vinyl chloride emissions from these producers were
estimated to be 1.4 tons (Zwiacher, W. et al., 1983). A1l three
producers reported that they were in compliance with South Coast Air
Quality Managment District's (SCAQMD's) Rule 1163. This rule requires
that vinyl chloride emissions from designated plants not cause ambient
vinyl chloride levels to exceed 10 ppbv (parts per billion by volume)
during any 24-hour period when measured beyond the plant's property line
(Personal Communication, 1985a, 1985b, 1985c; and ARB, 1980). Rule 1163
was adopted by SCAQMD as part of their program to control vinyl chloride
emissions to 10 ppbv.

In 1984, the PVC producers operating in the State reported using
closed systems, incineration, routine leak surveys, and maintenance
programs as control technologies to comply with existing standards for
vinyl chloride emissions (Personal Communication, 1985a, 1985b, and
1988¢c). The primary control method used by the two PVC producers
currently operating in California is incineration. One facility
(facility A) uses gn afterburner with an operating temperature of
approximately 2000°F while the other facility (facility B) uses a -
catalytic type incinerator. Both facilities have a monitoring system
that continuously measures the vinyl chloride concentration within
various areas of the plant. Portable hydrocarbon (HC) detectors are
used to pinpoint leaks detected by the area monitoring system. These
plants are also inspected at least once a year by the SCAQMD Enforcement
Division to ensure compliance with district rules (Personal
Communication, 1985d).

The SCAQMD periodically conducts ambient monitoring for vinyl
chloride near the two PVC producers in.California. In addition to the
SCAQMD's monitoring program, the SCAQMD: requires one of the PVC
producers (facility A) to monitor the ambient air for vinyl chloride at
the perimeter of their facility on a daily basis. The other PVC
producer (facility B) is not required by the SCAQMD to conduct ongoing
offsite ambient monitoring for vinyl chloride. This is because:

1) historically, the facility has not exceeded the Ambient Air Quality
Standard for vinyl chloride; and 2) the process that is used to
manufacture latex emulsions is not expected to result in vinyl chloride
emissions as great as those associated with the other facility which
produces PYC resins. Generally, 24-hour average concentrations near
these facilities are below the 10 ppb standard. However, in October of
1988, the SCAQMD reported concentrations as high as 20 ppb for facility
A (Molita, 1989). As a result, the SCAQMD plans to conduct ambient
monitoring more frequently at this facility to ensure compliance with
the ambient air quality standard for vinyl chloride. The SCAQMD's
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monitoring results indicate that this PVC producer may contribute to the
public's exposure to vinyl chloride. Therefore, this facility should be
nvestigated in more detail when considering control measures to reduce

the public’'s exposure to vinyl chloride.

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

2. Polyvinyl Chloride Fabrication

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

The SCAQMD identified 33 PVC handling and fabrication facilities
under its jurisdiction with an estimated usage of 75,000 tons of PVC in
1982. The SCAQMD staff assumed that all vinyl chloride is emitted from
the fabrication processes. Using this assumption and a maximum RVC of
10 ppmw in PVC, the SCAQMD estimated that these handling and fabrication
facilities emitted approximateiy 0.75 ton of vinyl chloride in 1982
(Zwiacher, 1983). This estimate represents an upper bound condition
because the maximum RVC was used to estimate emissions, and because all
RVC from the incoming PVC was assumed to be emitted from the fabrication
processes. The vinyl chloride migration studies conducted by the
Environmental Protection Agency (EPA) indicated a much smaller
percentage of monomer is released during fabrication (U.S. EPA, 1982).

A typical reiease of vinyl chloride in the extrusion process was only 10
percent of that in the PYC (U.S. EPA, 1982).

3. Publicly-Owned Treatment Works

Publicly-owned treatment works (POTWs) are wastewater treatment
plants that are owned by public entities, and which consist of
wastewater collection systems, wastewater and sludge treatment
facilities, and effluent and sludge disposal systems. Users that
discharge wastewater into POTWs are normally classified as commercial,
industrial, and residential. The two primary mechanisms that result in
emissions of organic gases are volatilization and biodegradation.
Because POTWs treat wastewater which can contain vinyl chloride and
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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
Yalley, indicated that vinyl chloride is present in the anaerobic
digester tanks. Concentrations of up to 2.6 ppmv have been measured
(ARB, 1985). These digester tanks are equipped with pressure/vacuum
(P/V) valves to equilibrate the inside and outside pressure of the
tanks. These P/Y valves are potential sources of vinyl chloride
emissions along with fugitive emissions associated with pipe fittings
and valves.

In a study performed by the University of California at Davis
(UCD), researchers used a mass balance approach to estimate that
approximately 1.7 tons of vinyl chloride were emitted by POTWs in
California in 1985 (Chang et al., 1987). Specifically, the difference
between the concentration of vinyl chloride in the POTW influent and
effluent was assumed to be emitted to the atmosphere. This approach may -
be useful in assessing which POTWs constitute a threat to public health,
Howaver, because this approach does not take into account the formation
or degradation of vinyl chloride within POTWs, the resulting emission
estimates should only be considered rough approximations. In response
to the need for more information concerning emissions of toxicants from
POTWs, ARB is currently funding a research contract. When the research
is complete, the rasulting report will contain the most recent
information concerning the estimation of emissions of toxicants from
POTWs and POTW collection lines. The report will also address the
efficacy of POTW odor control systems on reducing emissions of toxic
compounds.

E. OTHER POTENTIAL EMISSION SOURCES

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

1. On-Site Wastewater Treatment Plants

As presented in the discussion on POTWs, wastewater treatment
facilities are sources of vinyl chloride emissions. At several
industrial facilities such as o0il refineries, chemical manufacturers,
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etc., industrial wastewater is normally treated before being discharged.
These wastewater treatment plants are also potential sources of viny]
chloride emissions.,

2. Waste Inciperators

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

3. Iransportation and Accidental Spillage

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

PERSISTENCE IN THE ATMOSPHERE

A. PHYSICAL PROPERTIES

The chemical structure of vinyl chioride (chloroethene,
chloroethylene) is CH,sCHC1. Vinyl chloride is a sweet smelling,
coloriess gas at ambignt temperature and pressure. It polymerizes in - -
light or in the presence of a catalyst. Vinyl chloride is readily
flammable and forms explosive mixtures in air. Upon combustion, it is
degraded mainly to hydrogen chloride gas, carbon monoxide, carbon
dioxide and traces of phosgene. Vinyl chloride is expected to
volatilize rapidly from water systems. Experimental data indicate that !
for an initial concentration of 1 ppm at a solution depth of 6.5 cm and
a stirring rate of 200 rpm, the average evaposative half-life of vinyl
chloride at a temperature of approximately 25°C is 27.6 minutes
(Dilling, 1977). Another study determined that distilled water spiked
with 16 ppm vinyl chloride lost 96 percent of the vinyl chloride within
two hours (U.S. EPA, 1974). Although it is soluble in ethanol,
industrial solvents, and a number of organic liquids, vinyl chloride is
only slightly soluble in water. Vinyl chloride's physical properties
are shown in Table IV-1.

B.  ATMOSPHERIC PERSISTENCE

Reaction with hydroxyl radicals is the dominant mechanism removing
vinyl chloride from the troposphere (1980; Atkinson, 1986a). Estimates
of vinyl chloride's tropospheric lifetime range from 0.5 to 5.8 days.
However, for reasons provided later in this section, ARB staff believe
that a tropospheric lifetime ranging from 1.6 to 3.9 days is
representative of typical atmospheric conditions. The rate at which
this reaction proceeds depends on the temperature and the tropospheric
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TABLE IV-1

PHYSICAL PROPERTIES OF VINYL CHLORIDE

Properties Yalye Reference

Boiling point, 1 Atm -13.37 % Merck Index, 1983
Molecular weight 62.5 Merck Index, 1983
Vapor Pressure, 20 °C 2530 mmHg Merck Index, 1983
Sol. in water, 25 °C 0.119/100g H20 Kirk-Othmer, 1980

Partition Coeff.HZOIair 10°  0.02 McConnell,G., et al., 1975

0ctano1/H20 Partition Coeff. 20.7 Withey, 1976
Specific gravity, 20/4 ¢ 0.912 Kirk-Othmer, 1980
Flash pt. open cup -77.8 °¢ Kirk-Othmer, 1980

3

Lig. Dens. -14.2 Cg/cm 0.969 Kirk-Othmer, 1980

Heat capacity, 27% 16.1 CRC Handbook, 1985

concentration of both vinyl chloride and hydroxyl radicals. The
temperature dependence of the reaction rate is incorporated in the rate
constant for the reaction of vinyl chloride with hydroxyl radicals. The
product of the rate constant and both species concentrations gives the
rate at which vinyl chloride is being degraded (Finlayson-Pitts and
Pitts, 1986).

The tropospheric lifetime of a compound is an estimate of the time
required for a given amount of the compound to decrease to 1/e (0.368)
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of its original concentration (at time zero). The tropospheric lifetime
(r) of vinyl chloride is related to the rate constant (k) and the
hydroxyl radical concentration ([.0H]) by the equation (1):

r = (k[.OH]) ! (1)

;“\ Q
t

)
i

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

Estimates have been made for the rate constant resulting from vinyl
chloride's reaction with hydroxyl radicals. Perry et al. (1977)
estimateg the abso&ute rate constants over the temperature range of 299
Kelvin ("K) to 426°K. The limiting high pressure rate cogiiant3f0r a
temperatury of 2997K,is estimated to be 6.60 - 0.66 x 10 cm
molecule second . Howard determined rate constants_for the
reaction of vinyl chloride with hydroxyl radicals at 296%K over a range
of pressure where the highest pressure employed had not reached the
Timiting high pressure regime (Howard et al., 1976). However, when data
obtained by Howard are extrapolated to the high pressyre limit, the
resultigg rate constant is approximately 7 x 10 cm” molecules
second * (Perry et al., 1976). This is in good agreement with the value
reported by Perry et al. Table IV~-2 summarizes the rate constant
estimates, atmospheric lifetime estimates, average temperature assumed,
and the method used to estimate the rate constant for the reaction of
vinyl chloride with hydroxyl radicals and ozone (03).

The 24-hour average hydroxyl radical concentragion in the6
troposphere h3s been estimated to range from 3 x 10" to 3 x 10
molecules cm ~ (Hewitt & Harrison, 1985). Because hydroxyl radicals are
only present during daylight, the actual range for daytime
concentrations is twice the 24-hour averages given above while nighttime
concentrations are essentially zero. Daytime hydroxyl radical
concentrations vary depending on many factors including photolytic
activity and the concentration of ozone as well as other pollutants in
the troposphere.

Using the rate constant desermined by Perry et al. for an average
tropospheric temperature of 299°K gnd a rangesof hydroxyl rggical
concentrations ranging from 3 x 10° to 3 x 10° molecyles cm ;, the
estimated tropospheric lifetime for vinyl chloride ranges from:

0.6 days for [.OH] = 3 x 10® molecules em™3
to

5.8 days for [.OH] = 3 x 10° molecules em™>
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TABLE IV-2

ATMOSPHERIC LIFETIME AND REACTION
RATE CONSTANT ESTIMATES FOR VINYL CHLORIDE

Atmosphericb

Rate? Temperature Lifet ime
Reactant Constant (Kelyin) Method (days) References

6.6 £ 0.66 x 10°12 FP-RF¢ 1.6 - 3.99 Perry et al., 1977
2.45 * 0.45 x 10719 S-FTIR® Zhang et al., 1983
2.3 x 10713 S-FTIR® 50 Gay et al., 1976

6.5 x 10721 s-uvd 4.9 years Sanhueza et al. 1976 =

3 1

Rate constant units are cm” molecule” 1

second .

The atmospheric lifetime is defined as the time required for a given amount of the
compound to decrease to l/e (0.368) of its original concentration (at time zero).

FP-RF = Flash photolysis, resonance flourescence.

Assumeg a 24-hour average hydroxyl radical concentration ranging from 0.5 x 105 to

1 x 107 molecules cm Cupitt, 1980).

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

ol2 3 (

Assumes a 24-hour average 03 concentration of 1 x 1 molecules cm~

Singh et
al., 1978).

35-UV = Static system, ultraviolet absorption.

- Not Reported

cHMA 010578




JRAFT

As previously indicated, the concentration of hydroxyl radicals in the
troposphere can vary considerably. However, several researchers
recommend 24-houg average hygroxyl radical_soncentrations which are

between 0.5 x 10¥ and 1 x 10° molecules cm - (Prinn et al., 1987; Winer,
1987; Singh et al., 1983; Cupitt, 1980; Cox et al., 1976; Davis et al.,
1976). By using this rapge of 24-hogr average hydggxy] radical
concentrations (0.5 x 10° to 1 x 10° molecules c¢cm ~) in conjunction
with the rate constants determined from Perry's rate constant at 299°K,
the resulting range in atmospheric lifetimes is from 1.6 to 3.9 days.
Using Howard's adjusted rate constant derived by extrapolating to the
high pressure limit, andsthe same range of hydroxyi radical
concentrations (0.5 x 10° to 1 x 10° molecules cm , the atmospheric
lifetime estimates for vinyl chloride ranges from 1.6 to 3.3 days.

The initial step in the reaction of vinyl chloride with hydroxyl
radicals proceeds by the addition of hydroxyl radical to the carbon-
carbon double bond. Although subsequent steps in the reaction mechanism
are unknown, reaction products have been identified (Atkinson, 1986b).
The major product resulting from hydroxyl radical attack on vinyl
chloride is formyl chloride. An ARB sponsored study demonstrated that
the yield of formyl chloride from the reaction of hydroxyl radicals with
vinyl chloride is unity (one molecule of formyl chloride for each
molecule of vinyl chloride) within the experimental error of the study - -
(Pitts et al., 1984). The observed unit yield of formyl chloride
implies a corresponding unit yield of formaldehyde and shows that the
reaction of vinyl chloride with hydroxyl radicals proceeds by
essentially 100 percent cleavage of the double bond. Equations (2)
through (6) summarize the overall reaction scheme which seems most
likely (Pitts et al., 1984).

.OH + CHZ-CHC1 ----- > HOCHZCHCI (2)

02 ' "'0.
HOCHZCHCI --------- > HOCH2 HC1 (3)

g"o. 8-
HOCI-Iz HC1 + N0 -===memeae > HOCI-I2 HC1 + NOz (4)
HOCHéSHCI ---------- > .CH,0H + HCoC! (5)
(formyl chloride)

.CHZDH + 02 -------- > HCHO + -HO, (8)

(formaldehyde)
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Under atmospheric conditions, the reaction of vinyl chloride with
ozone is not expected to be important compared to its reaction with
hydroxy! radicals (Atkinson, 1986a; Atkinson and Carter, 1984). Several
rate constant estimates have been made for the reaction of vinyl
chloride with ozone. Based on these rate constants, atmospheric
lifetime estimates range from about 47 days to approximately 5 years
(Zhang et al., 1983; Sanhueza et al., 1976). Table IV-2 summarizes the
atmospheric Jlifetime and rate constant estimates along with other
pertinent information for vinyl chloride's reaction with ozone. Due to
the variability among the estimated rate constants, a review publication
made no recommendations as to the rate constant for the reaction of
vinyl chloride with ozone (Atkinson and Carter, 1984). Furthermore,
because the reaction of 0., with vinyl chloride can be compliicated by
secondary reactions, the ?ate constants provided in Table IV-2 should be
considered to be upper bound limits.

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

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
photoliysis need not be considered. Reaction with nitrate radicals ]
(.NO,) may participate in the atmospheric removal of vinyl chloride.
HoweVer, no kinetic data for .NO., are available, and studies of .NO3
reactions are not yet sufficientqy advanced that lifetime estimates“can
be made (Finlayson-Pitts and Pitts, 1986).

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 (Yano
and Tschulkaw-Roux, 1980). In the study, 1,2-dichloroethane
photodissociated when irradiated with ultraviolet light at 147
nanometers (nm) under pressure and in the presence of NO and CF
additives. Although it was not the purpose of the study to ideﬁtify
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.

A-47
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APPENDIX I T

SCAQMD'S ANALYTICAL METHOD FOR SAMPLING AND AMALYSIS
OF ATMOSPHERIC VINYL CHLORIDE
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SAMPLING FREQUENCY

Once per month or at less fregquent intervals 'to be determined by

the Executive Officer. The landfill owner/éoerator nust f_i;l__e a

written request with the Executive Officer if he wants to sample

at intervals less frequent than nonthly. Such a recuest must be

supported with previous sampling results and other

documentation. In determining if the requested sampling

frecquency is appropriate, the Executive Officer will consider

previous ambient air sampling results, landfill surface sampling
\

results, landfill gas composition and ofher pertinent data. The

Executive Qfficer will notify the landfill owner/operator of his

decision in writing.

NUMBER OF: SAMPLES
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local nightly drainage patterns will also be sampled: All

sampling locations must be appro%ed by thé Executive Officer

prior to sampling.

SAMPLING CONDITIONS

Ambient air sampling will be conducted on daws when stable

(offshore drainage) and unstable (onshore sea breeze)

meteorological conditions are representative for the ssason.

Preferable sampling conditions are characterized by the

following meteorological conditions:

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

hour or less.

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

or less.

No sampling will be conducted if the following adverse

meteorological conditions exist:

.1. Rain

2. Average wind speeds greater than 15 miles per hour

for any 30 minute period.

3. Instantaneous wind speeds §reater than 2% miles per

hour.

Continuously recorded on site wind speed and direction

‘.

measurements will characterize the nicrometecrclagy of the site

and serve to verify that the metecrological criteria have beer.
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EQUIPMENT DESCRIFTION

An ambient air sampling unit consists of a l10-liter Tedlar
(Dupont trade name for polyvinyl flucoride) bag, a DC cperated
pump, stainless steel capillary tubing to control the sample
rate to the bag, a bypass valve to control the sample flow rate
(and mimimize back pressure on the pump), a rotameter for flow
indication to aid in setting the flow, a 24-hour clock timer to
shut off the sampler at the end of the 24-hour sampling peri d,
and associated tubing and connections (made of stainless steel,
teflon, or boroszllcate glass to minimize contanination and )

reathvxty). The\phy51cal layout of the sampler is shown in

Figure 5 (see Appendix A).

EQUIPMENT SPECIFICATIONS

A. Power ~- one 12V DC marine battery

The marlne battery prov;des 12V DC to the pump and the clock.

B. Pump -- one 12V DC pump ) .

The diaphragm is made of non-lubricated Viton (Dupont trade
name for co-polymer of hexafluoropropylene and vinylidene

fluoride)hrubber. The maxirum pump unloaded flow Tate is

-34.
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4.5 liters per minute. ﬁ Qﬁ FT
WiV

C. Bag -- one l0-liter Tedlar bag with a valve
TEDLAR BAG IS ENCLOSED IN A LIGHT-SEALED CARDEQOARD BQX TO
PREVENT PHOTOCHEMICAL REACTIONS FROM OCCURING DURING SAMPLING
AND TRANSPORTA?ION. The valve is a push-pull type constructed
of aluminum and stainless steel, with a Viton o—-ring seal,

D. Rotamete;

- Rotameter is made of borosilicate glass and has a flow range
of 3 to 50 cubic centimeters per minute. The scale is in
millimeters with major graduations (labeled) every 5 mm and
minor graduations every 1 mm.

E. Air flow control orifice -- 316 stainless steel capillary
tubing

F. Bypass valve

G. Fittings, tubing, and connectors -- 316 stainless steel or
teflon

H. Clock timer

Accuracy should be better than 1%.

' .
A

< I. Wind speed and direction monitor with continuous recorder

.J

'1. Wind speed -- 3 cup assembly, range 0 - 50 miles per
hour with a threshold of 0.75 nile per hour or less.

2. Wind direction -- Vane, range 0 - 540 degrees with a

threshold of 0.75 mile per hour or less.

CMA 010590




SAMPLING PROCEDURES

Ambient Eiz'samples will be collected at the perimeter of thei;

-

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 previously. 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.

QUALITY CONTROL PROCEDURE

The following quality control procedure is required for the

ambient air sampling operation:

A. &sssign an identification number to each sampling bag.

B. Clearly mark sampling locations on a landfill topographic
map which is drawn to scale.
Docunent 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.
Check the clock timer. The clock time and the actual tine

should agree within * 2 minutes.
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E. Check whether or not the pump is running. D R Ar

F. Check the rotameter reading. The flozt (measured at the
middle) should be within +3 and -6 minor graduations of
the marked setting for 6.0 cubic centimeters éér minute.
I1f the rotameter setting exceeds the above limits adjust
the bypass valve to correct the flow rate. Make sure
that the flow has stabilized (at least three ninutes at
constant flow) since there may be a lag time between the
adjustment and final flow.

G. Check whether the bag valve is in the open position. If
the valve is in the closed position cpen the valve and
and record the time on the guality csntirol sheet. -

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

period. KEEP THE BAG IN A LIGHT-SEALED CONTAINER AT ALL

TIMES.

Data for each sample collected must be entered on a gquality

control sheet as shown in Figure 3 (see Appendix A). Prior to

use, the Tedlar bags should be evacuated an3 filled with
purified nitrogen three times to flush out the old sample.

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

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

— B4 b

service any bag that has experienced any leakage.

.37-

e g




ANALYTICAL PROCEDURES P F T g

Bag- samples collected must be analyzed within 72 hours of

collectlon, or shorter per;od if notlf;ed by the Executive

a m—— e —— —— Nt

Officer, for total organic coopounds and toxic air-Zontaminants
using analytical methods identified in Table 1 (see Appendix A)
or equivalent methods approved by the Executive Officer. NOTE

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

AVOID PHOTOCHEMICAL REACTIONS.

REPORTING OF THE RESULTS

The_fo;£9yi§g*data nust be subtmitted +*o the Director of

— e

Engineering within 45 days after the end of the guarterly

reporting period for the-landfill or 45 days after the

analytical results are available whichever is sconer. A

different submittal time may be implemented upon approval of the

Executive Qfficer.

A. Volume concentration of total organic compounds (reported
as methane and total non-methane hydxrocz rbons).

B. Volume concentration of toxic air contaminants identified
in these guidelines. ,

C. Barometric sea level pressure (inches of mercury) on the 4.

the samples were collected. If a barometer is not availab

at the landfill site, use the Natiooal Weather Service dat:

at the nearest station.
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- D. Wind speed and direction data. W 3 i

E. & drawn to scale landfill'-topographic map with sampling

locations clearly marked and numbered.

CMA 010594

F. Quality control data sheets.
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VINYL CHLORIDE AKALYSIS —— METHOWLA ; \ §

Instrument: Hewlett Packard 5700A Gas Chromatograph

Detector: Flame Ionization

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

GC Conditions:

are pluchbed to contain a 4 ml, 1/4" stainles
steel sarple loop with pre-column, back-flus
and pressure balance. See Figure D for

valve plumbing.

Detector Temp. - 200°C

Oven Temp.

- ~'609cC

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

Analytical

Pre-Column - 6' x 1/83" ss, Durapack m—octane/Porasil
100/120 mesh

Carrier Gas - 80/100 nl/nin nitreogen

Data Gathering: A Hewlett Packard 3388A Integrator is used to

Valve Timing:

r

calculate concentration by peak area comparis:

to an extermnal standard. -

Tining and switching events are performed by th
integrator. 1.4 cinutes after injection both v

are switched =9 the back=flush or initial posit

CMA 010555
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Approximately 1 ppm vinyl chloride isg Prepared by Scet:

I

)

¢

X

Standard:

Envirenmental Technology and certified to +2% analysis.

Range: 2 ppb to 1% vinyl chleoride

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

PPb to 1%

CMA 010597
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DESCRIPTION OF GLEIT'S METHOD
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APPENDIX II

DESCRIPTION OF GLEIT'S MZT=OD

Gleit's methed acceunts for the concentrations below the LOD by setting
them equal to the "below -LOD mean” ug| op. the mean cf fie portion of the
normal distribution below the LOD. Setling the unknown corncenirations to
their average value seems intuitively reasonable, and the simulations reported
in Cleit's paper show that his method is more accurate than other commaoniy
used approximations.

The below-LOD mean of a normal distribution of a varizhle with a limit of
detection L is given, in terms of L and the mean y and the sandzard deviztion o
of the distribution, by equation 1:

kLoD = 1+ * [ ({(L-w)io) / F{(L-wi/o) ] 4]

In equation (1), f and F are, respectively, the protability dersily function
and cumulative distribution function of the standard normal distributions. The
"Estimated Concentrations for Samples Below the LOD® reported in Table (I-2
are the below-LOD means of the assumed lognormal distrihuiions of the
concentrations. These below-LOD means are computed frem equation (2) in
terms of parameters of the associated normal distribution: the LOD L, the
mean concentration from Table lI-2, and the estima‘ed stancard deviation
(which is not tabulated).

exp (1+0.5 02) F{(L-p-02)/a) / F(L-wo) (2)

We now describe how Gleit's method estimates the mean and variance of the
assumed normal distribution. The mean and variance cannct be estimated by
merely substituting into standard fermulas, if below-LOD conzentrations are
to be set-to the below-LOD mean. Cn the one hand, the mezn and variance must
be known in order to calculate the below-LCD mean from (1); onth ©th r hand,

CMa 0104601
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the below-LOD mean must be known if it is to be used in the calculatidn &f the

mean and variance. Statistical theory, by asserting that a "best -fitting *

mean and variance for the distribution exist, provides a way out of this

dilemma. Gleit uses a simple iterative procedure to compute these best-

fitting parameters. Since his procedure can be simply described in

words, a written description is given, supplemented where necessary by

equations written in a notation more convenient than Gleit's.

“p -

 thy

§ald

-

tarting with initial guesses u(0) and 02(0) for the mean and variance, the
procedure repeatedly generates new estimates of the mean and variance by
the two-step computation described below until successive estimates of the
mean and variance converge sufficiently (The K-th pair of estiniates are
denoted by u(K) and c2(K).). The two steps are:

(a) The K+1-st below-LOD mean pg| op(K+1) is computed by
substituting u(K) and o(K) (the square root of 62(K)) inta equation (1).

(b) The K+1-st estimate of the mean, p(K+1), is computed'in the
usual way with ug op(K+1) substituted for the sample values below

the LOD. The K+1-st estimate of the variance, oz(K+1), is alsa =
computed in the usual way, with an analogous substitution for

sample values below the LOD: the squared deviations from the: mean

of concentrations below the LOD are set equal to the average

squared deviation from the mean of the below-LOD portion of the

distribution.

Let the N sample items be X(1),....,X(N), and let p be the number off sample
items below the LOD. p(K+1) is computed by:

n(K+1) = (1/N) Z Y(J), where Y(J) = X(J) if X(J) 2 L
and Y(J) = ug op(K+1) otherwise.

DO

o2(K+1) is computed by :

a2(K+1)= (1/N) £02(J), where D3(J) = (X(J) - jx(K+1))2
it X(J) 2 L, and D2(J) = o2gop(K+1) ctherwise.

CMA 010602
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The quantity o2g| op(K+1), the average squared deviation of the below-LOD
portion of the distribution, is computed from the following equation:

2gLoD(K+1)} = (K)*[1 - Z(K)* (FZ(K)) / FZK) ) 1.
where Z(K) = ( (L-u (K)) / o(K) ).

Gieit's method nearly always converges in a few steps unless there are only a
few distinct values above the detection limit, in which case it may converge
very slowly. Gleit's method and closely related methods appear to be the
best available estimators of the mean when the sample includes values below
the LOD, as is demonstrated by the simulations reported in Gleit's paper.
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ESTIMATE OF TOTAL EXPOSURE TO VINYL CHLORIDE FROM INDOOR AIR
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INDOOR AIR EXPOSURE/QOTHER ROUTES OF EXPOSURE ASSESSMENT
FOR VINYL CHLORIDE

I.  BACKGRQUND

Health and Safety Code Section 39660.5 directs the Board, in its toxic
air contaminants identification process, to assess exposures to toxic air
contaminants in indoor as well as outdoor environments. Indoor exposure
assessment has become increasingly important as an integral part of air
exposure assessment because (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 personal air sampling or by -
fixed-site air sampling. In personal sampling, the samplfng egquipment is
carried by an individual and air samples are taken vherever 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 pecple spend B0-90% of their tim
in indoor environments, personal air sampling data are strongly weighted by
indoor air exposure data.

While the main objective of this report is to defina axposure 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.

IT. INDOOR AIR EXPOSURE TO VINYL CHILORIDE
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 gt _al., 1986; Pellizzari et al.,
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 II and III). The deletion of vinyl chlioride was due to two

CMA 010605
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factors (Pellizzari, 1987). First, Tenax, the most cost-effective sampling
medium which could collect a number of compounds of concern, was not suitable
for vinyl chloride collection. In addition, the alternative sampling method
used to collect vinyl chloride in the pilot study did not provide the required
reliability for detecting low vinyl chloride concentrations.

Consequently, the pilot study provides the only available personal air
sampling data for vinyl chloride. Based on this limited information, indoor
air exposure to vinyl chloride is apparently low. In monitoring nine subjects
in New Jersey and three from North Carolina for several days on three separate
visits over a 6-month period, all of the 138 air samples taken were below the

limit of detection (Na]]acs et al. 1984). The range of the limit of detection
was from 0.63 to 2.84 ug/m”,

B. FIXED-SITE AIR SAMPLING

As part of a recent follow-up TEAM study in California, fixed-site
monitoring stations were instalied to monitor indoor and outdoor air
concentrations of a number of organic compounds (Pellizzari, et al,, 1989).
Specially designed stainless steel canisters were used for collecting vinyl
chloride air samples from homes in the Los Angeles area for two seasons. Ten
homes were sampled in the Winter season and eight of the ariginal homes were _
sampled in the Summer season. Canister air samples were collected indoors and
outdoors at each home during two, 12-hour periods. Samples obtained in the
Winter season did not provide reliable data due to technical problems. All
outdoor or indoor samples, a total of 32 samples, obtained in the Summer
season indicated that vinyl chloride air concentrations were below the limit
of detection. The sampIes were anaIyze by two ana]¥t1cal methods with limits
of detection at about 0.55 and 148 ug/m , respective

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 environgents The 1imit of detection was
quoted by the researcher as 26-40 ug/m~ (Pellizzari, 1987).

C. SPECIAL SITUATION AIR MONITORING

In 1981, the South Coast Air Quality Management District (SCAQMD)
collected 24-hour bag samples in the vicinity of the BKK landfill (a Class I
site) in West Covina. A total of more than 500 air samples were taken at two
outdoor sites and at four sites inside downwind residences (SCAQMD, 1982).
All the samples (24% of the total sampled) that equaleg or exceeded the state

vinyl chloride air quality standard of 10 ppb (26 ug/m”) were taken inside the

residences. she highest recorded indoor vinyl chloride concgntrat1on was 50
ppb (130 ug/m“). The limit of detection was 2 ppb (5.2 ug/m”)

In late 1984, the SCAQMD staff took about ten grab-samples inside the
water meter boxes of residences adjacent to the Operating Industrial Inc.

CHMA 010604
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(0I1) landfill (SCAQMD, 1985a). Vinyl chloride with other landfill gases, had
migrated -to and accumulated in water meter boxes at ccncentrations ranging
frem 13 to 36000 ppb (31.2-93600 ug/m”). 1In 1985, the SCAZMD (1885b)
conducted further monitoring by grab-samples inside some of the residences and
found indoor vinyl chloride air concentrations at 8 to 180 ppb (20.8-260
ug/m~). Present indoor concentrations of vinyl chloride in these residences
near O0II landfill may be lower since recent routine menitoring of water meter
boxes have not detected significant levels of landfill gzses due to
improvements of 0II's landfill gas collection system (Coy, 1387).

€.  SUMMARY

Except for houses near landfills, the vinyl chloride corzentration 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 widg range for reported limits of detection. The limit of
detection, 0.55 ug/m”~, reported in the latest California TEAM study appears to
be the most reliable. This 1imit of detection will be used to estimate the
upper limit exposure for house not adjacent to landfills.

For houses near landfills, the measured high indeor vinyl chloride air L.
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 ITI(C).

II1. POTENTIAL SOURCES OF INDOOR VINYL CHIORIDE
A.  PLASTIC MATERIALS AND CONSUMER PRODUCTS

Vinyl chloride has not been used in any consumer products since 1374 when
vinyl chloride was banned as a propellant in household aeroscl 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 scme time cdepending 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, low VCM concentrations,
ranging from below 2 ppb to 1.2 ppm, were measured in autocobile ianterior air
space under experimental conditions (U.S.EPA, 1976; 1977).

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

B.  VAPORIZATION FROM WATER SOURCES

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

In California, surface water is generally free of vinyl chloride (Sharrp,
1987). 1In assessing ground water quality, the California Department of H alth
Services (CDHS, 1986) reported that aonly one out of the 2,947 wells for large
public water systems was contaminated with vinyl chloride. The maximum
concentration found in that well was 23 ug/) with a median value of 20 ug/1l.
Vinyl chloride has not been detected in wells used for small public water
systems (CDHS, 1987). The limit of detection of vinyl chloride in water is
0.5 ug/1. Based on this information, vinyl chloride in the water supply will
have an insignificant impact on the indoor vinyl chloride air concentration.

C. VINYL CHLORIDE FROM LANDFILL GAS

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

Wood and Porter (1987) reported their evaluations of over 20 Class II
landfills that are designated only for municipal waste. Hinety percent of
these landfills contained measurable amounts of vinyl chloride and the
concentrations at half of these landfills were above 1000 ppb. These high
concentrations were measured by grab-sampiing, an instant filling of a two-
liter evacuated flask, at ground levels or at landfill gas collection points.
For five of the landfills, 24-hour bag sampling was also conducted. Only cne
of these five landfills produced measurable 24-hour concentrations of vinyl
chloride off-site,

-4
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There are at least two ways that vinyl chloride frem landfills may
contribute to-indoor vinyl chloride concentrations of nezrby residential
houses. First, houses that are located downwind from lardfiils can receive
vinyl chloride through direct outdoor air influx into indoor environments.
Secondly, landfill gases, carrying vinyl chloride, can migrate underground and
enter houses through substructures. The rate of accumulation of viny!l
chloride indoors depends heavily on the soil permeability, source strength,
air exchange rate and structure of the house. Higher indoor than outdoor
vinyl chloride concentration may occur because vinyl chloride is more rapidly
destroyed by direct exposure to sunlight. Another contributing factor is the
trapping of migrating, subterranean landfill gas by the house.

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

D. OTHER FACTORS THAT MAY INFLUENCE INDOCR CONCENTRATIONS

A minute amount of vinyl chloride has been identifiad in the smoke of ~
cigarettes (1.3-16 ng/cigarette) and of little cigars (14-27 ng/cigar) (IARC,
1985; Hoffmann, Patrianakos and Brunnemann, 1976). The vinyl chloride level
in the mainstream smoke may be determined by the total inarganic chloride
content of the tobacco. The contribution from tobacco smcke appears to hav
insignificant impact on the indoor-air concentration of vinyl chiloride.

E. SUMMARY

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

The results from SCAQMD's five hundred 24-hour bag samples can be used to
estimate the upper limit of indoor air exposure to vinyl chloride in houses
near landfills (SCAQMD, 1982). The results obtained by grab-sample
monitoring, however, are not useful for estimating long-term indoor exposure
to vinyl chloride.

IV. QTHER ROUTES OF VINYL CHLORIDE EXPQOSURE
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 fer
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public water systems is also relatively free of vinyl chloride (CDHS, 1987,
1986). The detectable 1imit of vinyl chloride in water is 0.5 ug/1 (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.5. 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 mg/kg (ppm) of vinyl chloride monomer were present #n alcoholic
beverages packaged in this material. Vinyl chloride was also found in edible
oils, butter and margarine at 0.05-14.8 mg/kg.

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

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

The estimated daily dose of vinyl chloride from different environmental
media are presented in Table 1. From the Table, exposure to vinyl chloride in
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. AMBIENT AIR EXPOSURE

The 24-hour average concentsation of vinyl chloride outdoors ranges from
below the LOD of 2 ppb (5.2 uq/m3; to the maximum 24-hour average
concentration of 15 ppb (39 ug/m”) as measured near BKK im 1987.

B. INDOOR AIR EXPOSURE

The average concentration of vinyl chloride indoors in houses ngt near
landfills is estimated to be below the limit of detection (0.55 ug/m” or 1.4
ppb). For homes that are located near gandfills, the highest observed daijly
average measurement, 50 ppb or 130 ug/m”, is used for a conservative estimate.

C. FOOD INGESTION

The estimate of daily dose reported by FDA (1986) is directly used.
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The relative contribution of drinking water to daily exposures of viny}
chloride appears to be insignificant. The average concentration of viny!
chloride in drinking water is estimated to be below the Timit of detection
(0.5 ppb or 0.5 ug/1).

D. DORINKING WATER

E.  ASSUMPTIONS

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

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

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

Dermal exposure is negligible; and

1004 of the pollutant ingested or inhaled is absorbed.
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Table 1: Estimated Doses Of Vinyl Chloride Exposure Through Different Media

AIR
Qutdoor ajr < 104 to 780 ug
Indoor Ajr
Homes not near
landfills Jess than 11 ug

Homes near landfills

EQOD

Including beverages
WATER-DRINKING PURPQSES

Surface/Ground Water

up to 2600 uyg

less than 0.025 ug

less than 1 ug

Refs.

Table II-1

Pellizzari et a}., 1989
SCAQMD, 1882

FDA, 1986

CDHS, 1986; 1987
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Prediction of health risk from pollutants depends upon knowledge of total
personal exposure to the pollutants. For direct exposure to air pollutants,
the dose of poliutant received through the respiratory system is the basic
quantity needed for risk assessment. In general, that dose depends on: a)
the pollutant concentration in the environment occupied by an individual
(exposure concentration); b) the length of time spent in ithat environment
(exposure duration); ¢) the rate of breathing in that environment; and d)
other physiological factors. Exposure through air can be estimated by using
only the first two parameters, exposure concentration and exposure duration,

APPENDIX A
INDQOR AIR EXPOSURE

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

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

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

Risk assessments, based only on outdoor air concentrations, may greatly
underestimate health risk to the public. For some pollutants present in high
concentrations indoors, ventilation with clean air is the only feasible method
of reducing exposure. The Board must, therefore, manage outdoor
concentrations of toxic air contaminants, not only to reduce significant
outdoor exposures where they occur, but also to preserve a clean air supply
for controlling indoer expasure to these substances.
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The concentrations of some pollutants have been measured in different
environmental media such as air, water, food, pesticides and drugs. Ideally,
these measurements can be integrated to estimate the total exposure to those
pollutants through all the environmental media. Total exposure data are
critical for setting priorities and formulating reqgulatory actions that can
best achieve overall personal risk reduction.

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

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

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

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

-12-
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APPENDIX IV -

INFORMATION REQUEST LETTER WITH ATTACHMENTS AND RESPONSES
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STATE OF CALIFIINIA ' GEORGE DEUKMEIAN, Gowerno

AIR RESOURCES BOARD | =

10T © §TREET e i

5 DRAFT

SACRAMENTS, CA 5812

April 4, 1985

Cear Sir or Madam:
Subject: Request for Information Regaraing Vinyd Chioride

I am writing to request information on the health effects of vinvl chloride as
part of our toxic air contaminant program. This program is based on Health
and Safety Code Sections 39650, et seq. which require the ARB to identify =~ -
cormpcunds as toxic air contaminants and once identified ta develop ana adopt
control measures for such compounds. After consultation with the staff of the
Departrent of Health Services (DHS), we have selected vinyl chloride as a
cangidate toxic air contaminant to be evaluated in accordamce with the
provisions of Health and Safety Code Sections 39650, et seq. During our
evaluation of vinyl chioride, we will consider all availabie health
information regarding this compound. Aaditionally, we are soliciting
information regarding possible biological production of vinyl chloride.

Eefore the ARB can formally identify a compound as a toxic air contaminant,
several steps must be taken. First, the ARE must request the Cepartment of
kealth Services to evaluate the health effects of candidate compounds.

Second, the ARB staff must prepare a report which includes the health effects
evaluation ang then submit the report to a Scientific Review Panel for its
review. The riport submitted to the Panel will be made available 1o the
public. Information submitted in response to this request will be considered
in the ARB report to the Panel, Although any person may also submit
information directly to the Panel for its consideration, ] urge you to submit
217 information at this time for our consideration in the development of the
report for the Panel. The Panel reviews the sufficiency of the information,
methoas, and data used by the DHS in its evaluation. Last, after review by
the Scientific 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 officially to identify a compound as a toxic
air contaminant.

rior t¢ formally requesting the CHS t¢ prepare a health effects evaluation of
vinyi chloride, we are provicing, pursuant to the provisicns of
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Section 39660(e) of the Health ang Safety Coce, an opportunity to interested
parties to submit information con the health effects of vinyl chloride which he
or she believes would be important in DHS's evaluation of vinyl chloride as a
candidate toxic air contaminant.

In March 1985, we received a reference search on vinyl chloride health effects
using the MEDLINE ana TOXLINE Information Services. These information
services include material available to the public in Tate 1684. The attach d
bibliography iists the references from this information search. We are
requesting pertinent information on vinyl chloride health effects, including
any material that may not te available to the public, that is not included in
the attached bibliography.

Pursuant to the provisions of the Public Records Act (Government Code Sections
6280 et ggg.), the information you provide will be a public recercd and subject
to public disclosure, except for trade secrets which are not emission data or
other information which is exempt from disclosure or the aisclcsure of which
is prohibited by law. The information may also be released to the
Environmental Protection Agency, which protects trade secrets and confidential
information in accordance with federal law, and tc otner public agencies,
which are also required to protect such information.

To expedite the review process, we ask that any information which you believe '
should be regarded as “trade secret” be ¢learly marked and separated from

other information. You may icentify portions of the information you submit as

"trage secret" in accordance with Health and Safety Code Section 39660(e).

The ¢laim of trade secrecy must be supported upon the request of the Air

Resources Board. Other information claimed to be trade secret and information
otherwise claimed to be exempt from disclosure may be identified as

confidential ir accordance with Section £1U11, Title 17, California

Administrative Coae. Section 91011 requires that the ¢laim of confidentiality

be accompanied by specified supporting information.

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

William V. Loscutoff, Chief
Toxic Follutants Branch

Re: Vinyl Chloride

California Air Resources Boara
P. 0. Box 2815

Sacramento, CA 95812

1f you have any further questions regarding health effests information, plezsa
contact Mr. John Batchelder at (916) 323-1505. For any other questions,
please contact Mr., Don Ames at (91€) 322-82&5.
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If you are not the person to whom this request should be addressed, pIease
forward it to the appropriate person in your organization. Also, please let
us know whether ycu would like tc continue to receive information inquiries
for other candidate compounds, and if not, if there is anyone in your
organization to whom such requests should be sent.

Sincerely,

Dotz

f;;ﬂPeter D. Venturini, Chief
Stationary Source Division

cec: Alex Kelter, DHS
Lori Johnston, DFA
wayne liorgan, President, CAPCOA
Jan Bush, Executive Secretary, CAPCOA
Cavid Howekamp, EPA Region IX
Assemblywoman Sally Tanner, Chairwoman, Committee on Toxic Materials
Senator Ralph Dills, Chairman, Cormittee on Governmerrtal Organization
Senator Art Torres, Chairman, Committee on Toxics and
Public Safety Management
Emil Mrak, Chairman and Sc1ent1f1c Peview Panel
Members
APCOs

Attachment
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n Tonk Subsinnees Comiiol

dds, huwever, give vinwally so galdance e dhe relulive w-:i‘hl w0 e
sceotided Besbl aod envivommeatnl inleresis s Cinpiaisag b cosienmic
s, sl o date, e agencies” actions efkeet Congress's Lick o vnnemses
i the s of aevepunble sl

A mensute of guklamce b decision minkees in dhe lcc of vocerainty
aml Bk of compscnsus by provided by e anerymion dhan regidaloy deci-
sy invishee et 0 well o comomic values. We aiay liegin whh e
observation thay the socrifive of wn fndividual for the hemclin of & group s
accepdable if the bencfin served iy the gronp's swevival o the Tullithinest of
seme oiliee binde need. The saceifice I8 niesrally unacceguable, however, N
is toe vy e inpeatsm benclit than the provision of ihe lnxmics of o
consunnng society  That sassc et die s thas sl can cal is owe thing; thw
sk must dic s that abl cun have see-theoph foud packaping n pimshier -
Pestic wlardy wherz mom-ecseiial proslucts sse concersiend, the bing-weon goul
ol fnic substimces conteol snd the bong-seem ellect of cach repulation
should be 10 channel ccomomic growih sway from indusirics kazardoes s
leatih aod towards saler peodicts senl forms of cimployment.

As the case study in Part 1] shows, die profdems of dkeciding waules
uncestanty and of batancing incomscnsable inercds have gervaded vhe
ieplstion of VO Relwtamee 0 face these difficud problenis acconts in
part fow the Lack that in sose than fom yeirs e agencies Bave set stamlands
Tor only two of the mapie somces of caposaee 10 VO Whike the stnbards
that have been ser amd the poograls that Iuve beew g Ssnwand wie by no
wicuns onally delicient, Wiere have been signilicant intusces in which she
agem s bave aoube Trotually or Jugivelly insupporinble ceoclusions, of fn
which they have ignmed evidence amd failed @ deaw comctuvions the
evilcime virally d 5 In ol i 'es, e wgencics have bebd back
by impensing slamdards that would eequite any signdico ecommmic
change in the tegulated indusivies The imfusities” profins, voluaw: of po-
duction of the segulaicd sulstances, s fute growth prospects have bheen
virtually unalfecteld. One mny yueestion whether e Sencfiss of VO produg-
tiog and wse e sulniantiad cinmgh 1o justily suah eatsieone abelesenee w the

B Many vubue prdgnecsby wre mol v el mbe wa the devtine b betw eon bood sl
fuod packageny  Fypi By ooy tuke the position that sesirabag os svsguicd ol < comes in
thas segard, Leosse of the Slliawhy of making w many of these vabue pelgmenin Sere, o g |
Eonluntion of Lifs wmd Lirnk, swpra nose Tt &% %, W B e shillnuby of mabing the
Bard des s duey o 1equie wy 10 wvonl mubing the Lienicit oaer And e meed mb s cept
the vicw that the vabues vf 2 sucivty most e seganded avmvniale  They o harnge in 2 maneer i
Fully wedersiosd, buy cerbwinly not fice from the milbicm s of groups, ook oy the iinesy
cummunty, with stoaieg financial sacious in pramting the Hutcsdiniie  conwnving Behavied
ol the puidic As Profesvse Tribe puis i “IW e anmet sumply 3vauine thal we mued vamd sl
when confiuntmg the ultimeie questonn of wherker we wuid vt Cladbien, snd thew childen's
whebleen. ta bve im— ond sapry- - plastic woekd © Fuhe, Wass Mot te Thodk Abowt Plasiic
Yeers s Wis Varces Comsti i # 60, 701 Tovhe U Siheling, & 1 Vs 2dh 19781 (6 mnphavis
wooriginadl See nhis ulfmen Ax Afierwared Hursune Valiret wad Fvpsonmenind Decasinas
moid a1V

David D, Doniger * n

'l:;l:mics' tacket uhion. This cstion Is pursitcd in the seuth tha
e, cack detuilbng ahe fegedmtny sineation with scpant ke e o e of
the muny sources of bumas capenine s VO

n
VINYL CINININ cAsE Sty

A. . An Iatrintuction 1o Vinyt Chlovicte

In the previows section the rablenis of dheviding v enini
detesnsining siwially e Mable risks were l'iu'llss:: " :c::::ll; I::’;n::i:
:ulr\flm-c.s vegulation geverslly o this case Sudy, these problems se
Mll?lcd as they have allected agency devivion making wiil tespect b the
regulation of vinyl chbmide The case siuly beging with essential Iusck-
romnd janserind 1 the apgticatinne of VO, o0 the imhestiiey whicty coeure
femnvloem, wond wse i1, und o it dundly propestics. Subsection 1 smveys llu:
chemioal™s uves wmd the bvbustries sssuciated with them .‘iu-lnn,l:un 2
surveys YC's innivity smd ihe sonirces of haean eAposure lo i

l.' Vinyt Chiovide s Uses and the Associated Inibusiries

The carcinngen ving) chlovide ¥ the hasis '
wed |ril\ll.r I the Elnivedd Sdes ™ vy Lmga, s .ll"l:l':' I‘:lll::‘:::ll::-“ll::n'::{
aml.rhi‘um- When palymerizeil into po¥yvingt chhmide, o sobl, # i
l-lsw-lu! into » phemcaal seeny of ool VI wa 'il\'l m.mul.u. el
commercially in the United States in 1M by B0, VO ppeduci
exceeibed 5.8 hillion posmuls ** . e

. The widde varicty of uses of PVC is 1o Y B ity sbaguability Lhe
majos e of PVE i in comnuction prowhucts; adlwer iuqus:l:mq s ane
patl.np!l' sl comnueier graducts of wll Limds Viguee | swnmmmizes doe
spplications of PVC i 1924, Wands, octals, glass, otfee plastics, amd wthes
mmicrials con subsiimie tw newty wll of PVC's uses, i W n-: nelened
becanse of better perfoemance s bowes cou % Tlawever, theee a:c vat
few sves Jor whick o direct suintitates exgar ) &
. Several disect waes of VO gas isell imee exivted, but thewe hane becn
discontimual In the base 194k, VU was feated fow use as an anaestbetic, Inw

L] 1 H { .
e |:"h::::::::‘::'::::,:'::;:1‘:: 1::". CHist & Frou Hiss Hoy 8
8T OSHA Promunct Standurd Ao VU, qpra mme 1, a1 14 pom
:: :::;m;‘ V::Hm !.'ll MR n MRS Aug YU yels 0
5 1St Ponecn Aoy, St S oot 221
ey, ! b 1 wad | mossu -
::: fl;:;u:t;: :m\\-- Standasd fir Vieph Bhoide F 3000, "y lklrm';::-:-l.l:t
. weminsinemtadl Prtection Agemy, Peehmanary Avvessinent of 1he | mosron

Activitiey and Vimbigs of shve ¥,
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Fonic Subitances Conirel

it was rejecwnl heonuse it wpset encding function ® There are alvo indicelions

HIGURE 1 | Hit VC winn ance wsed as 8 refrigerant in conling cquipenent ** Until Lase

Tote L USers o 197}, a2 sk percentage of the VC produced was mscid as an acrosal

Vinys Comunion - Py vy Caonitd propellant [n some cotmetics, dimgs, pestichles, and odft consomer pad-

ucis, In 1974, when VC's carcinogenicity became gencrally knawn, nil-

Jions of YC-propetied pernols were still on the markes or In consamer
hawds. The use of VC In serosols has sioce been probibited *

Figuee | itlwstsntes the vycle of VO's cremdon, e bwation, vse, and
divpsal, sul the soutes of Tninun exposure. There ae thive fndutiies of
centrad huporiance. The VO lndisity peodieces VO T petiochiemicals.
Ve PYE jalos)fy ;!!:'!;':::ai.ru the gas into the solid plastic, Lnown in i
saw fur o5 sesin, The Gabwbcaion Indusicy converls PV sesins into finih-
ed prashicis scady for comsumer wse ar lae incorpotstion into prastucts of
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dhes ichistrics. 0JS {8 these thive imbrsirics tar i wonkers are oyt
Beavily expoised 1o VT, amd shat the known I cavcers have occared

Ontside of these plants, mhlional pesple se expowed e VC i twao
wajiw ways, First, VC emitsions escape Tiom Tachuics 10 the survnmding
#ir. ™ Scoond, since the pelymesization process is imperfect, smue VI
reauins 3 gas trapped o PYC materials Ihis residual escapes from the
Plustic dn Luter pronfocibon in fsbricotion plants wid beyond, and in subse-
et e amd alisposal, .

As v wves theough die podhection cycle of VO and PVC, il
nuinbes o plants and conyames incieases, and plints beemne smalier and
nwie b btensive. The VO sy is compused of 10 companics
opezating 15 plaaty; in 197, Shell, Dow, snd Gosrich togetbes held S
pescent of capacity. ™ In 1975, 23 companics operating 7 plats comprised
the VO indusiry. Goodsich is the majie PVC producer with 15 percem;
Firestone, Comwo, Unioa Carbide, Doeden, Diarmend Shamsock, and Ten-
necn euch produce between five and pine percemt * There wre show R,000
fabrication companies of all sizes.™ Neyond this paint infustries cee o be
ddemtificd prisasily by sheir wse of VC

W ks, Cane, Koo, & Saucowebd, Aesibesnr YNV Nuerous wish Yimd § bl
B Ang spinrsen ey PR WMD)

N2 E Pans, Bawatnisn Hson b s Jonie s smey BN

B The Lute of these nermsals is e v i the 1o st auimguitg g st s YU A% infrs

M ko VT ovcoapet direciy inks the o Sae feaves the planis sn elilscnt wirker, mou
o thein VI kv g ades iotir the i Kavewc . hmesct . owcrs dimbang watit Ser E1PA Bask Beace
Repot. swpree mote B4 me . W0 Appeshoes 0 1w nran Protos ey Aty
PRty Assiaastng 18 Morts M b Uansarnnadies i minsired, Watie iRiresl s
Cormmrng 126 W 18 WIYTH [hertinalier cied 22 EPA P nacsny R oo Deavirs
Woasew Cam muaadns

o Ahaer o Rk amonn aon Deugtownr <o 11 S Foosmesvst v b Peotad b Aur s
Iv, Sowrnrmn wrtn Ted pmwedt ol Asst b ot Beront owe Vissk Gaomien o Piwoaring
Curomew M thone 1995 (heremadier somed i P A Sc e cpom 1o o nve u Rorone|
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13 Torke Subriancts C’

As the above bipnres indicate, the VO il PVC Inchustricx e substan-
sally comentiated They are ahw vestically inegroeet. I 1992, .I-l.::;:mnl
of ¥ prntucctl was sofd 1o PVC plas Itwnﬂ' M VC umqqn‘:, l:l.l’h
shis ligure Tand diopped from &1 pescend in 1962 ns the induwrics grew.

The Tt dhat the VO mudl PVE jmdustricy conlvin vely # pron L
ol sclatively cuncemiared and Inmcgonted firms has mm.le I eavy !ut x
indusirles w speak with ane vuice in regulatnry pucecdings reganding
Jimsits of their technoluglon) and economk: capabsliities w0 comot VC eapo-
wares The fnduserial markes stchme also mabes i it ult ne grialyze the
true costs of cowtrl measuncs mid m detcoming e incidence of Ise costs

o produy prices, prollls, wages, and other inputs.

Most VO plants are upen-sir, tesemiding ol sclinciics. They mee
tocated in populwcid aress ks warm sates—principatly oulsions, Ttn':;
Kestuichy, sust Callmnin ** PVC plunts are enckneil, but st et VC.;': »
whey o mie bocsied mastly in poputaicd sscas. In -d:lillun 1o the :
stotes, Mew Jessey, O, wnd Massachuselis are niips PVC-producing
states ™

Outy stwwt wae thind of 1oat VC peoxduction is polymiired o the .iI:
at which it is promdvced Mot VO st be trnnspentcd Ietween VC :::l V!
plasis, muindy by rail 1ank car, s alvas by tank truck wiwl '_“"l'f"" ln. i!'mi"
PV sesin nmst be teansporsed besween the PVC anl Tabeication plavs; ehis
in done peiairily by towin umd ok w

VO ard PYC plants aee highty miechanized aml conplay » lelallv;l:;
small number of wakers. Al sy une thine, theie :.m' oty whowit £ ol
enpluyees in e VC iwdisiey. ainl ey mhowt 3,500 in the PVC il'nlnsliy. -
Tabing inte sccount e aonual temover ol wimkers, s?uml ]l.l.(l: t‘uqbluy
ces ste calimnied 10 have worked in these hwlusities sR'e yw. !-:\nlc:-
tiom plamts are e labuoe inmtensive. The num!x'r of lubnication woskers Is
ertimmated ol 330,000, 7 T liese workers are subsject fu minch lywer expusures
of VO thin ke waikens In VO b PV plants, we the :ux:mu: of the
fshoacarinn workers comes only b escaping ve ll:\l-lhlafll' The size of
e groa, Sowever, gives vise s fears that even 8 low incidence of cancerd
sy clann @ barge waber of hves,

B Beetcr 1F Secl, Dm ., Dl Fonad Nopant § comsne Trogpse § Stacues of the 8 lln‘l.;d‘
Peogainrd SISTLA Suamdands hor Veryt C Wbuesde. o 1011 (Sept DY, 1930 Ihvcicomatier ched m
N H B ot Dgue s Sy )

B M WL PR BN, o ol "noaltii-w
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W LA Lk e Ropon, tupra seie B3 1

ul Sl commenc Dt Sudy, wpre pote LINCR LR ] -

Wb K Addaed of of  tupra wole 5 W gL A4S papposde, G chiing ¥ 1eguiation
Ihe winhphnel The mumber of Lumcer Tornd o these wanbers, wink now large i whivhae
brmin, pepieemes an o strcnwly high i nkoi s n e wsll populdnsn
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David . Deniger .

= The VU and PVC wanbeus e sepresenied primarity by threc uniuns:
the Uniled Hubber Winkers, the United Stcelwankers, and vhe O, Chemical
snd Aswiic Wirkers. (3w thele own snd Hwough the Indusirial 1nlon
Depaiimem of the AFL-CI0, these wndony were major passiclants i sehing
e VC aconpational enpiie stvdand. The fabeicstbon warbeon are 1epre-
sented by o varicly of wnbons, s sose see mol wnionizcd of o,

The technological snd economic capabilities of the VC, PVC, and
Tebwication indusirles 1o kower the sebease of VC-~in plants, 10 the swisound-
ing aiv, omt twough Lder-evcaplng residual in PYC-- have fwen constamilty
at Jwwe i the Jegulmory sctions duscribed i sulscyent sections The
dillicutiy W yuedicring the (utwe techmokogicl snd ecunomic finits 10
chunges in ihese indwuries by discutsed elsewhere,™ but kese b is useld 1o
give wune imlicatbon of their clemly demoustraied pust amd prescrd

cuphitiaies,

Widhowt weerd for soy signblicant echmulogleal Incabiloughs, in the
finw yems simce VC's carcinugenicly became clear, the VC, PVC, and
Iabeicwtion indusiics huve signiticamly seduced wheir releuses of VC. In
tesposne Hhe segulations or the tveat of scgulatinns, the VC and PVC
industales have been shuws t be pbile b reduce wankidace sildwwne concen-
sratbonns of VO from atoad 230 pwis pes mitlhon {pran) Lo s une pygun, ™3
to reduce VO eamissions 10 the ovtside by about 95 percent,™ wnd 10 1edwe
the ¥C sctihial contesl of fid packaging by seveqat oeders of mag-
ninle ™ New plams fae s ditficullies mecting these fowered levels. ™
Furdheanune, these is ne sign that the limits of curedt secliotogics have
been seached amb the pimaibility 1emaing that fusdansemal fochnological
brcakihrouphs coukd ocour,

These icducthn have been scldeved withoul eny signiflcant ecomunic
stomin on the companics o damage 10 PVC's imadket position and future
growth prosperis. Theoughout the 19605 sad ealy 19705, PVC consip-
fion grew o staggering rale as prices declined snd the sumber of uses
Incremed. "™ In 197, 1he buriness anudysts bitecast widicrovmpicd prowdih;
the majue prlilem enpesicnced ot thw thine was ihe sight sapply of et
socheasion] new materinds. ™

1 See moes M7 rigeee

18] e Wl deomponymg wosan 117, WY ML nfea

10 FFA IS, supva mote BA, o0 £-0, FFA Sowsns ans 156 nn At REHRTL, 1nped mobe
b N TLY ]

183 S be st s ommpanging wore 198 dnfea

WY PV Rally et of Sevpaedy, fote Fubiahon, Ui v a1 Wrin, Segpn 17, 1976, m ¥4,
LY

Tk Ser Sach | comenh, Tnpact Stady. vpra wrke P, ot 113 5, enbubst 191 23, FPA KL,
vapra e RS 20 .

W Light Muawmer Supply Plugeey PVC Praducers, T, & Fwc'n Nows, May W,
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n Funle Substances Comtrol

b 1970 g 1975, VE o BVE comsmmpion despgwal stuaply , nuk
it W irst D im e drcad of pleasicnal growdls The shunp, however,
Wiy e s aunail g conmmey ospanse B flwe revelition ol VU v
pumitity i o the Gosty ol complying with sibrcspemly-nposed stan.
datds Bobet, the shpap funt b eabimiy viges: (11 aticaus ta the ey
FUHN g3 sy sy e canindities e isig ook penaniwimival foodunds;
and (2) 1he gencial commmmic recession in 1974 and 1975, which was
pattivularly severe in the huiliiog consruction imlusiey, a wapw Bser of
phastics " e sl was shad egually by il the . ilastica

Wl e vand oot gevession wind dhe sevivat of dw fuminkng jdiniry,
plastics pencratly wd PVE in ricnds tetmaed w M e e o
prokivubhe g i, Prosenmly , now plants e bebyg Dk e et anticiputed
dernml, withinid any spgrasent isdianee o conpe awl propersead pegula-
it 9 Laonce, i appenis i somewtian g s in YU eapumute
ol Do o sk ol e dbundnden switbomt scmleving SRR UTINE AL
v o Cxprasivm dpofitabile.

Ax The bollaing smvey of VO loaivity wil show, twie is var Divin
B thuokisg e VO Tiepid b Deen climimated by the measmes slienly
vaken, s dhot it will be climtinaded by e Nt sconties om el by
e saulinstiees 1 by both sechnologivally smd coomkeally within thels
weach Tunther geductinm me jostified by the medhat evidesce Fhe poind w
whie by thee phasttics wonld b seeioasly bundened eommamcally b, boweves,

wnposshile 1o eedict sclinbly.

3 Mewlth Risks amd Som aer of Exposere s Vinyl Chlonde

Tive tonae elfents of VO ure now Spown Detter thas thase of veanly any
ooher sl vheieal Vs carcinogenivity bas been well emablished by
lman cxperivnee, snimul cuperioenn, dnd oiber Labmwatory 1ews The
tiner expericnce ol occupational exposure has vnfemal V'S ability 1o
cause vancers and a host of fesser elfeuss in bainam The 1isks catend
beyned the warkers; miltions of other peaphe ate exposed b V. This
subseutivm suevgys the evidence of VO's tonicity amb e entent of human

expossne 1o the chemivat

o Acnte wend dhrosic o fovidiny

Belae 19, wlien VO hal i 301 been venmeciod vy Bioan cancer,
oty dangens ol the cemival were well kivewa. VO i evtremely Tlam-
malile, arnd comemuitions in aik excecdung W00 - aee eaphnive. ™

YN 1ok, P98 Duthad Beghter g 105 and Furopran Choun il bbuertiien, CHI M
Foaws £ bomow iy Aps U6 a0 Lot Sanek € Mlands Max Fuay Shortireen He 1977,
Fane & bew Hiws, g 10 1978 ad
WP PVC BTy Dt of deopards, Into Tibihrte, v mote 1840 1
Wiky, Venrd & Whrede How Alams Aindnoen Prodbssn® VE fovmaminn & Trve’s
1o b e ten kol as W floe Alanr Uk mern oo Brahlfems |

David ). Boniger
+ »

Several workees bane died from Inloabing exuemly high cmeengmio. 39
l:n.umm-.m woncearations prcater thin KA ppen VO ll;ll\t'\ (LT T
hecmu: dicey, doowny, diswriented, and eveatally wesnscions ' S ower
dones ok over w period of 0o wirk Dl mke eoe proae e dec

sheumboss sheep ' l P

|h.-luu' L1V comentrmis ol 250 10 MO pypnt were s inimman |

nrny b cacgotivs in the VO aml PVC ismtuseries ™ Anvong Ml‘.t‘l“
exposcel gt these comceesaions dor peeiods of ownths pe years w by u;
chfects haddieen likemtifled. Many wiskers, sullceet enlarpemen mut lithos

ol .eln.- Bever and spteen. "™ Many exbibatcd Roynamd®s spndiome. vl : )
seriscid hy cholitosy ikegemrnthon in e extrnatios sl by s ml;l lr;'i;il t
o 8 Beeling o giosn mnl sevidbes b the bambs s feey, 1 Koy abe vl -';
selesconin, & shin conndicion, sl woimnteolysis, aare diveaw ulumh-u’:::l

by l:u: Miitking of fhe Bont bones b e fingeos sl foes P Alilusiply
\:m vav wihnn sallercd sie of shese chieon did mu alwiays snlivs the oilwns
the clfecrs were grouped umler the pmme *visp) chbuide dnease,” " '

\Vlwn_ V&5 vy B omone nmcen I b beease Ve i 191
e mediy al exmmloution of VO sl PV winkes kientilied s .
avute and chreic cffeces of VE that previonsty ol prow sl _;“;’“"‘
poled werceinl circulation wed Tibiosis of sl divey yod \.|I&'c|| wew !::mnl.:.
oveur mlw ntdvescupic leve! g before ey were chaicully slwers bl '::

TN Nt M b, finitde, & T of Vi 4 btorede £ g
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Unkosa Boobbm s oo mane "“‘n-l :; Fircmi, vupes wte "Mt . WY b1 Miw Sams
HY N Heneimgs, snpen mote |, 2 8
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" i . Favn, ¥
P P::I‘s‘.,‘:m::nm. N kol ¢ L Flabbon & Sebooll. Pevatimee of Pener
o n- ! weile stk Fesfra sy € Mhoerde Werkers, 2 Aan v ¥ 4w Sir 2310y
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¥, & treem Wonekgrs, 200 Al 1 - -
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Micamenple examiniatinn
wonbers displayod w wade vavicty «
teats M Sene alfered impatinent of king funcil

‘Fiwe weddival sesesrchers lid boped that these inervahle ellects coubd
he wsed-to ilicate wha is @ Biiessed sk of develoglng cancer and bow
VO produces its cmcinogenic efect. To Uhcle dlisnppsintincid, however,
e of ehese efivers conchaed well enonph whth obiserved ouses of Jives
angiosarcomis or of vty concers t indicate clearly whith wanbers wie W
inere aed thh. st Jins i knowledpe of these chlects enabiled tesearchers o

explam how VO canes cuwer "

P Humon comery

Thaowghont e spelng of 1901, sher the deaibn al the daar Elondrich
wirkais Bevime kintwh, wthes compaties igpnied additiiial sghnsecoms
deaths mmong VE il PYC wanbess. ! The bl s tisen stendily shwe
shen. Fhisteen cases of anghioucansa of he fives had been counted wmong
Auwricin wkers by July 197417 aud o dal of 25 cases were known

N Y Acab 501 NR(INTY, Uedigh. Multcr, & Nenbichu hetmes . Mncpholngy of | isver umage
Armemg Folyrinsd § Mhossde Produstieon Wirkeres A Repord om 33 Caoer, & Asn iy NY
Auan S JM{ITY

M Swe s s indd wemav VY s

NNE Dond plackes count bus boom e m e e, Tk et B, v tiows o Bt e
ovw Ever Dot ey v o walle ety W e niibbicn Preaiente of Eeste, tgra
wote 114, Duraher Keowhe, vpea mote 114, Vohimun, Fange, Jube, Siein, & Bachncr, tupra ot
IN. Rhaaseiicr, | efaach Muller, & Cordugh. Unsrnal Splemneguior #riee Iewir m ¥ oudene
of by Prostwness py and Guhded §1ver Biapay Amony Fudpvined € Waswide Psoodios tiin Woskees,
ah Aunaks MY A w0 Son 9L N97%

117 Ganble, Lw, Mohuial, & Waeuweder, FHotts wf Dhcnpavienst vl Mamar s mput-
sasesal Factorn o ihe Reypennory Syatem of Vengl £ Mbowiste and (ker Winkees, il thedra-
s Mip 65 (VIR R

IIL tn prumulgaling the permanest sandbad v wankplaes, ASHA muvd the fudure to
oo ot Ulunsd tests, bver Junctinn 1eats, and cortain mher €hanimation w eliainhe s st wf
inascesed Cutnct 1 A Permunent Stundard Fae ¥C. 1upra pote 1, A JEHYS Siwe the
£l o8 1918 whom ABIIATS st i vation wuy b, theae Do fen Bibe Chonge 1w the vare of
B dedge o ¥y catumogeseis Sone fupe o wh iy ong VU st vk bt s w0 s wualy
Aage 10 poosnned b 1wa 1 teuimegies Vhe T bo sliusunogeaphy . o 1o hmogee Fo
“gubiong o ph bacet” o inrconsd vrgueds vick ws the Rvrt wnd splcrn wirunsh worger g theumgh 2 wb
al “voenr " Ll beshnigue tam deven] TR o wonlather groos Vhumgt s bt w g Tagha,
Yewrsert, Wolluams, Stk & [k Prrkersmery Nesulte of Cirey vinle Parmsvnagraphy in the
Fheten tiars uf Vempd € boonsde Mehated §see and Spheen Pyveane 49 P R 3t Siw v M B2
950 Avutbet trohogue deicuis mon ran st thurge s the Wi wlaten ) stcnean the Twgeds
Bt wun tcasumcd That e Reymand's syadt amd slysis windkd e preceded by
st dimte ad hanger, whih, of they Lombd be Fonmd. wouhh be sn amdicwrot of it rtwred 1ivk
Maiiy. hlimaon, Whetviune, § cluy, tupia soic V1Y Puaher o thoae 1o hiques, hawever,
ullrry any wiswram e of deitviong VU imbocd Lhanges hetune the Lhanges ot e sebhulat bevel
whe b gremuatly kead bu comer have shready wouiicd

1 Chawpabomal Sofery wid Healh Admimsitiieon. Viag! ¢ hkeensde Progoised Sundued,
Wled RHeg 160% UV [heronalies cited ax OVTEA Propused Standurd forr ¥}

MY ONHA Promgnent Siamlard for VO, snpra se [ RN )

': W’" mv DEL L _“I‘. 1rl-

Pavid B Poniger . "

worldwide mu.-.nm«lh latee ™ Althowgh olve majiity of cases involved
:mnl.m ul VO phurs, othier warken, weie st mifecied 7 Nere were 1
cunes winblwhbe by hone 1973, w fend 81 cunes fiy December 1970 e
and a1 beast 6 caws by fhe spring of 1970, '

Ahbough In sradute feinrs hese wasbers. mre not Iei
. e, the spte of Hve
ml::n:uuun i warbows groups of PYC wairkers stdied ranges fom #10 u:
: L0 e the u]ul'ml bncklence i the gencoat popalain. "™ Since e
ety joratonl :-ﬂu: lime between Ininial expsore 10 V8 and il cluical
lﬂwufnre o fiver camcr—hus been svetaping wiwer 29 YoM, mne r-:n
oy be exgrvied s b sesult of high expowcs in ibe l'th. ¥k
early 19K ) nw
' Mung of ihw: crmprhuyees who fuve slicd of tiver saghosacmua winked as
elennees uf tha polyamslsuthon rescun (e chamber in which VC is comvert:
ed i PVC) on waeked b weeas with sionilsvly kigh VO ex asmes. 1 1)
wenhers prahally were the st heavily exposcl, in lcmn: ol !-nll; msm.“e
bty peaks aml sistained avernges. The precise levels me mt known lml':::
estinenscd 10 fmve included peak cuposres of several thonanst [TLUE Y
wvegage of 2M) 1 MN) g, ' Onver Biver amginsaeconnm viutis pres n‘t; -
had lowes, kess sustained expasives 1 VO Y ey

L TR
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16 ¥ Firmagn, ampirn mode B, a0 00 82 1
3 . 2 lastement of I Jineph K W
.k:-.:‘- Mhare abbea o s dinded m wowken o o VO plamt, & -nll:l :.:u ﬁ.n:::::\li-lr '
b propeiint and o in conmtat wod 0w ket o PYC b fabeicating plams 14 Ih.:“
o P s weskand B have biod very ow capranes b b
1M M a8 PA Sousian oo T
AFaA . Kem Ak RO mons dwprd swsie WO, 3 12 RY
w‘:‘“ T.—rnul Caves of Angiormtsomn of the § iver Amng Viony § U idde l'--l;n:—u.r.n'
. u:: ::. », -li.?lul trypewonbien tabutar datn e hived wivh betier #o the asifui o Ih'::
I::::“ »dl':ll\:ltm;:'ll:;:hhl. Moy Fllrcns Sechon, Davnin of S cellance, Hoarl
v, ¥ 1 s [T} d ke q \ "
o N T I b Sedcty wed Healthgih e &,
EL ] L
fom 5“:::“.::.::.:":‘“\:? -nﬁtlc‘:c M‘ KFM“" Statisincian (10cwhbh. Mo s § 0.
h . et Haimd Fvaban [
luil'n‘l:« for thuwpammd Salcoy swd flenlh, Ape !:- lﬂ:““‘ et ) St Matmat
Ve hawer fugmne i fowm Heab, Sk, & O ;
) A Cirenh, f baraetertn s of 17
:::r:-:;fl:b:‘: e Among 'f"'ﬂ € Mhorsede Woaelees bn the Undtesd Keuter. .‘: A ::.: :1&4:‘
ot "‘..’:‘;". ;' l:‘!:: Phoe higher figane b hom U FA | FA, Nuchinad | rwrsion .\'l-o-ul-n-l;
ity |;.. - E M-i. Frogsed Stwudind forr Vonyl $hhornde, 90 cd Neg v}
! u“n'k : sh:l o EFA Dgueied Stondud for V0] Thene ogwries wir the ox sl of
L " e . anghrasiumn ol e Brer in sorbens wuh the sirs w the genrinl
.W"..‘..k' ;‘ ‘“\-n-‘ "y ! ot the genesal pagelatins caver wie sl caened by YO Thol, o e
- — ‘:u‘:-‘-n oppruin. vone o the s maes b the g wses il puogiiarion may l't.u‘nl“nl
o :“1:, : eapaninie, thew dhee Digwaes sondos e the ey ol thre Chewmsd
? WML, VoA ol n
Coverh. 1mpre vt ::-;" 0 wh 2t ikt of I Biving | Schbodln, Hoah, bl &
B8 N hobum, [himseninl, Scidwan, &
Vin " . ¥ Fapensemr of a Cobivr
_‘"):hl::nﬂ;!:ﬂ;unﬂ lhlunflr I.'uvirn. 20 At N Y Aven S H!."‘.:!ﬁ !:‘l;"!l;’
- Y wihes, Mastadity Eoperaem ¢ of Wewkere b sproredd de Vimd € Wb sde Afeominrmer
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The bongdeums thvks of VO expinure may it be Tnitggd te diver
anghnarcmng One sindy ol PV wonbers inkeatificd o statistically signifi-

I | g 201 €00 incibom e of Cinwers of e Wik i dwe respinanay sysien.' ™

stiady ol the Cuses of death unwsiig Edaiemlon warkess kewifled oo liver
sugiosatvontas, bit i did suggest wn increased incldence of cuncers of the
igestive systcm among Botl men sl wimes nid fhe breas! s she urinsty
slem in wsiriea ' Evidence of mher effects has appewted tn populsiions
cr than workess Onc stnfy hos twiwn 3 sinsistivsity signifivant excess of
Lirths defects il central nervwats sysiem wowws muvong the dhitibien of
wilies in thiee Oliio commanities that have Iosted PYOC plants i gs long
28 yeurs ¥

v Awinad bisnssays and sther texn for corcdnogenli iy

Vs carcinogeniclty has been confimed By the seathie of gapesiments
vt Wsiibiods wivd by ot Debwmatiry fesin, VC b been shown e conse
cuneer I aninvats Both when inhaled sad when Ingested. Ve Tirst lbnk tha
the hensleal causes cancer cane from the publication in 1971 of the sesvlis
of liabian exper) I d by the Luny and Amcrican VC and
PVC paasducers. In these Jests s inhaling high concemteations of VC
(30,00 ggind developed canceous tunuws of the skin, g, and hone, '
Fusther tests sponsved by the producers were conclided aml seported tu the
Ocunpational Safcty and Health Adminisnation (OSTTA) in carly 1974, As
shiall be seen in e cnse sty of OSTIA's stambad sening, Hhe datad anrived
at a cruciat time  On bebruary 15, ot OSIEAs dact-finding heading on ¥C,
the Huban seseasechers ieponed tlicit then-onpublishied fimlings th VC bl
induced angimarcons of the lives in sars inhaling concentrations as low as
250 ppm ¢ On April 15, DSHA received repoits from tests omulicied in

1% Toervhun & Galley, Mortubiy Study of Workers w the Munnfocinee of Vinpl
& hlorrde wnd s Polymers, 1o 1 Oucuramias kisiy W9 (1974) S alio Monvow, Peiers, &
[ . Proy ! Afuetatiy Among Viuyd Chborode Warkern, Lad 4 v 1o, Avg 171994,
an Wl

111 Chasre Nichoh, & Wong, Mortubity Among Emphvyces of PYC Fabetvaions, 19)
Cururatkreas Rl 618, 620 {197} fhestinalies cited sv Adortaiis Among Foboadion
Fophagean] Dhe wudbots mubesd o ouminer of Tl s in the design wnd dotn fi thicie sosdy that
prechaded drammg Iom cmmiuvons from # In partnolie, 4 would be wieful ke lllow the
opulasson of Fabenzion warkers fur vt pears ido the Turvee a1 0 sitlfo st tew i peviod
muay mot yeb have elapicd hur sunee eliesin 3o mwlent themelves

111 Intamé, Oniogenic and Mutageon Rol 1 Communitics with Polysinpl Ohhride
Pruduipon fusibies, 11 ANnars HY Acan Sor 89 3109780 (F Wnfamié, Mchicheel,
Waguner, Warnmesder, & Dolk, Gennvic Nisks of Virf Chboesde, Tin ¥ s s, Apr V19, o
14 himcbong sncreaved delad hina anenng wives of wankers eapored 1o ¥0)

1% Vela, igotti, & Crpute, darogenic Responis of Rt Sin. § ungy, and Renes fo
Vingl € Monde, 10 Cavibn Rose anon 316 (911 Ihercinafoer cied ny O ogeme Keipomir of
Mabs b0 Vi)

130 Ooouparanal Salciy and HeaMh Adaumrtistwn, Emergen y Teny ¥ Standurd
Eapotpes b Vampd Ohloesde W 1ed Heg 82 W2 009H) Ihesvinadics cmd s S Fanergency
Lemporary Stusdard for ¥( |

David . Doniger . ' n

'I:l::::lh ;: :‘:l:':l:'rewlu In nvice at the hiwess devel of enpasine ihen belng

Aninnal vest resubes stood at this poiot wtll early 1978, 1) way tepexieil
then ihat Ingestion by esis of us Niitle as appenkimstely 17 miltigiams fes
kilogtam of hiuly welghs prnduces livee angiosaccoma and other cuncess. '™
Mot seceatly, In Sepiember 1976, the results of shotber tound of Syhalatbwn
experinems deinunstiated thal VC causes fivet sogiosmicsma By rats ot 18
m:\;.:l:: :::;.Illlfnxc\ ety Inisnns ol one ppan, the lowest vancentiu-

The andmial experictising alao supgont suspicions that VC canses hnpon
cancers edher than angiosacciune of the liver. The expetiawnty have shown
Inciensed cuneer Inchlence st many sites aiher thae ihe fiver, inctuding the
lungls. spleon, binin, and, ox aleemty wted, brewst. ™ fapcriments doimn-
strgiing de fuksction af cauces I o specles olber S suis - e s
hasnstcss ~ fmiber contin sl VC i3 carcinogente. " In the sl eapont-
mems the subjects were exposerd io constmn, profunged duses ol V. The
wecd was noted in ord- 1974 for studics of the cffecrs of single o spasalic
doses, _lypiul of tmany benans” eagasare "™ Such o stly is now newring
complesion, but the 1esubts are not yet available **'

d. Additivnal kuwang of risk .

To adidition 0 several huidecd dumsand winkers in VC and PVC
production umb in PVC fabelcation, mitlions of Ametican have been, amd

c to be, exposed 10 VC. First, showt 4 & million peaple live within

190 OSHA P praed Stenderd for ¥C, supra rate 130, w1 1809 The retuls of lll:
Ballan 16303, whr slrwing the indwn thon of liver ungiovircama s M0 . wcre publnbed
Soaty 1915 Maboni & ) cleming . Carcimegrnh Wy Masvavs of Veard € Barde Cureent Reswlic
HE ANNAITN Y Acan Sor 198 (1924 )

MY Makinsi, Cilherw, Giomw, & Choeco 43K Effare tonngem nd Clarre (% Vindds
Seenminiziraca Per Via Ovate Nel Ratta (Oucogenic Effeats of VO Admimitercd (heatly too Rats
hclfdury Reporry, Grr Osernad t Viea, Dec | 1913 Nwnpaginated srpeins oo ile I offices of
the Ecology Law Quarterly)

14} Mewotsadum tooe Cone Mabom to e Mok of the wiopcan Foopesatine
Choup fos the Expeimental Bar asvaays on Vingl ¢ boside Larcwoge iy iundane jetcnad -
ser cited ns Malini Memorsndum]

1M Sex sowrces cited bn mores 108 141 wpra

WY OEPA St i avn Trommm o Remme, wnpes mote % a0 W I wddvion, nertsbs-
Fas of YU hive bheem vimwn 1o awebale Dacterss awd yensls inthe Tk benin T o niagem -
. See, v g, Voprlens, Bugude. Botuen e, Battich, Bumiasth, Camemetine, Corv, Freass,
Mietl, Leparing, fancling, & Rovst, Drdetson of (irnr Murwtions und Uiene Cansseuns 1 %]
"lnn- Chdovide Metubedites in Yeost, 37 Camin Bistamew 1% (1977} and swnes cded
theicin  Mutugemiciny ws reveoled n These Mty corelares welt wirh cHtingemmiy Ses
McCunn & Amet. supen note §7; From Micrabet ta Mew, pupre mode V)

8 WO Henrings. supra mote |, ot BB 01 statsment of I Theodwie B Linkclront

147 Telephone imicrview with D Jusepl Mck sughlin, Ervcctn $hvanion of Nasmakogy
oad Medivine, Comvumecr Prndut Sulery Commhvvion, Feh 7, 1970
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M Tonic Subitonces Conirel

Hve miles of 8 VC o PVC plant, ¥ 1n 1974, sbour 220 illion goumbs of
VC escuped im0 the sl surrounding such plams. ' The plent acighbocs
appear 10 have Seen eapoved W e Thn une ppan bess dhan $0 percent of
ihe thine P One sl saniple, however, micasweed 33 ppin near w plaid, "
sngpesting that there may e stmet e, bocatized peak exposies.™ In
wililition, YO i found in dhe shulge wasie and watce elllsem of these plass. *
VC has been found in sludge of levcls os high s 3,000 pps,'*? and In watcr
efllucnt as high as 20 ppon. ' Most of this VC escapes into the wir swsund-
dng e plas;" svac, bowever, aakes Us way Into diiuking wuler 1%
These VO coninsions s the mivhient air have been huplicared s the cause of
increased gutes of cunces awlt binth defecis B e sunvending Son-
tunitles."’?

Another lnrge proup of prisons Is exposed to VC icleused I iminposta-
fion, Ouly shout onc-thid of VC producth Is potyiserbzed o the sise where
itk prowdeced. The dost wiist be shipped betweea VC sud PYC Tsclinles
winks prcssure as o fiquiticd gas. About 95 percent of this is shipped in rail
sk cars, and the sest b tonk trucks, tank vessels, snd karges.'™ These
tanks may leak, punciwe, o explode, sometines In heavily populsied
micus. " Detween 1970 amd 1974, there were wt beast 24 sccidental releases
of VC fiom oail tank cars akone *® As VC diffuscs from Wi she of » spill
i accident, munsportution workers, neaby sesidents, avelkers, nd vtlees
bystumbcrs can ceceive shovt-lenm exg tn VC come ranging
tom 3 few pants per billion (ppb) to ihousands of ppm. Teemgnaiation
wurkeers and emergency persunncl such a3 tiremen and pulice officers iy

IV PA, Natonal Endeston Stimdard fur Harardons Ale Pollutamty, Stundard for Viapl
Uhlurdde, 41 Fad Weg. 48 350 (19160 [heselntinr cited sy EFA Seanderd fre ¥

£ TPA SuiniiFr ann TeOHNCAL Reresnt, pupsra aote W, m 18

13 M

[ LI

15 S id

197 EPA Tash Force Reporl, 2uprn nois 85, m 1.

1 M

13% M apps . ¥ ML

e Sce wute §9 Jupra

37 Ser somces cited in note 110 rupre

138 EPA Taik L orce Repatl, supin neic B3, W 7.

119 Sce note 19 infre

160 Mo of theie scckdentt ocoured In Teuss wad Lowisians, the 1ases with the highes
com entrativns of VO amd PYC Tacilies. Theer weie sevarsl sther sucidents lavolsing ae
echasc. Dais on scukicnty and releases it derived Brom & compurcs ke of the Depuitment ol
Veamposintion whis b sccords incidents of hussrduus moterishs loakuge w ocuidents dusing this
perivd, 8ad J1om the appendin 10 N Koy No $08), 934 Cong , 1d Seas 30 16 {19578 Dne
scuidem, tn Fotl Wayae, lndians, necessitsted ihe gvacwstion of 4,300 people. 4. of 1. When
& tudd tnnk cor rupiwres, s smuch s J0.008 gatons ol VO crcopes und setuims te b goreous
stare e liguee for the waniom tank size comen liom an imberview with Huy Wiliams,
LUhenmical Lnginesy, Dep o7 P lon, Office wf 19 dows Mutcrialy Dperatbons,
ey M, 190

R~ S ST ininsneanidi i)

David D. Doniger . 1

be sublect b repented eaposuies snd, # scchdeids occw n the wane places,
30 may teshiomts and bystmwfers. These exposures mie tess sustained than
thete suffercd by VO and PVC workers amd plat iseighbons, bt peak
concentralivus ulty sench slwise enperiemced by PVC polyincriz ating s for
cleances, the movt Keavily expised ouewpationd group

Fhisel, people sie enpuscd 1o VC dioingh cimsusmct prakun b, fisad, sl
deinklng water. Uniil laie 1973 or early 1974, VU wms uned 03 an aciosol
peopelism in drug, cosmetic, pesticide, and other comsumcr peoducts " The
wsrt ol 0 VC-pinpelied werouil piawiien such as & haie spray o » pesticide in
o stinll, enchised space such a5 o bathsons sny bave been enposed to sl
sern concenirallons approsching 400 ppm, swd persuns may have bl an
averuge eapysare rom slf VO-propelled prodwcts in their nioics cquivalent
tu s avesnge capurere of showd 16 prnu bn the Tectmics.”™ VC has been
theiecied i the aie of qocnus hieshily paimed with corisin lae x puints, b no
VC ermisabins bave heen desccted in u Ninked sampling of olier new PVC
products or feom sstomobile btcrbins. " VO keaches imp food snd bever-
ages leumt e more shian 300 melllion poaneds of I'VC packaging and wihier
PV Joud-conisct mmcrinls wsed sty * VO abo enters debnking water
front 1aw water supphies and by leaching om Incremsingly common 'VC
pipe.**! One sindy estinintes average Amcrican shily humuen intske of VC
thiough lood, water, ad air ¥ 34 micrograms %

The hazsedousness of mm-occupstional exg < W VCis even ks
well anderstond than the risk 10 e wainkers “The danger fivn inhaling
eattencly low concemrations of VO, or from single or sporsdic eaposine s i
high YC concentrmtivns, I3 unknown. Sindlasly, the relmtive sisks of inges-
ing sod inhuling VC are unkoown.™? Thus the wigency of seducing or
eliminating hesc sources of expasune 6 fmpassibife o aswen.
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Crior-Alali Business Unit
PPGE Chemicals

Ore PPGC Place

Fmsourgh, Pennsytvania 15272

DRAFT

May 13, 1985

Mr. William V. Loscutoff, Chief

Toxic Pollutants Branch

California Air Resources Board

P.0. Box 2815

Sacramento, CA 95812

Re: VYinyl Chloride

Dear Sirs:

Relative to your request for health information on vinyl chloride, we have no
information which was not covered in the MEDLINE and TOXLINZ information
services.

We thank you for asking for our input.

Sincerely yours,

éf/f 7 /w/&'

Clete M. Smith
Technical Service

CMS/rs

CHA 010438




FPACIFIC GAS AND ELECTRIC COMPANTY

A e - 77 EEALE STREET » SAN FR2CISIC, CLL RORN L SAILE e (d1E)TEieill THNY §LC-ITI €87

May 7, 1985 DRAF

Mr., William V. Locustoff, Chief
~oxiec Pollutants Branch

Re: Vinyl Chleoride

california Air Resources Board
P.0. Box 2815

Sacramento, Califormia 95812

Dzar Mr, Loscutoff:

Request for Public Health
Information Regarding Vinyl Chloride .-

Pacifiec Gas and Electric Company received your April 4, 1985

request for additional public health information regarding Vinyl

Chloride. We have reviewed the bibliography attached to your

reguest ard concluded that we are unaware of any additional '
information which would be of use to you.

Sincerely,

CMA 010639
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Te William V. Loscutosfs

From: David D. Doniger

Date;  APril 10, 19&5

Subject:  Vinyl Chloride

The attached is in znswer to your recen=
inguiry.
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Wigensr, J. K, Infante, P F and Apfeldsrf, K B. (:32Q) Toxxc:ty of vinyl chl
ind polyvinyl chloride as seen througn ep:deciolegie oiservations

J Toxieol Envxvo
Health 4(5~-46)-1101-7

-

Vatinibe, P. G, Young, v. J. and Gehr:ngy F. J (1§77) The :
(dese-dependent) pharmacck:netizs in hatard issesseent. J ©
102).147-%9.

=portance of non-linear
aviron Patho Toxzical.

Vaters, M D., Garrett, N E , Covone-DeSezres, €. M., Woward, B. £. and Stack, H.

(1933) Genetic tozxicology of scme known or suspected homan carcinogens. Chen
Mutigens:Prin methods therr detection. § 241-341.

Withey., J. R. and Collins, 8 T (197463 A statistical azssesszennt of the
guantitative uvptake of vimyl zhleride =zn:zer frez agquesus solution.. J Toxicol
Enviror Health . 1 () pati-21.

Zajdele, F , Croisy, A., fa:tbin, A , Malwveille, €., Tezatis, L. and Bartsch, H

VPG Cireinogenicity of ehloroethylens 2z:de, an citizale rerctive metabelite of

vinyi chioride, and Dbis(chlorzzethri-ether afler subcuginesvs administration and in
initiation-promot:ian experiments in =iz Canzcer Res. §3(1): 352-6.




South Coast DR:&FT

-AIR QUALITY MANAGEMENT DISTRICT

8150 FLAIR DRIVE, EL MONTE, CA 81731 (818)572-6220
' Rpril 22, 1485

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.0. Box 2815

Sacramento, California 95812

D?fr ﬂgﬁ,fgggggéff:

Vinyl Chloride

In response to Mr. Venturini's request for information am the health effects
of vinyl chloride, we are submitting several references which could be of use
in your toxic air contaminant program. These referenc:zs were not included in
your bibljography dated March 1, 1985. Also, informatiom regarding possible
biological production of vinyl chloride may be obtained ¥rom Or. Freeman Allen
of Pomona (College. .. -

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

Very truly yours,

— " '/;;: -‘.(—-:.../———'

4 o Anne Aplet

Director of Planniag
JAA:cas

Enclosure

CMA 010642
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DRAFT

Additional Refearences on
Yinyl Chloride #2alth Effects

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

Edmonds, L. "Birth Defects and Vinyl Chloride," Proc. Conference on Women and
the Workplace, Washington; D.C., 1976, also Teratology 17, 137 (19/8).

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

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

Kuzmack, A.M. and R.E. McGaughy. ™Quantitative Risk Assessment for Community
Exposure to Vinyl Chloride,* U.S. EPA, Washington, D.C., December 5, 1975.

National Academy of Science. Principles of Toxicological Interactions
Associated with Multiple Chemicals. Exposures 1981, 207 p. AD-A093 809/2
PC AlO/MF AO1L. ‘ X

-

Rational Cancer Institute (1978). Vinyl! Chloride - An Information Resource,
112 p. HRP-0028012/3 PC AOS/MF AOL.

National Institute of Occupational Safety and Health (1577). A
Cross-Sectional Epidemiologic Survey of {inyl Chloride Rorkers. 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
txposed to Vinyl Chloride. Final Report to U.S. Environmentz) Protection
Agency, SA1-068-81-569, January 1981. :

CMA 010643
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INTEROFFICE Subject _Suraical Pemoval of Anciocsarcoma
MEMORANDUM

L. B. Tepper Corporate Medical Department

(Location, Oraaniiation, or Qvparimant)

J. T. Barr Regulatory Response

cc:

{Location, Qrgamization, or Dagarimant)

G. Bays
H. L. Watson

The attached article is a report of an apparently success¥ul
surgical removal of an angiosarcoma from the liver of a PVC
worker. It appeared at Br. J. Surg. 71 322 (1984).

CHA 010644




Air Products and Chemicals, Inc. /')/
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Alerisen, PA TE108 ~i
Teecrone (215) 481-4911 / ‘ /
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< RAFT
Y April 1985 DRA ’

e

=
- W. V. Loscutoff
Chief, Toxics Pollutant Branch
CARB
Box 2815
Sacramento, CA 95812
Re: Vinyl Chloride
Dear Mr. Loscutoff:
We are happy to provide some information relative to vinyl
chloride in response to the April request of P. D. Venturini.
This includes: )
1. A paper by me given at the APCA, New Orleans meeting.
2. A paper presented at a CMA seninar in Washington,
9 December 1983. =
3. An unpublished reviéw by me on the safety and health
aspects of vinyl chloride, which contains several
references not in the bibliography with the
Venturini letter.
4, A report from Br. J. Surg. 71 322 (1984) of an apparently
successful liver resection on an ASL patient.
g 5. An article from EST 19 277 (1985) on biodegradation

of TCE to VC. Note especially reference 10, Parsons,
et. al., for corroborating evidence. You may want to
get the Dade County report "An Investigation into the
: Source of Vinyl Chloride Detected at the Preston and
- Hialiah Water Treatment Plants" by J. C. Balter, 1983,
for more details.

6. A summary of a report on a 1934 bicassay by CIVO0.

-
-

{ hope that these are useful to yosu in your evaluation of
this substance.

> ~fanager
Pegdlatory Response

JiB:esh
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Short notes and case reports

angiosarcoma

Y.A. Louagie, P. Gianello, P.J. Kestens, F.
Bonbled and J.G. Haot

Degartment of Surgery of the Alimentary Tract
Louvein-en-Woluwe Medical School, and 5t. Luc Hospital,
1200 Brussels, Belgium

Corresponcence to: Dr Y.A. Lovagie, 20 Avenue d'Huart
{bte 3), 1150 Brussels, Belgium

The relationship bétween vinylchloride exposure and
humar angicsarcoma of the liver (ASL) reczived auention in
1973 when a case of this rare tumour was diagnosed at
autopsy'.

Case report

A 39-vear old man was first seen in July 1979 with pain in the right
upper quadrant. The liver was palpated at the right costal margin,
Oral choleevstography and barium swallow were normal and liver
function tests were in normal limits, From 1965 to 1970 he had
cleaned reactors used for the polymerization of the vinylchlonde
mo=omer in PVC and was thus exposed 10 high amounts,

He was admitted 3 months later with persisting right upper
cuadrant paim, loss of appetne and fatigue. The liver edge was by
then hard and 4 cm below the costal margin. The ESR was accele-
rated (80 mmvh) and alkaline phosphatases and GGTP were
elevaled. Carcino-emibryonic antigen (CEA) and 2 fetoglobulin

CMA 0106446
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Figure | Schecine aneography of the cocliac srieev. The hyper-
vase ilarrzed tomour 1y supplicd by an anterior brangi jatrows of the
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hepatic lobe with arcas of necrosis. The *T¢ hepatic sean confinmc
he presence of an illu«iefined filling defect in the interior part of tf
right lobe with two small defects ar the level of the hilum,

The liver computerized tomography canfrmed the imegrity of 1t
left lobe.

A sclective 2ngiography of the ceflae antery revealed a hype
vascularized tumour of the right hepatic lobe (Fixure 1.

Al a nght theracophrenolzparozomy the tczacur was found io b
corifined to ihe right fcbe. An exzended right lobeciomy was the
performed. The postagserative recovery was uneventful and o
paticnt was serit homne with a monthly administration of Vincristir
() mg IV)and Adriamycin (150 mg m° IV) which was discontimye
inJune 1981

Repeated controls =p to Scprember 1981 by fiver san ar
compuicrized womogragrhy remained normal. The patient is s2ill
good health 38 monthsatter the resection.

Pathology

The resected specimen aas 2050 ¢ On macroscopica] examimato
the main tumour (13§ x 8 cmj wus yeliowish-and spongy ar
cortzined cystic and hasmorrhagic 2omexs. A second smal?
haemorrhagic mass was Sound at the inferior aspeet of the right lot
surrounded by numerovs: purple masses.

Macroscopically, the main tumonr show ed large arexs of nevros
and haemorrhagic psemEpeystic spaces (Figure 2). These spaces we
surrounded by areas of derse vascular proliferation. The sinusons
were lined with variphty sizad iyvegulzr sarcomatous cells wi
hyperchromatis  nuciel,.  Elsewhers, blood-filled spaczs we
surrounded by sarrommronus cefls. The sarcoma cells-encompass:
adiagent liver cells axze® bile ducxules and iafiluated the pare
chyma The gathoiogrmml dizgnesis of multicenirie angiosarcon
was made, The rest of the lner was normal except for son
mcderately efilarped powrtal Tracts Progressve fibrosis separan
hepatocytes at the margras of the poral trazis from adjacem heps
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cord cells. Anisocaryosis and anisocyiosis were frequent. A cross-
section hiapsy of the Jefl lobe showed normwl tissue with slight
hepatocvtie snisocaryonis, The lymph nodes taken (rom the liver
hilum were hyperplastic. The main caturces of this tumour were its
miulticentricity and thepresence of mild fibrosis.

Discussion

The occurrence of liver zngiosarcoma in vinylchloride
polymerization workers was rcported in 19742, Prolonged
exposure and long imerval from initial exposure is required
before liver discase becomes apparent. The average interval
is 12 years (range 6-29)), Qur patient was exposed for
5 vears and became symptomatic 14 years fater,

It is a rapidly progressing fatal discase. especially in
adults. The clinical features include rapid liver enlargement
with haemorrhagic ascites. fast deterioration and cachexia
usually with death within 6 months.

The treatment is disappointing and chemotherapy and
radiation of palliative value only. If the diagnosis is made
early. the disease is localized and there is no associated liver
fibrosis or portal hypertension, ressctive operation might

| . Short notes and case reponts

]
" prove to be curative. Howvever, there are few reported cases
of successful operatise rernoral of hepatic angiasarcoma and
the longest survival has bewn 16 monthss,
In our case the tumour was contined to the right lobe and

* there was no sign of the extensive librosis. 5o 12r the patiem

* is apparently {ree of discxse atier 38 months. This is. 10 our
knowiedge. the longest published survival.
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tace morphology, there was no evidence that the surface
nodules were composed of eny special, unique slement.
These particles from these particular collections seem to
be quite timilar to the micrometer size particles emitted
in the ash (2). It is not clear, therefore, why the collectad
ash shows a bimodal distribution of micrometer size par-
ticles centered around 5 um and submicrometer size par-
ticles centered around 0.5 um. X-.ray photoelectron
spectroscopy (XPS) and depth profile XPS have besn
applied to these samples to determire surfacs composition.
Results cf these analyses will be presented in the near
future.
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Robert D. Klespfer,* Dlans M, Easley, Bernard B, Haas, Jr., and Trudy G. Dehl

Region VII Laboratory, U.S. Environmental Protection Agency, Kansas City, Kansas 66115

David E. Jackson!
Ecology and Enviconment, Inc., Kansas City, Kansas 68101
Charles J, Wurrey

Departrnant of Chernistry, University of Missouri, Kansas Clty, Missourt 64110

® When trichlorosthylene (TCE) isotopically labeled with
one BC atom is used and gas chromatography/mass
spectrometry is employed to monitor the production of
J.dichloroethylene-C, (DCE), it has been demonstrated
that reductive dechiorination of TCE takes place in the
soil. Microbial involvement in this process is indicated
since unsterilized soil samples yielded up to 78 ppb of
labeled DCE while sterilized soil samples produced none.
lsomer specificity was also found; only 1,2-DCE was
produced—no 1,1.-DCE was observed. .

Introduction

Since trichioroethylene (TCE) is a8 major industrial
solvent (234 000 metric tons produced annually, worldwide
{1)) used for degreasing and cleaning metal parts and
slectronic components, it is perhaps not surprising that
TCE has found its way into the environment. In fact, TCE
appears to be widely distributed in the aquatic eaviron-
ment (1),

However, the environmental fate of TCE has not been
well documented, and considerable controversy still exists
concerning its behavior in environmental matrices. Early
literature references have concluded that C, and G, bale-
genzted hydrocarbons are pot metabolized by microor-
garisms (2, 3). More recent studies, however, are split on
the issue of whether TCE is biodegraded (4~-7), with one
research group reporting both “no appreciable anaerchic
degradation™ and 40% degradation of TCE in similar
methanogenic cultures (8, 9).

In & very recent publication, Parsons et al. have dem-
onstrated that tetrachlorcethylene (herein referred to as
perchloroathylene, PCE) is reductively dechlorinated to

'Present address: Deparumert of Civil Engineering, University
ol hnois, Urtans, 1L, 61501

Mws -

TCE, dichloroethylene (DCTE), and viny! ¢hidride in Flo-
rida muck/surface water microcoszos (10). Whether TCE,
which was present as a 1.6%. impurity in the PCE study,
was siznilarly biotransformed wes not directly investigated
but was implied by the results for PCE (10).

Therefore, in order to detsmrmine whether TCE itself
undergoes biodegradation, we have undertaken s study
using TCE with single atom SC isotopic labeling, soil from
a TCE spill sits in Dea Moines (11), and very sensitive gas
chromatography/mess spectrornetry (GC/MS) analytical
techniques. Since DCE-3C, eould only arise vis a soil or
soil-microbe-induced reductive diachlcrination of TCE-BC,,
this experimental method should provide congrete evidence
in support of such 2 pathway. The results of our inves.
tigation of this problem are repiorted herein.

Ezperimental Section

Materizls, Since sow microbes present had probably
adapted to TCE, soil saxnples were collected at the Dea
Moines site, at depths of 1-2 (A" samples), 68 (“B"
samples), and 15-17 ft (*C" samples), by using an 18 in,
long by 2 in. o.d. split barrel sazapler (11). These soil
sarcnles were gnalyzed by GC/MS {or the presence of TCE
and DCE In spite of the TCE sludge application having
been discontinued in 1979 (11), all soil samples contained
6 ppb of “native” (unlabeled) TCE. No DCE's were found
in any soil sezople. (An analysis of the Des Moines TCE
sludge iteelf by this laboratory and by an independent
testing laboratory showed very high levels of TCE (3000
ppra), but no DCE was detected.)

TCE-C, was purchased from Merck Sharp & Dohme
Isotopes. Sizgle BC labeling was used to produce welec-
ular and {raztment ion peaks which did net havs *%2 -~
m/z velyes a3 the BT/ -
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Figure 1. Representatve mass specra of vichioroetylena and 1,2-dichioroethyiene: (A) Tichiorosthymne; (B) inchioroetyilene-"C; (T)

1,2-Gichiorogthylena: (D) 1,2-dichiorosthyiene-"C,.

contamination. Volatfle orgenic standards were purchased
from Supelco, Inc, and were diluted appropristely with
metharol to contain 200 ppb of TCE and DCE. Soybean
meal was obtained commercially.

Methods. Five grams of soil from each depth way
placed in 5ml amber vials which had been baked at 150
*C for 3 b to remove any adhering volacile organic com-
sounds. One gram of soybean mea] was added to each vial
to epsure anaerabiec conditions, and the vials were then
filled with “organic-free” distilled water (which had been
purged with nitrogen). (Organic-free watar is distilled,
passed through a carbon column, and checked for organics
by using GC/MS mathods.) The visls were sealed with
Teflon septa. Samples to be sterilized were placed in an
aytoclave for 30 min 2t 15 psi. Each vial was thep injected
with 10 zg of TCE-BC, (2000 ppb, or ug/kg). Duplicates
of each sample were prepared. The sealed vials were
transferred into CO4/H, Anzerobic-Paks (BBL, Division
of Eioquest), which were then placed ia an incubator at
23 *C. As much as possible, the samples were kept in the
dark to avoid photalytic degradation of the TCE. Subsets
of the vials were removed for analyses at 6, 17, and 41
weeks. -

Control and method blank samples were prepared a3
Sollows: (1) Vials containing only orzanic-free water, both
with and without the TCE-1C, spike, were prepared to
moritor volatilization losses and 1o ckeck for cross-con.
taminstion throughout the procedure. (2) Vials containing
onlv sovbean meal (both sterilized 2nd uaste-lized) and

TCE to DCE by the soybean meal itself or any “foreign”
microbes and to mozitor adsorption of the TCE onto this
organic matter. (3) For the 6-week samples only, vials
containing soils A-C, soybesn sneal, and water without the
TCE-3C, spike were prepared as method blanks.

For the analyses, the contents of each vial wers Tarrs-
ferred to a 25-mL vial by uning organic-free watar o
eliminate headspace again, seaied with a Teflon septurm,
mizxed, and allowed to settle. Five milliliters of the so-
pernatant liquid wae then remaved for volatile organics
analysis using a Finnigas Model OWA GC/MS and
standard purge and trep mezhodology (12, 13). Detection
lg.m.it.s fo; TCE and DCE by this method are estimated to

e 1 ppb.

Results and Discussion

All compounds involved in this study were identified by
their characteristic GC eluzion times and mass spectza
(Figure 1 shows the cbserved mass spectra of labeled 2nd
unlabeled TCE ané DCE.) Bothk qualitasive and quanti-
tative identifications were effected from severzl sel
ion rmass chromatog=21ms for each substance. For exam|
the ions at the listed m/z values were used for the anal
of the following compounds: TCE (m/z {95, 87, 130, 122,
134); TCE-13C, (m/z 96, 8, 131, 133, 133); DCE (m/z €1,
63, 97, 99); DCE-1C, (m/z €2, 64, 98, 100). No confusicn
resulted from pesks Raving the szrae m/z values for thase
substances sincs each co=pound (exclusive of ity isoto-

romer) abitnd av o P, ch cTema Voo miin—ele st v s
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Table ]. Amousnts (ug/kg) of 1.2.Dichloroeihylene-(C,
Produced by Degradation of Trichloroethylene'?C, in
Ugcsterilized Soils
time, weeks soil A soil B* a0l C*
6 | 8 7 11
17 28 i 8
41 784 27 25

$See text for soill depth designations. Results m aversges for
duplicate samples; ranges were £50%., *No duplicate value was
obtained.

for the '*C and *C compounds were identical. This as-
sumption appears to be valid since we observed natural
abundance °C peaks in the unlabeled TCE and DCE mass
spectra having 2% of the intensity of the corresponding
C peaks (theoretical value 2.2%). The pertizent results
of this study are discussed as follows:

(1) In the watar-only samples, no cross-contamination
was pbserved at any stage of the experiment. Therefore,
no exogenous substances appear to have entered the sam-
ple vizls,

(2) The vials containing the water with the TCE-13C,
spike showed considerable varisbility in their percent re-
coveries, indicating substantial and inconsistent volatil-
ization losses of the TCE. We were thus unable to obtain
reliable quantitative data messuring the conversion of TCE
to DCE by following the rate of loss of TCE. Any ex-
periment that measures only the less of TCE sppears to
suffer from these volatilization problems and from ad-
sorption problems (to be discussed next). No degradation
products of TCE-!3C, were observed in these water and
TCE-C, saxples. so soil or microorganisms conatained in
the soil must be present to effect this conversion.

(3) In the samples containing water, soybean meal
(whether sterilized or not), and the TCE-!3C, spike, no
conversion of TCE-BC, to DCE-13C, was observed. Thus,
these control sarples eliminate the soybean meal as a
potential source of TCE degradation. Howsver, adsorption
of the TCE on the soybean meal was significant. From
50 t0 60% of the TCE spike was adsorbed after 6 weeks.
As seen from the sterilized soil samples (where, except in
one case of incomplete sterilization, no conversion of TCE
to DCE occurred), another 10~15% of the TCE was ad-
sorbed on the soil. Thuys, adsorption losses pose another
msjor problem in a study like this. Experiments that
mopitor tha loss of, for example, TCE and attribute it
solely to degradation are potentiaily suspect, particularly
if care is not taken to account for volatilization and ad-
sorption losses.

(4) The 6-week method blanks (containing water, soil,
and soybean meal with no TCE-'C, spike) showed no
generation of any substance (TCE or DCE, labeled or
unlabeled) not already present in the soil itself.

(5) Conversion of TCE-C, to DCE-'3C, was noted in
all unsterilized soils. Table I summarizes the amounts of
labeled DCE produced. As seen from Table I, a general
and gradual increase in the amount of DCE-1C, produced
occurs with time. (Of course, due to adsorption and vol-
atilization losses, the amounts of DCE-*C, actually pro-
duced are no doubt larger than those reported here. Actual
amounts of TCE — DCE conversion in “real” soils may
be even larger than those reported here, since the soybean
meal added to ensure enserobiosis may well have been a
more attractive energy source for the soil microbes than
the TCE. Indeed, breakdown products of the soybean
meal were also noted in the unsterilized soil samples.)

22000 S W DU+ P I e Y™ |

o I
soil samples showed g@;a A ;E lCE-uC
v

This may, however, ¢ result of £n incomplete ster
Jlization since this was only observed for one of the longe:
time samples.

Since conversion of TCE-2C, to DCE-BC, occurre
aimost exclusively in unsterilized soils, microbial partic
pation seems certain. Some caution should be exercise
in drawing this conclusion, however, since Kaufman (J-
has reported that autoclaving changes not only the bi
logical properties of the soil but also its physical ar
chemical properties. Nevertheless, on the basis of o
results for TCE and those of Parsons et al. (10} for PC]
it appears that the degradation of TCE to DCE in the sc
is indeed of biclogical origin.

(7 Only 12-DCE-PC, was produced whenever TCE-
was degraded. No L1-DCE-BC, (which elutes mare rapid
than 1,2.-DCE) was found in any sazaiple. Under our e
perimental conditions, cis- and trers-1,2-DCE coelut
(and cannot be differentiated on the basis of their ma
spectra), Thus, we could not identif'y which geometric
isomer was formed, or if a mixture of the two was pr
duced. (In their study of PCE biodegradation, Parso:
et al (10) were able to separate the cis and trans isome
chromatographically. They found that eis-1,2-DCE
significantly {avared over the trans isomer.)

Summery L -

By using TCE isotopically labeled with a single =C ator
we have shown that TCE is definitely dechlorinated in ¢
soil to 1,.2-DCE. Isomer specificity was also observed; :
1,1.DCE was detected. The TCE — DCE degradati

_ appears 10 be biological in narure, since soil sampies whi

had been sterilized exhibited no such conversion.
Since it has been shown that micobes that have adapt.
to degrade one rmember of a homologous series have al
sirnuitanevusly adapted to degrade other members of ¢
same series (I5), the possibility exists that DCE can
further biotransformed into vinyl chloride in soils. Mo
itcring data at the Des Moines site (11} ond elsewhers (It
this work and the work of Parsons et al. (10) all strong’
support this DCE — vinyl chloride contention. Consic
ering the well-known carcinogepicity of vinyl chlorid
further research along these lines is definitely warrante:
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Gas-Phase Hydrogenolysls of Polychlorobiphenyis

Jetfrey A. Mahlon, Peter Mulder, and Robert Louw*

Gorlaeus Laboratoriys, The University of Leiden, 2300 RA Leiden, The Netherlands

2 Chloroarenes in an abqosphere of hvdrogen are ther-
mally dechlorinated to yidld HCl and benzene as major
products between 700 and 325 °C, with residence times
of ca. 10 s, PolychlorobiphenNs (PCBs) are both dechlo-
riratad and split isto chlorinate¥ berzenes, with splitting
about twice as fast as dechlorind{ion. Thermal hydro-
genolysis, whieh occurs via radical tnechanismsy involving
H atoms, may therefore be consider a useful method
for workup of (tozie) chlorinated was

Following studies on themoiysis (1-3) and on several
fres-radical gas-phase aromatic substinidons ingti

now engaged in thermal conversions of benzene
rivatives with hydrogen. Within this category, *
cacking” of chlotinated arenes deserves special attention.
In general, reaction 1 is of potential icterest as a meth

Ar(R)Cl + H, — Ar(R)H + HC (1)

for dechlorination of (highly) chlorinated industrial waste
materials ete. Thermolysis of chlorinated benzenes in an
excess of H, (quartz flow reactor, atmospheric pressure,
residence time 3=15 s) proceeds smoothly at 750 *C and
shows very high degrees of conversion (HC] formation) at
ca 800 *C (8). Sooting is unimportant even at 900 *C
provided that the Haarene molar intake ratio is above 10.
Aliphatic and olefinic chlorides, in general, react much
faster than chlorobenzenes (8).

Polychlorobiphenyvls (PCBs) bave found widespread
application, especially as transformer oil, its use and dis-
posal entailing considerable environmental problems, We
therefaore thought it worth while to examine the behavior
of PCB in hydrocracking (eq 1). Qur observations, in-
ctluding those on appropriate model compounds reported
below, confirm our expectation that PCB can be com-
pletely converted into HC! and non-chlorinated organie
products, mainly benzene Hydrocracking thus constitutes
an environmentally clean alternative to incineration.

Representative examples with Aroclor 1248 (Cl = 48%
wt) are outlined in Table I. That conversion of PCB is
essentially complete and is illustrated by Figure 1. De-
chlorination of chlorobenzene (PhCl) is 297%: mone-
cklorobiphenyls are seen in minor amounts only, biphenyl
comprising ca. 0.7% on the PhCl feed. This biphenyl

stems {rom PhCl—or better, from benzene made
’-berefrc:_rnt'--- ehsm Fopue DT f1ads T fay) WTae LY,

Table L. Thermolysis of PCB in Chlorobenzena with
Hydrogen*

- nIn .

1 2 3 4
T, °C Tis 80 808 _ 8%
3 13 a3 3 7B
conversion’ of PCHa, % (= 10) 28 70 4990
PhCly,** % 43 85 .5 02
PhClL % 12 15 010 o ﬂ.
Pha' % 0.010 0034 0040 0.
CilPh ¥ % Q053 018 0.13 <003
PhH:PhC] molar matio 0.039 ¢i9 492 3%

*Spiralized quarz mubuler flow reactor (3.5 m, 48 cm®); inflow
(mmol/h)k: H,. 221 £ 4; P5CY, 102 Arochior 1248 (0.69); dxration
of runs 40—65 min; procduct colleczad in a trap cocled with liquid
N, *By GLC with Phr as internxd standard: totad of surface area
from dichlorobiphesyl cn (rewamtion time > 27 min, Figure 1), s~
suming reapanse W be indepandamt of chiorine enntast. These
ownbers paralle] those for depees of dechlorinstion of PhCL
PhCly or PHCly under tha same canditions. * Mole paresnt aws PCB
in X 0.5. “Mole percent on bazzenes out. *lomer discribution
rthometepars, %k run L, 40:25:3% run 2, 37:27:36; ran 3,
:35. /Isomer distribytion (orthemetapara, % rm 1.
2335 run 2, 3Z25:33; ran 3, 3828 #Confirmed by GC with
slectrip caprure datection

¢ is produced vin the same route but is ob-
as diivezt [1x amount can be estiznated
w7 abcut the composition of the PCB
y, the identified portion of Arochlor
1248, ca. half, is co= of the following ratics of phenyl
units: Ph:PhCLPhCIAPACL, = 0.02:1:2.3:0.18. If changes
due to the small degred of dechlorination are negiected,
235 be 1:(1.3 + Q.16) X 6 == 4%,
30 a8 to give a total degree &f splitting of about 10%. PhCl
alone yields ca. 6% of EC1 tader these conditions so this
mode of hydrogenolysis is abaut twice as fast as dechlo-

As we have reported elsawbera (8, 9), methane i
formed, ranging fom 0.2% (run 1)t 1% (run 4) on PhCI
feed; small amounts of C.H, and C,Hy and traces of C;H,
are also produced. h

Simultaneous splitti=g and dechlorination of PCA will
cause the yields of PCly and PhCl. to pass through a
marimum with inereasi=- teziperature. The same holds

Fom - =




»y

4 ':ll

» 4

—

»”

- 2AET
-eﬁﬁ THE DOW CHEMICAL COMAANY!

THE DOW CENTER

October 5, 1984 MODLAND, MICKIGAN 48640
Document Control Officer AIRBORNE

Management Support Divisicn

Office of Toxic Substances (WH-557)
U.s8. Environmental Protection Acency
401 M Street, S.W.

Washington, D.C. 20460

Dear Sir/Madam:

Attached for your information please find a copy of a summary
of a report on a Lifespan Oral Carccinogenicity Study of Vinyl
Chloride in Rats which we recently received 2nd which I
discussed with David Williams on Tuesday, October 2, 1984. -~
This study was conducted in Eurcpe by Civo Imstitutes TNO and
was sponsored by Verband Kunstofferzeugende Industrie E.V.

It is our understanding from VKI that the £?2a will soon be
receiving a copy of the final report. We do not have a copy.

Upon review of this summary, we have been unable to determin
whether this study presents any substantial risk information
under the EPA's Statement of Interpretation =znd Enforcement
Policy. 43 Fed. Reg. 11110 (March 16, 1978). It appears from
the minimal data presented in this summary that the study is
corroborative of effects already documented in the scientific
literature.

Sincerely,

| | To: Beb Oubwe
hn A. GSEE. /2537L“‘ S;k?_brv\ TReD {‘L<3 5;15l65|£?£

Attorney
2030 willard H. Dow Center

517/636-0933 'Pa_gq. [ ¢ L

Attachment

bce: F. D, Hoerger, 2020 WHDC
H, S5chumacher, Horgen

cua 010652
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CHAPTER 10

VINYL CELORIDE AND TSCA

John T. Barr
Akpuﬁmn;umcnmmuau,mcﬂf

INTRODUCTION

The well-known regulatory history of vinyl chloride and its role
as a bellwether of current regulatory philosophy makes it a useful
paradigm for examining the relationship of existing laews and the
Toxic Substances Control Act (TSCA) for control of chronie hazards.

To this end, we will first review some of the highlights of its
regulatory history, and then engage in some speculation as to the
response these events might elicit today under TSCA.

INDUSTRIAL AND COMMERCIAL USE OF YINYL CHELORIDE

Vinyl chloride became of industrial importance about fifty
years 8go, approximately a hundred vears efter its discovery, when
Semons discovered that its polymer could be converted into useful
articles by plastization with phthalate esters, Commercial develop~
ment began first in Europe and then in this country in the late

1/  Air Products and Chemieals, Inc., 1583.
129
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thirties, lergely using existing rubber processing esuipment, for it
was rubber which it initially replaced in & marke:. For the same
reason, the use of polyvinyl chleride (PVC) was secuestered by the
government during the war years, and it was not until the early
fifties that widespread consumer applicziicms develcped. PVC is
now a mature product, and its growth rale falls in step with the
Gross National Product. Presently, about six bil¥ion pounds are used
ennuglly in this country, and about {our tires that in the world.

Some of the broader toxicological atiz*butes ¢f vinyl chl ride
(VC) were recognized in the thirties. It wes kncwz tc be 2n anss-«
thetic, but problems with cardiac arrythmis preveated its use in that
application.zl As pathologicel techniques irrproved, industry scien=
tists recommended in the early sixties that sxoasure be Imited to
50 ppm, because of temporary liver enlarrer-ent in animals at that
level,ai but the American Conference of Governmental and Indus-
trial Hygienists considered this overly ccumervative and sccepted
instead the 500 ppm recommendation ¢f Earrerd scientists.4/ THis
was the value adopted by the Oeccupatioral Safety and Health
Administration (OSHA) in its formative days.

Also in the early sixties, the Eurcpe=m industry recognited
among its workers a disease termed acrocstenlysis, AOL, which is a
degenerative disease of the bone tufts, particuls=ly in the fingers,
that is accompanied by Reynaud's phenomenem.3/ An extensive epi-

2/ W.F.ven Oettigin, "The Halogenets@d Hvdrocarbons, Their
Toxicity and Potential Dangers,” Public Sesith Service Publication
No. 414 (Washington, D.C.: U.S. Depertrment of Heelth, Education
and Welfare, 1955),

3/ T. R.Torkelson, F. Overs, and V. K. 2owe, "The Toxicity of VC
es Determined by Rereated Exposures of Leborztory Animals,”
American Industrial Hvgiene Assoecistion Jcuwmal, XXIO (1961), b,
354.

4/ American Conference of Governmeriel ané Infustria]l Hygien~
ists, "Documentation of the Thrashold Limit Velue, 1963™ (Cinein-
nati, OH, 1963).

5/ S, Sueiu, J. Drejman, and M, Valasei, *Etudy of Diseeses
Caused by Vinyl Chloride,” Medieal Intern.. I3V (1982), p. 957.
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demiologice! survey here &nd in Europe found about & hundred possi~-
ble cases which were essocisted clesely with mariual cleaning of
regetor wells between polymerization batches, but neither the pre—
cise etiological agent nor the disease mechanism wes identified.®/

An attempt wes made to reproduce this disease in rats by the
medicel department of one of the Eurcpean producers. An exact
duplicetion of the human disease was not seen, but many of the rats
develosed tumors at numerous sites. The reperting of this finding by
Viola?/ in 1970 evoked little interest in the regulatory community,
possibly because of the very high doses umed, several thousand ppm,
which were frankly toxic to the animmls, and the fact that the
tumors were largely metastatic from the Zymbe} gland, an organ not
present in humans.

Nevertheless, both the Euwrcpean and dJdomestie producers
formed consorta to perform bjoassays &2 lower concentrations and
also began epidemiological surveys of their employees. -

Preliminary results of the European bicasswy became available
{irst in early 1973, and showed tumor developrnent at much lower
concentrations in organs which do have human counterparts. This
result was transmitted to regulatory officinls’ that summer, and
industry screening of employee records was intensified.3/ This re-
sulted in the recognition that winter by en indusitry medical director
of a cluster of three rare liver tumors termed argiosarcoma, ASL, in
the employvees of one facﬂity.gl The reporting of this fact to

6/ W. A. Cook, et al, "Industrial Hygfene Eviluation of Thermal
Degradation Procducts from PVC Fetus in Meat-wrapping Opera=-
tions,” Arch. Environ. Health, XXT (1971), p. 74.. Also, B. D. Diman,
et al., "Occupational Acroosteolysis I, An Epidemiological Study,”
ibid,, p. 61.

7/ P.L. Viola, "Patholegy of Vinvl Chloride,” Medicina del
Lavoro, LXI(1970), p. 174. ’

8/ A. W. Barnes, "ICl Ends Its Silence cn Vinyl Chlcride,”
Chemiceel Engineering News, (July 8, 1974), p. 21.

9/ J. L. Creech and M. N. Johnson, "Angicsarc ma in Workers Ex-
potad to Vinyl Chloride as Predicted for Studies in Rats,"” Journal of
Qesudational Medicine, XVI (1974), p. 150.
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government officials led to the cizrent reguistory status of vinyl
chloride, )

It elso led to & virtual explesion =f research on the chropie
toxicity of VC. The body of scientifie 1itsrztie on the oncogenicity
of vinyl chloride is es lerge es that for eny other substance. It is
recognized that VC is a clessicel proce=cinogen. Metabolism by the
mixed funetion oxidese in the liver converts it to the ultimate car~
cinogen, an epoxide. Detoxificatizn of this intermediate by the
sulfhydryl Eroup of glutathione or ciher ;roteins removes the toxic
potential.l /" Both of those mechenisms zre szturable.!}/ An over-
load of the metabolic step asswes that the vinyl chloride will pass
through the liver end some will be metai:zed in other organs. An
overload of the cetoxification step ellews escape of <he toxicsnt
into the sinuscidal pessages of the Uver where interaction with the
chromosomel protein ceuses ASL to davsalop. An overload of both
mechanisms can leed to tumor development cutside of the liver, as
is seen in mice and rats at very high dorss. Despite the lazge data
base, however, information on the preciss meczhanism of these vari~
ous steps still is lacking. We do not even derstand why some per—
sons respond with AOL and some with ASL, but none with both
diseases.

REGULATORY STANDARDS

OSHA proceeded promptly in exrly 174 to set an emergency
temporary limit of 50 ppm for worker excesurs, and later that year
reduced the limit to one ppm, the cusrent ligure, Industry was given
a grace period during which respiratars csuid be used to meet this
requirement, but now that level must be met by engineering prac-
tices,

10/ W. K, Lelbach and H. J. ilessteler, TAcvanca in Internal
Medicine end Pedisrics " Sorinzer-Verles, TLVI (New York, 1981)

11/ R. Hefner, P. Watansbe, and 2. Cering, "Percutanecus Ab-
sorption of Vinyl Chloride Ces i{n Rh=sus lcniey," Toxicolozv and
Applied Pharmacolesv, XXXTV (1975}, p, 522,

12/ OSHA Stancard for Vinyl Chlorice, 28 CTR 1910.1217,
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The Environmentel Protection Agency (EPA) promulgzated a
combined engineering and works practice standard in 1876 which has
resulted in ambient concentrations in the fractional ppb range near
producing or using facilities.}3/

In the meanwhile, the Food and Drug Ad=Inisiration (FDA) and
Consumer Product Safety Commission (CPSC} established prohibi-
tions on the use of VC in aercscl or other ez=surmsr applications, a -
practice which had been discontinued fm 1573. The Bureau of
Aleohol, Tobacco and Firearms of the Tressiwy Department (BATF)
had already banned the use of PYC liquor boties in 1973 because of
concern for taste effects from migration of sesidusl VC into the
contents. In 1975 the FDA proposed revoctiicn of the generally
regarded 23 safe (GRAS) status of rigid PVC packaging under the
Delaney clause, also because of migralion comeerns, but that
propeosal never has been promulgated, and the DA has stated that it
is considering withdrawal of the propecsal znd recommending to
BATF the reauthorization of plastic liquor Eottles in light f the
current very low residual monomer levels in fs=riceted PVC articles.

Other regulations have followed &3 new siaturies and rules hav
come into play. The Department of Tremmpestation (DOT) and the
Coast Guard regulate the transportation of VC, of course, and VC is
listed as a priority pollutant and hazerdous waste under various
water and solid waste rules, and has a repoctable quantity of one
pound under Superfund.

Did the existing laws operate satisfmetorily at the tim of
discovery of the chronic hazards of VC? It appears that they did. A
leading medical authority who was deeply in-velved in the w rker
health evaluation in 1974 hes termed VC a "su:-2ess story.” Reeval-
uation of the risk to employees under the c* : 3pm standard by a
conservative nonthreshold extrapolation methzz:1% rields & lifetime
estimate of less than 105, a risk level which Is not thought t be of
concern. The compearable risk estimate for the general populace is

13/ EPA Standard for Vinyl Chloride, 40 CFE 61.60.

14/ P.J. Gehring, P. G, Wetanabe, and C. K. Park, "Risk of Angio-
sarcome in Workers Exposed to Vinyl Chlomide as Predicted for Stud-
ies in Rats,” Toxicologv and Asplied Pharmscologv,” XLIX (1879),
p. 15,
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several orders of magnitude lower. EPA has stated on several
occesions that it believes that vinyl chlorice is regulated adequately.

RISK ASSESSMENT

Risk essessment has been a pcpular svocation among thes
interested in VC, and more than a dozen Mave been performe¢15/
These can be divided generally into two classes: those which rely
solely on animal data; and those which atterspt 10 incorporate the
hurnan experience. -

Those in the {first class yield similer results, end show the
normal spread of estimates from the verious mathematical models in
common use. These range {rom 1,500 to 10™° opb for & lifetim risk
of 10'5, 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 datal®/ in order to get reasoneble fits to most models,
because these doses show broad systemie toxieity. The lower doses,
500 ppm and below, as a group fall into a general pattern on a log-
probit plot, but individual two or three cose experiments show tre-
mendous differences in slope when plotted separately. The popular
multihit model predicts a lifetime risk of 1078 at fractional ppb
levels,

The human factor was accounted for in two ways. The EPA
used some preliminary emplovee epidemiolegicsl data to eonfirm its
animal-based extrapolation.” Unfortunately, the human duta were

15/ J. T. Barr, "Risk Assessment for Vinyl Chloride in Perspee—
tive,” (Paper 82-9.2 presented at the 73th Annual Meeting of the
Air Pollution Centrol Associgtion, New Orlezrs, LA, 1882), Lines 20~
25.

16/ C, Maltoni, et al, "Vinyl Chlorice Cereinogenicity Bioassays
(BT Project),” (Paper presented gt "Le Clt> de Cancerogenese
Chemique,” Institute Curie, Paris, November 10, 1878).

17/ A, M. Kusmaek and R. E. McGeughy, "Quantitative Risk
Assessment for Community Exposure to Viny! Chloride,” (Weashing-
ton, D.C.: U.S. Envircnmentel Prctecticn Ageney, December 5,
1975).
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selected {rom those locations known to have ASL ecases, while other
facility cata were omitted. They also were in error on the pest
exposures by more than en order of magnitude. This resulted in an
estimate of 20 cases per year from the estimated 1574 ambient
concentrations for the population within {ive miles of production and
processirg facilities,

The EPA seldom bothers to check its estimates against avail-
able data, so it sometimes comes up with results such as that made
for arsenic a {ew years sgo that would have predicted 18 million
cases of skin cancer a veer in this country if it had been applied to
Agency data on the average arsenic concentrations in drinking~
water. Similarly, &8 survey of all known ASL ceses in this country for
the ten years befogi 1874 showed no cases associated with residency
near such pltmts,1 rather thaen the 200 predicted cases. It is rea~
sonable to assume that if any cases had developed since that time,
the publicity associated with it would have brought them to light.
Thus we have 110 million-person vears of negative history for nearby

residents, This places an upper limit on risk of less than 107 per

ppm-vyr.
Two studies applied pharmacokineties in an attempt to cbtain
relevant human data. Gehring and coworkers estimated a lifetime
risk of 1078 at one ppm from the probit model, based on a biotrans-
formation of rat data. Th7 unconstrained linear model predicted n

risk at less than 99 ppm.19
Anderson, Hoe]l end Keplen carried this procedure one step

the total amount metebolized. Their results gave a lifetime risk of
1077 at less than one ppm, with the probdit model, or at less than two
ppmn with the linearized multistep model

18/ H. Popper, et al, "Development of Hepatic Angiosarcoma in
Man Induced by Vinyl Chlorice, Thorotrast, and Arsenie,” American
Journal of Pathology, XCI (1978), p. 348,

19/ P.J. Gehring, P. G. Wetenadbe, end C. N, Park, Toxicology and
Apolied Pharmaeolegy, TLIX (1979), p. 15,

20/ M. W. Anderssn, D. G. Hoel, end N. L. Keplan, "A General
Scheme for the lnccrporation of Pharmacokinaties in Low-dose Risk
Estimation for Chemice! Carsinogens. ibid,, LV (1980), p. 154.

L]
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Thus we see that risk is in the e:ye of the estimat r, but it is
clear that estimates incorporsting %'men data reflect the human
experience for VC far better then o ‘the direct epplication of ani-
mal data,

There wes understandable certninty on the part of both th
regulators and industry in 1974. This =mas the first commodity chem—
ical to be regulated under the relatizsily rew statutory situation as
the result of new information. Nevertheless, both the regulatory
egencies and industry acted promptly & reduce exposures and &mis-
sions to an acceptable level

The current count of occipatismnal ASL csses is sbout 100
worldwide, with 30 of these in this wurn‘.::?.z” All these cases had
their first exposure in 1964 or esrlier, :2nd there appears to be room
for optimism that the steps taken in e mid-sixties because of the
AOL informetion will have prevented! amy significent number of
cases developing from exposures cormmencing after that date. Cer-
tainly it is reesonable to expect that “here have been no new cases
initiated after the early seventies,

Had TSCA been in place in the midi-sixties, would it ha-e made
any difference in the course of events? It appears unlikely that it
would. Certainly the AOL discovery woould have resulted in a series
of 8(e) notices to TSCA. The prochetle outcome of that would have
been either a recommendation from the Interagency Testing Com-
mittee (ITC) for more tests, or e Sectfon 4 testing requirement. Itis
pessible that, because of its commereial importance, VC could have
been placed on the ITC list before the AQL data became available.
Additional data could have been calef! for under Sections 8(a) and
(d). The result of all this most Iivelr wwould have been a negotiated
testing rule, under which industry weuld hzve initiated a series of
studies which would have culminzted iIn & bioessey, and the car-
cinogenicity of VC would have been ciscovered in cue time. Yet,
this is precisely what did heppen in the sbsence of TSCA, except
that the preliminaries were omitted, a=3 the bioassay was performed
concurrently with the screening tests. Thus it is pessible that the

217 J. Stafford, personal cemmunizatien, Liver Angiosarcoma
Cases, April 15, 1983.
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final critical data were obtzined egrlier then would have occurred
resent conditions.
undeerear in mind that most of todav's powerful testing methods
were not availeble twenty years ago. 'I'haf fact would not have been
changed by legislative fiat, and ang‘yqilecils::;x made at that time had
ade in light of the available knowledze.
° belr? the datz of Viola suddenly became available today instead,
would there be any significant difference in the outcome, or the
timing of that outcome? Probatly so, but only because of the vastly
more powerful scientific tools which we have avaflable to us now.
Neither the speed of agency motion rer the rate at which inFustrial
facilities can be built or modified has incressed. If anything,
latter has slowed, given the multiplicity of permiis and appro
now required. Overall, it is possible that if today we knew ncthing
more about VC than was known in 1970, we would arrive at a regu—
lated state & few months earlier than was achieved in 1574, but
scientific progress, and not legislative or regulatory advancement,
t the credit.
shoulci‘g:t if VC were to become a new produet today? Would it mm
the same course in which it would be 40 years before th_u'e was foll
recognition of its chronic potentiel? Certainly not. Again, however,
the reason is due more to scientific progress rather than statutery
devel«;pt:e:lt‘;nge might be epparent. If VC were the subje.ct of a
Premanufacture Notification (P1IN) today, rather then being the
model to which all other aliphatic olefint are compared for struc-
ture-gctivity analysis, it would be judged by the others in its
family. This comparison would be less dogmatic than th reverse is
now, Ethylene and vinylidene chlo:-ide_ are not animal .eareinogm;
the relevance to humans of the carcinogenicity of hlg'h doses o§ .
trichloroethylene (TCE) is equivocal and controversial; and viny:
acetate has only a preliminary "non-negative™ report. Thus, this
eclass of substances would heve lost its lesder for structure nctivity
comparison, and & decision as to the neec for further testing irom
that analysis would not be clear—cut, based on analogous compounds.
Neither would a full minimum premenufzcture data (MPD) set
be of any great assistance, VC responds pocrly to the clas.sica.l
vitro tests, and only recently hes it become pessible .to btainr
dueible positive results in many of these. If the position were tsk
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"little lists" for the executioners apperently is too great to be re-
sisted, 6/ as Lester Lave pointed out recently. ‘

We believe that EPA can best obey its stetutory mandate by
developing & more efficient system for esteblishing priorities, and by
implementing more effectively its Section ¢ procedures.
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roiuct inn

comblnation of circimstances which found Lhe carcinogenic hazard
vinyl chloride (VC) belng discovered al about the same time -as the
ence of risk analysls was undergoing rapid development, and Lhe

at commersial interest and long history of use of the substance has
ulted in & body of Viterature and pharmacaloglcal data greater than
can expect to have for wost subslances. (L s therefore {nstruc-
e Lo review the many risk assessments which have been prepared for
¢galost the avallable blological Information Lo determine §f we can
luate the extrapolation melhods used, and to discuss the current
ulations for VO Ia light of this comparison.

ards of Viayl Chloride

{5 necessary to declde first which of the hazards presented by VC
uld he the basis for the risk estimalion. The subslance presents
acute harards of trosthile (rom exposure ta the Viquid, of anes-
sfa al concentrations over 8,000 ppm and suffocation at higher
centrations {von Ocllinger, §955). It also forms explosive mixtures
air above 3.75 volume percent, and so the efforts to conirol the

sical safely of operalions generally precluse exposure Lo acutely
lc copcentrattions,

ve conlrol efforts were reinforced In Lhe mid-1960"s where It was
overed (Suclu, 1363} thal vorkers who 1ad been exposed Lo very

v levels of VC developed "viayl chioride disease,” the primary
[festatlon of which was acroosteolysis (ADL), a degenarative diseass
Lhe bone tufts In Lhe hands, and more rarely of the feet and tusbap
fon.  Although crippling to some degree, Uhls disease s nob falal,

Is at least partially reversible if exposure is eliminated (Gran}
wer and Ward, 1300}, P ¢4 (Granlger,

st ten years baler it was found Lhat some of the workers having
lar exposure slso were developing angiosarcoma of the llver (ASL),
ipidly fatal disease. Dddly enough, thers {5 only one possible

- of 3 worker developing bolh AOL and ASL {Stafford, 1901} amon
00-plus cases of ADL and 90-plus cases of ASL now known uorldu?dc,
wugh bolh are diseases of Lhe vascular system. Several large
Iemiology studies were conductad on workers exposed o VC (Baxter
Fox, 1976; Chiarze, 1980; buck, Carter and Cocmbu, 1975; Equitable
ronmerial Health, 1978, Fox and Collier, 1977; Frentzel-Beyme,
dty, and Yheiss, 1978; Theriault and Allord, 1981), and ASL was
enly fatal disease found consislently Lo be In excess in Lhese
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persons. Animal studies have shown an excess of Lumors at olher
sltes, but the lowest emposures at which these occur are considerably
higher than that for ASL. For exasple, Halloni {1979) reported Lhe
following data:

Concentration For

Sile Significant Elevallon
Forestomach papillomas: 30,000 ppm
tieurohlastomas: 10,000 ppm

Tymbhal glaml carcinomas; 10,000 ppm
Hephroblastomas: 250 ppm

Liver anglosarcoma male: 200 ppm, 50 mg/kg

female: SO ppm, 16.7 mg/kyg

Hammary adenocarcinoma: 5 ppm

The low concentration for onset of mammary tumors was of concern when
a prelialnary study of fabrication employees reported an excess of
breast tumors {Chlazze, et al., 1979) but a follow-up case-controlled
study (Chiazze, 1980} found no assoclatlon between the cases and VO
exposure. The largesl sludy of VC-PYC workers in Lhe United States
veported stight encesses of brain and lung tumors (Equitable Environ-
menta) Healih, 1978), bul this was not scen in the other studies
referenced above. The excess of braln tumors was smail, and not dose-
or exposure-related. JThe overall excess of lung tumors resulled from
an excess in one plant only, and reexamination of Lhose cases also
showed no assoclatlon with VC exposure (Wawweiler, 1978),

Vinyl chleride has been found to be active in several in vitro muta-
genelic Lesis with bacteria and yeasts (Hopkins, 1979} and Tt appears
Lo cause chromosome abnormalitles In exposed workers, bLul these changes
are reversible when exposure 1s reduced (Hansteenc, 1978} and several
studles of neighbarhoosds around PVC plants have failed Lo show a
supportable association with birth defects {(Ldmonds, 1975, 1976). it
is nol & teralogen in rodents {Johns, 1977).

Thercfore It appears reasonable to assume that if Lhere 1is any signif-
lcant chronlc risk other Lhan ASL, It is considerably smaller than
that for ASL, and that an adequate risk assesiment can be based on
anly the livar tumors,
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svlew of Risk Assessments

Schnelderman, 1975

One of the first atiempls Lo ulilize animal data to estimale
risks al very low exposures was that of Schnelderman, Manlel and
Brown (1925). TVYhey used pretiminary Nalleal resulls to compare
the estimates obtained from three eosslblc mathenatical models.
The 993 assurance leve) of a “safe® dose at & Vifelime risk of
10 7 was eslimaled from several extrapolalion medels as follows:

tag Probit (slope = 1} 73 ppb
logil {slope = 1.45) 119 ppb
Logit {slope 2.1, one-hit) 2.1 ppb

The awlhors discussed Lhe recognized difficulties of sxtending
these rat data Lo himans and of providing animal experiments Lhat
could answer sallsfaclorfly Lhe question of human risk st very
low dases.

Kurmack and McGaughy, 1975

The £PA was the first group to attempt a human risk aszessment
for viny) chloride (Xutmack and HcGaughy, 1975). 1his ploneering
effortL allempled Lo use bolh animal and human data, and to show
comparative results from both the linear and log-probit ngFels.
IL concluded that there was an Individual risk of 71 x 10 ° per
pim of Hietlmr rxposure 1o ¥C by the Vincar extrapolation method,
and Lhat Lhe log-probit resulls were one-Lenth te one-hundredih
of that. .

This efforl s subject Lo several serlous criticisms. The
exposure data used for human experlence was Lthat fros & group
wilh Yess than average exposure, while Lhe ASL rate was chosen
fros only those plants which did report cases, and ignered the
remafnder of Lhe population, lhus, Lheir incldence rate of 7.5%
compares Lo an actual figure of sbout 0.1X.

They used as their primary melhod & Vinear extrapolstion of rat

dala, which pften has been seen to overeslimate Lhe actua) rates
by al least two orders of magnilude, and Lhey assused Lhe tolal

gancer rale Lo be twice that found fer ASE.

This same eslimate was used by the EPA (1979) Lo estipaty the
concentration of ¥C in drinklpy waler which would provuce various
levels of visk, These esllmales are, of courss, subject to the
same crillcisas.

Hishet {1928) challenged the estimate of Kuimack and McGaughy
(1975) when It was used by Wilson in testimony before the OSIA
Iearing on ity generlc cancer pollcy. MNisbet stated that his
calculations showed the risk to be 10-30 Lines greater, by Lhe
same calculation melhod, Wilson {1978) suggested several flaws
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tn Lhe NHisbet procedure, inciuding the fact that he chase for his
exlrapolation one polnt aL 25 ppm from Maltonl experiment BI-15,
and that this poinl is ol In good agreemeal wilh Lhe whole body
of data. Furlher, he chose to usc total cancer incidence In Lhe
rats, Including Lhose at rymbal glands, which have no counlerparl
in husans. Bolh Wilson and Kurmack and HcGaughy had used a
taclor of two Limes ASL to account for possible tancer at other
skles. Wllson did acknowledge a mathematical error which made
his results half the proper number,

AMbert (1978) applied this same general procedure Lo other poten-
tially carcinogeaic ale pollutants in the United States and
calculated Lhe expected annual cancer dealhs as follows:

Arsenic 15.6
Denzene 17.8
Cadnium 26,2
- Loke ovens 149.5

vC {aller regulation) 1.0
Gehring, 1979

Gehring, et al., (1979) appliied an enperimentally derived bio-
transformation correction (Gehring, el al., 1973} Lo rat data and
estimated the incidence In humans al two different exposures by
means of four different extrapolation models., Thelr estimates at
500 and 200 ppm TWA bracket Lhe observed experfence f(or humans
when derived from Lie probit and the unconstralaed linear models.
The Yinear-through-rero and one-hil models consistenlly over-
eslimaled Lhe Incidence, Although not considered by the aulhors,
the Vlnear and problt models malch ralher closaly the total .S,
experience of occupational ASL al an assumed 1,000 ppm exposure.
The Uinear mode) predicts no Incidence below 99 ppg.in humans.
The probit moded predicts a human risk of 1.5 x 10~ at | ppa.
Thus, a mechanism for adjusting for Lhe difference (n melabolism
between animals and huwans appears to be useful,

A Vimitatlon of the Gehring procedure §s that it uses partial
Raltont data, and tesls the results against the CHA epldaalclogy
study. That study was not the “end of the experiment™; It stopped
at the end of 197), and several dealhs have occurred since then,
Nelther did it cover Lhe entire population, but only the emplpyares
of those plants which met cerlain critaria for dalg retention and
length of operation. The Stafford (1981) data does cover Lhie
enlire population and extends Lhe hlslory for seven years. lhe
size of Lhe population 13 not known, but a rcasonable eslimate,
basod on normal werker Lurnover rates and the nueber of plants

nol included in Lhe CHA stuly, {s certainly nol less than 25,000,
This would give & gross incldence of aboul 0.1X, OF these, Lhe
rusber actually exposed le substantlal exposures would be about
25-30 per plant at any one time. Multiplication by 25 plants,

and 8 facter of three for Lhe Lurnover during this perloed, would
give about 2,000 highly exposed persons, for an effsclive inci-




dence of Just over 1X. Personal experlence would indicate that,
for Lhe period prior to 1964, when all of the first exposures of
the falal 26 cases had occurred, the average exposures of Lhls
highly exposed yroup cerlainly was in cucess of 1,000 ppm for Lhe
workIng day., Haltonl (1979) found a 1X {incldence at about

1-10 ppm in rals. Calculatlon of the dose eqeivalent to a 1X
Incldence in rats glves O ppm by thé linecar melhod and 7.5 ppm
trom Lhe log-probit equatien for the combined Mattonl Inhalallon
experiments, This crude and subjective estimate would Lhen say
Lhat man §s aboul (00 times as resistant as the rat to VC inhala-
Llon, a figure generally in agreement wilh other esiimales (NCAD,
1979).

Food Safety Council 1978, 1980

The Food Safely Council has recommended (FSC, 1978) the use of
the gaema multl-hit moded because of its [lexibi)ity in handling
dose response dala of varying curvilinearity at low doses, It
has calculated {fSC, 1980) Lhe maximum Vikely and lower 97.5%
limit doses for substances al vaf‘ous risk levels and wilth
different models, For VC, al 10 ° risk, Lhese resulls are as
follows {based on early Malloni dala):

One-hit
Armitlage-Doil
Weibull
Hulti-hit

For Wiy substance, Lhe qoodness of fit of Lhe Welhull model
{0.56) was superlor Lo that of the multi-hiL (0.32). Nelther of
the other two models gave acceptable fits. This was in part
because of Lhe concave shape of Lhe curve, which included all of
Lhe Wigh doses In Lhe dose response dala,

Dow, 1919

A Dow Jicath Team performed 8 relstive risk estimation for several
compounly, (Langer, el al,, 19071) whlih timsbiterad probable sxpo-
wre, the consequence of expesure, Lhe physical stale of Lhe
substance during processing, and the curreal exposure slamlards,
inls resulted In a value of 48 for V€ in & “closed sysiem but

" wilh esployees 1n the vicinily.” The same procedure assjgaed
hatard rabing values Lo some olher subslances as follows;
beniene, 10; phosgene, 410; hydrogen sulfide, 5; arsine, 9,700;
and bis-chloromelhyl ether, 69,700, In s balch operation with
occaslonal manual handling, the harard rating for VC increased to
9,700 by thls setliod.

tiehkbr, 1980

Heblr, et al., (1980) conducted a serfes of tests for tha Consumer
Product Safely Commission, 8 part of which consisted of enposing
rals and mice Lo a series of short, high exposures, ralher Lhan
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the usual extended low dosage. They Included one-hour ewxposures
to rats and mice at 50, 500, 5,000, and 50,000 ppam, 10 and 40
hour exposures al 500 ppm, and 49 and 100 one-hour exposures at
50 ppm. After lifclime observatlon they found no effecls on
rals, or their affspring, nor on mice exposed to less Lhan

500 ppm. Those exposed Lo over 500 ppm developed .pulmonary
adenomas, bul they also had suffered from pneumonitis.

They considered Lhe published data on animal exposures snd
concluded that Lhere was a lifetime dose below which ne oncogenic
response §s scen.  This was estimated to be 5,000 ppm-hrs for
mice and greater than 50,000 ppm for rats, regardless of whether
Lhe dose was adminlslered over a short or long period. This
concept of equaliLy of effectiveness for all modes of eaposure
does nol have general acceptance and would aot appear to be
correct, based on our present understanding of carcinogenesis.
Dose-rale effecis are, of course, well kaown. llowever, the
degree Lo which thils can.be extended to ail Lypes of effects is
not known.

These autlhors also used Lhe Crump-Guess model (Crump, Guess and
Deal, 1977} to evaluale Lhelr data on mouse pulmonary cancer, and
estimated Lhat exposure Lo 5,000 ppm VC doubles the probability
of cancer, while 50,000 ppm increased the risk nine-fold. In
view of Lhe fact Lhat pneuvmonitis was present in all animals
exposed above 500 ppm, 1t |s questionable if this was a direct
oncogenic response, or the result of an nongenclic event because
of severe lung damage. Halloni {1979) also reports an increase
in lung tumors 1n mlce, but nol in rats or hamslers. Thus, the
slgnificance of thls fladlng Lo risk In humans §s questionable.

Anderson, 1980

Anderson, et a),, {1900} extended Lthe work of Gehring, et al.,
{910 and 1979) Lo incorporate Lhe amounl of melabollc products
from V¥C which aclually was bound 1o Lhe UNHA of exposed rals,
{Gehring and Dlau, 1977) rather than Lhe lolal amount metabiolized,
Thny asebgned varlous values Un the papameters I & Hlchaie]ly-
Hﬁﬂtﬁn cquatlon depleling Lhe kinetscs of Lhe mutaballe process,
and compared the resulls from extrapolalion Lo low doses by
log-probll and mulLi-hit modals. They found Lhat the two extrap-
olation moidels responded quite differently Le Lhese variations at
very low dases, and Lhat 1L was pol possible Lo selecl one model
as Lhe more approprlate from Lthe high-dose data, Use of the
values of Gehring for the primary paramelerg,gave estimates of
Uhe dose equivalent Lo Yifellac risks of 10 ° of less than | ppa
for the prohit model and less than 2 ppm for the multistage
model, 8 correspondence which the authors polaled out was betler
than Uhe precislion of Intarspecies comparisons,




EPA, 1980

The final versfon of Lhe water qualily crilerias document for VC
{IPA, 1980} used a different approach for risk estimalion. The
slope of Lhe incldence of all Lumors at Lhe lowesi doses of
Malient experiment BT-) was adjusted for ihe fraction of exposure,
the equivalent feeding level 1o glve Lhe same Bleod concentratlion
of VC as by inhalation {see Withey and Cellins, 1976), and the
ratlo of Lhe surface area of hu-ans_gs. rals, to preduce an
estimale Lhal a VifeLime risk of 10 ~ would be caused by drinking
2 V/day of water containing 20 g/). There is some confusion in
Ihe malhematics given ln Lhe repori, and Lhe assumptions on which
Lhe adjustmenls are made are far from having general acceplance,
allhough generally following MAS recommendalions. It appears
thal this procedure overstales the risk by several orders o
magn | Lude.

HAS, 1900

The Mallonal Academy of Sclience (1977) calculated Lhe upper 95%
confidence limit-for risk from drinking water containing vinyl
chloride from Lhe probabilistic sultistage model and ear]x Haltoni
rat data. They report {NAS, 1980} a Vifetime risk of 10 ~ as
being equivalent to ).0810 ~ mg/kg/day. For a 70 kg person
consuming 2 1/day, this would calculale to an acceplable level of
I g/). The difference between the EPA and HAS numbers comes
from Lhe different curve-fitLing methods for Lhe animal data.

Gaylor and Kodel} (1900) applied linear "interpolation™ to the
same ecarly Halionl data used by the Food_aa!ely Council (1978) to
arrive al a predicted maximum risk of 10 ~. The upper 97.5X%

conf ldence Vimil of the animal data was Laken as ene point on the
interpolalive line, and tero incldence al tero exposure as Lhe
olher. ]nis produced & lower 97.5X conligencc 1inlt dosage of
7. 0 10 7 ppm for a lifetime risk of 10 © in rals, lheir_lppli-
cation of the ur-ltgie-noll sultistage model gave 5.2 ;zlo ppm
as Lhe dosage al 10 ~ lifelime rilsk compared 10 2 x 10 ° by Lhe
Food Safety Council. The difference is due Lo allernalive assump-
tlons on Lhe value of L exponential dose Lerm,

Crump and Guess (1910) reviewed some of Lhe earlier risk estimales
tor vinyl chloride in drinking waler, and recalculiled the risks,
usfng Lhe one-hit and mullistage models, They arrived al an
vpper 35K confidence VimiL of lile;g-e risk for drinking waler
conlalning ¥ g/ of YC of 4 x 10 ", based on early Haltoni
inhalation data. Using Lhe assumplion thal a 0.2X lnclidence of
ASL In workers had resulled from & lifetinme exposure of 70 g/kg,
ey oblakned & manimum [ikelihood risk of 10 ° from 0,34 o/} by
both Lhe multislage and Vlnear models, with 35X lower confldence
limits of Lhe same risk al 0.24 g/1. These Lwe models reduce to
a Hinear form when used al very low doses and with the assuspiion
of no threshold value.

CMA O 73

J
-
>
-
——

 These authors clte EPA data on Lhe cccurrence of VC 1In public
" waler snpglles which by Lhelr melhods yield a lifetine risk of

1.7 x 10 7, or 12 Jeaths per year from this cause in the United
Stales. Hone of Lhese has been observed, despite the accumula-
tion of 15 years' data on ASL deaths (Popper, 1978).

Scotl (1981} ascribed the decreased Incldence of tumors {n rats
a3l Lhe higher doses Lo a cell killing process, and adopted Lhe
Welbull mode]l to account for Lhls. Application.of the model to
some early Maltonl data produced a curve which 1t the data from
50-10,000 ppm. He did nol atiempl to extrapolate Lo doses beyond
the experimental range.

Carlhorg, 1981, also applied Lhe Welbull model Lo I biocassay
reporks on a varlely of animal carclnopens. lle concluded Lhat
Lhe one-hit model was not appropriate and Lhat carclnogens could
be divided inlo calegories according Lo the shape of Lhe curve,
e.pg., concava or conven., ke found Lhat Lhe early Hallonl dala on
¥C leli Into Lhe former category. Application of his parameler
estimates Lo those gyta, assomlng no spontaneous lngldence of
ASL, glves 2.5 x V0 " ppm for a Fifetime risk of 10 ~ for rats.
later calculations including all of the published Malloni data
did‘no; change Lhe results significantly (persenal communi-
catton).

Hie found the Welbull shape parameter to be approximately 0.5,
which is assumed Lo be Lhe number of stages for Luwor Inltiation.
This {3 consistent wilh the finding by Gehring (V977) of a satur-
sble melaholic path which produces Lhe proximate carcinegen. 1t
also sugyests that Lhe aumber of “stages” {s the mmber of finite
rale steps before Lhe rale-limiling step. There may be other
stages following, bul they are not rate controlling. Actually,
Lhere appears to be at least two saturable mechanisms involved In
Lhe pharmacokinetics of ¥C, the metabollsm Lo the ultimate carcin-
ogen and the delox|flication by sulfhydryl groups,

One furlher evaluation of human risk can be made from the experi-
ence of persons resldln? arar YC-PYC plants. The EPA estimated
{Xurmsck and McGaughy, 1976) that five ailHon persons Vived
within five miles of these planls, and were exposed to an aniual
average concentralion of 17 ppb. The present distribution of
plants was generally well-sstlabiished by 1999, thus we have 22
years of hislory, or aboul 110 alllion person-years. About five
or six of these plants, with 1-2 million nelghbors, go back
anothar 20 years, bul Lhese dala are not (lrm enough for Inclusion.

The fact Lhat mno case of ASL has baen confirmed as arising from
these lnbienl_’uposurel places Lhe upper bound of risk at less
Uian 2.7 % 18 ° per ppa-yr,  JL |5 belleved that the exposure
dats were overestimaled by EPA, and thus Lhis result may be too
Yow, but it Is in Lhe same general range as Lhat arrived al by
Gehring (1379} and Anderson {1980) after making corrections for
pharmacokinetics,




Extending this crude calculation, Lhese five miilon persons are
now supposed by [FA 1o be ewxposed to 0.2 ppb (probably a high
{igure), which would predicl no more Lhan £.000) dealhs per year,

or one per 3,700 years in thal whole population due to VC exposure.

Bul IL also musl be recognized Lhat with approximalely 20 cases
per year of ASL In the general population, there can be expecled
from a purely stallstical basis that Lhere should be one case
every Lwo years or so among this group of 5 millfon plant neigh-
bors.

Ihe results of these esiimates djgcussed above are compared in Table |,
ifter conversion Lo a uniform 10 ° lifetime risk. Estimatles 5, {Dow

1929} and 12 (Scolt, 1981) were not in a form Lo permit Lhis comparison.

See OSMIA, (1980), for references to a few olher estimales that were
10t consldered here.

It can be seen Lhal the resuits lggl into lwo major categories, Lhose
<hich project Lhal Lhe risk of 30 ~ occurs abL exposures of greater
than } ppa, and those which flnd Lhat risk in the ppb range. The
vstimales which yield the higher allowable exposures are based on
human data (Nos. 3, 7 and 14) or use a log-problt extrapolalion model
(Ho. 2, second estimale), or predict a Lhreshold (Ho. 6). The
remainder generally are based on Lhe Vinear, non-threshold model, and
nake no biological correction. The resull is a difference of 3 or 4
orders of magnilude., The estimales which yleld the higher allowsble
exposures are In better agrecment wilh human experience than are those
of the other group.

Addillonal Data

A1l of the extrapolatllons reported here have used for the original
1altonl data from his experiment BI-1. He has now reporled (Halteni,
1979) Lhree olher cosparable inhalallon experiments on the same straln
of vats, and one on another strailn, in addiLion Lo two Ingestion
sludies. 1he resulls of Lhese experiments are shown in Figure V, on a
iog-problL scale. It can be seen Lhat they all follow a similar
witern, bul thal there are large varfations in slope belween Lhe
sarlous data groups. Table 11} contalns Uhe log-prohil equations
alcunbated from some of the bislivisual experiments, and various proups
of experiments.  [xcelleal FlLs are oblalned far 3 single experiment,
15 would be enpecled from the small nuwher of idala points, but adequaile
‘14s are oblalned for the group a3 a whole. Incluslon of the historic
ontrol dats on ASL (0.09X spontancous incidence)} did not affect Lhe
fiL substantially, excepl for Vhe very low dase dala, Incluglen of

ihe 9,0 {origin) a3 a data polnt aid give signiiicanlly poorgg fits,
ihe combined experiments indicate Lhal a 1ifelime risk of 10 ¥ for

‘ats {s oblained from a dose In the V-2 ppb range, -

vimllgr vartation Is seea with the other mathemallcal expressions,
.uch as linear or sxponential equatlons,

1w
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Requlatlory Status

The currenl regulatory stalus of viny) chlorlde Is summarlied in Table
11. The first regulatory action on ¥C was laken in 1973 when the
Dureauw of Jax, Alcohol and Flrearms prohiblted the use of rigid PVC as
liquor containers. This was based on It belng present as an adulterant,
and not on any consideration of risk. The Consumer Product Safely
Commission (CPSCY, Lhe Food and Drug Admiristration, (FDA), and the
EPA al) acted Lo ban Lhe use of ¥ as an acrosol propellant Lhus
establishing a zero risk position. The FDA proposed {FDA, 1975} Lo
wilhdraw Lhe prior sancilon status of rigid PY¥C as 2 food package
component because o] Lhe concern for residual V€ that might migrate.
Tie FOA has taken no further actlon on this proposal, and now is

cons idering a "constiluent” pollcy which would permit a Vifetime
exposure at some ggceplahle risk level. This risk has been proposed
recenily Lo be 10 * lifetime for Lhe glutlonous consumer. As was
discussed above, Lhe EPA required a best avallable technoloyy approach
which reduces Lhe average -exposure to Lhosc within 5 mlles of a plaat
Lo about 0.2 ppb, by EPA estimates. OSilA established a rule in 1974
which seb | ppm for B hours as the maximum permissible exposure, and
also set 0.5 ppm as an aclion level below which most features of the
regulation did not apely. These were chosen as feaslble leveis, and
not necessarily "safe" doses (DSHA, 1974; EPA, 1976).

The EPA has established an exposure to Lhe general population only
0.1% of that allowed in the workplace. The CPSC has required zero
exposure, and the FDA has consldered Lhat approach. Jepending on
which method of estimation Lhie FDA may choose, lts allowabie exposure
could be eilher greater or less Lhan those currenlly set by EPA and
OSIIA. Il has been eslimated thal the maximum amount of VL Ingested by
the average European, who uses much more plastic packaging Lhan we, 1s
le;s than 25 g/day, (CEFIC, 1976) which would be In Lhe order of a

10 * or 10 ° Vifetime risk by even the mosL conservalive models.

There have been various eslimates made of Lhe cost-cffectivencss of
the Fedaral regulation for vinyl chloride. Graham and Vaupel (1901)
estimated thal the OSHA rule cest $1.5 million per life saved, and
$490 Lhousand por Vife-year saved over the option of leaving Lhe
exposyre LimiL at 50 ppm, Luken and Mitlee {1901) state Lhat the
{mputed value of & 1ife from the OSIA standard is 34 mlllion. Horreld
{1902) uses an annual cost of 320 midlion and an annual beaefit of 0.1
life saved to derive a cosi/benefit of $200 miVlion per Vife for the
OSHA rule. The LPA has reported (EPA, 1979) that the cosl of compy,
ance with 1Us ¥C stamlard was $796 million through July ¥, 1981, and
will be an additional $470 milllon during Lhe next five years, 211 {a
1977 dollars. @€ the EPA estimale of up Lo 20 deallhs per year were
correct, this would be a cost of $4.7 miilion per ife. tiowever, as
discussed hera, Lhere §s no evidence Lhal any lives have been saved by
tiks rule.

Thare are many difficutifes in obtaining accurate eslimales of this
type, and serlous problems in determining the proper value Lo be
assigned Lo & 1lfe, neverlheless, the doubtful nature of Lhe claims
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ar any significant Denefil from these rules sugnests Lhat at best,
nese regulalions are excessively costly Lo sociely. lherefore, we
1wl altempt to improve bolh our data base and our melhods for [nter-
celing acil applylng Lhe data.

iscussion ]

al can be learned from this exercise other Lham Lhe already
‘cognized fact thal various extrapelation models caa yleld very
ifferent results? In this case, at least, lhere are several points
iich are worth consldering.

Vinyl chloriite Is no exception Lo the rule that human data always
susl be Incorporated whenever possible. The epidemic of occupa-
tionally induced ASL which was feared in 1374 has not materialized,
prubably due Lo Lhe steps thal were taken in Lhe early 1960's to
reduce expasure because of the discovery of AL, Mo instances of
ASL from exposure to ¥C fn the general papulalion have been
substantiated. The overprediction of occupational cases was due
10 Lhe underestimation of worker exposure and overreliance on raw
animal dala withoul proper pharsacokinetlic adjustment. We are

noL now able to extrapolale reliably bLelween similar specles and
certainly not from rodents to humans, withoul much addillonal ,
dals.

The regulations for viny! chioride were not based primarily on
sclentiflc data, but on socloeconomc and pollitical declsions.
This is no surprise (Crandal) and Lave, 1981), but is a fact
which should Le acknowledned openly, along with Lhe understanding
Uial this position will conlinue Lo penalize good sclence.

Mathematical extrapolation models are nol adequale in themselves

for predictions of risks much heyond thwe experimental range, no

matter how good the [it is to Lhe data in the observed range.

The varfability of relatlvely small experimental groups adds Lo

the error range. Thus, biocassays Intended for quantitative risk .
asyessment applicalions should e al as low doses as possible, :
and as large as possible, and should be Inlerpreled very cau-

Liously.

Ihe current slate of the arl s such that guantitative risk
asscssmenks may be useful for delermining relative rishs from
similarly acling carcinogens, but are nol sultabile for across-
the-board application Lo V) mechanisms of carcinogenesis,

This is nol Lo say Lhat we should abandon efforls al developing

more effecthve risk assessment methods. We must, however reco?nlu
the problems inherent In bifnd application of wathesatical models
withoul proper assessment of Lhe avallable blochemical dala, or

;n understanding of how applicable the experisental data are to
unans,

]
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We have avallable Lo us at least as much data regarding viny) chlorlde .

as we have for any olher substance, and we still have difficulty in
deriving a suitable expressicn for risk from a purcly msthematical or
statistical basis. Oaly when human relevance |y considered can we
arrlve at a predicllion that approximates aclual ewperience.

The regulators are faced wilh a tremendously difficult' Lask when Lhey
are preseniled with a few pleces of animal dala which suggest the need
for concera and polential regulalion. We must develop a suitable
program te oblain and use as much relevanl data as possible to assure
that ratfonal regulations are possible. The viny) chloride experience
can help us understand the kind of data which are needed.

3785-a1
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QUANTITATIVE RISK ASSESSMENTS FOR VC
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FOOD SAFETY COUNCIL, 1980
HEHIR, 1960

ANDERSON, 1980

EPA_ 19BO

HAS, 1900

GAYLOR & KODELL, 1900

CRUMP & GUESS, 1980

CARLBONG, 1900
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TABLE |
SUMMARY OF

BASE
SPECIES

RAY

AAT, HUMAN
RAT, HUMAN

NAY
NAY, MOUSE

RAT, HUMAN
RAT
RAT
RAT

HUMAN

RAT
NAT
HUMAN

EXPOSURE FoNn 100
LFETIME RISK

13 ppd
1D pirly
1ppb

14 ppts
140-1400 ppb

> 1 ppm

2% 106 ppo

THNESHOLDS SEEN IN
BOTIt SPECIES

> 1 ppm

4 uG/DAY

3 X 10 5 MG/KGIDAY
0.7 ppb

0.5 ppb
0.1 p G/DAY

0.6 p G/OAY
2.8 % 105 ppb
> ppm

[ 82-%.2

COMMENTS

————

LOG-PROUIT
LOGIT BLOPE « 2.48
LOGIT SLOPE 2.3, 11T

LINEAR THROWGH ZERQ
LOG-PRODIT

BIOTRANSFORMAL DATA AND
LINEAR OR LOG-FRODIT

WEIDULL .

ONA BINDING
FOOD OR WATER
WATER

UPPEM 97.5% CONFIDENCE
LIMIT OF LINEAR MODEL
ARMITAGE DOLL MODEL
APPLYING WONKER DATA TO
WATLR, UPPER D9%
CONFIDENCE LIMITS
WIEDULL

NEGATIVE EPIDEMIOLOGY

»

TABLE 11
REGULATORY STATUS OF VINYL CHLORIDE

PHILOSOPHY

CONTROLLED LEVEL

AGENCY

ADULTERANT

BANNED AS LIQUOR BOTTLE

BATF

ZERQ RISK

BANPNED IN CONSUMER PRODUCTS

CPSC

PTABLE

—
-
-

CONSIDERING ACC

USE IN RIGID FOOD PACKAGING

QUESTIONED

FDA

RISK

APPROXIMATELY 0.2 ppb

BEST AVAILABLE TECHNOLOGY

EPA

LOWEST FEASIBLE LEVEL

1 pem 8-HR TWO MAX.IMUM 0.5 ppm

ACTION LEVEL

OSHA
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: TABLE 11l
EQUATIONS FOR CURVES FITTED TO VARIOUS
AND COMBINED MALTONI EXPERIMENTS

LE

CONCENTRATION
LINEAR LOG PROBIT AT 106 RisSK,

.'l

- EXPERIMENT y=ax + b P=a INDOSE + b (LOG-PROIITY, ppm
v . ' ] -] r ] b r
s
BT-1 . 026 338 097 035 276 059 Q.03
PLUS CONTROLS 027 247 097
3 B8T.2 305 858 1.0 160 088 1.0 rx
© PLUS CONTROLS 1.52 113 0.38
BT.15 6.5 -1.08 1.0 069 346 10 Vi
PLUS CONTROLS 528 030 0.95
ALL INHALATION STUDIES (4) 0.28 3.07 0.9 0.27 298 0.82 0.082
PLUS CONTROLS 027 280 o9
ALL INGESTION STUDIES (2} 175 015 095 030 322 088 0L
PLUS CONTROLS 1,74 020 095
ALL STUDIES (6) 029 360 073 027 2305 0822 0.o0D1
PLUS CONTROLS 029 314 0.72
ALL STUDIES; LOW DOSES ONLY .51 253 0.75 042
PLUS CONTROLS 1.03 097 079 017 271 049 0.5002
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Memorandum | DR}}\?T

To

From

Kenneth Kizer, pirector B June 17, 1985
Department of Health Services Subject:

714 P Street Evaluation of
Sacragpanto, Ca BZ:::::> Vinyl Chloride

A;&ecut

[+ 2-17144

ﬁnﬁffi er

I am writing do request formally thar the Department
evaluate the health effetts of vinyl chloride as a candidate toxic
air contanminant in accordance with Assembly Bill 1807 (Tanner}).
According to Health and safety Code Sections 3%860-62, your
Department has ninety days to submit a written evaluation and
recommendations on the health effects of vinyl chloride to the Jir
Resources Board and may reguest a thirty day excension.

Attached for your staff's consideration in evaluating
vinyl chloride are: Attachment 1 - a suggested list of topics that
we believe should be included in your vinyl chleride evaluation anad
recommendations; Attachment II - a list of references on vinyl
chloride health effects which were presented in an ARB letter of
public inguiry; Attachment IIJ] - additionel references and comments
received from the public in response to the inguiry letter; angd
Attachment IV - ambient vinyl chloride concentration data anad
emission data which should be used to estimate the range of risk to

California residents as required in Health and Safety Code Section
39660(c).

¥y staff is available for consultatizsn in conducting this
health effects evaluation. Wwe look forward to continuing to work
closely with you and your staff in carrying out this legislative
mandate, If you have any further gquestions regarding this matter,
please contact me at 445-4383,

Attachments

cc: Jananne Sharpless

Alex Kelter, w/attachments

Raymond Neutra, w/attachments

peter D, Venturini

Assemblywoman Sally Tanner

Claire Berryhill

emil Mrak, Chairman and Members
of the Scientific Review Panel

Senator Ralpn Dills

Senator Art Torres

Jonn Holmes ARB

CMA 010481
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ATTARCENZNT IV A

SUMMARY OF AM3IZINT VINZL CELORIDZI CONCESNTRATIONS

Vinyl chloride has beea produced in one industrial
facility and used by four facilities in California, all of thenm inm
the South Coast Air 3asin (SCAR). In ¥Yay 1978, the Air Resources
Board (ARB) adopted an ambient air cuality s:andard for vinyl
chloride of 10 ppb, 24-hour averzce. Ssubsecuent ambient monitoring
in the SCAB found the 10 ppb standard ic e exceeded fregquently in
the vicinity of these facilities Zfrem 1973-1981. However, since
1982 the recent monitoring data Icr VC near these vinyl chloride
facilities has shown all values :=c :ce low 20 _::, without a
determination of the actual valus., 7T ¢ reiucticons in ambient
concentrations are likely cue to ths ciosure of the production
facility in 1982 ané implementaticn of regulations by the South
Coast Air Quality lManagermsnt DJiszrict CAgM2) designed to reduce
vinyl chloride emissions.

ﬂo

s O

,1

Vinyl chloride has been detectes in the community n ar Q
BKK Class I landfill in West Ccvina, In 18983, the Department of
Health Services (DES), AR3, ané :r.e South Coast Air Quality
anagement District issued a repcrt detailinc ambient concentrations
(report attached). As the report incicates, the average vinyl
chloride concentrations varieé with lcocation., The worst case
residential location, Station A, hac mean Z4-hour VC concentrations
of 7.1-7.3 pph, wita a maximun rezding cf asout 39 ppb. Data for
this report were collected over tkhrize nmonths (July 19-October 15,
1982), with 24-hour samples taken £ive davs per week.

A newly discovered po:en_.al souvrce of vinyl}l czlorid
emissions into the air is that of sewace :reztment facilities. &an
EPA contractor.recently made some 2stirates of vinyl chloride

emissions, as well as other volatil¢ aromztic compounds, from the
*Top 20" sewage treatment plants, naticnwide, {Please see Appendix
D of Versar Memorandum, Attachment IVC.) In this document, the
Hyperion facility, which is loca:ze< in the SCAB, was calculated to
release 171 metric tons/year of vinyl chloride., ARB staff modeled
this emission estimate (assumpticns on Atzachment IVB) and predicted
8 ppb above any background as an annual average vinyl chloride
concentration. The 24-hour maxicum VC concentration prediction Iis
23 ppb above backgrouné. ARB &nc S§CiQ¥2 rlan tc confirm these
estimates with source ané ambien: vinyvl cnlcoride testing at the
Eyperion facility in the summer cZ 19ZZ,




Summary of the Health Effects or Vinyl Chloride D R A%: -5'

HEALTH EFFECTS

e
.

The health efrects of viﬁy] chloride have ceen reviewed by several
sources. Two good reviews are by the International Azency for Research on
Cancer (IARC, 1979) ang the U.S., lepartment of kealth, Education and
lielfare (U.S. HEW, 1978).

A, Carcinogenicity

1. Humans ~ Epidemiological s=udies have shown that vinyl
chloride causes angiosarcoma of the Tiver in humans, Strong evidence
also exists that vinyl chloriqe may cause cancer of the central
nervous system, especially glioblastoma rultiforne. Evidence also
exists that vinyl chloride incduces cancers of the lung ang lymphatic

system but this evidence is weaker, (IARC, 1979; U.S. HEw, 1978)

2. Animals - Vinyl ch]ori‘de h'al-s been snown t¢ be carcinogenic in
several animal species after oral andg inhalation administration.
Liver angiosarcomas were observed in mice, rats and hamsters exposed
to vinv1 chloride. Other tumors seen were mammary adenocarcinomas,
lung adenomas, Zymbal gland tumors and angiosarcomas at sites other
than the liver. 0Doses in the inhalation experiments ranged from 50
to 10,000 ppm. A significant increase_ in some tumors (angiosarcomas)

was seen at the low dose (50 ppm) level. (lARC, 1979; U.S. HEW, 1978)
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B. Mutagenesis

Vinyl chlorige is mutegenic in sevéka] test s;stems. Vinyl chloride
has been found to be mutagenib in several strains of bacteriz, insects and
mammalian cells. Chromosomal aberrations have been induced in workers

exposed to vinyl chloride. (IARC, 1582)

C. Teratcgenicity

tvidence that vinyl ¢nloride causes teratogenic effects in humans or
animals is equivocal. Vinyl chloride has been implicated in causing
increased fetal deaths in the wives of vinyl chloridz exposed worker’s and
birth defects in children of workers. Evidence is inconclusive. (IARC, -

1679)

D. Pharmacokinetics

The metabolism of vinyl ¢chloride has been reviewed by several authors
(IARC, 1979). Absorbec vinyl chlorize is eliminated precominantly via
metabolism and exretion of metabolites into the urine. A small amount is
excreted via the expired air as unchanged vinyl chloride. As the
concentration of vinyl chloride to which an animal is exposed is raised, a

" larger percentage of tne absorbed dose is eliminated as unchanged vinyl
chloride in the expirea air, The initial ﬁroduct of metabolism is
believed to be chloroethylene oxide. +vinyl chloride, in thie presence of a
microsomal enzyme fraction, binds t¢ ®iA in vitro and to RINA and DNA in

vivo. Cnloroethyiene oxids is beiiavec zc¢ be involved in the covalent
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G
binding to RNA and UNA. Since an abundance of animal phaﬁm{cdk¥ﬁ£t c
data exists, it may be possible to incorporate it into the

gose-response assessment. (lARC, 1979)

E. Acute and Chronic Effects (non-carcinogenic)

Acute exposure to vinyl chloride causes narcosis, cardiac
irregularites and liver and kidney toxicity. These effects are seen at
relatively high doses. Liver toxicity is evident as centrilcbular
degeneration, hepatic fibrosis and necrosis. Uegeneration of bone, nerves
and
conrective tissue is seen affer chronic exposure. Acrcosteolysis, a
—degeneration of the bones in the fingers, occurs in workers. Disturbances._

in 1iver, kidney and pulmonary function aiso occur after chronic exposure.

11, THRESHOLD
The U.S. EPA proposed a lational Eﬁissibn Standard for vinyl chloride in
1975, which was promulgated in 1976. The proposal for the emission
standard states that there is no known threshold for vinyl! chlioride's

toxic effects. (Federal Register, 1975)

111, DOSE-RESPOLSE ASSESSHENT
The U.S. EPA's Carcinogen Assessment Group has performed 3 risk assessment
of vinyl chloride's carcinogenic effects (U.S. EPA, 1975). The potency

slope for vinyl chlorige, derived from an animal inhalation study,

is 1.75 x 10'2(mg/kg/day)-].
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