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» INTRODUCTION

V1nyl chloride {CH,sCHC1) is a colorless, flammable gas at ambient
temperature and pressure. ﬁe United States Env1ronmenta1 Protection Agency
(EPA) Tists vinyl chloride as a Group A carcinogen (Human Carcinogen) and
the International Association for Research on Cancer (IARC) lists vinyl
chloride as a Group 1 carcinogen (Agent of Human Carcinogenicity).

Part A of this report is an evaluation of viny! chloride's uses,
emission sources, ambient and indoor air concentrations, and population
exposure in California. Also included are discussions of the physical
properties and atmospheric persistence of vinyl chioride. California Health
and Safety Code section 396650 (Assembly Bill 1807, 1983) states that
substances listed by the EPA as hazardous air poiIutants (section 112 of the
Clean Air Act) shall be identified as toxic air contaminants (TACs) by the
Air Resources Board (ARB). Therefore, because the EPA has listed vinyl
chloride as a hazardous air pollutant, the ARB is directed by statute to
identify vinyl chloride as a TAC.

The ARB is the state agency responsible for the identification of
TACS in their non-pesticidal uses. The California Health and Safety Code
section 39655 defines a TAC as "an air pollutant which may cause or :
contribute to &n increase in mortality or an increase in serious illness or
which may pose a present or potential hazard to human heaith". 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 identiffed as a TAC by the ARB.



‘ Several different 1imit of detection (LOD) values are mentioned in

this report, including those used for: the establishment of the 1978 ambient

air quality standard, the South Coast Air Quality Management District

(SCAQMD) investigation of BKK and Operating Industries, Incorporated (0II)

landfills, the Landfill Gas Testing Program, indoor air studies, and the ARB .
20-station ambient toxic air contaminant monitoring network. These LODs
indicate levels at or above which vinyl chloride concentrations are not only
detectable, but are also quantifiable. In a number of the anaiyses listed,
vinyl chloride was detected below the LODs. This report discusses the
derivation of the LOD for each of the analyses.

In 1978, the ARB adopted an ambient air quality standard for vinyl
chloride of 10 ppbv averaged over a 24-hour period in response to
information associating the development of human cancer with exposure to
vinyl chloride. The standard represents the 1imit of detection (LOD) for
vinyl chloride in 1978 and is not currently recognized as health-protective.
The standard specifies an analytical procedure with the same method of
calculating the LOD as that used by the ARB's Monitoring and Laboratory ,
Division (see Section A, Chapter III and Appendix VII). The identification
of viny) chloride as a toxic air contaminant would allow the implementation
of health-protective control measures at concentrations below 10 ppbv.

Vinyl chioride is primarily used for the production of polyvinyl
chloride (PYC). PVC is fabricated for use in several products of which many
are used by the construction industry. Finished commercial PVC products are
hot expected to be significant sources of vinyl chloride due to current
processing and shipping procedures. In California, the identified sources
of vinyl chloride emissions are: landfills, publicly-owned treatment works
(POTWs), and PVC production and fabrication facilities.

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

In this report, ambient monitoring data and meteorological data
are used with an ‘atmospheric dispersion model to estimate population
exposure to vinyl chloride near two California landfills. The modeling
estimates show that people living near these landfills may have been
exposed to elevated levels of vinyl chloride. Also, preliminary data from
the Landfill Gas Testing Program required by section 41805.5 of the 1986
California Health and Safety Code are presented (see Appendix VI for 2 table
of the Landfill Gas Testing Program data). The results indicate there is a
potential for elevated ambient vinyl chloride exposure for people residing
near other landfills. ‘ .




In addition to estimating ambient air exposure, this report also
evaluates indoor air exposure to vinyl chloride. Based on limited
monitoring data, indoor air exposure to vinyl chloride is probably not
significant for the majority of the popuiation. However, for people
residing near some landfills, inhalation of indoor air may represent the
most significant source of vinyl chloride exposure. This is because viny!

chloride can migrate underground from landfills and accumulate in nearby
structures.



II.

PRODUCTION. USES AND EMISSIONS

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

. packaging, electr1cal, and transportation industries.

Based on avai1able data, landfills are a potential major
identified source-category of vinyl chloride emissions in California. Other
known emission sources of viny! 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 annuat U.S. production of 3.8 million
tons, vinyl chloride ranked 2lst on a 1ist of the most produced chemicals in
the United States in 1984 (CEN, 1985a). Figure II-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 productlon increased at an- average annual rate of 3% (CEN, 1985a),
More recent estimates for U.S. vinyl chloride production are 4.7 miilion
tons and 4.2 million tons for 1985 and 1986, respectively (CEN, 1987).



FIGURE 11-1
NATIONAL VINYL 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 PYC
ceased production, one in 1982 and the other in 1985 (Personal
Communication, 1985a, 1985b, 1985c; and Zwiacher, W. et al., 1983).

B. CURRENT AND PROJECTED USES

About 96 Percent of the vinyl chloride produced in the U.S. is
used to manufacture PYC. The remainder is either exported or used to
manufacture 1,1,l-trichioroethane (methyl chloroform) (U.S, DH&HS, 1978; and
McPherson, W., 1879). Sixty percent of the PVC is used for fabricating
various plastic materials used by the construction industry. Specifically,
PYC is used by the construction industry for pipe fittings, flooring,
paneling, and roofing. PYC is also used by the packaging, electrical,
furnishings, transportation, recreation, apparel, and medical industries.

The growth of the vinyl chloride industry is closely tied to PVC
use. Historical data for California show the number of housing units in the
construction industry increased from approximately 1.0 million units in 1981
to 1.8 million units in 1986 (U.S, DOC, 1987). If this growth in the
construction industry continues, the PVC use by this industry is also
expected to increase. Data are not available to forecast the use of PVC in’
other sectors. However, the total United States demand for PYC has been
forecasted to increase by approximately 3 to § percent annually from 1985 to
1950 (CMR, 1985).

C. LANDFILLS: A POTENTIAL MAJOR EMISSION SOURCE
Landfills are estimated to be a potential major source-category of
vinyl chloride emissions ih California. However, because landfills vary in

the amount and composition of wastes they accept as well as the waste
disposal methods used, estimating total vinyl chloride emissions for the
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state's hundreds of landfills is not possibie. To better understand why all
landfills are potential vinyl chloride emission sources, this section
presents information on the types and number of landfilis in California, the
- disposal methods employed, the causes of vinyl chloride emissions from

landfills, vinyl chloride emission estimates for landfills, and some methods
used to control landfill emissions, _

1. 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,
Incorporated (OII), located in Monterey Park] which normally accept only
“non-hazardous" wastes but can accept certain types of hazardous wastes
(ARB, 1982b); and Class III (municipal or sanitary landfills) sites which
can accept only household wastes. In California, there are twenty Class I
sites (at present, only two of the 20 sites are accepting hazardous waste),
approximately 200 Class II sites, and approximately 2000 unclass1fied and
Class III sites (ARB, 1982b; WRQCB, 1990)

2. Land Disposal Methods

Landfarming, surface impoundments, and landcovering are often used
as waste disposal methods in California. These disposal methods may be
practiced by more than one type of landfill. For instance, any of the three
types of landfills may employ landcovering as a disposal method. Howevef,
only Class I and II sites may contain surface impoundments. In addition,
the same landfill may employ more than one disposal method. For
landfarming, heavy oil sludge is spread several inches thick over the iand.
The siudge 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 liguid
wastes. As the name implies, surface impoundments allow the wastes to be
gvaporated into the atmosphere.

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 six inches to 12 inches
of cover. Ultimately, the wastes are covered with a layer of cover materlal
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
ch10r1nated hydrocarbons, and off-gassing of PVC (Molton et al., 1987)
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Direct Emissions. Direct emissions of vinyl chlioride can only
occur at landfill sites where vinyl chloride containing wastes were
previously disposed. Because vinyl chloride containing wastes cannot be
Jegally disposed in Class II or Class III landfills, Class I landfills
(e.qg., 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 iliegally disposed, Class II
and Class III landfills may also emit vinyl chloride directly.

Because vinyl chloride can be formed
from the biodegradation of chlorinated wastes, emissions cf vinyl chloride
may occur from any landfill site including Class II and Class III sites
where no vinyl chloride has been disposed. O0f the three landfil11 disposal
methods, it appears that landcovering and landfarming are most tikely to
produce the conditions necessary for the formation of vinyl chloride.

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

Although the disposal of halogenated wastes from industrial
operations is now substantially restricted, for decades these materials were
disposed in Class I landfills as well as some Class II landfills throughout
the state. The halogenated wastes are composed of many of the chlorinated
compounds which can lead to the formation of vinyl chloride. However, the
amount of halogenated wastes previousty disposed in these facilities is
unknown. Therefore, without monitoring data that shows otherwise, all Class
I and Class II fac11ities (this includes open and closed facilities) should
be regarded as potential vinyl chloride emission sources,

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

A-7




FIGURE II-2
ANAEROBIC BREAKDOWN SEQUENCE VYIA REDUCTIVE DEHALOGENATION
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Source: Cline and Viste, 1984,

. Several models have
been developed to estimate volatile organic gaseous emissions from hazardous
waste landfills (Thidobeaux, 1981; Hwang, 1982; Shen, 1981; and Hartley,
186%9). The models usually apply to specific landfill operat1ons such as
landfarming, surface impoundments, etc. However, these models are difficult
to use because they require a number of input parameters such as waste
composition, wind speed, and ambient conditions which are not commonly
known. These models involve the use of 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 fer estimating vinyl chloride emissions where
formation is occurring.

A method to estimate vinyl chloride emissions where formation may
be accurring is to establish monitoring stations around landfill sites to
measure the 24-hour average ambient concentrations of the compounds of
interest. The ambient concentrations along with appropriate meteoroIog1cal
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 0II.
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. Table II-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 0II landfills. The
vinyl chloride emission estimates for BKK and OII make several assumptions.
These assumptions are: 1) vinyi chloride is emitted from ap area of
approximately 1,700,000 meters™ for BKK and 330,000 meters“ for OII: 2)
annual average emission rates of vinyl chloride from BKK and 0II are within
the ranges estimated in Table III-4; and 3) emissions of vinyl chioride are

uniform over the entire area of the landfill tbat is estimated to emit vinyl
ch]or1de

Further testing is necessary to estimate emissions from landfills
other than BKK and O0II. Thus, for the 1987 and 1986 inventory years, total
vinyl chloride emissions from California landfills were probably greater
than those estimated in this report.

TABLE II-1
VINYL CHLORIDE LANDFILL EMISSION ESTIMATES*

Source Emissions Inventory
Source Type (tons/year) . Year Ref.
Class I Landfills
BKK, West Covina Area 44-1%7 1987 ARB,1988b
. Other Sites Area NA
Class II Landfills _
0II, Los Angeles Area 4-51 1986 ARB, 1988b
Other Sites Area . NA
Class III Landfills Area NA )

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

NA - Not Available




Based on 1987 monitoring data for BKK, ARB staff esttmatg a vinyt
'chloradf emission rate ranging from 0.75 to 3. 32 micrograms meter”
second” “(see Table III-4). For BKK landfill, this transiates 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 landfiil. 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 vinylzchioridf emission rate ranging from 0.31 to 4. 42
micrograms meter” “second * (Table III-4). For the OII landfill, this
translates to estimated vinyl chloride emissions ranging from 4 to 51 tons
per year. The amount of halogenated wastes disposed at 0Il over its history
is unknown. However, in 1982, 01l received 9,200 tons of volatile or toxic
wastes. As with BKK, an unknown portion of these wastes were halogenated
solvents (ARB, 1982a). _

. Monitoring results available for several other landfills are as
follows: -Flux measurements on the surface of the Scholl Canyon sanitary
tandfill (a former Class II landfill located in Glendale, California) showed .
vinyl chloride concentrations ranging from non-detectable to 180 ppbv (parts
per billion by volume) at various locations (Todd and Propper, 1985). In
addition, tests conducted by the SCAQMD at several other Class II landfill
sites from 1981 to 1985 confirmed the presence of vinyl ch1or1de in landfill.
surface gas or gas coilection systems (Coy, 1985). _

To partially address the lack of mbnitoring data from other
landfills throughout the state, Health and Safety Code section 41805.5
(AB 3525 and subsequent amendments by AB 3374) required the development and
implementation of landf{1} monitoring guidelines and the reporting of
monitoring results. The law required the ARB to establish guidelines for
landfi1l operators to monitor gas migration, gas constituency, and the
ambient air at many of the hazardous and municipal waste landfills in
California. The testing guideiines identified vinyl chloride as one of the
compounds requiring monitoring. Although the choice of vinyl chloride
analytical methods was left to individual laboratories performing the
analysis, the guidelines specified an ambient vinyl chloride detection 1imit
of 2 ppbv and provided an example of ‘2 vinyl chloride method with an
achievable detection limit of 2 ppbv. In this example method, the limit of
detection (LOD) is based on 3 standard deviations of runs near the method '
detection 1imit (within 10 standard deviations of the method detection
limit) (ARB, 1986; ARB, 1987). This means of calculating the LOD is the
same as that used by the ARB's Monitoring and Laboratory Division (see
Appendix VII). 24-hour ambient vinyl chloride concentrations ranging from
the detection limit of 2 ppbv to 15 ppbv were detected at 24 (10 per cent)
out of the 251 landfills at which ambient monitoring was performed. Vinyl
chloride concentrations ranging from the detection limit (see Appendix VI,
Table 1 for the method of determining the detection 1imit) of 106 ppbv to
72,000 ppbv were detected in the internal gas of 160 (47 per cent) out of
the 340 landfills at which internal gas testing was performed (Appendix VI).

4. Gas Collection Systems

For some landfills, emissions are required to be controlled to
reduce odors as well as emissions of methane and toxicants. However, gas
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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
Jandfill gases. In 1983, BKK installed a number of wells and gas collection
lines to help control gaseous emissions. Although there are still potential
sources of gaseous emissions such as cracks at the landfill surface, pipe
connections and valves, and burner exhaust, ambient concentrations of vinyl
chloride near BKK have bsen deciining. Since installing their gas
collection system, BKK has continued to expand the system by adding wells
and trenches. Since installing a gas collection system at OII, ambient
concentrations at the perimeter of the facility have continued to dectine.
Due to the lack of violations of the state standard for vinyl chloride (10
ppbv), ambient monitoring at the perimeter of 0II was discontinued by the
SCAQMD in early 1987. Currently, OII Landfill is a federally listed
superfund site managed by the EPA.

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

FIGURE II-3

LANDFILL GAS COLLECTION SYSTEM

FLARING STATION OR " GAS COLLECTION TRENCHES
GAS =TO-ENERGY FACILITY .

WELLS GAS
MONITORING
PROBE

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 intervais horizontailly
and 80-foot intervals vertically. To support the pipes and to allow the
migration of the generated gases, approximately 2 feet of uncrushed gravel
are packed around the pipelines, These pipelines are then connected to a
main collection pipe where gases are withdrawn (Sanitation Districts of
Los Angeles County, 1984).

D. OTHER KNOWN EMISSION SOURCES

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

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

Source Source Emissions Inventory Reference
Type Tons/Year Year '
PVC Production  Point.  <0.5 1988 ARB, 1988b
PVC Fabrication Point 0.75 1982 Iwiacher, et al., 1983
POTHS " Point 1.7 1985 Chang, et al., 1987

On-site Wastewater -
Treatment Plants Point NA

Waste Incinerators Point NA

Transportation and
Accidental Spillage Area NA .

NA - Not Avaijlable
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1. Polyvinyl Chloride (PVC) Production

Three PVC producers reported emitting a cumulative total of 3 tons
of vinyl chioride in 1984 (Personal Communication, 198ba, 1986b, and 1985c).
In 1982, viny! 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 the South Coast Air Quality Management
District's (SCAQMD's) Rule 1163. This rule requires that vinyl chioride
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 (Personzl Communication, 1985a,
1985b, 1985c; and ARB, 1980). Rule 1163 was adopted by SCAQMD as part of
their program to control vinyl chloride emissions to 1C ppbv.

In 1984, the PYC producers opsrating 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, 1986a, 1986b, and 1986¢). The primary
control method used by the two PVC producers currently operating in
California is incineration. One facility (fac111ty A) uses an afterburner
with an operating temperature of approximately 2000°F while the other
facility (facility B) uses a catalytic-type incinerator. Both facilities
have a monitoring system that continuously measures the vinyl chloride
concentration within various areas of the plant. Portable hydrocarbon (HC)
detectors are used to pinpeint 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 PYC producers
(facility A) to monitor the ambient air for vinyl chioride 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 ppbv standard.
However, in October of 1988, the SCAQMD reported concentrations as high as
20 ppbv for facility A (Molita, 1989). As a result, the SCAQMD pians to

-conduct ambient monitoring more frequently at this facility to ensure
compliance with the ambient air quality standard for vinyl chloride. The
SCAQMD's monitoring results indicate that this PVC producer may contribute
to the public's exposure to vinyl chloride. Therefore, this facility should
be investigated in more detail when considering control measures to reduce
the public's exposure to vinyl chloride.

Table II-2 lists the cumulative vinyl chloride emissions esfimates
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¢c).
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Po]yvinyl chloride (PVC) can be fabricated into several products
such as PVC pipes, pipe fittings, plastics, etc. Some major fabrication
processes are extrusion (to shape by forcing through a die), calendering (to
press between rolling cylinders), molding, and bonding. PYC contains the
vinyl chioride monomer as a residual from the PYC production processes.
Residual vinyl chloride (RVC) in PYC 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. , i

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 PYC, the SCAQMD estimated that these handling and fabrication facilities
emitted approximately 0.75 ton of vinyl chloride in 1982 (Zwiacher, 1983).
This estimate represents an upper-bound condition because the maximum RVC
was used to estimate emissions, and because all RYC from the incoming PYC
was assumed to be emitted from the fabrication processes. The vinyl
chloride migration studies conducted by the Environmental Protection Agency
(EPA) indicated a much smaller percentage of monomer is-released during
fabrication (U.S. EPA, 1982). A typical release of vinyl chloride in the
extrusion process was only 10 percent of that in the PVC (U.S. EPA, 1982).

3. Bublicly-owned Treafment Works

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

Halogenated hydrocarbons including vinyl chloride have been
measured at wastewater treatment plants throughout the nation, inciuding
California (U.S. EPA, 1980) A preliminary study of two wastewater
treatment plants, one in Los Angeles and another in the Sacramento Valley,
indicated that vinyl chloride was present in the anaerobic digester tanks.
Concentrations of up to 2.6 ppmv have been measured (ARB, 1986). These
digester tanks are equipped with pressure/vacuum (P/V) valves to equilibrate
the inside and outside pressure of the tanks. These P/V valves are
potential sources of vinyl chloride emissions along with fugitive emissions
associated with pipe fittings and valves.
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In a2 study performed by the University of California at Davis
(UCD), researchers used a mass balance approach to estimate that
approximately 1.7 tons of vinyl chloride were emitted by POTWs in California
in 1985 (Chang et al., 1987). Specifically, the difference between the
concentration of vinyl chloride in the POTW influent and effluent was
assumed to be emitted to the atmosphere. This approach may be useful in
assessing which POTWs constitute a threat to public health. However,
because this approach does not take into account the formation or
degradation of vinyl chloride within POTWs, the resulting emission estimates -
should only be considered rough approximations. In response to the need for
more information concerning emissions of toxicants from POTWs, ARB is
currently funding a research contract. When the ressarch is complete, the
resulting report will contain the most recent information concerning the
estimation of emissions of toxicants from POTWs and POTW colliection 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 several
other potential sources of vinyl chloride emissions in California. These
include on-site wastewater treatment plants, incineration of PVC materials.
and transportation of vinyl chlor1de

l.mn_mmﬂm.lmimn.t_uam

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

2. Waste Incinerators

Vinyl chloride has been identified as a combustion product in the
flue gas of an incinerator burning plastics (Boettner ot al., 1973). It has
alsoc been hypothesized to form upon the combustion of PYC materials (Ahling
et al., 1978). PVC materials are used extensively in automobile's
upholstery, bumper parts and floor mats. When these materials are
incinerated, vinyl chloride is a 1ikely poliutant 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 PYC producers currently operating in California. As far back as
records are available, there have been no reported accidents involving vinyl
chloride in the state (O0ffice Of Emergency Services, 1986; California
Highway Patrol, 1985).
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III.

EXPOSURE _TO VINYL CHIORIDE

A. AMBIENT MONITORING IN CALIFORNIA

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

California Health and Safety Code Section 418056.5 required
hazardous and municipal landfills throughout the state to conduct monitoring
for several contaminants including vinyl chloride. 24-hour averaged ambient
‘vinyl chloride concentrations ranging from the detection 1imit of 2 ppbv
(the Testing Guidelines for Active Solid Waste Disposal Sites example method
for calculating the LOD is discussed in Section C of Chapter II under
Landfi1l Emissions Estimates) to 15 ppbv were detected at 24 out of the 251
landfills tested for ambient concentrations (see Appendix VI).

In recent years, the South Coast Air Quality Management District
(SCAQMD) frequently measured 24-hour average ambient vinyl chloride
concentrations above the SCAQMD's LOD of 2 ppbv at two South Coast Area
Basin {SCAB) landfiils: BKK Landfill and Operating Industries Incorporated
(0IT) Landfill. The SCAQMD used the following method for determining the
vinyl chloride LOD: 1) a 10 ppbv standard was analyzed a minimum of 10
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times, 2) response was calculated as peak height (in millimeters) times the
attenuation of the signal, 3) the precision of the measurement at 10 ppbv
was 0.5 miliimeters, 3) the minimum observable peak was taken to be four
times 0.5 millimeters or 2 millimeters which corresponds to the reported LOD
of 2 ppbv (Barbesa, 1990). The analysis in this report estimates ambient
concentrations and population exposure to vinyl chloride near BKK and OII
because they are the only landfills in the state where vinyl chloride has
been routinely monitored on & long-term basis.

The SCAQMD's monitoring program for vinyl chloride at BKK and O0II
consisted of six monitoring stations. Three stations were located on the
southern borders of each landfill. Previous monitoring around both
landfills indicated that the southern borders were generally where the
highest concentrations were detected. All samples were collected in Tedlar
bags over 24-hour periods and subsequently analyzed by gas chromatography
employing a flame ionization detector. Details of the SCAQMD's sampling and
analysis procedures are provided in Appendix I.

BKK Landfill is located near West Covina while OII Landfill is
located near Monterey Park. Figure III-1 shows the locations of the two
landfills in relation to major freeways. In addition, topographical maps of
the BKK and 0II landfills are provided respectively in Figures III-2 and
II1-3. These figures show the approximate perimeter of the iandfilis, the
approximate locations of the monitoring sites, and the proximity of streets
to the landfiils. As indicated by the maps, the southern borders of BKK and
0II are adjacent to a2 network of streets. However, the maps do not show
that the area served by these streets consists of single-family residential
housing. :

FIGURE III-1

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




FIGURE III-2
BKK LANDFILL AND THE SURROUNDING AREA
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FIGURE I11-3 _
OII LANDFILL AND THE SURROUNDING AREA
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“ The 24-hour average ambient air samples used to estimate
population exposure near BKK were collected from January through December of
1987, 24-hour ambient air samples used to estimate population exposure near
0II were collected from January through December of 13986. When the exposure
analysis was performed, these sampling periods represented the most recent
calendar years of monitoring data that were available. For BKK, 337 to 345
samples were collected in 24-hour periods at each of the monitoring sites;
of those sites, a range of 55 to 90 percent of the samples were below the
LOD of 2 ppbv. For DII, 128 to 264 samples were taken at each of the
monitoring sites; of those sites, 32 to 100 percent of the samples were
below the LOD.

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

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

ARB staff has used a method proposed by Gleit (1985) to calculate
the means., Gleit's method assumes that the sample of concentrations is a
random sample from a normal distribution. Data that are judged not to be
normally distributed may be transformed to approximate normality.
Inspection of the v1nyl chloride data suggested that they were lognormally
distributed, and Gleit's method was apptied 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 L0OD by
setting them equal to the "below-LOD mean,” the mean of the portion of the
normal distribution below the LOD. Setting the unknown concentrations to
their average value seems intuitively reasonable, and the simulations:
reported in Gleit's paper show that his method is more accurate than other
commonly used approximations. A detailed description of the method used to
estimate the concentration of data below the LOD is provided in Appendix II.

The estimated values for 24-hour averaged samples below the LOD
ranged from 1.0 ppbv to 1.1 ppbv for BKK and from 1.0 ppbv to 1.2 ppbv for
0I1. As previously indicated, the specific value for each station is shown
in Table I1I-1 for BKK and Table III-2 for OII. Because all samples for
site 1 of OII were below the LOD, Gleit's method could not be used to
estimate their concentration. A value of one-half the LOD (1.0 ppbv) was
assumed for samples below the LOD based on the possibility that many -
contained between zero and 2 ppbv vinyl chloride. A
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TABLE III-1

SUMMARY STATISTICS FOR THE JANUARY 1987 THROUGH
DECEMBER 1987 MONITORING DATA FOR VINYL CHLORIDE
NEAR BKK LANDFILL -
(Concentrations are reported in parts per billion by
volume (ppbv) and are based on msasurements averaged
over a 24-hour sample collection period.)

Station 1  Station 2 Station 3

Number of samples 337 337 345

Percent of Samples Below the LOD2 73 90 55
Estimated Concentration forb

Samples Below the LOD 1.0 1.0 1.1
Estimated Meanb

Concentration - 1.7 1.2 2.6
Maximum 24-Hour Concentration® : 7 8 . 15

a2 - The SCAQMD's 1imit of detection (LOD) for vinyl chloride is 2 ppbv.
. b= Gleit's method was used to estimate the concentration of sampies below
the LOD.

¢ - California's Ambient Air Quality Standard for vinyl chloride is 10 ppbv
for a 24-hour averaging period.
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TABLE III-2

SUMMARY STATISTICS FOR THE JANUARY 1986 THROUGH
DECEMBER 1986 MONITORING DATA FOR VINYL CHLORIDE
NEAR OII LANDFILL
(Concentrations are reported in parts per billion by
volume (ppbv) and are based on measurements averaged
over a 24-hour sample collection period)

Station 1 Station 2 Station 3

Number of Samples 264 220 128

Percent of Samples Below the LOD® 100 41 32
Estimated Concentration forb Co.
Samples Below the LOD 1.0 1.1 1.2
Estimated Meanb I
Concentration 1.0 2.0 2.0
Max imum 245Hour Concentration® d 8.3 9.8
- The SCAQMD's limit of deteétion (LOD) for vinyl chloride is 2 ppbv.
- Gleit's method was used to estimate the concentration of samples below

oo

the LOD, except for station 1.

California‘'s Ambient Air Quality Standard for vinyl ch]or1de is 10 ppbv
for a 24-hour averaging period.

A1l samples are below 2 ppbv. .

0
1

[+
L]

The estimated mean vinyl chloride concentrations using 24-hour
averaged ambient measurements ranged from 1.2 ppbv to 2.6 ppbv for the
monitoring stations at BKK and 1.0 ppbv to 2.0 ppbv for the monitoring
stations at OII. The estimated mean vinyl chloride concentrations are shown
in Tables III-]1 and III-2. For all stations, except station 3 of BKK, the
estimated annual mean concentration is equal to or less than the SCAQMD's
LOD for vinyl chloride.

Tables II1I-1 and III-2 also list the maximum 24-hour average
concentration of vinyl chloride for each monitoring station at BKK and 0II,
respectively. For BKK, the maximum 24-hour average concentration was 15
ppbv (measured at station 3); for 0II the maximum 24-hour average
concentration was 9.8 ppbv (measured at station 3). These concentrations
can be compared to ARB's ambient air quality standard for vinyl chloride of
10 ppbv for a 24-hour averaging period. The standard was adopted in 1978 in
response to information which associated vinyl chloride with the development
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of cancer in humans. However, the standard is not necessarily health
protective; it simply represented the LOD for vinyl chloride testing at the
time it was adopted. According to the procedure specified in the standard,
the LOD is based on 3 standard deviations of the method detection limit
(within 10 standard deviations of the method detection 1imit). This method
of calculating the LOD is the same as that used by the ARB Monitoring and
Laboratory Division (see Appendix VII). For the monitoring periods
presented in this report, BKK exceeded the state standard for vinyl chloride
11 times (a1l exceedances occurred at site 3) while 0II did not exceed the
standard. Based on previous years of monitoring data, the number of
exceedances at BKK and 0II has decreased substantially. In fact, due to the
lack of exceedances of the standard, the SCAQMD discontinued routine
monitoring for vinyl chloride at BKK in 1989 and at OI] in early 1987. The
reduction in ambient concentrations of vinyl chloride near BKK and 0II
landfills has been attributed to the 1nsta11ation of gas collection and
flare systems

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

Table III-3 shows the estimated mean concentration as well as the upper and
lower bound estimate of the mean concentration for each monitoring station
at BKK and 0II.

The following text discusses the statistical treatment that was used:

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

b) The upper and lower bound estimates reported for the mean
represented two standard errors. For the error associated with
sampling and analysis, ARB staff used an overall uncertainty factor
of + 20 percent to calculate the upper and lower bound estimates of
the mean. This was in agreement with the actual error which was
estimated to be &+ 1 ppbv in the range of 1 ppbv to 60 ppbv. The
lower bound estimate represented two standard errors for the data
with each sample concentration reduced by 20 percent. The upper
bound estimate represented two standard errors for the data with
each sample concentration increased by 20 percent. Uopper and lower
bound estimates for each station are shown in Table III-3. Because




all values for station 1 of OII are below the LOD, the upper and
Tower bound estimates represented + 20 percent of one-half the LOD.

B. ESTIMATING AMBIENT CONCENTRATIONS

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

The estimated emission rates were derived by ratioing estimated annuél )
mean concentrations over modeled concentrations for each station.
TABLE I11-3

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

Lower-bound Annual Mean Upper-bound
Estimate Concentration Estimate
BKK Landfill .
Station 1 1.2 1.7 2.1
Station 2 0.9 1.2 1.4
Station 3 1.9 2.6 3.4
OII Landfill
Station 1% 0.8 1.0 1.2
Station 2 1.4 2.0 2.8
Station 3 1.4 2.0 2.6

- Al samples were below the LOD of 2 ppbv.

The modeled concentrations were determined by assumin landfili emlssion
rate of 1 gram per square meter per second (gram mste second
conjunction with historical meteorological data. Each landfill was
represented as an area source. Based on review of topographical maps as
well as information concerning the landfills disposal history, BKK was
assumeg to emit vinyl chloride from an area of approximately 1,700,000
meters® while 0II was assume! to emit vinyl chloride from an area of
approximately 330,000 meters®. These assumed areas approximated the
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.area where wastes had bheen disposed. Meteorological data for 1981 at the
SCAQMD's Walnut and Upland stations were used for BKK and OII, 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 avai$ble while Upland was considered the most
representative station for 0II where processed data were available. These
data were entered into the ISCST model to calculate the annual average
modeied concentration at each monitoring station. Because one year of
meteorological data was used, one modeled concentration was obtained for
each monitoring station at BKK and 0II. For each site at BKK and COII the
modeled concentration was divided into the estimated mean concentration
(from Table III-3) of its respective monitoring station. The resulting
factori or rat1gs 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 statton at
BKK and 0OIl are given in Table III-4. The emission rate derived from the
estimated mean concentration for each monitoring station and the emission
rates derived from the upper and lower bound estimates of the mean
concentration for each monitoring station are listed. The groatzst range, o
estimated emission rates for BKK was from 0.75 mlcrograms metfr second
(lower-bound at station 2) to 3.32 micrograms meter ~ second (upper-bound
at station 3). For OIE the esiimated emission rates ranged from
0.31 micrograms mgter §° (lower-bound at station 1) to 4.42
micrograms meter “ second” (upper-bound at station 3).

Using the fué1 range o f emission rate estimates (0.756 to 3.32 -2
m1crongms meter © second” for BKK and 0.31 to 4.42 micrograms meter”
second - for 0I1), & range of estimated annual average vinyl chloride
concentrations was derived for the 41 by 41 grid of one square kilometer
cells. Each landfill was located in the center of the grid and was
represented as an area source. As previously stated, BKK was assuged to
emit vinyl chloride from an area of approximately 1,700,000 meters™ while
011 waé assumed to emit vinyl chloride from an area of approximately 330,000
meters These areas approximate the area where wastes were disposed at
each 1andf111. However, because subsurface migration of landfill gases has
been observed at BKK and 0II, it is possible that emissions of vinyl
chloride accur over an area substantially greater than where wastes were
actually d1sposed The ISCST model used the range of estimated emission
rates assuming no plume rise in conjunction with historical meteorological
data to predict a range of annual average concentrations for each of the
1681 one-square-kilometer-cells. The annual average concentrations of




TABLE III-4

ESTIMATED EMISSION RATES OF VINYL CHLORIDE
FROM BKK AND OII _LANDFILLS,

(micrograms meters “ second )
Lower-bound®  Average® Upper-bound®
_ .

BKK Landfill
Station 1 1.36 1.80 '2.30
Station 2 0.75 0.97 1.20
Station 3 1.88 2,55 3.32

OIT Landfill -
Station | 0.31 . 0.38 0.46
Station 2 0.52 0.74 1.04

Station 3 2.69 3.46 4.42

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

b - These emission rates were derived from the annual mean concentration.

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

vinyl chloride predicted for the one-square-kilometer cells within the .grid
centered on BKK, ranged from less than 0.1 ppbv to approximately 22 ppbv.
For 0II, the range was from less than 0.1 ppbv to approximately 3.8 ppbv.

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

1}  Vinyl chloride was assumed to ge 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 were
disposed, data were not available to demonstrate that these
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areas actually represented where viny! chloride emissions
occurred. Emissions of vinyl chloride might have occurred over an
area which is either larger or smaller than that assumed.

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

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

Because the emission rates were derived by model calibration to known
vinyl chloride concentrations, the uncertainty was at a minimum near the
monitoring sites. Alternatively, as the distance from each monitoring
station increased, the uncertainty assoc1ated with the estimated
concentration 1ncreased.

C. POPULATION EXPOSURE

The ropulation 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
cumulative population exposad to various concentration levels of vinyl
chloride near BKK and OII landfills are shown in Tables III-6 and III-6.
The 1985 residential population estimates were determined for each one
kilometer grid cell with the concentration determined at the center of each
cell by the ISCST model. The 1681 grid cells, with their associated
populations, were sorted from high to low by concentration. The grid cell
populations were then summed to determine the cumulative population exposed
at or above certain levels of vinyl chloride. For Tables III-b and III-6, a
lower bound of exposure was estimated. This range of exposure is based on
upper and lower bound estimates of the vinyl chleride emission rate from
each of the two landfills. Table III-b shows that approximately 730,000 to
2,000,000 people were exposed to an annual average concentration of at least
0.05 ppbv of vinyl chloride from the BKK landfill. Approximately 17,000 to
130,000 of these people were exposed to an annual average concentration of
at least 1.0 ppbv from this factlity. Table III-6 shows that approximately
33,000 to 1,100,000 peopie were exposed to an annual average concentration
of at least 0.06 ppbv of vinyl chloride from the OIl landfill.

Approximately 0 to 22,000 of these people were exposed to an annual average
concentration of at least 1.0 ppbv vinyl chloride from OII.
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TABLE III-b

RANGE OF CUMULATIVE POPULATION EXPOSED
TO VINYL CHLORIDE NEAR BKK

Range of Cumulative Population Exposed to Viny! Chloride

Concentrations (ppbv) at
Lower-bougd Upper-boqu or above:
Estimate Estimate '
2,154,000 - 2,154,000 >0 but <0.01°
2,026,000 - 2,164,000 : . 0.01
732,000 - 1,970,000 0.05
374,000 - 1,431,000 0.1
17,000 - 131,000 1.0
0 - 54,000 - 2.0
e - 28,000 3.0
0 - 20,000 4.0
0 - 14,000 5.0
0 - 7,000 6.0
0 - 2,500 7.0

a - The expoﬁure estimate is based on an emission rate of 0.75 uglmzs'l.
b - The exposure estimate is based on an emission rate of 3.32 uglmzs'l.

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

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

calculated population-weighted exposure for this population was estimated to
" range from an annual average of 0.08 to 0.34 ppbv vinyl chioride,

In addition to estimating the cumulative population exposure to
vinyl chloride for people living near.BKK and 0II, the population-weighted
exposure results were calculated. The population-weighted exposure was
calculated by multiplying the estimated annual average concentration for
each cell by the population represented by the cell. The exposure results
for the 1681 cells were subsequently summed and divided by the total
population represented by the 1681 cells. For BKK, the population-weighted
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TABLE III-6

RANGE OF CUMULATIVE POPULATION EXPOSED
TO VINYL CHLORIDE NEAR 011

Range of Cumulative Population Exposed to Vinyl
Chloride : _
Concentrations (ppbv) at
Lower-bougd : Upper-boqu or above:
Estimate Estimate '
4,287,300 - 4,287,300 >0 but <0.01°
272,000 - 3,111,000 : 0.01
33,000 - 1,073,000 - 0.08
12,000 - 445,000 ' 0.10.
0 - 22,000 1.0
0 - 12,000 1.5
0 - 6,000 2.0
0 - 6,000 3.0

a - The exposure estimate is based on an emission rate of 0.31 uglmzs'l.

b -- The exposure estimate is based on an emission rate of 4.42 uglmzs'l.

¢ - According to the model, the entire cumulative population studied was at
least exposed to vinyl chloride concentrations between 0 and less than
0.01 ppbv. In addition, calculated population-weighted exposure for
this population was estimated to range from an annual average of 0.004
to 0.06 ppbv‘viny1 chloride.

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

The model was also used to estimate the annual average
concentrations for the maximum exposed individual at each landfill. For
BKK, the maximum exposed individual was estimated to be exposed to an annual
average concentration ranging from 2.3 ppbv to 10.3 ppbv. For OII, the
max imum exposed individual was estimated to be exposed to an annual average
concentration ranging from 0.6 to B.7 ppbv.
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The population exposure estimates for BKK and OII suggest that
other landfills in California that emit vinyl chloride may expose the nearby
population to elevated concentrations. Chapter II of this report discusses
other viny! chloride monitoring data that are available as well as
preliminary data on the Landfill Gas Testing Program (see Appendix VI).

D. INDOOR EXPOSURE TO VINYL CHLORIDE

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

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

1, pPotential Sources of Indoor Vinyl Chloride
There are several potential sources that can contribute to indoor
concentrations of vinyl chloride. These sources include landfills,
poiyvinyl chlor.ide (PVYC) 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.

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

Emissions of unreacted vinyl chloride monomer have been
substantially reduced due to improvements in monomer stripping technology
(Wheeler, 1981). In the past, residual vinyl chloride concentrations in PVC
resins at the time of shipment, were as high as 2000 ppm. Currently, PVC
resins contain about 10 ppm residual vinyl chloride at the time of shipment
and may lose vinyl chloride at a rate of 20 to 50 percent per month during
storage. In addition, most of the vinyl chloride will vaporize and escape
during the high temperature processes in which PVC resins are melted and
made into final products. Thus, consumer products made of PVC resins no
longer contain elevated residual levels of vinyl chloride monomer and,

therefore, are not expected to be an important contributor of indoor levels
~of vinyl chloride.

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

. In California, surface water is generally free of vinyl chloride
(Sharrp, 1987). 1In assessing ground water quality, the California
Department of Health Services reported, based on a 1imit of detection of 0.5
micrograms/liter, that one out of the 2,947 wells for large public water
systems that were sampled had detectables 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 public water systems (DHS, 1987).
Therefore, vinyl chloride in the water supply is not believed to
significantly impact indoor air concentrations of vinyl chloride.

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

2. Indoor Monitoring Data
Indoor air data can be obtained either by personal air sampling or by

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

. Based on limited personal sampling data,
it appears that 1ndoor air exposure to vinyl chloride is low. Nine subjects
in New Jersey and three subjects in North Carolina were monitored for 5 to
10 hours on three separate occasions for several days over a 6-month period.
A1l of the 138 air samples taken were below the LOD which was reported to be
20 ppbv (WaIIace et al., 1984). The procedure for calculating the LOD was
not described in the paper and the subcontractor who conducted the
monitoring could not be located for his definition of LOD.

Eixed-site Sampling Data. For a study conducted in California.
fixed-site monitoring stations were installed to monitor indoor and outdoor
air concentrations of vinyl chloride. Based on the analysis of 32 indoor
samples taken in eight homes during the summer season for two twelve-hour
sampling periods (daytime and nighttime), concentrations of vinyl chloride
were all below the LOD. The samples were analyzed by two analytical methods
with LgDs ranging from about 0.2 ppbv to 58 ppbv go .55 and 148 micrograms
meter ~)(Peilizzari et al., 1989). The LOD as defined by Pellizari et al.
is a value where the measured signal of the analyte is three times that of
the noise of the instrument. Therefore, values below the LOD are not
reported. ' '

A similar study was conducted in Baltimore where indoor air
concentrations of vinyl chloride in about 160 homes were monitored by
fixed-site sampling stations. Based on partially analyzed results, vinyl
chloride was not detected in indoor air environments. The LOD was reported
" to range from 10.2 ppbv to 16.7 ppbv (26 to 40 micrograms meter )

(Pellizzari, 1987). .

special Situation Air Moniioring. In 1981, the SCAQMD collected
24-hour bag samples in the vicinity of BKK landfi11. Over 500 afr samples
were taken at two outdoor sites and at four indoor sites downwind of the
1andfill (SCAQMD, 1982). "All of the samples (approximately 120 samples)
that equaled or e;ceeded the state vinyl chloride standard of 10 ppbv (26
micrograms meter “) were taken inside the residences. The highest recqrded
indoor vinyl chloride concentration was 50 ppbv (130 m1c§ogramslmeter ).
The LOD was reported to be 2 ppbv (5.2 micrograms meter™ ) (see section A,
Chpater III for the SCAQMD method for ca]cu]ating the LOD).

In 1984, the South Coast Air Quality Management District (SCAQMD)
sampled water meter boxes at the property lines of a few homes adjacent to
0I1 Landfill as a screen for landfi11 gas migration. Water meter boxes are
below-ground enclosed boxes containing an apparatus which measures the
amount of water used by a household. The 10 grab samples taken from inside
water meter boxes of homes adjacent to OII Landfill showed vinyl chloride
levels ranging from 13 to 36000 ppbv. This finding prompted a 1985 South
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Coast Air Quality Management District indoor air grab-sample study which
showed vinyl chlogide concentrations rangin? from 8 to 100 ppbv éZO.B - 260
micrograms meter™ ") in some homes near the landfil1 (SCAQMD, 198b).
Presently, indoor concentrations of vinyl chloride in these residences are
believed to be substantially lower because of the installation of gas
coliectors and flares (Coy, 1987) 0II is now a federal superfund site
managed by the EPA.

E. EXPOSURE THROUGH OTHER ROUTES

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

1. Mater Ingestion

The major source of drinking water for California is surface water
which is nat expected to have detectable levels of the highly volatile vinyl
chtoride. Ground water used for public water systems i1s also relat'lvew1
free of vinyl chioride with concentrations typically below 0.5 ug liter
(DHS, 1987, 1986). Based on this information, staff believe that exposure
-totvigyl chlor1de through drinking water is not important under ordinary
situations.

2. Food Ingestion

N Vinyl chloride is not routinely monitored for in U.S. food
products. However, before 1973 vinyl chloride was found in food and
beverages packaged in vinyl chloridf pol¥mer materials {IARC, 1979}. At
that time, levels as high as 20 mg (ppm) of viny! chioride monomer
were present in alcoholic beverages packaged in this material. Vinyl
chioride was also found in edible oils, butterland margarine at
concentrations ranging from 0.05 - 14.8 mg kg~ In 1986, the Food and Drug
Administration (FDA) proposed to limit the maximum amount of residual vinyl
chloride monomer in rigid and semi-rigid food containers to 10 ppbw and the
maximum amount of vinyl chloride monomer allowed in polymeric coatings and
films which contact food to b ppbw. The regulation was not promulgated
because the FDA believed that monomer stripping processes leave no residue
of vinyl chloride monomer. In 1986, the Food and Drug Administration (FDA)
estimated that the lifetime-averaged individual exposure to vinyl chloride
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from food and beverages packaged with vinyl chloride polymer materials would
not exceed 256 nanograms per day (FDA, 1986). An estimate of today's
potential for vinyl chloride exposure from food ingestion is not possibie
because, to the ARB's knowledge, current information on the jevels in food
and food packaging are not available.

— TABLE III-7 | ,
ESTIMATED VINYL CHLORIDE EXPOSURE THROUGH DIFFERENT MEDIA®

Media Daily Dose ‘Reference
Ambient Air.
not near landfills b
near landfills <104 to 780 ug Table III-1, 1990
Indoor Air
homes not near <11 ug Pellizari et al., 1989
landfills

homes near landfills up to 2600 ug SCAQMD, 1982,
INGESTION

Drinking water:
Surface/Ground Water <1l ug DHS, 1986; 1987

Food including - ,
beverages < 0,025 ug _ FDA, 1986

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

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

A.  PHYSICAL PROPERTIES

The chemical structure of vinyl chloride (chloroethene, chloroethylene)
is CH,= CHC1.- Vinyl chloride is a sweet smelling, colortless gas at ambient
tempe?ature 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
(HC1), carbon monoxide (C0), carbon dioxide (C0,) and traces of phosgene
(C1,C=0). Vinyl chloride is expected to volati?iza rapidiy from water (HZO)'
systems. ‘Experimental data indicate that for an initial concentration of“l
ppm at a solution depth of 6.5 e¢m and a stirring rate of 200 rpm, the
average evaporatgve half-1ife 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 (CH CHZOH). industrial solvents, and a number of
organic liquids, vinyl ch]or?de is only slightly soluble in water. Vinyl
thloride's physical properties are shown in Table IV-1.

B.  ATMOSPHERIC PERSISTENCE

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

PHYSICAL PROPERTIES OF VINYL CHLORIDE

Properties Yalue Reference
Boiling point, 1 Atm -13.37 °c Merck Index, 1983
Molecular wefght . 62.5 Merck Index, 1983
Vapor Pressure, 20 °C 2530 mm Hg Merck Index, 1983
Sol. in water, 28°C 0.119/100g H,0 Kirk-Othmer, 1980
Ezsﬁigiogoggeff. 0.02 MéConnel1, G., et al., 1975
OctanollHZO Partition Coeff. 20.7 ' MWithey, 1976
Specific gravity, 20/4 °C 0.912 Kirk-Othmer, 1980
Flash pt. open ctp - -77.8% Kirk-Othmer, 1980
Liq. Dens. -14.2 Cg/cm® 0.969 CRC Handbook ; 1985
Heat capacity, 27°¢ l6.1 CRC Handbook, 1985

The tropospheric 1ifetime of a compound is an estimate of the time
required for a given amount of the compound to decrease to l/e (0.368) 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 ([OH]) by the equation (1):

7 = (k[OH]) ! (1)

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

Estimates have been made for the rate constant resulting from
vinyl chloride's reaction with hydroxyl radicals. Perry et al. (1977)
estimateg the absogute rate constants over the temperature range of 299
Kelvin ("K) to 426 K.. The jimiting high pressure rate cogztans for a -1
temperaiure of 299°K is estimated to be 6.60 + 0.66 x 10 molecule
second ~. Howard determined rate conszants for the reaction of vinyl
chioride with hydroxyl radicals at 296°K over a range of pressure where the
highest pressure employed had not reached the limiting high pressure regime
(Howard et al., 1976). However, when data obtained by Howard are
extrapolated to the high pressure 1imit, the resulting rate constant of
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approximately 7 x 10712 cm? motecutes™! second™! is in good agreement with

the value reported by Perry (Perry et al., 1876). Using a different o
technique, a study by Liu, et al. over the temperature range of 313 to 4237K
was also in good agreement with Perry, et al. (Perry, et al.,1976; Liu, et
al., 1989}, Table IV-2 summarizes the rate constant estimates, atmospheric
lifetime estimates, average temperature assumed, and the method used to
estimate the rate constant for the reaction of vinyl chloride with hydroxyl
radicals and ozone (0,). :

The 24-hour average hydroxyl radical concgntration 1g-the b
trggosphere has been estimated to range from 3 x 10” to 3 x 10" molecuies
em ° (Hewitt & Harrison, 1985). Because hydroxyl radicals are only present
during daylight, the actual range for daytime concentrations is twice the
24-hour averages given above while nighttime concentrations are essentially
zero. Prinn, et al. deriyed the most reliable average hydroxyl radical
concentration of 7.7 X 10 molecules ¢cm ° using the ambient tropospheric
concentration and emission inventory of methyl chloroform (CH.CC1.) (Prinn,
et al., 1987). Daytime hydroxyl radical concentrations vary aepeﬁding on
many factors including photolytic activity and the concentration of ozone as
well as other poilutants in the troposphere.

Using the rate constagt determined by Perry et al. for an average
tropospheric temperature of 299°K gnd a-rangesof hydroxy1l rggical
~concentrations ranging from 3 x 10° to 3 x 10° molecules cm ~, the estimated
tropospheric lifetime for vinyl chloride ranges from:

0.6 days for [OH] = 3 x 106 molecules em™S
| ' to
5.8 days for [OH] = 3 x 10° molecuies cm~°

As previously indicated, the concentration of hydroxyl radicals in the
troposphere can vary considerably. However, several researchers recommend6
24-hour avgrage hydroxyi_sadical concentrations which are between 0.5 x 10
and 1 x 10” molecules c¢m ~ (Prinn et al., 1987; Winer, 1978; Singh et al.,
1983; Cupitt, 1980; Cox et al,, 1976; Davis et al., 1976). By usigg this
rapge of 24-hour_§verage hydroxyl radical concentrations (0.5 x 10 to 1 x
10” molecules cm ) in conjuBction with the rate constants determined from
Perry's rate constant at 299°K, the resulting range in atmospheric lifetimes
is from 1.6 days to 3.9 days. Using Howard's adjusted rate constant derived
by extrapolating to the high pregsure limit, agd the same range of hydroxyl
radical concentrations (0.5 x 10” to to 1 x 10" molecules em ™), the
atmospheric lifetime estimates for vinyl chloride ranges from 1.6 to 3.3
days. .
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TABLE IV-2

ATMOSPHERIC LIFETIME AND REACTION
RATE CONSTANT ESTIMATES FOR VINYL CHLORIDE

a Atmosphericb

Rate Temperature Lifetime .
Reactani Constant (Kelvin) Method {days) References
OH 6.6 + 0.66 x 10-12. 299 FP-RF© 1.6 - 3.9d Perry et al., 1877
0, 2.45 + 0.45 x 1071° 208 S-FTIR® a7’ Zhang et al., 1983
0, 2.3 x 1071 NR S-FTIR® 60  Gay et al., 1976
0, 6.5 x 1072} 295 s-0v9 4.9 years  Sanhueza et al. 1976
a - Rate constant units are cm3 ! gecond™!.

molecule

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

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

d - Asgumes a 24-gour average hygraxy] radical concentration ranging from 0.5 x
10" to 1 x 10" molecules cm * (Cupitt, 1980).
e - S-FTIR = Static system, Fourier transform infrared absorption spectroscopy.
12 3
0

f - Assumes a 24-hour average 03 concentration of 1 x 1

_ molecules cm™
(Singh et al., 1978). '

g - 5-UY = Static system, ultraviolet absorption. -
NR- Not Reported

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 chlorideé
(HCOC1). Within the experimental error of two independent studies, the
reaction of one molecule of vinyl chloride with hydroxyl radicals was
demonstrated to yield one molecule of formyl chloride (Pitts et al., 1984,
Tuazon et al., 1988). 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 sach molecule of vinyl chloride)
within the experimental error of the study (Pitts et al., 1984). The
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observed unit yield of formyl chloride implies a corresponding unit yield of
formaidehyde (HCHO) and shows that the reaction of vinyl chloride with
hydroxyl radicals proceeds by essentiaily 100 percent cleavage of the double
bond. Equations (2) through (6) summarize the overall react1on scheme which
seems most likely (Pitts et al., 1984).

OH + CHy=CHC1 =-n=- > HOCH,CHC1 (2)
0 0-0°
2 |
HOCH,CHCT * —-enmmv > HOCH,CHC1 (3)
0-0° 0-0°
Hocuzénc1 + NO mccemeand HOCHzéHCI + N0, 4)
0 ' .
HOCHZéHCI c—mseans> CH)OH  +  HCOCT | )
CH,OH + 0, e > HCHO  + WO, (6)

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

Under atmospheric conditions, the reaction of vinyl chloride with
ozone is not expected to be important compared to its reaction with hydroxyl
radicals (Atkinson, 1986a; Atkinson and Carter, 1984). Several rate constant
estimates have been made for the reaction of vinyl chloride with ozone. Based
on these rate constants, atmospheric lifetime estimates range from about 47
days to approximatety 5 years (Zhang et al., 1983; Sanhueza et al., 1876).
Table IV-2 summarizes the atmospheric tifetime 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 trecommendations as to the rate constant for the reaction
of vinyl chloride with ozone (Atkinson and Carter, 1984). Furthermore,
because the reaction of ozone with vinyl chloride can be complicated by
secondary reactions, the rate constants provided in Table IV-2 should be
considered to be upper bound timits.

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

A relative rate technique was recently employed to obtain a rate
constant for the gas-phase reaction of vinyl chloride and the nitrate
(NO,) radical (Atkinson, et al., 1987). The rate constant ratio of k{(NO,+
vinyl chlor1dell k(NQ,+ ethene) at 298 + 2°K is 2.08 + 0.09 with the roo
temperature rate consaant for the reaction of the nitrate radical with ethene
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(CH,=CH,) is 2.1 .X 10" 16¢m mo]ecule'lsecondj6 Qombining the two measured
rgt s 1gads to a rate constant of 4.4 X 10 ""cm” molecule “second " at 288 »
27K for k(NO,+ vinyl chloride). The measured average lower tropospheric
nitrate radigal concentration over continental areas ranges from less than 1
ppt to 433 ppt (Atkinsgg. et al., 1986). Assuming an average value of 10 ppt
(2.4 X 18" molecule ¢m ~) + 10 would give a vinyi chloride lifetime of 220
days with respect to reactions with the nitrate radical.

As stated, the most important atmospheric removal mechanism for
vinyl chloride is its daytime reaction with hydroxyl radicals. Vinyl chloride

does not absorb in the actinic ultraviolet region, hence photolysis need not
be considered,

Little is known about the formation of vinyl chloride in the
atmosphere. However, under experimental conditions, vinyl chloride has been
shown to be a photodissociation product of },2-dichloroethane (CH C1CH2C1)
(Yano and Tschulkaw-Roux, 1980). In the study, 1.2-d1chloroathaﬁe ,
photodissociated when irradiated with ultraviolet light at 147 nanometers (nm)

" under pressure and in the presence of nitrous oxide (NO) and carbon .
tetrafluoride (CF,) additives. Although it was not the purpose of the study
to identify vinyl 'chloride formation pathways, vinyl chloride was one of the
photodissociation products. Since wavelengths of ultravioiet light below 290
nm do not reach the troposphere, this formation pathway is not- important for
vinyl chloride in the atmosphere.
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APPENDIX I

SCAQMD'S ANALYTICAL METHOD FOR SAMPLING AND ANALYSIS
OF ATMOSPHERIC VINYL CHLORIDE ,



AMBIENT -ATR {SAMPLES. aT TANDFTLL. PARTMETER -~

(REQUIRED BY SUBPARAGRAPH (3)14)CD) DT RDEE 1150 1)

- - e e
- . - .',5'-'.'
Sy

SAMPLING FREQUENCY

Once per month or at less frequent intervals to be determined by

the Executive Officer. The landfill owner/operator must file a

-written request with the Executive Officer if he wants to sample

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

supported with previous samplin ing results and other

documentation. In. determlm.ng i.f. the reguested sampling

frequency is appropriate, the Executive Off:.cer will consider

previous ambient air sampling results, landfill surface sampling
AY

results, landfill gas composition and other pertinent data. The

Executive Officer will notify the landfill owner/operator of his

decision in writing.

NUMBER OF SAMPLES I o

The number of. amb.tent a::c sagp;les fqui::'ed wﬂf ﬁgnd_gon..tha
A S SR LS. . T L P W
-topography ana the s;ze bf the' ‘J.-an‘dfiil.' ‘
T ITRTE o ' T 'x.,. O o Ry

will be sa.ted to- pravide good n&tenm@.cal eg:osure to. the"":
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predcmmant offshare Tdrainage land brae.ze}_,_.and onshore (sea =
e q--"“ i 33“"-?%

. breeze) wind Flow pa'tz:éirns- Jn azzeas.:uith%igniiica.nt :slopas—.




URAF,

local nightly drainage patterns will also be sampled. -All

sampling locations must be appro%ed by tﬁé Executive Officer

priocr to sampling.

SAMPLING CONDITIONS

Ambient air sampling will be conducted on days when stable

(offshore'drainagg) and unstable (onshore sea breeze)

meteorclogical conditions are representative for the season.

Preferable sampling conditions are characterized by the

following meteorological conditions:

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

hour or less.

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

or less.

No sampling will be conducted if the following adverse

meteorclogical conditions exist:

.1, Rain - N

2. Average winéd speeds gYreater than 15 miles per hour’

for any 30 minute period.

3. Instantaneous wind speeds éreater than 25 miles per

Lt -

hour.

continuously recorded on site wind speed and direction

measurements will characterize the micrometecrology of the site

and serve to verify that the meteorological critaria have been -

it TPl cws 35 Ae



met during sampling.

EQUIPMENT DESCRIPTION

An'ambient air sampling unit consists of a 1l0-liter Tedlar
(Dupont trade name for peolyvinyl fluoride) bag, a DC operated
pump, stainléss 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 timér to
shut off the samplef at the end of the 24-hour sampling period,
and associated tubing and connections (made of stainless.steel,
teflon, or borosilicate,glass to miniﬁize cohtamiﬁatibn and
reactivity). The physical layout of the saﬁpler ié shown in

Figure 5 (see Appendix A).

EQUIPMENT SPECIFICATIONS ' -

A. Power =-- one 12V DC mar;ne battery

The marzne battery prov1des i2v’ Dc to the pump and the clcck.

LJ

B. Pump =~- one 12V DC pump L
The diaphragm is made of non-lub:icated Viton (quant trade

name for cOfpolymer of hexaflunrnpropylene and vinylidene

fluorlde) ‘rubber. The maxzmum pump unluaded flow rnte is
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~of 3 to 50 cubic centimeters per minute. The scale is in

3 e
g1

.“p:r.
i
o T
-

4.5 liters per minute.

Bag -~ one l0-liter Tedlar bag with a valve

TEDLAR BAG IS ENCLOSED IN A LIGHT-SEALED CARDBOARD BOX TO
PREVENT PHOTOCHEMICAL REACTIONS FROM OCCURING DURING SAMPLING
AND TRANSPORTA:ION. The ﬁalve is a push=-pull type constructed
of aluminum and stainless steel, with a Viton o~-ring seal.

Rotameter

Rotameter is made of borosilicate glass and has a flow range

millimeters with major graduations (labeled) every 5 mm and

minor graduations every 1 mm.

Air flow control orifice =- 316 stainless steel capillary

tubing |

Bypasé valve .

Fittings, tubing, and connectors -- 316 stainless steel or

teflon

Clock timer

Accuracy should be better than 1%.

Wind speed and direction monitor with continuous recorder
"1. Wind speed -- 3 cup assembly, range 0 - 50 miles per

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

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

threshold of 0.75 mile per hour or less.




SAMPLING PROCEDURES

Ambient air samples will be collected at the perimeter of"thei%;:g

landfill over a 24-hour period beginning between 16 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 nust be oriented to true

north using a compass.

QUALITY CONTROL FROCEDURE

The following quality control procedure is reguired for the

ambient air sampling operatioh:

A. &xssign an identification number to eééh samplihg bag..

B. Clearly mark sampling locations on a landfill topographic
map which is drawn to scale.

C. Document the date and time that the bag was put into
operation, the sampling location, and the date and time
that it was pulled from service. |

D. Check the clock timer. The clock time and the actual tipe

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

F. Check the rotameter reading. The float (meaéured at the
middle) should be within +3 and -6 minor graduations'of
the marked setting for 6.0 cubic centimeters éﬁr 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 minutes at
constant flow) since there may be a lag time between the

| adjusfment and final flow.

G. ACheck whether the bag valve is in the open position. 1If
the valve is in the closed position open the valve and
and record the time on the quality control sheet.

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

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

TIMES.

Data for each sample collected must be entered on a quality

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

use, the Tedlar bags should be evacuated and filled with
purified nitrogen three times to flush out the old sample.
Before sending the bags into the field, they should be checked
+o make sure that the vacuum has ﬁeen maintained. Remove from

service any bag that has experienced any leakage.
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ANALYTICAL PROCEDURES
Bag samples collected must be analyzed within 72 hours of

collection, or shorter period if notified by the Executive

Officer, for total organic compounds 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

Eggmfpllowing data must be submitted to the Directoer of

- gt

Engineering within 45 days after the end of the guarterly

teporting pe;}gg;zggugpq"landfill or 45 days after the .

‘apalytical results are available whichever is sooner. A

different submittal time may be implemented upon approval of the

Executive (Officer.

A. Volume concentration of total organic compounds (reported
as methane and total non-methane hydrocarbons).
B. Volume concentration of toxic air contaminants identified

in these guidelines. .

a

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

the samples were collected. If a barometer is not available

at the landfill site, use the National Weather Service data

at the nearest station.
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Wind speed and direction data.

A drawn to scale landfill topographic map with sampling
locations clearly marked and numbered.

Quality control data sheets.
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VINYL CHLORIDE ANALYSIS -- METHOD &

Instrument: Hewlett Packard 5700A Gas Chromatograph

Detector: Flame Ionization

Injection System: Two Carle valves, a 1l0-port and a 4-port,
are plumbed to contain a 4.m1, 1/4% stainless
steel saméle loop with pre-column, back-flush
and pressﬁre balance. See Figure D for
valve plumbing.
GC Conditions:
Detector Temp. - 200°¢
Oven Temp. - . 60°¢C
Analytical éblumn -'s!ﬂx 1/4" ss, Chromosil 310, 60/80 mesh
Pre~Column - 6' x 1/8" ss, Durapack h—octane/Porasil c,
100/120 mesh
Carrier Gas - 80/100 ml/min nitrogen
Data Gathering: A Hewlett Packﬁrd 338832 intégrator is used to

calculate concentration by peak area comparison

to an external standard. -

valve Timing: Timing and switching events are performed by the

.. integrator. 1l.4 minutes after injection both valw

are switched to the back-flush or initial position:




RESTRICTION
VALVE

CARRIER IN

SAMPLE LOOP

. SAMPLE
INJECTION
PORT

MAIN
COLUMN

PRE-COLUMN

AUXILIARY
CARRIER

FIGUPE C:
Valve Plumbir)
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Standard: Approximately 1 ppm vinyl chloride is prepared by Scott

Environmental Technolegy and certified to +2% analysis.
Range: 2 ppb to 1% vinyl chloride

Accuracy: * 1 ppb in the range 2 ~ 50 ppb, + 2 in the range 50

ppb teo 1%
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DESCRIPTION OF GLEIT'S METHOD

e

Gleit's method accounts for the concentrations below the LOD* by
setting them equal to the 'below-LOD mean"” HgL0D* the mean of the portipn
of the normal distribution below the LOD. Setting the unknown
concentrations to their average value seems intuitively reasonable, and the
simylations reported in Gleit's paper show that his method is more accurate
than other commonly used approximations.

The below-LOD mean of a normal distribution of a variable with a limit
of detection L is given, in terms of L and the mean x4 and the standard
deviation o of the distribution, by equation 1:

tgLop = #- @ LI((L-w)/)IF((L-p)/e)] (1)

In equation (1), T and F are, respectively, the probability density
function and cumulative distribution function of the standard normal
distribution. The "Estimated Concentrations for Samples Below the LOD"
reported in Table II-2 are the below-LOD means of the assumed lognormal
distributions of the concentrations: These below-LOD means are computed
from equation (2) in terms of parameters of the associated normal
distribution: the 10D L, the mean concentration from Table II-2, and the
estimated standard deviation (which is not tabulated).

exp(ut0.5" 02) F((L-p-c?)io) IF(L-pla)  (2) -

We now describe how Gleit's method estimates the mean and variance of
the assumed normal distribution. The mean and variance cannot be estimated
by merely substituting into standard formulas, if below-LOD concentrations
are to be set to the below-LOD mean. On the one hand, the mean and
variance must be known in order to calculate the below-LOD mean from (1);
on the other hand, the below-LOD mean must be known if it is to be used in

“the calculation of the mean and variance, Statistical theory, by asserting
that a "best-fitting" mean and variance for the distribution'exist,
provides a way out of this dilemma. Gieit uses a simple iterative



procedure to compute these best-fitting parameters. Since his procedure

can be simply described in words, a written description is given,

supplemented where necessary by equations written in a notation more _
convenient than Gleit's. ' .

Starting with initial guesses u(0) and 0%(0) for the mean and
variance, the procedure repeatedly generates new estimates of the mean and
variance by the two-step computation described beiow until successive
estimates of the mean and variance converge sufficientiy (The K-th pair of
estimates are denoted by u(K) and az(K).). The two steps are:

(a) the K+l-st below-LOD mean ”BLOD(K*I) is computed by
substituting u(K) and o(K) (the square root of aa(K)) into
equation (1).

(b) The K+l-st estimate of the mean, px(K+l), is computed in the

usual way with "BLGD(K*I) substituted for the sample values below
the LOD., The K+l-st estimate of the variance, 02(K+1). is- also computed
in the usual way, with an analogous substitution for sample values below
the LOD: the squared deviations from the mean of concentrations below the.
LOD are set equal to the average squared deviation from the mean of the
below-LOD portion of the distribution. '

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

w(K+1) =(1/N) © Y{J), where Y(J)=X(J) if X(J) R L
and Y{J)= hBLOD(K*I) otherwise

az(K+1) is computed by:

a?(K+1)=(1/R) T D2(J), where D2(J)=(X(J) - u(Ke1))?
If X(3) L, and D2(J)s oPp on(K+1) otherwise.




The quant'itiyza'BLuD(K-rl), the average squared deviation of the
beiow-LOD portion of the distribution, is computed from the following
equation:

e gLop(K+1)= o?() 11-2(K) " (F(Z(K))IF(Z(K)) )1,
where Z(K)=( (L-u(K))/o(K) ).

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

* See Appendix VII for the ARB Monitoring and Laboratory Division's method
for calculating the LOD and Section A. Chapter III for the South Coast Air
Quality Management District laboratory's method for calculating the LOD.



APPENDIX III

ESTIMATE OF TOTAL EXPOSURE TO VINYL CHLORIDE FROM INDOOR AIR



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

I.  BACKGROUND

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'pol1utant
concentrations are regularly higher indoors than outdoors.

.Indoor air. exposure data, combined with outdoor air exposure data, can
prov:de 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 sampiing equipment is
carried by an individual and air samples are taken wherever the individual may
be. 1In 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 fndividual exposure. Since most people spend 80-90% of their time
in indoor environments, personal air sampling data are strongly weighted by
indoor dir exposure data.

While the main objective of this report is to def1ne exposure through the
~air, this report also presents personal exposure data through other media.
The inclusion of these data will provide an useful perspective of the overall
exposures to toxic air contaminants through environmental media. The need for
total exposure assessment and some of the issues and concepts involved in
total exposure estimates are discussed in Appendix B

II. 1INDOQR AIR EXPOSURE TO VINY[ CHLORIDE
A.  PERSONAL AIR SAMPLING

Personal air sampling data for most organic compounds come from the Total
Exposure Assessment Methodology (TEAM) studies conducted by the Environmental
Protection Agency (EPA) during 1980-85 (Wallace, 1987; USEPA 1987a,b; Wallace .
& Clayton, 1987; Wallace ef 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 chloride was due to two 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 seperate
visits over a 6-month period, all of the 138 air samples (collected in 5 to 10
hour samp]ing geriods) were below the reported 1imit of detection (LOD) of 20
ppb (51 ug/m”)" (Wallace et _al. 1984). The procedure for calculating the
LOD was not described in the paper and the subcontractor who conducted the
monitoring could not be located for the information.

B. FIXED-SITE AIR SAMPLING

As part of a recent follow-up TEAM study in California, fixed-site
monitoring stations were installed to monitor indoor and outdoor air
concentrations of 2 number of organic compounds (Pellizzari, et _al., 198%9).
Specially designed stainless steel canisters were used for collecting vinyl
chloride air samples from homes in the Los Angeles area for two seasons. Ten
homes were sampled in the Winter season and eight of the original homes were
sampled in the Summer season. Canister air samples were collected indoors and
outdoors at each home during two, 12-hour periods. Samples obtained in the
Winter season did not provide reliable data due to technical problems. All
outdoor or indoor samples, a total of 32 sampies, obtained in the Summer
season indicated that vinyl chloride air concentrations were below the limit
of detection. The samples were analyzed by two ana1yt1§n1 methods with limits
of detection at about 0.2 and 58 ppb (0.55 and 148 ug/m”), respectively. The
LOD, as defined by Pellazzari, et al., is a value where the measured signal of
the analyte is three times that of the noise of the instrument. Therefore,
valjues below the LOD are not reported.

A similar TEAM study was conducted in Baltimore. Indoor air
concentrations of vinyl chloride in about 160 homes were monitored by fixed-
site sampling stations. Based on partially analyzed resuits, vinyl chloride
was not detected in indoor 2ir environments. The limitaof detection was
quoted by the researcher as 10 to 16 ppb (26 to 40 ug/m”) (Pellizzari, 1987).

C. SPECIAL SITUATION AIR MONITORING

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

A11 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

1 1 ug/m® x (0.0245/MW) x 10%= 1 ppb
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residences. ;heuhighest recorded indoor vinyl chioride concsntration was 50 .
ppb (130 ug/m”). The limit of detection was 2 ppb (5.2 ug/m”) (see Section A,
Chapter III for the SCAQMD method of calculating the LOD).

In late 1984, the SCAQMD staff screened for landfill gas migration from
Operating Industrial, Inc. (O0II) Landfill by taking about ten grab-samples
inside the water meter boxes of residences adjacent to the landfill (SCAQMD,
1985a). A water meter box is a below-ground, enclosed box containing an
apparatus which measures the amount of water used by a household. G&rab
sampies from the water meter boxes showed vingl chloride concentrations
ranging from 13 to 36000 ppb (31.2-93600 ug/m”). In 1985, the SCAQMD (1985b)

conducted further monitoring by grab-samplies inside some of the residences and  '

foung indoor vinyl chloride air concentrations at 8 to 100 ppb (20.8 to 260
ug/m“). Present indoor concentrations of vinyl chloride in these residences
near OII landfill may be lower since monitoring of water meter boxes has not
detected significant levels of landfill gases due to improvements in OII's
1andfill gas collection system (Coy, 1987).

C.  SUMMARY

Except for houses near landfflls, the vinyl chloride concentration in
indoor air appears to be low. However, this conclusion is based on the
evaluation of a very limited database. 1In addition, the sampling and
analytical procedures for vinyl chloride indoor air monitoring are less than
satisfactory as evidenced by the wide rangg for reported limits of detection.
The 1imit of detection, 0.2 ppb (0.55 ug/m”), reported in the latest
California TEAM study appears to be the most reliable. This limit of
detection will be used to estimate the upper limit exposure for houses not
adjacent to landfills (see Section I1 B of this appendix for the TEAM study
method of calculating the LOD).

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

ITI. POTENTIAL SOURCES OF INDOOR VINYL CHLQRIDE T
A. " PLASTIC MATERIALS AND CONSUMER PRODUCTS

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

Because of its versatility, plastic products made of polyvinyl chloride
(PVC) and other vinyl chloride polymers are ubiquitous in any household.
Before being made into different products, PYC 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 PYC resin for some time depending on
the initial amount of the unreacted VCM. Therefore, an indirect source of
vinyl chloride indoors may come from the release of unreacted VCM from these
plastic products. For example, during- 1975 to 1976, VCM concentrations



ranging from below 2 ppb to 1.2 ppm (5.2 to 3,077 uglma) were measured in

autoTob11e interior air space under experimental conditions (U.S.EPA, 1976;
1977

Emissions of unreacted VCM have been greatly reduced due to improvements
in monomer stripping technology (Wheeler, 1981). In the past, residual VCM
concentrations in ths PYC resins at the time of shipment ranged as high as
2000 ppm (5,128 mg/m”). Currently, PVC resins contain about 10 ppm (26 mg/m
residual VCM at the time of shipment and may lose VCM at a rate of 20 to 50%
per month during storage. In addition, most of the VCM will vaporize and
escape during the high temperature processes in which PVC resins are melted
and made inte 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 chlor1de indoors
via the water supply.

In California, surface water is genera11y free of vinyl chloride (Sharrp,
1987). 1In assessing ground water quality, the California Department of Health
Services (CDHS, 1986) reported that only one out of the 2,947 wells for large
public water systems was contaminated with vinyl chloride. The maximum
concentration found in that well was 23 ug/! with a median value of 20 ug/1.
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 en the indoor vinyl chloride air concentration.

C.  VINYL CHLORIDE FROM LANDFILL GAS

Homes built on or near landfills containing viny! chioride or related
chlorinated hydrocarbons may have high indoor air concentrattons of vinyl
chloride. Viny! chloride emission from landfills can be caused by the
vaporization of vinyl chloride that was originaily disposed there. Class I
landfills that are designated for toxic waste are likely to contain vinyl
chloride waste. In addition, microbiological caonversion of chlorinated
hydrocarbons can produce and emit vinyl chloride jin §ity (Mo]ton, Hallen and
Pyne, 1987).

Wood and Porter (1987) reported their evaiuations of over 20 Class 1I
landfills that are designated only for municipal waste. Ninety percent of
these landfills contained measurable amounts of vinyl chloride and the
concentrations at half of these landfills were above 1000 ppb (2,564) uglm ).
These high concentrations were measured by grab-sampling, an instant filling
of a two-liter evacuated flask, at ground levels or at landfill gas collection
points. For five of the landfills, 24-hour bag sampling was also conducted.
Only one of these five landfills produced measurable 24-hour concentrations of
vinyl chloride off-site.




* There are at least two ways that vinyl chloride from landfills may
contribute to indoor vinyl chloride concentrations of nearby residential
houses. First, houses that are located downwind from landfiils can receive
vinyl chloride through direct outdoor air influx into indoor envircnments.
Secondly, landfill gases, carrying vinyl chloride, can migrate underground and
enter houses through substructures. The rate of accumulation of vinyl ’
chloride indoors depends heavily on the soil permeability, source strength,
air exchange rate and structure of the house, Higher indoor than outdoor
vinyl chloride concentrations may occur because viny) chloride is more rapidly
destroyed in outdoor than indoor air. Outdoor destruction proceeds more
quickly because viny) chloride's reaction with hydroxyl radicals is the
compound's dominant atmospheric removal mechanism and because hydroxyl
radicals are formed in the presence of direct sunlight.

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

D. OTHER FACTORS THAT MAY INFLUENCE INDOOR CONCENTRATIONS

A minute amount of vinyl chloride has been ideniified 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 inorganic chloride
content of the tobacce. The contribution from tobacco smoke appears to have
insignificant impact on the indoor air concentration of vinyl chloride.

E.  SUMMARY

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

The results from the SCAQMD's five hundred 24-hour bag samples St e
highest measured 24-hour averaged concentration was 50 ppb or 130 ug/m”) can
be used to estimate the upper 1imit of indoor air exposure to vinyl chloride
in houses near landfills (SCAQMD, 1982). The results obtained by grab-sample
monitoring, however, are not necessarily reflective of long-term indoor
exposure to vinyl chloride.



IV. QTHER ROUTES OF VINYL CHLORIDE EXPOSURE
A.  WATER INGESTION

The major source of drinking water for California is surface water which
does not have detectable vinyl chloride concentrations. G&round water used for
public water systems is also relatively free of vinyl chloride (CDHS, 1987,
1986). The detectable 1imit of viny) 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.S. food and food products. However, before 1973, vinyl
chlioride 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 in alcoholic
beverages packaged in this material. Viny! chloride was also found in edible
oils, butter and margarine at 0.06-14.8 mg/kg.

When cleaner PYC 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 fijim,
and materials made with vinyl chloride-vinylidene chloride copolymers. Based
on a conservative approach, the FDA's estimated 1ifetime-averaged individuail
exposure to vinyl chloride would not exceed 25 nanograms per day.

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

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

A. INDOOR AIR EXPOSURE

The average concentration of vinyl chloride indoors in houses not near
1and§i11s is estimated to be below the 1imit of detection (0.2 ppb or 0.55
ug/m”). For homes that are located neagn landfills, the highest observed daily
average measurement, 50 ppb or 130 ug/m”, is used for a conservative estimate.

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




C. DRINKING WATER

The relative contribution of drinking water to daily exposures of vinyl
chloride appears to be insignificant. The average concentration of vinyl
chloride in drinking water is estimated to be below the limit of detection
(0.5 ppb or 0.5 ug/1). _

D.  ASSUMPTIONS

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

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

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

3. Dermal exposure is negligible; and

4. 100% of the pollutant ingested or inhaled is absorbed.

-7-



Table 1: Estimated Doses Of Viny)l Chloride Exposure Through Different Media

Media Dajly Dose
AlIR
Indeor Ajr
Homes not near
Tandfills less than 11 ug

Homes near landfills up to 2600 ug
E£QOD
Including beverages less than 0.025 ug

Surface/Ground Water less than 1} ug

Refs.

" Pellizzari et al., 1989

SCAQMD, 1982

FDA, 1986

CDHS, 1986; 1987




APPENDIX A - INDOOR AIR EXPOSURE

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

Ristorically, outdoor air concentrations of an air pollutant have been
used as a surrogate for estimating personal air exposure. However, studies of
indoor environments and of personal exposures to pollutants have revealed that
indoor concentrations of some pollutants are regularly higher than outdoor
concenirations of those pollutants. In addition, human time-activity pattern
studies show that people spend most of their time in non-outdoor
microenvircnments such as in their homes, work places, transportation vehicles
and public buitdings. 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 poliutant 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 cliean air is the only feasible method
of reducing exposure. The Board must, therefore, manage outdoor
concentrations of toxic air contaminants, not only to reduce significant
outdoor exposures where they occur, but also to preserve a clean air supply
for controlling indoor exposure to these substances.



APPENDIX B - TOTAL EXPOSURE FROM ALL MEDIA

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

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

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

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

Documenting exposure to toxic substances through different media can
serve as a stimulus for coordinated risk reduction efforts among different
regulatory agenc1es Other regulatory agencies are more likely to increase
their efforts in reducing the overall exposure through other media if they are
made aware of such exposure data, -

-
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- APPENDIX IV

INFORMATION REQUEST LETTER WITH ATTACHMENTS AND RESPONSES



STATE OF CALIFIRNIA ) GEORGE DEUKMEIIAN, Gowernor

AIR RESOURCES BOARD
1102 © STREET -

P.O. BOX 2815

SACRAMENTO, Ca 95812

April 4, 1985

Dear Sir or Madam: |
Subject: Request for Information Regaraing Vinyl Chloride

! am writing to request information on the health effects of vinyl 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
compoungs as toxic air contaminants and once identified to develop and adopt
control measures for such compounds. After consultation with the staff of the
Department of .Health Services (DHS), we have selected viny] chioride as a
cangijdate toxic air contaminant to be evaluated in accordance with the
provisions of Health and Safety Code Sections 39650, et seq. During our
evaiuation of vinyl chloride, we will consider all ava1] ¢ health '
information regarding this compound Additionally, 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 hea1th effects of candidate compounds.
Second, the ARB staff must prepare a report which includes the health effects
evaluation and then submit the report to a Scientific Review Panel for its
review. - The riport submitted to the Panel will be made available to the
pub11c. Information submitted in response to this request will be considered
in the ARB report to the Panel. Although any personh may also submit
information directly to the Panel for its considerat1on, I urge you to submit
211 information at this time for our consideration in the development of the
report for the Panel. The Panel reviews the sufficiency of the information,
methods, 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 & toxic
air contaminant.

Prior to formally requesting the DHS to prepare a health effects evaluation of
vinyl chloride, we are providing, pursuant to the provisions of
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Section 39660(e) of the Health and Safety Code, an opportunity to interested
“parties to submit information on the health effects of vinyl chloride which he
or she believes would be important in DHS's evaluation of vinyl chloride as a
candidate toxic air contaminant.

In March 1985, we received a reference search on vinyl chloride health effects
using the MEDLINE and TOXLINE Information Services. These {nformation
services include material available to the public in late 1984, The attached
bibliography lists the references from this information search. We are
requesting pertinent information on vinyl chloride health effects, including
any material that may not be avaiiable to the public, that is not included in
the attached bibliography.

Pursuant to the provisions of the Publi¢ Records Act (Government Code Sections
6280 et seq.), the ‘information you provide will be a public recora and subject
to public disclosure, except for trade secrets which are not emission data or
other information which is exempt from disclosure or the discliosure of which
is prohibited by law. The information may alsc be released to the
Environmental Protection Agency, which protects: trade secrets and confidential
information in accordance with feageral law, and to other public agencies,
which are also required to protect such information.

To expedite the review process, we ask that any information which you believe
should be regarded as "trade secret" be clearly marked and separated from
other information. You may iqentify portions of the information you submit as
“trage secret" in accordance with Health and Safety Code Section 39660(e).

The ciaim 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
con¥idential ir accoraance with Section 9101, Title 17, California
Administrative Coae. Section $1011 requires that the claim of confidentiality
be accompanied by specifiea supporting information.

I would appreciate ‘receiving any relevant information you wish to submit by
May 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 Pollutants Branch

Re: Vinyl Chloride

California Air Resources Board
P. 0. Box 2815

Sacramento, CA 95812

If you‘have'any further questions regarding health effects information, please
contact Mr. John Batchelder at (916) 323-1505. For any other questions,
please contact Mr. Don Ames at (916} 322-8285.
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If you are not the person to whom this reguest should be addressed, please
forward it to the appropriate person in your organ1zat1on Also, please let
us know whether you would 1ike to continue to receive information inguiries
for other candidate compounds, and if not, if there is anyone in your
organization to whom such requests should be sent.

Sincerely,

peter D. Venturini, Chief
Stationary Source Division

cc: Alex Kelter, DHS
Lori Johnston, DFA
Wayne lorgan, President, CAPCOA
Jan bush, Executive Secretary, CAPCOA
David Howekamp, EPA Region IX
Assentlywoman Sally Tanner, Chairwoman, Committee on Toxic Materials
Senator Ralph Dills, Chairman, Conn1ttee on Governmental Organization
Senator Art Torres, Chairman, Committee on Toxics and
Pubiic Safety Management
Emil Mrak, Chairman and Scient1f1c Review Panel
Meibers
APCOs

Attachment
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22 Tovic Subsiaces Contrpl
dds, however, gaive vinally oo guiduce on the relative weight o be
avcoded bl and covicomnental ifterets in compatison e ccomomic
oncs, and i date, The ageavies” actions seflect Congresy™ bk ol cunscnsus
o the issoe of acceptable sk ' : K

A wcasuie of gobkmce o decision makess in the Tace of acealaimy
aml kack of consensus is provided by the observation ihal seguluteny deci-
sions involve mosal as well as cconomic valugs, We nay begin with (he
absesvation that the sacrilice of an individual o the benefit of a grup s
acceplable if the beicin seeved is the group’s sunvival on the fulfillimens of
soime oher hasie sneed: The sacrilice is nwwally unaccepiable, however, il [
in for o gusie impaatant benelit than the povision of the luxwics of our
conswating society, That somie must die so that 3 can cot is one thing; that
some mst die so it all con have see-fwongh bood packaging is another ™
Pasticnlnly whiere aon-esseatial products are converned, the bong-leun goal

wl tonic sulstances comrol and the fong-serm elfect of cochs segulation -

should be 10 channed ccmomic growih away Trom industiics Basudous w
liealth wd towards safer prodicts and fovns of employnwat.

As the came study in Pat 1) shows, the oblems of deciding undes
uncestainty and of balancing incommessusable inteeests have pervaded fhe
regubation of V. Reluctance W Sace shese difficuls problems accovits in
prant for thwe Tt thin ore than Toar yeies the agencies have ses stdanls
loor vnly twe o sl siajor souices of exposire fo VU, While the samdands
that bave been set umd the proposals it have been pat funward wie by s
wieans tstally defivien, there have been sigaificant imdinces in which ihe
agéncics have made Tacinally o logically inmupportabic conclusions, o in
which they have igmued evidence and failed 0 draw conchnions the
evidence vichnally demands. In all instances, the ageucies have held back
troan imposing Standards it would wquire any sigmilici economic
chonge in the regolascd udusisics Flie indusirics’ profin, volose of pro-
duction of e regulated substunces, amt luture growth prspects have been
vijually waallected. One may question whesler e henchity of VO produc-
vion and use are substantial cnough to fustily such cxticne delesence o the

W Mlany vidut jdgienls wie wot o canlp sade wy the distiectnn betw.cen fuod sml
Tood pachaging. Fygcially, cxomumists ke the puestion it seutraliny is trquod o all ey in
his tegard, bovisse of she difficuity of making we sany ol these vahie pulgmcms Ser, 0.,
Evalwaturn of Life sand Limb. supra sobe 1, a0 8959, 200 Bt the ddlouby of waking the
Rand deciziony dhoes mot aesuisé us 1o avoid making the clearcm ones Al unc necd sl accepl
the wicw bt ser vaducs wl @ sucicly sust be seyasded wy invialiate. Lhey change in o annct not
Tully wadcavinl. but ceptaindy aoi lee lrum the miliences of groupy, vab as ihe Laaainess
cowavunity, with stsung i il b 1 i p ing the bt . vamaniig behavier

of the putiic . Ax Profosur Teibe puts #: (Wi canuol siaply axsume ihist wo nwnd and nede
when conliosnng the ultimie question of whether we want i hiklicn, aid their chikbea’s
chiklecn, tn lve imn-aid gnjoy—-a plastic world.” Frihe, Wavs Not i Hind Abont Hanic
Teees i Witk i Var 15 Comeni0r 60, WL, Taibe, C. Schething. & 1 Vovs eds 19760 (cophinis
i wtiginaly Sre sbio Doadmvar. A Afterword’ Husiine Valpes ooud Environuieaint Decitions,
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industrics” asuhet position. This tivs is | in

t . yoeskion is pursued in the sections thar
Iollow, cach detailing the fegulatny situation with 1egard 1o onc of nn vu:lnl
the many sumrces of hiwan cxposme t VE. '

n
VINYL. CIILIORNY CASE STuny

* A An iradnction w0 Vingl Chloride

b ahe pueviotis section the probitems of devidi reniad
detesmining wwially sccepable rinks were discussz:‘ﬁ ::“l'::.: :t::ll;::yu::‘i‘:
sulns!am'cs regoubition gencrubly. In this case slluiy these nlmhlcm'
cmmlluficnl s they bave affecial agency decision mnlciug wilh'lcsli:cl I:I :I.t:
regulation of vinyd chkmide. The case stwly begins with essemtial hack-
provnd miaterind o the applications of V€, o the fndustries .\-ﬂliﬂl creale
lmul.mnr. and wse i, and on it deadly progeitics. Subseotion § sirve -slln.:
chemical 5wy and the industrics assoclated with thei, .':'uls'u:l:l:lm 2
surveys VO'S qaxicity and the sources of haman CXpUSIHE b i .

l.. Vinyl Chleridde 's Uses and the Assoviored Industries

T carcinogen vingl chloside is the basis i
used |l|il\li’t' in the United Sites ® v, 2 gas, is (I’:IJ'I': l!::::.;:.l::.:l:c:::ll{
an(l.dlhu!?w Wiww pelymesized into polyvingl chbmide, o sulid ] a-;
lul)ru‘alm! Mt a phemmncnsd artay of prsdhicts. VO was Tissg ma-nula;'m l
commcicially in e United States in 1992 by 1976, V(' juod i
exceeded 5.5 bitliow pounds . prduction

| The wide varicty of uses of PVC s testimany 1o its adymabiliy. The
s use of PV s in comtiuction prnducts; other [T TP usc.s ae
pad:‘ay!\g amd convsannet paoduces ol all Rids. Figuee { suullnmli;-c:s u
qllllll."allum of PVE in 1974, Wannd:, mctals, glass, sther plastics, and mh:
smatesials can sulwtinie fig newly alh of PVYC's uses, bat l‘\.FC l\ melees c;
because of beter performance o lower conp W Mowever llme.a:c onl ;
few uses for which ne discer substinnes exig,* ) '

Scveral ditect wes of VC gas itse omce exis
e L isted, but these 5
discomimucd. b the Fate 1408, VO was tested fiw use as an nlur«l::::!::

Bl Ser dher Y ] ' i (TR Y X
e it “‘,ﬂ::‘-::u: :;::::,t,::l::":a:::‘:" Crvas & Fro'mNius, Nov A,
02 OSHA Permuncrdt Seanbard for VI, anpou mote 1. a1 18 490
:: l\:;“:"‘h—'n: ah: Viagt f“iﬂl—‘t. S‘ll! W & Eswi'u Ne u,‘.\n‘ LI LT
o .u ol IA e hit u:lmq !’V( ;( Al Wean, July ¥, 1904 a0
. L me st pency. Standad Suppony and Fani 3o
.0:: fl;;:um :,"““m. -\la.mhnl "T.. Vingl Ubbuide 7 4 830, 19799 [hcocinadier t‘ie;:‘
bra p.:....,. . :\-.mmu-e-u.ul I‘h-«:ﬂum Agcncy. Prckminary Avcriment of the Favicon-
-t m'.:.u:.;:ur.:kw"* \un_;l l'!.huih ol Polyvingl Chkuise. Regvl on the
Ihescinstics cued o § ) \. Jask I\“ﬂ e A P e bl e 10
. . wer Regenn) .
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i was scjovied hecause it upset candiac fumction.® There s alse indications
that VO wirs once wsed as o relsigerant i cooling equipmen. ™ Ungil tue
1973, 4 salt percentage of the VO produced was used as sn acrosol
propeilant in some cosmetics, deugs, pesticides, amd vilies consumes prod-
ucts. in 1974, whem YC's carcinogenicily became generatly known, mil-
lioms of VC-propelied actosols were still on the market or in consumer
bands. The use of YC in scrasols has since been probibvitcd. ™

Figie { illustrates the cycle of VC's creation, tramfoomation, use, and

dispersal, s the soutes of human expsuse. These are thice industties of
cemtral impoctance. The VC industsy produces VC fiem petrochensicals.
The PVC indusiry pulymcrizes the gas into the solid plastic, knowa in iis
raw form as aesin. The fabwication industry conveds PV sesing inso linish-
ed prenlucts seady for consumes wse of for incorporation into products of
odher indusisics. 3 js in these thuec idustrics that the winkess are most
heavily expased w VC, and that ihe known human cacers have ocourred.

Chusidde of these plaws, additional people me expoed W VC in two
majpy ways. Fiast, VC emissions escape from fackories m the surrounding
aie * Secomd, since e polymerization pracess iy imperfect, some VC
remaine 2 gas trapped in PVC matesials. This eesidual escapes fruwn the
phastic in later production in fabrication plams and beyond, and in subse-
yuent use and Jdisposat.

As e mwves thiough the production cycle of VO and PVC, the
hutnber of plants and companics increases, and plants become smaller and
wane labiw imcasive. The VC indusiy is compuoned .of 10 companics
opcraing 15 plasts; in 173, Shell, Dow, and Codvich together held $6
pervent o capicity. ™ In 1975, 23 companics operating 17 plants comprised
the PVC imbusity. Gookrich is the majir PVC producer with 15 percent;
Fiseauwe, Coumcar, Union Caghide, Roaden, Diamond Shanwock, and Ten-
neca cach produce hetween five and nine percent.™ There are abuot 8,000
Labrication cianpanics of all sizes. ™ Beyond this poind indusirics cease 1 he
isfentifli-d primaily by their use of VC.

_E ||~I|‘I..-'-'dl. Kinmir, & Sauconchl, duesrbesia XNV Norguvs with Vinyd § Moserdr .
B Awp oo w9, W )17

N7 2D Paann, Bwwessmrsy Hvsis s avn Doam s oy RIS 49n0)

BN Tk date of Hiese metinahs v discmsscd in e beas amvismpany wg sty $31.846 infrm.

B Rt VI encapey itecily imte e isis Soume feaves the plans io cffiicns wikcr: mavt
o thin VU e apnuates o she il Soowe . b eser, onters deinbing watcr. Se¢ FPA Task Force
Repont upro mte 85, a0 8 M. Appendives ot 11 Envemamws xoar Poancses Ad oy,
Pard i smy A saaier s St i Campenna vy 65 Diienine. Wanis JREm s o
Corsae sk 730 ME W19 1097 S heocinalicn cited as EPA Preoiacas, Wmme iy P
Woadre d i tewmu ). :

A M o Reskamsal S D pbors g, U N Envmerens o8 EIomss Iney Aia v
v Seannnn e Troanm s At ng Reemd e Vil Citowin o By ineg
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26 Torke Subitances Control
As the above higuses indicate, the VC ol PYU industries are substan-
tially conceatsaed They are alse vessically imegiated. In 1972, M percent
of VC pronduced win sold 10 PVC panis awned by VC companics, alwugh
whiis figue Nanl diopped G 6} peseent in 1962 as e industiics grew.V

The Gt it the VO and PV indusicies comtain only a sinall number
of sctstively cuncentiated and bntegrated Tinks bas made it easy for the
industries 1 speak with one voice in regulatuy proceedings regarding the
finsies o their sechnological and economic capabilitics to cantrol VIC expo-
suves. The indosioial market siciure alse mokes i difficall w analyze the

phans, aainly by rail tank cnr, sid alse by tank truck and basge. In addition,
PVC sesin nwst be yansporied between the PVC aud fatnication plams; this

David 1. Do . : :
per . ey

< The VU and PVC winkers ase sepiese i g
the United Rubher Workess, the llnileal'sru::::kp:sm:::l!:!:’(;‘i: ‘:_‘l:n::z:l
wd Awnic Wakers. On their own and lluuugl; the lndusl:ill I'Jniun
Depastiens of the AFL-CIO, these uaions were m'njm participants jn seitin
the VO aconpativaal exposise standard. The fabwication workess e we ;
seuled by vaniety of unious, and some ure it unionized at al). e

The techolagical and cconomic capabilities
!aluic.:uliun indusiries 10 lowes the release aul; VC—in ::l:l':: ;?ﬁetrféuﬂd
g air, i Muouph Yaer-escaping residuat in I’V(.‘—-have. irccn.ctmslanlly

10 feduce VC emissions 10 the owside by about 95 b
L rcent, "™ aml to reduce
the VC residual contemt of food packaging by zveml onless ul' wmag-

ind
.

Py

A Ce tee costs of contil measusces amt 1 detenmine the invideace of those custs “ i:"'“'“ i the segulatoey actions described in subscquent sections. The
wu prslict prives, pradits, wages, und olher inguts. _ d:"'*'“"_’: "': l"“;'i'-"ilis the futuee techwlogical anid economic fhnits to
ks . R L . changes in these industrics is discussed -
Daavie Must VO plants ase open-air, rescinbling oil sclinciies. They are give smne indigation of heis clca:l;u:l:v::::s:ml:: s
located i popalited ares in wanm states—grincipally Losisions, Texas, capabilitics, ‘ p§u and presct
lus ehs Kemucky, and California. ™ PVC plants arc enclosed, but stifl emil VC, ud Within sced - . L
wovkig they Wu are bocated mstly in poputatcd areas. T inddition 1o e above b years sinwe Vg:'s ::c:::m‘ﬁ::' '::'c'"""-'l'“' becakilwoughs, in the
ealimn states, New Joescy, Ohio, sid Massachusens are majir PVC-pioducing fabeication indusirics have sig.:cil.ilcmu,;y " c;:::::‘ 'hekvcv PVC, amd
ges 9 i
. :‘?;:" states.® fespuanse the cgutations or the Whiear of u.uwams,'fr.:%::ﬂ%vlg g
4 ’i{ um""‘ Only ahout ose-shind of st VC production is polymesized sl the site indusiries have been shown 1o be able 1 setuce workplace sitbuine concen- h
at which it is pronksced. Must VC must be transported beiween VC and PVC Wiations of VC frn shou 230 pasts per milliun (ppm) s0 about one ppin.'?

f \

:,::“:: is dhoue primarily by train aml trock :['"“"ﬂlv ™ New plants l'acc_ oo dilficuhics meeting these fowered kevels,'™

. Une i VC amd PVC plants ste highly mechanized amnd conploy o rehatively c::;‘:‘cl.l:::d l::: ,:,:m su_:.:u' !‘m the !““iu of current iechnologics have

Vi small uomibies of workess. Al any one time, there ae only aboul 1,000 breakihaoughs could _I‘WH ility semains that fundamental technological

tad.w cmplayecs i the VO industry, amé only about 3,500 in the PVC industiy.” The Bl ol oocur.

phahe | Taking into account the posmal twoover of workers, about 30,000 cmploy- _These seductivns have been achicved withowt any significant economtic

Anenca cus are cstimated 1 have worked in sthese indusisics since 1939.% Fabrica- ’"a""h‘"' the companics or dumage 1o PVC's wacker pasition and fulre

T g ::::‘:'ﬁ Fisun plants are nwie I;luu intensive. The nnm'bcr of fabrication workers is fi::‘“::'::'::'?';-' :::::::s':re the l?ﬁlls and early 19705, PVC consumip-
R S ﬂ.illlm‘lcd a1 350,000, Hu_.:se wurkers .Ilc‘mhjﬂ.l. " A-uuth lower expuosuies incicased. ™ Tn 1970 it : o n::s plu'els du'llncd. and [IIe sumbet of uses i -

he v of YL !lmll e warkeas in VC ad PVC .lll'ulll\.‘ as_’lu: m:!:lsmc t'l! the the major peoblest t; g o i ysls twecast um'meuuple-l growil;

S wd fabrication workess comes only from escaping VC sesidual."™ The size of tnchemical van "maii';:f::'- that time was the tight supply, of pet-

the group, howevgr, gives rise o fears that even a tow incidence of cancers
wmay claint a large numder of fives. -

91 Bostee 00 Sucl e . B3dt ) el BRepust. | cosnmic npon t Stk s o the K flecuv ol
Propased E5HIA Standagds T Viagl Chibade. WS (Scp. 3N, 19740 [hoiemaficr cited at
Sancl 1 cameeritie Impacy Stuady )

M UL LPA FIS, sepra mac 85, 00 3 M, -9

WP Mibeiinn an Tinome w Rirens suprs miae e 2R

Y FPA Bask Nane Kepmt, suprn sedc B3, a4 7

97 Sacl Evaime Snsgact Siudy, tepro more 93, o HEL R

NN AshEord o al . mpre moke 5, ot H-d1, <48 Gaoppoadn cancerning VO segulation in
thee winhplag) The mouber of cancess foumd in thewe worken, while mw buge in alnoluie
v, dvpacamis am esbiencly high incidom i the small popadianin

A Lk Vovee Rognat, supra imite 8%, 0 1]

W0 NI Permanent Standard for V. supra et ¥, Ve

M Nee e 80072 suypoea.
:::i .\clc IC.II Wompanying mics I17, 129300 Jufre. -
AN, - L1 -4; ¥ S Y
- Supiaas wurge RS o -4, EPA Scantnin and Tevsmn 4y Niruay, supra pote
1 Nee b sl incompanging mue $15 infre
LU LI o o Y
. e A0t of Jeopuasdy, Inte Iubilation, Col sl 4L WiEK, Sept 15, 9% W,
W See Nucl Foommnic | ot N inihig
e s .u i Dt Stialy. supra wore 93, ot HI-1, e 0N 2; ErA ENS.

107 Foght Atomomer Supply Plagaes PYC roducers, Cobaa. & Enc’n Nuws, May 38

1, s

' K3 H
ot '
P Lt P o i
R vy '
L Y
' e . et w -y




BERT
1 n

A «

Al

Day

Thu: ¢
sk
ol
LENTT
ol
vuh

.— “Lihik
[LE T
[RLET

fLets L)

LR ] ]

. LT
Fa-a

F T

e G

Wgn, g

ot

-

L b,
.....L..._

'

[COE ST

H Tuxk Substances Control
B 1AL ad 3975 VU apd PV ot diopgnald shaaply . siuk-
ing e fid Bawcab an she oo o plicnomeanal growth. The shunp, however,
winn i cateed by 3 ceasaees sosgeune o e sevelation of V'S carcing-
gonicity o the Costy of complying with asdvagquenty mposed stan-
ks, Raubr . the by bk swan extpionme camses: (1) sticogis i e cardy
FHI G pass sue o consoiers Hie gising costs s pesochemical fecilsincks;
and (2} the peacial cconvmic recession i 1919 b 1975, which was
paticubaly severe in the building construction indusiey, a wiajor uses of
plastics. ™ The Slomp wies shosed equally by 2l the najor plastics

With the cand of B recession amd the aevival of i lnaning uslusiry,
plastics pencrally amd FVC in pasticala somencd 1o the peise irend of
prodinable g, Fresculy, new phads ane being built 1o mect ativipaied
deniand, withant sy spgrarens hindowe from curient and proposcd icgula-
tioss. 9 Jlesce, it appeans st somewhat preates reductions in VO expunsuse
comthd e depmanbesl of the bisdistsics withonat scmbering cithes cinic opera-
s eagumsion sgiolitable.

As the Dollowing svey of VC's ioaicity will show, these is mo basis
fur thinking e VU lazord s been climinated by the mcasaes alieady
taben, o that i wilth be ctisminated by ihe sdditional measres comcerded by
the ahaatrics s be botli iechuolopicatty and ccosomically within their
rweach. Fusther sedwctions aie jastified by the medical evidence The.poim at
which the industiics would be seriously bordened ccommiically is, wwever,
anpassible m predict seliably . '

Y Hewlth Risky und Sousces of E sposwre 1o Vinyl Chlovide

The tasic elfects of VO e aw Kiowa betier shan tlwee of acady any
uther inehestind cheaical. VOC's carcinogenicity has been well established by

husran expoticiee, animsl experimeats, and othes balwratiey 10o1s. The

bittes expericne of vccupational exposwre has confipmed VC's ability to
vause coers and a bov of fesser elfects in himans. The risks extend
Ieyond the wonkers, miflions of wiher peaple are exposed e VC This

subsection surveys the evidence of Vs wnicity and the oxtent of hoan

expusure to the chemical.

a  Avute and chroniv Aumen tovicity

Befone 1974, when VO b i yet been cosnecied (o i cancer,
by dkmgess of the chemical were well known. VO i cxtiecly flam-
ke, amd concendtions in aie exceeding, L0 paan are explosive M

WA bagn b, 1978 Outbsd Boghicr in 1 8. and Vuropean Cheonca? fadasiiies . U1,
Nedws & b o Hoy g 906 a0 00, Gaech. Vid { Bbande Mas tone Shastuees He 1922,
o & Lneowm Naws, Ang §1 19T, a0 d

W PV Bodts Ut oof deopaunds. it ebibatiom. wupsras amne 0%, 09 41

LR Gokey . Vissd € klorule Hos Muay Daboown Problesss . 1) Lok & bavi’s
o 1E Py Iwacinabics vitosh as VO flow Stany Lakoown Paabdem *|

L AU R * S et ,.
T
. L
H .w_m.. v
T e e - -

Wi .
~ ——— s ebded e drB.em

David B, Domger »

m.nﬁ..:_ sotkers e died o inbaling catiescly high comcatzadions
-.._._.:..:.-..-: concenintions prcater than K00 P VC conses .:-m. [
..-”.........F.. disey . drowsy -dissicated, st evesually unconsciom "? gy
.—-”.,..._”.;._z...f_”..-__......r.- a pesiond of u work shilt ke one prone dn deep,
__p..r.:. 19HL, VU comcentsationns of 250 1 W0 PN wese consimn Jor
iy jub catcgmics in the VO und BYC indusiries, Anwng worken
exposed 0 these concemrations fur peviods of months or years 2 numbier of
elfects _m.._._....g identificd. Many workers sulfescd enlarpemcm and fibrosis
of e lives and spleen."™ Many cabibieed Reynaud's sy e._z.-h..
terized hy cuculanmy degencsalion in the cxlicmitics and by a p..._h_ fectin
o u feeling of piny amd needles in e hamds and feet. ** Runy devel ..n_
scherdumia, a skin comdition, amd wcrinnicolysis, a rare discase .._.Enﬁa.““._
by the shrinking of the last howes i the fingers and tes. " Alhough
wiahers wihe sulfered one of these effects did wos always u.._-.-.. the others,
the elfecrs weie prouped under the nase “viuyl chowinke discase, 1%
s:.n... VLTS capawity we cause cancer in himarns bevane clear in 1974
chne medigal cvumination of VC ad PVC waorkers idemtificd ......8-.....
wule s chavinic effecis of VC that previonly had gone mudiced. J -
paired zerial circukuion and fibeosis of the liver and spheen were —.....-..._ hﬂ
aecun al a miconcopic lkevel kg befire they were clinically observaide 1¢

m . Spirtas. b .._.»r.l- Gambde, & Van Eil. The Asvrtintum of Vimd Chlwide Evpor
.!“.--. _5" _.—”x...r.-.: Svmptoms, W AM Itn s Mhasing Asvn ) ey *
BORPA i niue axh Tionsww Koo, ¥
adrinn Probloms”, it meile A, ad B s e 0. A 8V o Maar
1Y VO Mo, v mote 0, 40 .
] . . LT o I Macu Koy, I .
Ttiture b Ocespaminad Koty send -nul-.-n; eyl Mot Koy Paector. Nanaut
. Kosews & Muhior, Fhe Cowreliiiom wf e s
L . s, | ol mad s srommnsensad lea i
””.—S.&“—...-uw :”.:..:.. Vined Chbosde, 10 Ass ban Hveseng A ) -.-:Ju-—r”“ﬁ“--
« as o b, L K . 3 . "
Poae o Boparsire b YOI EFA Sonkiue o bionss u Rkt vupra e W
HY Diles, Awlerson, Nic b, Dauen, Fivelwi
) 5 . . Bhore. & Schbull. Frovakom e of Iie
.‘._!.-..u Vimsd Chdeowscdy o Porlyvinsh € Mhwisde Wenekery. 20, AN Y Mo e .-ﬂq--dﬂuﬂ
—_—t...__n-n-.r.—..... s Provalinae uf a1 ange. ke, Sicin, & Vel _-r-.r..- l-h-lt.r
i bystnd £ hbsride Pridio tum Wintery . 244 ARMAlS N Y Avass S0t 01000978 Jheeci
ciled us J wriher Neswin ) fhereiustie
__.._. -wq...-.‘a.....- Ihsrare, supent wsc 1%, 00 32, § sher Nrvalts, vigoria snity BEY_ a8 #0
.z_.-:.-u . Pervalena e of vease, et ke 1S ol 1Y Fiarther Resits, v moste :m Y|
.2 - . t....a. Fevms Airng Pobssrmsd EMonrde Bandin ssne Wankers e Jupun, M6 ao.aa-_.o.
:->. .M. ___f.. TEAITN VL Mhow Muns Dindnin s Pecobig s ™. Lapress ot M .._.-.nr-
. bange. Jobe. Sicin, & How hawet, Elimic i Al - . ¢ Vi
Ohoriae Prwase. 2l Avay N Y. Aalr S a __t:-: R and e of Vi
HY  Marng  Ldusom Whetstmie. & § cRa g
. b e Y. Cupilry Abmwmaliny in P
””..E_\. Prordustion Warkery Fauoinastion Hy In Viwg Murowaps_ 3% 8 Ay M uf.a.”u_
—T AL Poppes & Linssas, ARerativns of D iver and Splren a-.l..ak Wirkary Evprored 1o
i.l.___ EMlorade. T AN uA N Y A Ser 002 07N Dheuamas & Popper. Pusholog uf
ngrssarsoma of the Lier Among Vit hbvide-Polyvinyt CAbsnde Wonekers, Y ie >x:ﬂ. Y
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L) Tunic Substances Conseol
Mickscnpic cxaminatiom sevealed ather changes i liver el Soie
wetkers displiyed 3 wide variety of bl fives function wml hlvsd
jests. M Some sodtered inyitneed of dung Fanction '

Tive medical rescarchess liad huged thas these ohservable effects conld
he wsed-4o indicate who is at incrensed 1isk ul developing cancer and how
VT produces ity carcimgenic elfect. Ta their disappoiniment, huwever,
pae of these cHlects courelated welk enough with obsegved caves of liver
anginsarcoma o of vther cancers o indicate clearly which winkers e al
increased gisk, iy has e kaowiedge of these effects eaubled rescarchers o

L1l 7 .

cl’l’ilill how VL ciouses caneer.

b Homan cancers

Tiaoughout the spring of 1974, after ihe deaths aof ahe lowr Goodrich
warhers became knows, other companics regasied additingal anginsacoma
deaths among VO and PYC wakers."® The ol has sivcn stealily since
hen. Thiteen Gnes of angiosarcoma of ihe liver had been coumted among
American workers by July 1$974,'% amd & tatal of 25 casey wese known

MY Avaw S0 WA 928), Gedigh, Mubler, & Bechichohcimer, Mospholugy of 118 cr Dumage
Amnng Pulyviard Cblaride Produstion Worlers: A Report on $1 Caves, 26 Avnars HY
Aval SO 2Ny .

LXY Ser wwarces oted m ol 119 wipen ‘

P10 phateter comint By bocm daw o in e, bub sl . vicline of Bvuh singinnuin-
aver functiom testy show a wide vanety of ahwestisditics. Prevalence of Dvease. supra
unge. Juhe, Stcin, & Hachncl, supra s
avr ut Fvidene -

wa 1
wote 118, Further Revalie, tupra aoic 115; Vhman, 1
VN MansseNer, § clink. Shilier, & Giedigh Unusund Splenowmgguliv Liver Nty
o by Pesitoncostopy and Guided § iver Bioghy Aniing Podviinrd { lbowide Prohin tion Warkers
o Aunags N Y Avan S0 8 (th
122 Gamble, Lio, McMihact, & Wasweiler, Effedts of (o upationul und Nuses npa-
il Factors un she Nespivatory Syt of Vinyl Chhieide wimd (0her Woarders, Wl pa-
b MH L B3 (9 .
12k lap Igating the ¢ sandaad e weonhplaces, OSHA wotcd the fuibue
Jined inb Whoud teatn, bver fustion sean, sl conlsin eahes cxmminations o rehabh valeator of
inurensed cancer tisk. (ISHA Pronaacnt Stasbant For VO, tupra sote 4 .95 Suwe the
Ll ol 1974, whcn CRIIA"S whacsvatiun win senbe, there has been Rtk change in the 4tate of
Lusnbedge of VE s vt amgencsis. S bipc of idcutifymg VU b o &l us abs culy
atage is puossned byt tecemt dechiigwes Wi sl i wlsasumogiaphy. o techmigie for
+yahing @ picture of intcomal wogalks e bt the Kvot wad splocn wirkual wngcey thramgh & sart
of “sueas.” Hiin lechuigue can sovead lasnis mmd other gross LRanges G Bhe v BN Ty,
Hasecw, Williaims, Susith. & Qhak, Proehosisury Rty of Coery-wale DRrnviriengraphy in the
Itestion of Vouyl Chbmde Rebased Liver wnd Splcen Nusise, 84 P, Bon v Sy Mo 192
(I Analics be Disiguie detey 0 ichimasgic Chinge s w the wirnulwiony vy stcue i il Dingess.
It wat ismoned that the Reywad's syudrome amd i soundealysis wonhd e preceded by
sutsline, ul Whoisges, which, i ey conbd be foumd, w ookl e wn indication of increased iink.
Matwy, Johmun, Whelsione, LcKuy, supra hole 1% Neither ul ihere teclumgues, however,
alfees any wasutance ol detecting V-nduecd chiamges brlue ihe changes a8 iic celllag feved
which cvemtuatly bead wo cances have altcady occurred .
124 Oucupitnat Safery aaid Pcatth Adminivintinws, Vinyl €hlride: Fropoed Stamdurd,
3 Fed Rey WM (19T [icrcinaficr cited a5 OSHA Proposed Siandurd for YU}
VI OSHA Peenuness Standaed Jor VO, tupra mne 1, 33098
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Bavid . Donipes ) . .
. n

© wabdwide o anash Bateet Allough e ity of cases involved

wankers s PVC plads, ofhiee workers wese also aff
) / . s ccted, " Phere were M
cases winhhwie by Jume 197513 o lewst 1 cases by Decendee m'z m
ad ab beast 68 cascs by the spring of 197819 .

) A'Ihutlgllliil alsedute derms these awmbers aie o lar ge. e sate of lives
angiosarcoma in vinions proups of PVC waorkess sindied 1anges frowa 400 1o
i!,(ll) Huws the expeeted inchkence in she gencsal poputation. " Since fhe

atency per nulv:-llu.' time between initial expasute W VC 3nd the clinical
ulqm::m_lcc of lives ciuer—has been averaging abowt 20 yOars, nume Cuses
can be expected un the sesult of high ¢ es ' ;. and
P B cxpunines il 19, 19005, and

N Many of the conpisyeps wim have died of Yives angiosarcoma wodked as
€ llll:l'.‘ ur! the pitymiciizasion reackm (the chimber in which VC is convert -
ed 10 PYC) e wakedd im areas with simitarly high VO exparsmes. 'Y TPese
workers probably wiese the anrit heavily expused, in ferms of doth monien-
tary peaks und sinsained averages. The precise levels are sl knows bui are
eslunalcd"u‘: have iwluded peak exposuses of severat iousamd ppin and an
avegage of 250 40 30 ppen. "™ Onhier liver angiosarcoma victi
had lower, less sustained exposuics o V(_‘.'g" M it pressmably

16, VE Hrannge. uges wote |, 3 60 &2 1
. . T vabermemd of T Joncph K. W,
wi:-:',(‘ Thane alleowd mciuded 3 wiwkes ut » VU Momt_u winkes ::u lilﬂ:::::.'i;lr [ Y
Peogecllont, amd s wnd a winker mt PV chih e
Bt tww e sounnd 1w hane bad vey bow [LT NS hth fubricuivg phonts 82, These
:;: ..M ah B8 EPA Seaxamm o850 Toensn ot Romons, Aupra mle 90, 3 T2, B2
¥ ) Caves o Angi of she Lives A i i e
- . g Vinyd {hwice P “
Wu(l:cn _m.‘. o, _l'lﬂl-l Iypewritien elwibu data emchoved with keote L e wb:,;:-:mllme"n
Kasmisoki, Soamstician .lllc._-ltlul. Tiwese Edlects Sectiom, Bhvivion of Swivcillase, Hurand
b Shnlicy, Natiwal toaitnte for Ocveparional Safety xnd b dlk o, 4

Wish.
ML Feivomal comummmcatiue with Rase B Kaminshi i 3
L - Kansnki, Stativiivi 4
kﬂ_‘ Scction, INvivom ul Swscilbuwe, Marad !-:valmninus.aal-::'.i::.l"::::t “::-‘r '."
hﬂw.“ e f ool Sabeey amd Neabh, Age 10, 1Y ’ e Hioned
M The lewer B in Tram Heath, Call, & Crecch, Vubii i
: | . 2 € hrma beristin K
;Ik. e "’_"': of the L aser Amng Vinyl Ehleede Wonkers in the United Slul‘::' .':’\’ A‘:::l.l :’N‘:
Ma;.'.“s- 1 2. ine'am: Hhe igher ligwee is liom EFA. EPA, Nutiomad Enitsion Stndaredy
2ty Air Polliangs, 1voposed Ssandacd for Vingd Chlori Y ‘
Y8 Ihcacinalics vited ws P4 v . g e s sk
' r apwired Standerd fir VOL Dhere §
cmnp-.n!cg the vty ol angiewarvomi of the Bver i wiehers wu:m':“:::c:' :nl::c.:::::
lwdal“ d“:u‘:rm " that the gencrul popubdion Caves uee aol cined by VC. ol if, w4 ske
- .c‘ IO.u\ Section suggeds. s W the cases in the geicead popitation way l-:.tame«l
:::uut:;fn::onul! VE cxpusse. thes these figumes under iate the porcncy of the chemical
2. ratings_ say N RAYXE i 2 : i Y
Creech, s it ;.:u;:'n--lc Lo 2ttt of I Wising ). Schbkofi); ek, Fall. &

L Hichihon. Hasiasond, Scidman, & Schhedl. Mirtulity Evperienrs of o Cokort of '

;’::j:':;h:-m-k 'iffrl.iu)" (‘Mmiolh l!'wlrrl. He Aunars Y. Acan Se1 225, 2.7 1'115)
pufobrl ‘:‘;: “: r:-u;ul.. .::u:l-'ﬁl.l l.-ufcm‘n- r_a-l Wanders Evpored s Vingt Chlende M--uwn'o;
b vibas puce of P uuml'l'm-mlr in Gircwr Meitain. %3 B, § taes \in 4 1IH).
wrker Fapenure to VO wiepra tny 114
IV EPA St v Voo nvm o Rerme ! supra wone 90, 20 70, A2
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3 Touwe Substances Control

The Somp toim sk ob VO exposiie my il be linited Jo Tives
angioareoma One sty of PVC wonkess identilicd a stapistically signifi-
cant gxcess incidence of ciancens of e boain and the respiatory systew. '
A study ol e canses ol death anong falwicuion waskers idemificd no liver
angiosarconirs, but i did suggest an increased incidesce of cancers of the
digestive systcm among both mca amd wosen and the bicast and the urinary
systent in woinen.*'" Evidence of othes effects has appearcd in popalations
other than wikers. Oune study has shown 2 siatistically sigwificam excess of
binth defects and central ncrvous system lupxws among the childien of

familics in thice Ohin commmities that have hosted I'VC plaans Fos as long

us 28 yems '™

o Animal bivassays amd other tests for cuscinogenicisy

Vs caucinogenicity bas been conliomed by the resulis of experiments
on ammals and by oiber Jaluwatory kests. VO has been shown to cause
cances in aninals both when inhaked and when ingested. The fiest hint that
the chemical causes cancer came from the publication in 1971 of the results
o halian experiments sponseicd by the European and Amcrican VC and
PVC peoducers. Bn these bests sats indialing high concemeions of VC
(30,000 ppmp develoged cancerous lunvws of the shin, lung, wnd bone. 1
Twthcr tesis sponsaied by the producers were concluded sl reported w ihe
Occupational Salcty amd Healih Adwinissiation (OSIA) in carly 1914, As
shall be ~een in the case siudy of OSUA"s standasd seuing, the daa astived
a1 a vincial ime. On Febyuary 15, ot OSHA's fact-linding hearing on VC,
the Dalian rescaschers sepoiied their theu-unpublished findings that VC had
imduced imgiosarcona of the liver i sas inhaliag concemtsalions as low as
250 ppm. ™ On Apeil 15, OSHA seceived seports from tests conducted in

1 LAcioskaw & Galley, Mortalisy Stwdy of Worlers s ihe Murnsfou ture of Viayl
€ Moerde and its Polymars, b ). Oeravagunas Min. 59 (1913). See abo Moo, Foten, &
Dulisiasnr. Frespoatumal Masobty Among Vinyl-Chtoadt Wieders, 1in 1 wd 11, Ang 17, 1914,
- W

137 Uhairre. Nuhaly, & Wing, Muwsality Among Emphiyees of PVE Fabaicutars, 19 .
Iheursinsyal Mig A23, 628 {197]) Jhcicinalece cited 3y Mlovtuliy Amoasg §abrication
Pmplayeer] The wthors moted & sumber of flawy in she dosign aid daa Tin dheis amly tha
peciiwded dranang Tum conchuiom fiom i 1a pascudan, 0 woukd be unclol ws foffuw the
pupulstivs of labrication workers bt voime pears e the Do, 2y 2 wllncnt biicncy pecd
unsy st ¥t lave clapved For wune elicuiy 10 manidedl themactves

D8 Indunté, Cacugraic and Mutag Rivk ia (o iey mith Podyvingd ONbocide
Prardiss iow Fovilisies, M ANWa1S N Y. Acan S 49, 38 (193) (] telamé, MoMichael,
Wagones, Waswciber, & Valk_ Genetic Risks of Yoyl Chbowide, Tt | v 0. Ape ), 4976, a1
114 (linding i rcared fotal bovs amuag wives of winkens eapased do VUO)

Y Vale, Wgouh, & Capute, (nrogenic Reyponre of Rat Shin. §ungs. and Bones lo
Viayl Chlonde, 31 Caxa e Rave anci M6 (1921) fheremalier cued as O isgrnir Responie of
Hats o VL)

140 Oucupational Saléry und Heihh Adusgivgstion, Emergeney Teaypasary Stamdasd for
Fapongre fu Vousd { hlonde. W1 cd Bog 82, M2 009M4) [hoscmalics savd as DSH A Ensergency
Tempurary Stunducd for ¥U|

[T I

David D. Doniger . ) »

Wiinais of stonilar resulis in mice i the lowest fevel of exposue then being
lesied, S0 ppm, M

Aninial test sesults stood ar this pobu until caty 1975, 4 wa Eporicd
then that ingestion by rats of as link as approximately 17 milligams per
kilogram of bedy weight paoduces liver angiosarcoma and other cancers. '*
Must secealy, in September $976, the tesubts of another round of inhalaion
experiments demonsisied that VC causes liver sngiossicoma ln vats a1 25
Ppot. aind Hhiat it causes inaniingy fumors st one ppm, the lowest concentia-
tion yet tesied 14

The animal experimenis also suppon suspicions that VC causes human
cancers her tham aogivsarconu of e liver. The experiments have showi
incicwsed cancer incidence al inany sites athier tham ihe liver, inchwding the
bungs, spleen, beain, and, as abrcady s, breast. 1 Experiments deion-
shating the induction of cancer in two specics others than rs—mice and
Bamsiers. ~ fusther confiom dut VC is carcinogenic.*** In sthe asimal cxperi-
mepts the subjects were exposed bo constam, prolonged dises of VC. Fhe
aced was moted in wid-1974 (o studies of e effears of single amd sporadic”
doses. typical of many humans' exposure. " Such a stiudy is naw nearing
completion, but the results ase not yet available. '

d.  Additional Aumans ar risk

In addition to several hundied thousaml workess in VC and PVC
production and in PVC fabrication; millivas of American have been, and
continue to be, exposed 1o VC. Fiest, abour 4.6 million people live within

I OSHA Propased Standerd for VO, supre core 1M, 20 160, The results of the
Babian 16313, alus showing the inductivon of lver angwsarcoma ot W pem. were publinked in
enaly 1973 M & | clemine, Carginograicity Risasveet wf Vinyl { Mhawide- Cwrrear el
2 Apais N Y Aan St 198 (1974 . ’

42 Maltown. Cilibery, G, & Chicvo, £ Effieni Oncongem Il (it 1N Viwle
Samndm& h...t..::;‘“: Yer :’u{;I Drale Nel Ratto (Oncoganic Effects of VO Administeeed Ovally to Raiy:

& ¥ - s Drrnasy Vila, Dec., 1973 i i o
e Eevtony ;::“MM,;_ 1975 junpaginaed scprint o file in olfices of

HY Monunundim fius Covane Mabuni e the Mewbcrs of she Fuivpean Covperatine
Giroup I the bapetivacotal By avuays on Viayl Cldride Carcmgemcity (amdatedt theccinad-
Tt cied an Rlakotd Memwandum]

14 Sce vedves cited in sotes [0 14F wpra

145, El':\ SeHniame A Tacomm ar Ko s, g mole W0, 21 4 So akbifion, metat-
Btes od VU hive beom shows 10 state bacicria amd Feavts im e quich bos ™ b e age wici-
Iy. Sre, o4, bopricws, Baiale, Baonceli. Nartsoh. Binazeiti, Camelling, Cuonni, Freera,
Nieti, Lcporini, Rosclling, & Ruvs, Indurtive of Gene Mutations and CGene Coaversivny by
Vinyd {hloride Metubokies in Veatr, 17 Comin Restamn 250 {1977, and sovrees cied
theacin. Muagewiity as revealed im these tevs conrelates well with cacinagcnicity Ser
MuCuna & Amct, supvu nots 51; From Microbes to Mea, supra wie $7

136 VO Heanngy, supra mote |, s 804 . of Dy, Thewbwe k. Taskehoal.

147. "r:ltphbir inscrview with Di. Juscph Scl aughlin. Disgvios. ivision of Tavicohgy
wied Mediciee, Compan Prsdin Safcry Commmiasion, Ech Y1, 1972
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M Tonic Substances Control

five miles of a VC or PVC plamt. ™ In 1974, about 220 million povds of
VC escaped into the air sursoundiog such plams.?® The plaust acighbors
appean (o have been eaposed to more than one ppin bess than 10 percent of
she time. "™ One air sample, howeves, weusused 33 ppun near @ phan, ™
suggesting that there may be shont weini, localized peak clpnsmes.m in
addition, VO is found in the shadge wastc and wates clfluci ol these plants.©

VC thas been found in sludge st levels as high as 1,000 ppm,"* and in waker *

efftucin as high as 20 ppun.'* Most of this VC cstapes into the air sunound-
ing the planis;'®® some, bowever, makes its way into deinking water. 134

“Ihese VI emissions 10 the ambicnt aie have been huplicaed as ihe cause of

incocased rates of cancer and bintk defects in the swisuuding com-
munities.?? : _ -

Another barge group of peisons bs expused to VC releused in transpotta-
ton. Owdy aboul onc-thied of VO production is polymesized at the site where
it is produced. The rest must be shipped fietween VO and PYC lu1nlie.s
uidet pressure as a liquilicd gas. About 95 pescent of this is shipped in ;all
tank cars, and the rest in tank trucks, tank vessels, amd barges.'™ These
tanks muy leak, punciure, or explde, susmctimes in heavily populated
arcas, " Petween 1971 and 1974, ihese were wt deast 24 accidontal seleases
of VC tsoe rail tank cars alone."® As VC diftuses frons the sive of 5 spill or
an sccitent, Wunspotation workers, nearby tesidents, Wavellers, ad other
Lystanders can seceive shorl-tenm exposures tw VC concentestions aanging
from a few paits per billion (ppb) lo thousams of ppun. Traspurtation
wutkers and emergency personncl such as firemen sud police officess may

MU EPA, Natlomud Emivilun Stundard for Hatardins Ak Poliwtanis, Stundard fir Viapl
Chluride; 41 Frd Reg. 36,560 (1926) [hercinafics cited ay EPA Standurd for ¥Vl

1Y, EPA SCsaic ann TECHCAL REnT, supsa moic ), o 8.

150 N

13

152, See bl

135, EPA Tush Fosce Repon, supra wore 83, m 3.

159 M

193 L eppn, w312

156 Sce autc 8% suprw. :

11} Sce sowrces cited n wote 1 supra.

1IN EPA Tk Fore Roponl, supra mote 85, m 1.

133, Scc moic 160 infre. N

160, Mot of these sccidems occuercd bn Teaas snd Louisinns, the states with the highest
concentrathons of VC snd PVC Incilitics. There wete weversl vther sucidents involving se
sckease. Datn va accidents sad sebeates it derived lrom n computcr lile of the Department of
Transputrtion which s incilents of hnzaih inks benbage ot accidents during thit
period, and Hrom ihe appendin 10 H.R. Rer. No. 108), 33d Cong., 2 Ses. 30-34 (19M). One
nccident, (n Fuit Wayne, Indi ated the bom of 4,500 peogle. K. 04 )T. When
» rail (anh cas supiuacy, as inech a3 30,000 galons of VO cscapes amd s g 4
srane. The Higure fuc the maninua tnk sizc comes (Tom an imerview with Mary Williams,
Chemicol Engincer, Dep A of Trawsp jon, Olfice of Iazarduws hintesiah Chpermions,

ot 20, 1976,

SR =1 T DRI b Al

David D Doniger . b}
be subject o repeated exposuies and, if accidemis occwr in the same places,
so may residents and bysimmders. These expisures arc kess sustained shan
thuse suffered by VC and PVC workers -amt plamt neighlioss, but peak
concentrations may reach nne experienced by PYC polymesization scacim
cleancis, the nwist heavily exposed docupational group.

Third, people sre cxposed o VC dhirough consumer prsucts, fowd, amd
deinking water. Until laie 1973 o early 1974, VC was used as an acrosol
propeliant in drug, cosmetic, pesticide. amd vther consumer products. ! The
user of a VC-propelied accosol praduct suchy as a hait spray o » pesticide in
a small, enclused space such as a bathooom miay have heen expased 1o stunt

" term concentrations approaching 400 ppm, snd persins may have hid an

svcruge exposuse (rom sl VC-propetied products in theis homes equivalent
1o sn average exposuic of ot 16 ppan by he factories "™ VC bas been
deiccied in the air of rooms lreshly painted with cedtain latex painds, but no
VC enissiuns have been detecied in » limited sampling of other new PVC
praducts or from mtoimobile imesions.*? VC leaches into food sid bever-
ages frons the mue than 300 million pouinds of PVC packaging snd other
PVC fond-codact salerinds osed annuslly *** VC slso enters deinklog waier
fruns raw waier supplics and by leuching leoam incressingly conunon I'VC
pipe. % Onc sindy esthmates aversge Amcrican daily huasn intake of VC
theongh food, water, aud ais at 34 nicrograms. :

. The hazasdousness of non-occupastional exposures to VC is even less
well undersiood tham she disk to the workers. The danger lrom inhaling
eayemcly low concemtrations of VC, o from single or sporiudic exposuyes o
high VC concemtations, Is unknown. Similaily, the relative risks of ingest-
ing amt inhaling VC are unknown.'™ Thus the wgency of seducing or
climinating these sources of exposwie is impossible to assess.

161 Scc scat accompanying solcs 351536 infre.

162, Gay. bonncman, Biidbuid, & Muoian, Mresweieat of Vingl Chlwide from Avrosol
Sprays, 16 Anrars NY., Acan. S0 106, 194-93 (1919),

16).  Envitonmemtal Protcction Agency, (Nlice of Toaic Submiances, Sampling and Analy-
ais of Selecied Yoric Substames: Tk 11— Vinyl Chioride, Sevondaty Sowves, tulle & wt 7§
(Aps. 1998) .

164, Foud and Diwng Adwministiation, Vinyl Chioride Polymers in Contact with Food,
Nutice of Froposed Bulemuling, 40 Fed Reg 48,529, 30,399 (1919) fhercinalier ciled us FIA
Praposcd Bules for Food Cantact FVC). |

A3, EPA SUEmnie At TECHCAL Ri i, sigred sasit 90, nt 38-39; EFA M0 anany
Rovong 00 Dnking Waten Cantinonis ny, supra nole 89, al 30-44; EFA Tuvk Force Repost,
Supsd noic 33, w0 0, 1.

HA.  EPA SO A Tecnnnwas Kuvony, supra sote 9, a4 45,

18).  Ser Withey & Collins, A Statistival Aviessment of the Quantitative tiplube of Vingl
Chlorde. b Jrom Ay Solutiva, 2 b Toxwwooy & Envi'y Hlua ta 008 (9K);

Withey, The Phormacmlynamics and Upiake of Vinyt Chloride Momomer Admenissceed by
Varivus Routes do Raty, 1 ). Towwot ooy & Enve's Bieasas 34 (1976). b the fncmer aiclké,
the authurs catiniare Thnd for sats, U9 micopams of VO in vhe Jaily intahe of water is
approximately equal 1o ishaling & ppm (e cight houts. They cautium againt any dacct extiapo-
Lativn 40 human coquivalences Withey % Colims, supra, a 149 20
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South Coast
AIR QUALITY MANAGEMENT DISTRICT

9150 FLAIR DRIVE, EL MONTE, CA 91734 (818) 572-8200
April 22, 1985 ‘

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

Sacramento, California 95812

Dear M;;_f%;;:;;ff:

Vinyl Chloride

In response to Mr. Venturini's request for information on the health effects
of vinyl chioride, we are.submitting several references which could be of use
in your toxic air contaminant program. These.references were not included in
your bibliography dated March 1, 1885. Also, information regarding possible
biological production of vinyl chloride may be obtained from Dr. Freeman Allen

-

of Pomonz College. . P

-

We would 1ike to continue to receive information i{nquiries for other candidate
compounds and to be kept informed of your program's progress.

Very truly yours,
e e
P
«~=3o Anne Aplet
Director of Planning
~ JAA:cas

Enclosure
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ACIFIC GAS AND ELECTRIC COMPANY

R —m— 77 BEALE STREET + SAN FRANCISCT, CALIFORNIAFLLILE « (SIE)TEI.4210 v TWX EIL.5TI.E567
May 7, 1985

Mr. William V. Locustoff, Chief
Toxic Peollutants Branch

Re: Vinyl Chlorigde.

California Air Resources Board
P.O. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

Request for Public Health
Information Recarding Vinvl Chloride

Pacific 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
request and concluded that we are unaware of any additional
information which would be of use to you. ‘ -

Sincerely,
/
. ﬂ/ J. F. McKénzie
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Crior-Alikali Business Unit
PPG Chemicals

One PPG Place

Pinsburgh, Pennsylvania 15272

May 13, 1985

Mr. Willigm V. Loscutoff, Chief

Toxic Poliutants Branch

Ca11forn1a Air Resources Board
P.0. Box 2815

Sacramento, CA 95812

Re: Vinyl Chloride

Dear Sirs:

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

We thank you for asking for our input.
Sincerely yours,

//wj 7 A m:/"(

C1ete M. Smith
Technical Service.

CMS/rs
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Additional References on
Vinyl Chloride Health Effects

Albert, R.E. Letter to R.S. laveen, EPA, "Comparisoh of Vinyl Chloride
Carcinogenic Risks with Risk From Other Pollutants,* Washington, D.C., June
16, 1878.

Edmonds, L. "Birth Defects and Vinyl Chloride," Proc} Conference on Women and
the Workplace, Washington; D.C.,-1976, also Teratoiogy 17, 1 .

Equitable Environmental Health, Inc. “Epidemiological Study of Vinyl Chloride.
Workers, Final Report." Prepared for Manufacturing Chem1sts Association,
Washington, 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, Irradiation, Occupation, L. Preger, ed., Grune and
tratton, 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, 1875.

Natiopal Academy of Science. Principies of Toxicological Interactions
Associated with Multiple Chemica]s Exposures 1581, 207 p. AD-A093 809/2
PC A10/MF AO1. -

-

National Cancer Institute (1878). Vinyl Chloride - An Information Resource,
112 p. _HRP-0028012/3 PC AD6/MF AOl.

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

Ziskind, R.A., Smith, D.F., and Spivey, €6.H. Health Effects in Chiidren
txposed to Vinyl Chloride. Final Report to U.S. Environmental Protection
Agency, SAI-068-81-560, January 1981,




Air Products and Chemicals, inc.

Eox £33 &
Asanizan, PA 18105 ' /i / /)/L—/
Te'epnone (215) 481-4811 / L /

/)7

: 16 April 1985

T 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 hpril request of P. D. Venturini.
This includes:

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

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

3. An unpublished review by me on thé safety and health
aspects of vinyl chloride, which contains several
references not in the bib1iography with the
Venturini letter,

4. A report from Br. J. Surg. 71 322 (1984) of an apparently

successful liver resection on an ASL patient.

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 Chioride Detected at the Preston and
Hialiah Water Treatment Plants* by J. C. Balter, 1983,
for more details.

B. h summary of a report on a 1984 bjoassay by CIVO.

1 hope that these are useful to you in your evaluation of

this substance.
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INTEROFFICE
MEMORANDUM

To L. B. Tepper

-
i

Ast L
v

Date__21 August 1984

Subject _Suraical Pemoval of Anciosarcoma

Corporate Medical Department

From J. T. Barr

{Lecalian, Crednization, or Departmaent)

Regulatory Response

cc: G. Bays
H. L. Watson

(Lotstion, Organisation, or Depariment)

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




Short NOTES NG Case repores

angiosarcoma

Y.A. Louagie, P. Gianello, P.J. Kestens, F.

Bonbied and J.G. Haot

Department of Surgery of the Alimentary Tract,
Louvaein-en-Woluwe Medical School, and St, Luc Hospitsl,
1200 Brussels, Belgium

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

The relationship between vinyichloride exposure and
human angiosarcoma of the liver {ASL) received attention in
1973 when a case of this rare tumour was diagnosed at
autopsy'.

Case report

A 39-vear old man was first seen in July 1979 with pain in the right
upper quadrant. The liver was paipaied at the ripht costal margin.
QOral ¢cholecysiography and barium swallow were normal and liver
function tests were in normal limits. From 1965 10 1970 he had
cieaned reaciors used for the polymernization of the vinyichloride
monomer in PVC and was thus exposed to high amounts.

He was admined 3 months later with persisiing right upper
quadrant pain. loss of appetite and fatigue. The liver edge was by
then hard and 4 ¢m beiow the costal margin. The ESR was accele-
rated (80 rm/h) and alkaiine phosphatases and GGTP were
elevated, Carcino-embryonic antigen (CEA) and 2 fetoglobulin
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Figure 1 Schecuve angiugraphy of :hc-.m:ﬁac ariery. The hyper-
vascrdharizod noonr is supplivd by an anierior branch (arrowt of the
rieht hepane ariery . .
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Vinylchléride induced hepatipyG 2 1 198

.ere normal. Uhrasound showed 3 large dense tumour of the right

hepatic lobe with areas of necrosis. The *Te hepatic scan confirmed
¢ presence of an ill.detined filling defect in the inferior pt of the
riyht iobe with two smai] defeets at the level of the hilum.
l ';l'lhc liver computenized tomography confirmed the integrity of the
cft lobe. .

A scicctive angiography of the celiac artery revealed 2 hyper-
vasculurized tumour of the right hepatic lobe {( Figure 7). :

Al a right thoracophrenslaparotomy the 1umour was found 1o be
confined to the right iobe. An exiended right lobectomy was then
periormed. The posoperative recovery was uneventful and the
paticnt was sent home with a monthly administration ol Vincristine
¢! mg IV) and Adriamycin (150 mg'm? [V) which was discontinued
n June 1981, :

Repeated controls wp to September 198F by liver scan and
compuierized 1o rernzined normal. The patient is still in
good health 38 months asier the resection.

Pathology
The resected specimen ws 2050 g. On macroscopical examination,

_the main tumour (13-5 x 8 cm) was yellowish-and spongy and

contained cystic and haemorrhagic zones. A second smaller
haemorrhagic mass was Sound a3 the inferior aspect of the right lobe
surrounded by numerous purple masses.

Macroscopically. the snain tumour showed large areas of necrosis
and haemorrhagic pseudnoystic spaces (Figure 2). These spaces were

.surrounded by areas of Jdense vascular proliferation. The sinusoids

were lined with varably sized irreguiar sarcomatous cells with
hyperchromatic nuclel. Elsewhere, blood-filled spaces were
surrounded by sarcomazpus celis. The sarcoma cells encompassed
adiscent liver cells ané bile ductules and infiitrated the paren-
chyma, The pathological diagnosis of multicentric angicsarcoma
was made, The rest of the liver was normal except for some
moderately enlarged portal traces. Progressive fibrosis separated
hepatocyies al the margins of the poral tracs from adjacent hepatic
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cord cclls, Anisocaryosis und anisocyiosis-were. frequent. A cross- ~

wection biopsy of the left Jobe showed nornwl 1issue with slight
hepatocvtic anisocaryosis. The hymph nodes wken from the liver
hilum were hyperpiastic. The main jeatures of this tumour were its
mullicentricity and the presence of mild fibrosis,

Discussion

The occurrence of liver angiosarcoma in vinylchloride:

polymerization workers was reporied in 19734, Prolonged
exposure and Jong intervai from initizl exposure is reguired
belore liver discase becomes apparent. The average interval
is 12 years (range 6~29). Our patient was exposed for
5 vears and became symptomatic 14 years later.

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

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

;' . Short notes and case reports

1
" prove to be curative. However, there are iew reporied cases
. of successiul operative removal of hepatic angiosarcoma and
' the longest survival has been 16 months*,

In our case the tumour was contined Lo the right lobe and
* there was no sign of the exiensive fibrosis, So far the patient
' is apparently frec of discase alter 38 months. This is. t0 our

knowledge. the longest published survival,
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- wucpnoiogy, there was no evidence that the surface
nodules were composed of any special, unique element.
These particles from these particular collections seem to
be quite similar to the micrometer size particles emitted
in the ash (2). It is not clear, therefore, why the collected
ash shows & bimodal distribution of micrometer size par-

ticles centered around 5 um and submicrometer size par- .

ticles centered around 0.5 «m. X-ray photoelectron
spectroscopy (XPS) and depth profile XPS have besn
applied to these samples to determine surface composition.

‘Resuits of these analyses will be presented in the near

future,
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s When trichloroethyisne (TCE) isotapica.ily labeled with

one YC awom is used and gas chromatography/mass

spectrometry is empioved to monitor the production of
. 1,2-dichloroethylene-2C, {DCE), it has been derponstrated
that reductive dechlorination of TCE takes place in the
soil. Microbial involvement in this process is indicated
since unsterilized soil samples vielded up to 7idppb of
labeled DCE while sterilized soil samples produced none.
Isomer specificity was also found; only 1,.2-DCE was
produced—no 1,1-DCE was observed.

Introduction :
Since trichloroethylene (TCE) is a major industrial
- solvent (234000 metric tons produced annually; worldwide
(1)) used for degreasing and cleaning metal parta and
electronic 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 environ-
ment (1),

However, the environmental fate of TCE has not been
well documented, and considerable controversy atill exists
concerning its behavior in environmental matrices. Early
literature references have concluded that C, and C, halo-
genated hydrocarbons are not wetabolized by microor-

ganisms (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 anaerobic
degradation” and 40% degradation of TCE in similar
methanogenic cultures (8, 9). _ :
" In a very recent publication, Parsons et al. have dem-

onstrated that tetrachloroethyiene (herein referred to as- -

perchioroathylene, PCE) is reductively dechlorinated to

T Dresent addresa: Departmant of Civil Engineering, University
o Tlinois, Urbana, IL 61801,

N2t subiect 1o .S, Copyright. Publshan teer :

-

i pure and fes- - * -

TCE, dichlgroethylene (DCE), and viny} chiSride in Flo-
tida uck/surface water microcosms (10). Whether TCE,
which was present as & 1.6% irnpurity in the PCE study,
was similarly biotransformed was not directly investigated
but was implied by the resuits for PCE (10).

Therefore, in order to determine whether TCE itself
undergoes biodegradation, we have undertaken a study
using TCE with single atom 3 isotopic labeling, soil from
a TCE spill site iz Des Moines (11), and very sansitive gas
chromatography/maess spectrometry (GC/MS) analytical
techniques. Since DCE-C, could only arise via a soil or
soil~microbe-induced reductive dechlorination of TCE-RC,,
this szperimental method should provide conerete evidence
in support of such a pathway. The results of our inves-
tigation of this problem are teported herein.

Ezperimentul Section L : ,
Materials. Since any microbes present hed probably
adapted to TCE, soil saxaples were collacted at the Des
Moines site, st depths of 1~2 (*A" samples), &8 (*B*
samples), and 15~17 ft (“C™ samples), by using an 18 in.
long by 2 in. o.d. split barrel sampler (12). These soil
samples were 1 by GC/MS for the presence of TCE
and DCE. In spits of the TCE sludge application having
been discontinued in 1879 (17), all scil samples contained
6 ppb of “native” (unlabeled) TCE. No DCE's were found.
in any soil sample. (An analysis of the Des Moines TCE
sludge itself by this laboratory and by an independent
testing laboratory showed very high levels of TCE {3000
ppm), but no DCE was detected.) :
TCE-C, was purchased from Merck Sharp & Dohme
Isotopes. Singis 3C labeling was used to produce molec-
ular and fragment jon peaks which did not have the same
m/z values as the ¥C1/¥Cl patural isctopic miztures, .
GC/MS anslysis showed the TCE- W en b 2m "7 o7
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Figure 1. Representative mass spectra ef trichiorcethyians m& 1.2-dichioroethyiens: (A) trichioroethylens; (B) trichiorosthylene-PC,; (C)

1.2-dichioroethylene: (D) 1.2-dichioroethwyiene="C,.

contamination. Volatile organic standards were purchassd
from Supeleo, Inc., and were diluted appropriately with
methanol to contain 200 ppb of TCE and DCE. Soybean
meal was obtained commercially, )

Methods. Five grams of soil from each depth was
placed in 5-mL amber vials which had been baked at 150
*C for 3 h to remave any adhering volatile organic com-
pounds. One gram of soybear meal was added to each vial
to ensure anaerobic conditions, and the vials wers then
filled with “organic-free” distilled water (which had been
purged with nitrogen). (Organic-free water is distilled,
passed through a carbon column, and checked for organics
by using GC/MS methods.) The vials were sealed with
Teflon septa. Samples to be sterilized were placed in an
auroclave for 30 min at 15 psi. Each vial was then injected
with 10 ug of TCE-13C, (2000 ppb, or xg/kg). Duplicates
of each sample were prepared. The sealed vials were
transferred into CO,/H,; Anaerobic-Paks (BBL, Division
of Eioquest), which were then placed in an incubator at
23 *C. As much as possible, the samples were kept in the
dark to avoid photolytic degradation of the TCE. Subsets
of the vials were removed for analyses at 6, 17, and 41
weeks.

Cozntrol and method biank sgmples were prepared as
jollows: (1) Vials containing only organic-free water, both
with and without the TCE-13C, spike, were prepared to
monitor volatiiization losses and to check for cross-con-
tamination throughout the procedure. (2) Vials containing
only soybean meal (both sterilized and unstarilized) and

water were nranared tn teat for anv rmethls aanveminn AF

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

For the analyses, the contents of each vial were trans-
ferred to a 25-ml vial by using organic-fres water to
eliminate headspace again, sealed with & Tefion septum,
mixed, and allowed to settle. Five milliliters of the su-
pernatant liquid was then removed for volatile organics
analysis using a Finnigan Model OWA GC/MS and
standard purge and tap methodology (12, 13). Detection
wu fo; TCE and DCE by this method are estimated to

1 pphb. :

Results and Discussion .

All compounds involved in this study were identified by
their characteristic GC elution times and mass spectra.
(Figure 1 shows the observed mass spectra of labeled and
unlabeled TCE and DCE.) Both qualitative and quanti-
tative identifications were effected from several selected
ion mass chromatogramis for each substance. For example,
the ions at the listad m/2 values were used for the analyses
of the following compounds: TCE (m/z (85, 97, 130, 132,

' 134); TCE-1C, (m /2 96, 98, 131, 133, 135); DCE (m/z 61,

63, 97, 99); DCE-3C, (m /2 62, 64, 98, 100). No confusion.
resulted from pesks having the same m/z vaiues for these
substances since each compound (exclusive of its isoto-

- pomer) eluted at a different time, For’ qunntiuhon pur-
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,. Table I. Amounts {(ug/kg) of 1.2-Dichloroetbylene-2C,
" Produced by Degradation of Trichlorosthylene-C, in

Unsterilized Soils
time, weeks soil A* soil B* soil C*

6 . 8 7 1
17 28 al 8
41 78 27 2%

¢ See text for soil depth designations. Resulis are averages for
duplicate samples; ranges were £50%. *No duplicate value was
obtained. :

for the 3C and ¥C compounds were identical. Thia 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 -

12C peaks (theoretical value 2.2%). The pertinent resuits
of this study are discussed as follows:

(1) In the water-only samples, no cross-contamingtion
was observed at any stage of the experiment. Therefore,
no exogenous substances appear to have entered the sam-
ple vials, -

(2} The vials containing the water with the TCE-13C,
spike showed considerable variability in their percent re-
coveries, indicating substantial and inconsistent volatil-
ization Josses of the TCE. We were thus unable to obtain
reliable quantitative data measuring the conversion of TCE
to DCE by following the rate of loss of TCE. Any ex-
periment that measures only the loss of TCE appears to
suffer from these volatilization problems and from ad-
sorption problems (to be discussed next). No degradation
products of TCE-"C, were observed. in these water and
TCE-3C, samples. so0 soil or microorganisms contained in
the soil must be present to effect this conversion.

(3) In the samples containing water, soybean meal
{whether sterilized or not), and the TCE-13C, spike, no
conversion of TCE-¥C, to DCE-13C, was observed. Thus,
these coptrol samples eliminate the soybean meal as 2
potential source of TCE degradation. However, adsorption
of the TCE on the scybean meal was significant. From
50 to 60% of the TCE spike was adsorbed afier 6 weeks.

As seen from the sterilized soil samples (where, except in

one tase of incomplete sterilization, no conversion of ‘I'CE
to DCE occurred), another 10~-15% of the TCE was ad-
sorbed on the soil. Thus, adsorption losses pose another
major problem in a study like this. Experitments that
monitor the loas of, for example, TCE and attribute it

solely to degradation are potentially suspect, particularly -

if care is not taken to account for volatilization and ad-

- sorption losses.

(4) The 6~waek method blanks (contsining water, soil,
and soybean meal with no TCE-1*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-3C, to DCE-1C, was noted in

all unsterilized soils. Table I suunmarizes the amounts of

labeled DCE produced. As seen from Table I, a general
and gradual increase in the amount of DCE-*Cy produced
occurs with time, (Of course, due to adsorption and vol-

atilization losses, the amounts of DCE-13C, actually pro- -

duced are no doubt larger than those reparted 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 anaerobiosis may well have been a

more attractive energy source for-the soil microbes than

the TCE. lndeed, breakdown products of the soybean
mea] were also noted in the unsterilized soil samples.)
(6) With cne exception, no sterilized soils demonstrated

any TCE — DCE conversion. One of the two 41-week C

soil samples showed the presence of 2 ppb of DCE-13C,.
This may, however, be the result of an incomplete steri-
lization since this was only observed for one of the longest
time samples. :

Since conversion of TCE-PC; to DCE-YC, occurred
almost exclusively in unsterilized soils, microbial partici-
pation seems certain. Some caution should be exercised
in drawing this conclusion, however, since Kaufman (14)
hes reported that sutoclaving changes not only the bic-
logical -properties of the soil but also its physical and
chemical properties. Nevertheless, on the basis of our
results for TCE and those of Parsons et al. (10) for PCE,
it appears that the degradation of TCE to DCE in the soil
is indeed of biclogical origin.

(7) Only 1,2-DCE-C, was produced whenever TCE-C,
was degraded. No L1-DCE-2C, (which elutes more rapidly
than 1,2-DCE) was found in any sample. Under our ez-
perimental conditions, ¢is- and trans-1,2-DCE cosluted
(and cannot be differentiated on the basis of their mass
spectra). Thus, we could not identify which geometrical
isomer was formed, or if a mixture of the two was pro-
duced. (In their study of PCE biodegradation, Parsons
et al. (10) were able to separate the cis and trans isomers
chromatographically. They found that cis-1,2-DCE is
significantly favored over the trans isomer.) .

Summary o

By using T'CE isotopically labeled with a single 33C atom,
we have shown that TCE is definitely dechlorinated in the
soil to 1.2-DCE. Isomer specificity was also obsarved: no
1,1-DCE was detected. The TCE —~ DCE degradation
appears to be biological in nature, since soil samples which
had been sterilized sxhibited no such conversion.

Since it has been shown that microbes that have adapted
to degrade one member of a homologous geries have also
simuitanevusly adapted to degrade other members of the
same series (15), the possibility exists that DCE can be

. further bictransformed into viny!l chloride in soils. Mon-
itoring data at the Des Moines site (11) and elsewhere (16),
this work and the work of Parsons et al. (10) all strongly
support this DCE — vinyl chloride contention. Consid-
ering the well-known carcinogenicity of vinyl chloride,
further research along these iines is definitely warranted.
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Gas-Phase Hydrogenolysis of Polychiorobiphenyis

Jetfrey A. Mahion, Peter Mulder, and Robert Louw®

® Chloroarenes in an atnosphere of hydrogen are ther-
mally dechlorinated to yibld HCl and benzene as major
products between 700 and 325 °C, with residence times
of ca. 10 s. Polychiorobiphenig (PCEs) are both dechlo-

Y I3

genolysis, which occurs via radical
1 atorns, may therefore be conside
for workup of (toxie) chlorinated was

Following studies on thermolysis (I~3) ind on several
free-radical gas-phase aromatic substitutions—thlorinas

{4), cyanation {5}, nitration (6), and oxidation (7
now engaged in thermal conversions of benzene
rivatives with hydrogen. Within this category, “Byd
cracking” of chicrinated arenes deserves special attentl
In general, reaction 1 is of potential interest as a methoxd

Ar(RIC] + H, == AxR)H + HCl )

for dechlorination of (highly) chiorinated indistrial waste
materials etc. Thermolysis of chiorinated benzanes in an
excess of H; (quartz flow reactor, atmospharic pressure,
residence time 5~15 s) procesds smoothly at 750 *C and
showa very high degrees of conversion (HC] formation) at
ca. 900 °C (8). Sooting is unimportant' even at 900 °C

provided that the H,:arene molar intake ratio is above 10.

Aliphatic and olefinic chlorides, in general, react much
fastar than chlorobenzenes (8).

Polychlorobiphenyls (PCBs) have found widespread
application, especially as transformer oil, its use and dis-
posal entailing considsrable environmental problems. We
therefore thought it worth whils to examine the behavior
of PCB in hydrocracking (eq 1). Our observations, in-
cluding those on appropriate model compounds reporiad
below, confirm our expectation that PCB can be com-
pietely converted into HC] and non-chlorinated organic
products, mainly benzens. 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 s

essentially complete and is illustrated by Figura 1, De-
chlorination of chlorobenzane (PhCl) is 297%; mono-

chlorobiphenyls are seen in minor amounts only, biphenyl

comprising ca. 0.7% on the PhCl feed. This biphenyl

stems from PhCl—or bettar, from benzene made

therefrom—rather than from PCB (vide infra). Notable

mmmrimmnla~ . . . Maw v o -

- feed; small amounts of CH, and

Table I. Thermolysis of PCB in Chlorobenzene with
Hydrogen®

nn no.
1 2 3 4

T, *C 1718 %0 805 87
8 89 83 83 18
converion® of PCBs, % (. 10) 28 70 >99.0¢
PhClL % 4.8 85 15 02
PhClL' % 12 1.5 00 o
Phy' % 0010 0034 0040 0.80

- CIPh, & % 0.083 018 013 «<0.03
PhH:PhC) molar ratio  0.089 018 082 35

*Spiralized quart tubuler flow reactor (35 m, 46 cm®); inflow
(mmol/h): H;. 221 & 4; PhCL 10.% Arochlor 1248 (0.68); durstion
of runs 40~68 min.; product collected in a trap cooled with liquid
N» *By GLC with PhByr as internal standard; sotal of surface ares
from dichiorobiphenyl o (retention time > 27 min, Figurs 1), as=
suming response to be independant of chlorine content. These

' - munbers parallsl those for degress of dechiorination of PhClL,

PiCly or PhCl, under the sams conditions, * Mols percent on PCB
in x 0.5. *Mols parcent en benzynes out. *lsomer distribution
. a:nnrm‘h): run 1, 40:25:35; run 2, 37:27:36; run 3,
3233:358, f er diseribution {orthoxmewcpara, %) rmm 1,
3 -as:mz.aiuaaa:ma.smm #Confirmed by GC with

The trichlorabenzanes clearly stam from splitting
of PCB account for co 6% of the Arochlor feed.
Chlore e is produced via the same route but is ob-
scured by its use as diluent. Its amount can be estimated

about the composition of the PCB
mixture. Specifically, the identified portion of Arochlor
1248, ca. half, is com of the following ratios of phanyl
units: Ph:PhCLPhCINPLCI, = 0,02:1:1.3:0.18. If changes
due to the small degred of dechlorination ars neglected,
PLCl from PCB would be 1:(1.3 + 0.16) X 6 == 4%,
20 88 to give a total degree of splitting of aboyt 10%. PhCl
alone yields ca. 6% of HCl uqder these conditions so this
mode of hydrogenolysis is abdut twice as fast as dechlo-

As we bave reportad elsewberk (8, §), methans is also
formed, ranging from 0.2% (run 1)%0 1% {run 4) oo PhCl

and traces of C,H,
ars also produced. "

Simultansous splitting and dechlorination of PCB will
causa the yields of PbCly and PhCl, to pass through a
maximum with increasing temparature. The samse holds
for monochlorobiphenyl (CIPh,) nroduced from PhCL The
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October S5, 1984 _ umuo.nmm@
Document Control Officer L : . AIRBORNE

Management Support Division

Office of Toxic Substances (WH-557)
U.£. Environmental Protection Agency
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 Carcinogenicity Study of Vinyl
Chloride in Rats which we recently received and which I
discussed with David Williams on Tuesday, Octobexr 2, 1984.
This study was conducted in Europe by Civo Institutes TNO and
was sponsored by Verband Kunstofferzeugende Industrie E.V.
(VKI).

It is our understanding from VKI that the EPA will soon be
receiving a copy ©f the final report. We do mot have a copy.

- Upon review of this summary, we have been unable to.determine
whether this study presents any substantial risk information
under the EPA's Statement of Interpretation and 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,

X/ | “To! —86«5 Ou.b‘ee.
0 69,,' /ﬁ\ Tram FTeeo He ERe R
Attorney '

2030 willard H. Dow Center

517/636-0933 .P&QQ [ ot '-I-

Attachment

bcec: F. D. Hoerger, 2020 WHDC
H. .Schumacher, Horgen
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The atal cateimsgenlcity of vieyl chloridse seaswer (VOI) was ezamined -

in & 1ifespan ezudy (149 waeks) with fiva greowps of Wisgar Tace, danh
conaioting of 100 salaz sed 100 femalas, sxmept for the tep=dsse group-
vhieh couptined 30 niles-and 37 femaies, YOX wxe sdninistaved by i
teTperaring polyrinyl chleride (FYC) powder witt & bigh YOI eantest

. into tha dist, The dist vas provided daily fer s pariod of & comsecw~

2.

4.

tive bours, wvheress food vas wirbdrawa dsrimg the ether 20 hours. The
vae of this way of aral TOM edaimistratien resnltsd 1o ctha following
sxposute lavels: G (cwncrnl), 0,014, Q.17 and 1.3 ug VOi/kg body
waight/day. An excer contzsl g-r-o:p of 100 Tats/esx waa boused is 8
S8pATATA TOOM.

Additieaal satallite groups of 18 wale and 10 femals Tatn, sazh T~
¢eiving ths sane CIastmant ae tha maim grogps wers used £0OT dsterni-
aatfons of plutactiens levels iw the livar aftet ¥ and 18 menths,
Obaarvaziony wers mzde of gemaral appearznce merzalicy, grovih, feod
incake, thromisgyte eount, prechroudin Cime. glutathions lavals L the
1iver, grass pathaligy and micrescepic pachelegy of the liver and of
all gromsly vistbla tumouts or ptenmable tsmwers in the abdoainal
cavicy, the gliofs of Zyshal sad Che mamacy glands,

Gommtel baalth, babaviour, bedy waight sad foed Satake vars se: ad-
varsely atisctad By tha cest substancs.

In the secend balf of the exparimeztal perisd, mercality i8 tha extta
contral group wvas Bighar thaa in all otiar grwwps. This was mest prob~
4bly dua te & Aligh ipcidencs of chrocie raepizatery diseass in the
eECTa centtol greup. Im the finmal stage of che atudy, the merselity is

tha cop=desm group vas 4lighily highaz thaw dn tha lower dbss gtoups.
and the centreis. «

Eg-hﬁcﬂd_m?ul‘!_ﬁhmﬂt tise and 1iver glutarbicme levels d1d
pat shav trmacaesni~rtelated diffarevaces amowg the groups.
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3. A cleatly hghav incidence of grossly visihle, tumsursus, llver pog~-

wles was found 1n both males and fanales of the tap-fose yrovp chan in

"““’W—W
- 40y of the sthat groups, Kormover, 1t fensles of the tey~ivie greus

the igcidescs of hepatic cyets vas considetably highet thes in con
1a
trola,

HicToscopic asamivation of tie liver Tavealed fmcresesd {nzidances of
liver-cell polyeorphlss, hepatic cysts, foct of celiuler sitazatios,
teoplascic vodulas and bepatocellular carcizosas {n tbs im‘gnup
4¢ comparad to the coarrol greup, Morsovar, a hnuc sugicsarcony vas
Zound (o ooe males snd Swo fewales of the cor-dnc LTOUp, vharsas ne
Suzk tumours wera spcountared {gu toy of the echar groups.

Tha susber of aesusls beating foet of callular altetction In the 1iver
vas also staristicslly eignifleattly increased in fduales of the
nd-un- $rtoup s cnpand £o contTols. la additiow, 15 Semales g
Bt 2a males, tha facidanca of basophilic focd of cellulsr alteraties

in tha liver vaw statispieslly -uutzun_gu__pa.ghgwm Love ./
and the atd=doae gzoup thas in the control grows. :
e

There vas ne avidencs of VOM~fesding &ffeccinsg the iocidanse of ab~
deaival mesothaliomas ar the type and incidests of sAmALty glavd Cw

wours. ¥e Zyabal glsod tumsur ves found.

3t vas conciuded that usder the cosditisna of the preaest sapatineat!

= VOt sz & leval of 1.3 wg/kg body weight/dey tnduces veoplastic and
somneoplastic changes in the liver of rate,

- YO ac & lavsl of 0.13 eg/ka -hq wvaight/day way lead to nore female
rats_bearing foel of émllular alterstion Ap fhe liver,

= YO ac levele of £,014 or 0.13 o5/kg body waight/day smay fesult ia
as inc¢reasad {ncidance of basovhilie fvci of cellular altefstion in
the liver of femals rats,

= 0.1 ug VQU/kg body weight/day L & “"te-ebrerved=sdvetac—affocts

Javel® vith respect tO tha fuductiom of tuamuts im TATs.
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9. Rlak sscinatsosn based o tne rasuits of the presen: rat study snd
taking izt aceeust the peudence o the linesr sodal applitied and .4 lasssr
ssnsicivity of bumans to The carcimsgenic scties of YO L{a comparises

vich varg, iadisatas that the tancer risk of & Likely maxinum eral dally
ictake ef 0.1 pg VOX per PeTEON par day can be practically seglectad,
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CHAPTER 10

VINYL CELORIDE AND TSCA

John T. Barr
Alr Products and Chemicals, Ine./

-

INTRODUCTION o

The well-known regulatory history of vinyl ehloride end its role
as a bellwether of current regulatory philosophy makes it a useful
paradigim for exemining the relationship of existing lews and the
Toxic Substances Control Act (TSCA) for eontrol of chronic 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 VINYL CELORIDE"

Viny) chloride became of industrisl importance about fifty
years ago, approximately a hundred years after its discovery, when
Semons discovered that its polymer could be converted into useful
articles by plastization with phthalate esters. Commereial develop-
ment began first in Europe and then in this country in the late

1/  Air Products and Chemicals, Ine., 1883.
129
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thirties, lergely using existing rubber processing equipment, for it
was rubber which it initially replaced in the market. For the same
reason, the use of polyvinyl chloride (PVC) was sequestered by the
government during the war years, and it was not untfl the early
fifties that widespread consumer applications developed. PVC is
now a mature product, and its growth rate falls in step with the
Gross National Product, Presently, about six billien pounds are used
annually in this country, and about four times that in the worid. :

Some of the broader toxicoleogical attributes of vinyl chloride
(VC) were recognized in the thirties. It was known to be an anes-
thetie, but problems with cardiae arrythmis prevented its use in that
application.w As pathological techniques improved, industry scien-
tists recommended in the early sixties that exposure be limited to
50 ppm) because of temporary liver enlargement in animals at that
leve 3 but the American Conference of Governmental and Indus-
trial Hygienists considered this overly conservative and a:cept_gd
instead the 500 ppm recommendation of Harvard scientists. / THis
wes the value adopted by the Occupational Safety and Health
Administration (OSHA) in its formative days.

Also in the early sixties, the European industry recognized
among its workers a disease termed acroosteolysis, AOL, which is a
degenerative disease of the bone tufts, particularly in the fingers,
that is accompanied by Reynaud's pl-ne:-u:nnerion.5 An extensive epi~

2/ W.F.ven Oettigin, "The Halogenated Hydrocarbons, Their
Toxieity and Potential Dangers," Public Health Service Publication
No. 414 (Washington, D.C.: U.S. Department of Heaith, Education
and Welfare, 1955).

3/ T. R.Torkelson, F. Oyers, and V. K. Rowe, "The onic.ity of VC
as Determined by Repeated Exposures of Laboratory Animals,"

American Industris]l Hvgiene Association Journmel, XXI (1961), p,

4/ American Conference of Governmental and Industrial Hygien-
ists, "Documentation of the Threshold Limit Value, 1963" (Cincin-
nati, OH, 1963).

S/ S. Sueiu, J. Drejman, and M, Valaskai, "Study of Diseases
- Caused by Vinyl Chloride," Medical Intern., XV (1963), p. 967, .
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demiclogical survey here and in Europe found about a hundred possi~-
ble cases which were associated closely with manual cleaning of
reactor wealls between polymerization bateches, but neither the ?re-
cise etiologics) agent nor the disease mechanism was identified. /

An attempt was made to reproduce this disease in rats by the
medical department of one of the European producers. An exaet
duplication of the human disease was not seen, but many of the rats
developed tumors at numerous sites. The reporting of this finding by
Viola'/ in 1970 evoked little interest in the regulatory community,
pessibly because of the very high doses used, several thousand ppm,
which were frankly toxie to the animals, and the faet that the
tumors were largely metastatic {from the Zymbal gland, an organ not .
present {n humans.

Nevertheless, both the European and domestic producers
formed consortia to perform bioassays at lower coneentratiom and
also began epidemioclogical surveys of their emplovees.

Preliminary results of the European bicasssay beceme avana.ble
first in early 1973, and showed tumor development at much lower
concentrations in organs which do have human counterperts. This
result was transmitted to regulatory officisls that summer, and
industry sereening of employee records was intensified.gf This re-
sulted in the recognition that winter by an industry medical director
of a cluster of three rare liver tumors termed angiozarcoma, ASL, in
the employees of one facﬂity.gi The reporting of this fact to

8/ W. A. Cook, et al., "ndustrial Hygiene Evaluation of Thermal
Degradation Products from PVC Fetus in Meat-wrapping Opers—
tions," Areh., Environ, Health, XXII (1971), p. 74. Also, B. D. Diman,
et al., "Occupational Acroosteolysis I, An Epidemiclogical Study.
jbid., p. §1.

7/ P.L. Vicla, "Pathology of Vinyl Chloride,” Medicina del
Lavoro, LXI (1970), p. 174, -

A, W. Barnes, "IC! Ends Its Sfience on Vinyl Chiloride,”
Chemical Engineering News, (July 8, 1974), p. 21.

9/  J. L. Creech and M. N. johnson, "Angiosarcoma in Workers Ex-
posed to Vinyl Chloride as Predicted for Studies in Rats,” Journal of
Qccupational Medieine, XVI (1974), p. 150,
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government officials led to the current regulatory status of vinyl
chleride. . .
: It also led to a virtual explosion of research on the chronie
toxicity of VC. The body of scientific literature on the oncogenieity
of vinyl chloride is as lerge &s that for any other substance. It is
recognized that VC is e classicel procarcinogen. Metabolism by the
mixed funetion oxidase in the liver converts it to the ultimate car- .
cinogen, an epoxide. Detoxification of this intermediate by the
sulfhydryl Eroup of glutathione or other proteins removes the toxic
potential.l /" Both of those mechanisms zre saturable.}l/ An over-
load of the metsbolic step assures that the vinyl chloride will pass
through the liver end some will be metabelized in other organs. An
overlond of the detoxification step allows escape of the toxicant
into the sinusoidal passages of the liver where interaction with the
chromosomal protein causes ASL to develop. An overload of both .
mechanisms can lead to tumor development outside of the lver, as
is seen in mice and rats at very high doses. Despite the large data
base, however, information on the precise mechanisim of these vari-
ous steps still is lacking. We do not even understand why some per-
sons respond with AOL and some with ASL, but none with both
diseases. ‘ o

REGULATORY STANDARDS

OSHA proceeded promptly in early 1974 to set en emergency
temporary limit of 50 ppm for worker exposure, and later that year
recduced the limit to one ppm, the current figure. Industry was given
a grace period during which respirators could be used to meet this
recmirlezryent, but now that level must be met by engineering prac-
'ticao ’

10/ W. K. Lelbech and H. J. Marstelier, "Advance in Internal
Medicine and Pediatrics * Springer-Verieg, XLVII (New York, 1981).

11/ R. Hefner, P. Watanabe, and P. Gehring, "Percutanecus Ab~
sorption of Vinyl Chloride Gas in Rhesus Monkey,” Toxicology and
Applied Pharmacolezy, XXXIV (1975), p. 529.

12/ OSHA Standerd for Viny! Chloride, 29 CFR 1910.1017.
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The Environmental Protection Agency (EPA) promulgated s
combined engineering and works practice stendard in 1976 which has
resulted in ambient concentrg}lom in the fractional ppb range near
producing or using fecflities.! .

In the meanwhile, the Food and Drug Administration (FDA) and
Consumer Product Safety Commission (CPSC) established prohibi~
tions on the use of VC in aercsol or other esssumer applications, a -
practice which had been discontinued im 1873. The Buresu of
Aleohol, Tobacco and Firearms of the Tremswey Densrtment (BATF)
had already banned the use of PVC lquor bottles in 1973 because of
concern for taste effects from migration of residual VC into the
contents., In 1975 the FDA propesed revoerticn of the generally
regarded as safe (GRAS) status of rigid PVC packaging under the
Delaney clause, aiso beceuse of migration concerns, but that
proposal never has been promulgeted, and the DA has stated that it
is considering withdrawel of the propesal end recommending to
BATF the reesuthorization of plastic liquor bottles in light of the
current very low residusl menomer levels im fe=ricated PVC articles.

Other regulations have followed es new statuies and rules have
come into play., The Department of Transpertation (DOT) and the
Coast Guard regulate the transportation of VC, of eourse, and VC is
listed as a priority pollutent and hazardoux waste under various
water and solid waste rules, and has a repoctable quentity of cne
pound under Superfund.

Did the existing laws operate satisfactorily at the time of
discovery of the chronic hazardsof VC? It arpesws that they did. A
leading medieal authority who was deeply i vclved in the worker
health evaluation in 1974 has termed VC a “su:-2ess story.” Reeval-
uation of the risk to emplovees under the c¢- 2 gym standard by &
conservative nonthreshoid extrapolstion methszi?/ yields a Ufetime
estimate of less than 10"8, & risk level which is not thought to be of
concern. The compareable risk estimate for the generzl populace is

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

14/ P. J. Gehring, P. G. Watanabe, and C, K, Park, "Risk of Angio-
sarcoma in Workers Exposed to Vinyl Chloride as Predicted for Stud-
ies in Rats," Toxicology _end Aoplied Pharmseology,” XLIX (1€78),
p. 15, _ B ,



134 / RISK MANAGEMENT OF EXISTING CHEMICALS

_several orders of magnitude lower. EPA has stated on seversl
occasions that it believes that vinyl chloride is regulated adequately.

RISK ASSESSMENT

Risk assessment’has been & popular avocation among thos?
interested in VC, and more than a dozen have been performed. 15
These can be divided generally into two classes: those which rely
solely on animal data; and those which attempt to incorporate the
human experience.

Those in the first class yield similar results, and ‘show the
normal spread of estimates from the various mathematical models in
common use. These range from 1,500 to 10 -5 ppb for a lifetime risk
of 10°°, or eight orders of magnitude. It is necessary to eliminate
the high-dose data points, that is, those over 2,500 ppm from the
Maltoni datal®/ in order to get reasonable fits to most /models,
because these doses show broad systemic toxicity. The lower doses,
SO0 ppm and below, as a group fall into a general pattern on a log-
probit plot, but individual two or three dose experiments show tre-
mendous differences in slope when plotted separately. The popular
multihit model predicts 8 lifetime risk of 10~ at fractional ppb
levels, :

The human factor was accounted for in two ways. The EPA
used some preliminary emplo ?e epidemiological data to confirm its
animal-based extrapolation. Unfortunately, the human data were

15/ Jd. T Barr, "Risk Assessment for Vinyl Chloride in Perspec-
tive,® (Paper 82-9.2 presented at the 75th Annual Meeting of the
Air Pollution Control Association, New Orleans, LA, 1982), Lines 20~
25,

18/ C. Maltoni, et al., "Vinyl Chioride Carcinogenicity Bioassays
(BT Project),” (Paper presented at "Le Club de Cancerogenese
Chemique,” Institute Curie, Paris, November 10, 1979).

17/ A. M. Kusmack and R. E. MecGoughy, "Quantitative Risk .
Assessment for Community Exposure to Vinyl Chloride,” (Washing~
ton, )D.C.. U.S. Environmental Protection Agency, December 5,
1975). i : _ . .




VINYL CELORIDE / 135

selected from those locations known to have ASL cases, while other
facility data were omitted. They also were in error on the past
exposures by more than an order of magnitude. This resulted in an
estimate of 20 cases per year from the estimeted 1974 ambient
coneentrations for the population within five miies of production and
processing facilities. : R

The EPA seldom bothers to check its estimates egainst avail-
able data, so it sometimes comes up with results such as that made
for arsenic a few vears ago that would have predicted 18 million
cases of skin cancer a yeer ip this eountry if it had been applied to
Agency data on the average arsenic concentrations in drinking
water. Similarly, 2 survey of all known ASL ceses in this country for
the ten years befor? 1974 showed no cases associated with residency
near such plan'ts,18 rather than the 200 predicted cases. It is rea-
sonable to assume that if any cases had developed since that time,
the publicity associated with it would have brought them to light.
‘Thus we have 110 million-person vears of negative history for nearby
residents. This places an upper limit on risk of less than 1077 per
ppm-yr. .

Two studies applied pharmacokinetics in an attempt to obtain
relevant human data. Gehring and coworkers estimated & lifetime
risk of 1675 at one ppm from the probit model, based on 2 biotrans-
formation of rat data. Th7 unconstrained linear model predicted no
risk at less than 89 ppm.l9 .

Anderson, Hoel and Kaplan carried this procedure one step
further, and applied it to bound metabolic products, rather than to
the total amount metabolized. Their results gave a lifetime risk of
10~7 at less than one ppm, with the probit model, or at less than two
ppm with the linearized multistep model

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

19/ P.J. Gehring, P. G. Watanabe, and C. N, Park, Toxicology and
Applied Pharmacology, XLIX (1979), p. 15.

20/ M. W. Anderson, D. G. Hoel, and N. L. Kaplen, A General
Scheme for the Incorporation of Pharmacokinetics in Low-dose Risk
Estimation for Chemical Carcinogens. fbid,, LV (1980}, p. 154,
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Thus we see that risk is in the eye of the estimator, but it is
clear that estimates. incorporating human data reflect the human
experience for vc far better than do the direct application of ani-
mel data.

There was understandable uncertainty on the part of both the
regulators and industry in 1974, This was the first commodity chem=
ical to be regulated under the relatively new statutory situation as
the result of new information, Nevertheless, both the regulatory
agencies and industry acted promptly to reduce exposures and emis-
sions to an acceptable level.

The current count of occupationel ASL cases is about 100
worldwide, with 3D of .these in this country. 21/ A1l these cases had
their first exposure in.1964 or earlier, and there appears to be room
for optimism that the steps taken in the mid-sixties because of the
AOL information will heve prevented any significant numper of’
cases developing from exposures commencing after that date, Cer-
tainly it is reasonable to expect that there have been no new cases
initiated after the early seventies,

Had TSCA been in place in the mid-sixties, would it have made .
eny difference in the course of events? It appears unlikely that it
would. Certainly the AOL discovery would have resulted in a serjes
of 8(e) notices to TSCA. The probable cutcome of that would have -
been either a recommendation from the Intersgency Testing Com-
mittee (ITC) for more tests, or a Section 4 testing requirement. It is
possible that, because of its commercial importance, VC could have
been placed on the ITC list before the AQL dats became available.
Additional data could have been called for under Sections 8(a) and
{(d).. The result of all this most likely would have been & negotiated
testing rule, under which industry would heve initiated a series of
studies which would have -culminated in 2 bioessay, and the car-
cinogenicity of VC would have been discovered in due time. Yet,
this is precisely what did happen in the absence of TSCA, except
that the prelimineries were omitted, and the bioessay was performed
concufrently with the screening tests, Thus it is possible that the

21/ J. Stafford, personal communieation, Liver .Angiosareomh
Cases, April 15, 1983,
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final eritical date were cbtained ea.rlier than would have occurred
under present conditions.

Bear in mind that most of today's powerful testing methods
were not available twenty years ago. That fact would not have been
changed by legislative fiat, and any decision made at that time had
to be made in light of the avaiieble knowledge.

" If the data of Viola suddenly became avaflable today instead,
would there be any significant difference in the outcome, or the
timing of that outeome? Probebly so, but only because of the vastly
more powerful scientific tools which we have available to us now.
Neither the speed of agency motion nor the rate at which industrial
facilities can be built or modified has increased. I anything, the
latter has slowed, given the multiplicity of permits end approvals
now required. Overell, it is possible that if today we knew nothing
more about VC than was known in 1970, we would arrive at a2 rego-
lated state & few months earlier than was achieved in 1574, but
scientific progress, and not legisiative or regulatory advancement,
should get the credit,

What if VC were to become & new product today? Would it run
the same course in which it would be 40 years before there wes full
recognition of its chronic potentiel? Certainly not.’ Agein, however,
the reason is due more to scientifie progress rather than statutory
development. '

One change might be apparent, If VC were the subject of &
Pramenufacture Notifiestion (PMN) today, rather than being the
model to which all other aliphatic olefins are compared for struc—
ture-gotivity analysis, it would be judged by the others in its
femily. This comparison would be less dogmatic than the reverse is
now. Ethylene and vinylidene chloride are not animal carcinogens;
the relevance to humans of the carcinogenicity of high doses of
trichloroethylene (TCE) is equivocal and controversial; and vinyl
acetate has only a preliminary "non-negative™ report. Thus, this
class of substances would have lost its leader for structure activity
comparison, and a decision as to the need for further testing {rom
that analysis would not be clear-cut, based on analogous compounds.

Neither would a full minimum premanufacture data (MPD) set
be of any great assistance. VC responds poorly to the classical in-
vitro tests, and only recently has it become possible to obtain repro—
ducible positive results in many of these, If the position were taken
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"little lists" for the executioners apparently is too great to be re-
sisted,zs/ as Lester Lave pointed out recently. ‘

We believe that EPA can best obey its statutory mandate by
developing & more efficient system for establishing priorities, and by
implementing more effectively its Section 9 procedures.’
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Introduction

The combination of circumstances which found the carcinogenic hazard
of vinyl chloride (VC) being discovered al about the same time as the
sclience of risk analysis was undergeing rapid development, and the
greal comserclal interest and long history of use of the substance has
resulted in a body of literature and pharsacological data greater than
dne can expect to have for most substances. It i3 therefore Instruc-
tive to review the many risk assessments which have been prepared for
¥C against the avaflable blologlcal Information to determine {f we can
evaluate the extrapolation methods used, and to discuss the current
regulations for ¥C in 1ight of this comparison.

Hazards of Vinyl Chloride

It is necessary to decide first which of the hazards presented by VC
should be the basis for the risk estimation. The substence presents
the acule hazards of frostbite from exposure to the liquid, of anes-
thes{a at concentrations over B,000 pps and suffocatfon at higher
concentrations {von Oettinger, 1955). 1t also forms explosive mixtures
in air above 3.75 volume percent, and so the efforts to conlrol the
physical safety of operations generslly preciude exposure to acutely
toxic concentrations.

Ihese control efforis were reinforced In the mid-1960's where It was
discevered (Suciu, 1963) that workers who had been exposed to very

digh Jevels of VC developed "vinyl chloride disease,” the primary
sinffestation of which was acroosteolysis (AODL), a degenerative disease
sf the bone tufls in the hands, and more rarely of the feet and lusbar
reglon. Although crippling to some degree, this disease s not fhtal,

and 15 al least partially reversible if exposure Is eliminated (Graniger,

¥alker and Ward, 1980).

Almost ten years later It was found that some of the workers having
sinilar exposurs also were developing angfosarcoma of the liver (ASL),
a vapldly fata) disease. Oddly enough, there {s only one possible
case of & worker developing both AOL and ASL (Stafford, 198]) amo

the 80-plus cases of AOL ant 90-plus cases of ASL now known world:?de.
al both are diseases of the vascular system. Several large
epldeniology studies were conducted on workers exposed to VC (Paxter
Aand Fox, 1976; Chiazze, 1980; Duck, Carter and Coombu, 1975; Equitable
Environments) Mealth, 1978; Fox and Collier, 1977; Frentzel-Beyme,
Schaftz, and Thelss, 1978; Therfault and Allord, 1981), and ASL was
the enly fatal disease found consistently to be in excess in these

persons. Animal studies have shown an excess of tumors at olher
sites, but the lowest exposures at which these occur are considerably
higher lhan that for ASL. For example, Maltoni (1979) reported Lhe

following data:

Concentration For

Site Significant Elevation
Forestomach pap{llomas: 30,000 ppm
Heuroblastomas: 10,000 ppa
Zymbal gland carcinomas: 10,000 ppm
Nephroblastomas: 250 ppm

Liver anglosarcoma male: 200 ppm, 50 wmg/kg
] female: 50 ppm, 16.7 mp/kg
Mammary adenocarcinoma: 5 ppm

The low concentration for onsel of mammary tumors was of concern when
a prelininary study of fabrication esployees reported an excess of
breast tumors (Chiazze, et al., 1979) but a follow-up case-controlled
study (Chiazze, 1980) found no assoclation between the cases and VC
exposure. The largest study of VC-PYC workers in the United States
reported slight excesses of brain and lung tuwors {Equitable Environ- -
menta) Headth, 1978), but this was not seen fn the other studies
referenced above. The excess of brain tumors was small, and nol dose-
or exposure-related. The overall excess of lung tumors resulted fros
an excess in one plant only, and reexamination of those cases also
showed no assoclation with VC exposure (Waxweiler, 1978).

Vinyl chloride has been found te be active In several in vitro muta-
genetic tests with bacteria snd yeasts (Hopkins, 1979) and 1L appears

. to cause chromosome abnormalities in exposed workers, but these changes

are reversible when exposure s reduced (Hansteene, 1978) and several

‘studies of peighborhoods around PYC plants have failed to show a

supportable association with birth defects (Edmonds, 1975, 1976). It
fs not a teraltogen in rodents (Johns, 1977).

Therefore §t appears reasonable to assume that if there is any signif-
icant chronic risk other than ASL, it Is considerably smaller than
that for ASL, and that an adequate risk assessment can ba based on
only the liver tumors.

NOTE TO EDITORS

Under the new faderal copyright law,
publication rights to- this paper are
ratained by the author(s).



Heview of Risk Assessments

B

Sthnetderman, 1975

One of the first attempls ta utilize animal data to estimale
risks at very low exposures was that of Schneiderman, Mantei and
Brown (1975). They used prediminary Maltoni resulis to compare
the estimates oblained from three Eosslble mathemalical models,
The 99X assurance level of a "safe™ dose at a 1ifetime risk of
10 © was eslimated from several extrapolation models as follows:

Log Probit (slope = 1) " 73 ppb
Logit (slope = 3.45) 119 ppb
togtt (siope 2.3, one-hit) z.gppph

The authors discussed the recognized difficulties of extending

these rat data to bumans and of providing animal experiments that
:oul:u answer salisfactorily the question of human risk at very
ow doses, :

Kuzmack and HcG_aughy. 1978

" The EPA was the first group to attempt a human risk assessment

tor vinyl chioride {Kuzmack and McGaughy, 1975). This ploneering
effort attempted to use both anima) and human data, and to show
conparative results from both the linear and log-probit soflels,

It concluded Lhat there was an Individval risk of 71 x 10 " per
ppm of Mifetime exposure to VC by the Vincar extrapolation method,
and that the log-probit results were one-tenth Lo one-hundredth
of that, . ’

This effort 1s subfect to several sertous criticisms. The °
exposure dala used for human experience was that from a growp
with Tess than average exposure, while Lhe ASL rate was chosen
from only those plants which did report cases,. and fgnored the
remalnder of the population. Thus, their incidence rate of 7.5%
compares to an aclual figure of sbout 8,1X.

They used as their primary method a Vinear ntripolalion of rat

. dats, which often has been seen to overestimate the actual rates

by at Yeast two orders of magnitude, and they assumed the total
cancer rate to be Lwice that (ound for ASL.

This same estimale vas used by the EPA (1979) to estimate the

- concentration of YC in drinking water which would produce various

Tevels of risk.: These estimates are, of course, subject to the
same criticises.

R 1 ) .
“Wisbel {1970) challenged the estimate of Kuzmack and McGaughy

(1975} when ft was used by Wilson in testimony before Lhe OSHA
hiéaring on its generic cancer policy. WNishet stated Lhat his

calculatfons showed the risk Lo be 30-30 Limes greater, by the
same calculation method. Wilson (1978) suggested several flaws
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in Lhe Nisbet procedure, including the fact that he chose for hi
extrapolation one point al 25 ppm from Maltloni experiment OT-15,
and Lhat this point Is not In good agrecment wilh the whole body
of data. Further, he chose to use total cancer incidence In the
rats, including Lhose at zysbal glands, which have no counterpar
in humans. Both Wilson and Kuimack and McGaughy had used a
factor of two Limes ASL to account for possible cancer at other
sites. Wilson did acknowledge a mathemalical error which made
hils vesuits half the proper number.

AMbert (1978) applied this same general proi:edun 1o other pote;u
tially carcinogenic air pollutants in the United States and
calculated the expected snnual cancer deaths as follows:

Arsenic 15.6

Benzene : 1.8

Cadnivm 6.2

- Coke ovens 149.5
: VC (after regulation) 1.0

Gehring, 1979

Gehring, et al., {1979} applied an experimentally derived blo-
transformation correction (Gehring, et al., 1978) to rat data an
estimated the incidence in humans at two different exposures by
means of four different extrapolation models, Their estimates al
500 and 200 ppm TWA bracket the observed experience for humans
when derfved.from the probit and the vnconstralned )inear models
The 1inear-through-zero and one-hit models consistenlly over-
estimated the Incidence. Although not considered by the authors
the Vinear and probit models match rather closely the total U.§,
experience of occupational ASL at an assumed 1,000 ppm exposure.
The Vinear model predicts no Incldence below 99 ppgnln humans,
The probit model predicts a human risk of 1.5 x 10 ~ at | ppm.
Thus, a mechanlsm for adjusting for Lhe difference In metabolism
belween animals and humans appears to be usefud, -

A limitation of the Gehring procedure is that it uses partial
Maltoni dats, and tests the results: agafnst the CHA epidemlology
study. That study was not the "end of the experiment®; it stoppe
at the end of 1973, and several deaths have occurred since then.
Helther didg 3L cover the entire population, but only the employes
of those plants which met certain criteria for data retention and
length of operatfon. The Stafford (1981) data does cover the
entire population and exlends the history for seven years. The
size of the population s mot known, but a reasonable estimate,
based on normal worker turnover rates and the nuaber of plants
not included In the CMA stady, 1s certainly not less than 25,008,
This would glve a gross inclidence of about 0.1X. Of these, the
number sctually exposed to svbstantial exposures would be about
25-30 per plant at any one Lime. Hultiplication by 25 plants,
and a factor of three for the turnover during Lhis period, would
glve about 2,000 highly exposed persons, for an effective inci-
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dence of just over IX. Personal experience would indicate that,
for the period prior to 1964, when all of the first exposures of
the fatal 26 cases had occurred, the average exposures of this
highly exposed group certainly was {n excess of |,000 ppm for the
working day. Mattoni (1979) found a 1X incidence at about
1-10 ppm in rats. Calculation of the dose equivalent to a 1X
incidence In rats gives 0 ppm by thd Vinear method and 7.5 ppm
from Lthe log-probit equation for the combined Halton! inhalation
experiments. This crude and svbjective estimate would Lhen say
that man s about 100 times as resistant as the rat to YC inhala- : .
:;I,Ilsli a flgure generally in agreement wilth other estimates (NCAB,

Food Safety Council 1978, 1980 N

The Food Safety Council has recommended (FSC, 1978) the use of

the gamma sulti-hit model because of Its flexibility in handling

dose response data of varyling curvilinearity at low doses, It

has calculated (FSC, 1980) the maximum Vikely and lower 97.5X

1imit doses for substances at u[gous risk levels and with

different models. For VC, st 10 ° rlsk, these results are as
- follows (based on early Malton! data): '

One-hit 2.0 x 1022 ppm
Araitage-Dol)} 2.0 x lll_9 ppm
Weibull 2.1 x lll_wppn
Multi-nit 39x10 " ppm

.For this substance, the goodness of [it of the Weibull model
(0.56) was superior to that of the multi-hit (0.32). HNeither of
Lhe other two models gave acceptable fits. This was 1n part
because ‘of the concave shape of the curve, which included all of
the high doses in Lthe dose response data.

Dow, 1979 !

A Bow Heath Team performed a relative risk estimation for several
Compounds (Langer, et al., 1979) which considered probable expo-
sure, Lhe consequence of exposure, Lhe physical state of the*
substance during processing, and-the current exposure standards.

. This resulied In 2 value of 480 (or VC fn & "closed sysiem but
with employees in the vicinity.® The same procedure assigned
hazard raling values Lo some olher substances as follows:
benzene, 10; phosgene, 410; hydrogen sulfide, 5; arsine, 9,700;
and bis~chioromethyl ether, 69,700. in a batch operation with
occaslonal manual handling, the hazard rating for V€ increased to
$.700 by this method. }

Hehir, 1980
Hehir, et al., (1980) conducted a series of tests for the Consumer "

Produtt Safety Commission, a part of which consisted of exposing
rats and mice to a series of short, high exposures, rather than

Rl

the usual extended low dosage. They lncluded one-hour exposures
lo rats and mice atl 50, 500, 5,000, and 50,000 ppm, 10 and 40
hour cxposures at 500 ppm, and 49 and 100 one-hour exposures at
50 ppm, Afier 1i{etime observation they found no effecis on
rals, ar their offspring, nor on mice exposed to less Lhan

500 ppm. Those exposed to over 500 ppm developed puilmonary
adenomas, but they also had suffered from pnevmenitis, .

They considernd the published data on animal exposures and
conctuded Lhat there was a 1ifetime dose below which no oncogeni¢
response {5 seen. This was estimated to be 5,000 ppm-hrs for
mice and greater than 50,000 ppm for rats, regardless of whether
the dose was administered over a short or long period. This
concept of equality of effectiveness for al) modes of exposure
does nol have general acceptance and would nol appear to be
correct, based on our present understanding of carcinogenesis.
Dose-rate effects are, of course, well) known. llowever, Lhe
degree 4o which this can.be exlended to all types of effecls Is
not known.

These avthors also used the Crump-Guess model {Crump, Guess and
Deal, 1977) to evaluate their data on mouse pulmonary cancer, and
estimated that exposure to 5,000 ppa VC doubles the prolublllty
of cancer, while 50,000 ppm increased the risk nine-fold. In
view of the fact that pnewmonitis was present in all animals
exposed above 500 ppm, it {s questionable if this was a direct
oncogenic response, or the resull of an nongenetic evenl because
of severe lung damage. Maltonl (1979) also reports an increase
in lung tumors in mice, but not in rats or hamsters. Thus, the’
significance of this finding to risk in humans (s questionable.

Anderson, 1980

Anderson, et al., (1980} extended the work of Gehring, et al.,
(1978 and 1979) Lo Incorporate the amount of metaballc producls
from VC which actually was bound to the DNA of exposed rats,
{Gehring and Blau, 1977) rather than the total amount metabolized.
They assigned varlous values to the parameters in a Michaelis-
Menten equalion depicting the kinetics of Lhe melabolic process,
and compared Lhe resulls from extrapolation to low doses by
log-probit and multi-hit models. They found that the two extrap-
olation wodels responded quite differently to these variations at
very low doses, and that it was not possible to selecl one model
as the more appropriate from the high-dose data. Use of the
values of Gehring for the primary parametery,gave estimates of
the dose equivalent to 1ifelime risks of 10 * of less than 1 ppa
for the probit mode]l and less than 2 ppm for the multistage
wodel, a correspondence which the authors pointed out was better
than the precision of iInterspecies comparisons.




EPA, 19080

The final version of the water quality criteria document for VC
(LPA, 1980) used a different approach for risk estimation. the
slope of the Incidence of all Lumors at the lowest doses of
Haltonl experiment BT-1 was adjusted for the fraction of exposure,
the equivalent feeding level to glve the same blood concentration
of VC as by inhalatfon (see Withey and Collins, 1976), and Lhe
ratlo of the surface area of humans_ys. rats, to produce an
estimate that a Vifetime risk of 10"~ would be caused by drinking
2 V/day of water containing 20 g/1. There is some confusion in.
the mathematics given 1n the report, and the assumptions on which
the adjusiments are made are far from having general acceplance,
although generally following NAS recommendations, It appears
that Lhis procedure overstates the risk by severa) orders of
magnitude, o .

WAS, 1900 .

The Natfonal Academy of Sclence (1977) calculated the upper 95%
confidence Timit-for risk from drinking water containing vinyl

- chloride.from the probabidistic multistage model and ear]y Maltont

rat data. They report (un;, 1980) a Tifetime risk of 10 ° as
being equivalent to 3.0810 ~ mg/kg/day. For 2 70 kg person
consuming 2 1/day, this would calculate to an acceptable leve) of
1 g/L. The difference between the EPA and NAS numbers comes

© from the different curve-fitting methods for the animal data.

Gaylor and Kodel} (1980) applied )inear *{nterpoiation” to the
same early Malton{ data used by the 'Food_gllely Council (1978) to
rrive at a predicted maximum risk of 10°°, The upper 97.5%
confidence limit of the animal data was taken as one point on the
fnterpolative 1ine, and zero Incidence at 2ero exposure as Lhe
other, - ].is produced a lower 97,5% conl!ﬂencc Timit dosage of .
7.1 % 10 " ppm for a 1ffetime risk of 10 ° in rats. Their_gopli-
cation of the A'rfuu!ﬂe-noll multistage sodel gave 5.2 gzlo
as the dosage at 10 ~ )ifetime risk compared to 2 x 10 € by the
Food Safety Counclt. The difference is due to alternative assump-
tions on the value of tie exponential dose term.

Crusp and Guess (1900) reviewed some of the ecarller risk estimates
for vinyl chloride in drinking waler, and recalculaled the risks,
using Lhe one-hit and multistage models., They arrived at an
upper 95X confidence Vinit of llle;‘n risk for drinking water
tontainfng 1 /1 of VC of 4 x 10 °, based on early Maltond.

. Inhalation data. Using Lhe assuwption that a 0,2% incidence of

ASL §n workers had resulted from a Vifetime exposure of 78 g/kg,

they oblained a maximum Fikelihood risk of 10 ° from 0.34 g/} by -

both the multistage and linear models, with 95X Jower confidence

Vinlts of the same risk at 0.24 g/1. These Lwo models reduce to
& Vinear form when used at very low-doses and wilh the assumption
of no threshold value.

12
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These authors cite EPA data oa the occurrence of VC in public
water supglies'whlch by their methods yield a 1ifetime risk of
3.7 x W0 7, or 12 deaths per year from Lhis cause in the United
States. HNone of these has been observed, despite the accumula-
tion of 15 years' data on ASL deaths (Pepper, 1978).

Scoll (1981) ascribed the decreased incidence of tumors™in rats
at the higher doses to a cell killing process, and adopted Lhe
Weibul) model to account for this, Applicatfon of the model to
some early Maltoni data produced a curve which FiL Lhe data from
50-10,000 ppu. He did not attempt Lo extrapolate Lo diSes beyond
the experimental range. .

Carlborg, 1981, also applied Lhe Weibull model Lo 31 bloassay
reports on a variety of snimal carcinogens. le conciuded Lhat
the one-hit model was not appropriate and that carclnegens could
be divided inlo categories according to Lhe shape of the curve,
€.g., goncave or Convex., lie found Lhat the early Malton! dala on
VC fell into the former category. Application of his parameter
estimites to those data, assuming no spontaneous fngjdence of

- ASL, gives 2.5 x 10 " ppm for a Vifetime risk of 10 ° for rats,

Later calculations fncluding all of the published Maltoni data
dld'no;. change the results significantly (personal communi-
cation)., -

"He found the Welbu)l shate parameter to be approximately 0.5,

which Is assumed to be the nusber of stages for Lumor {nitiation.
This §s consistent with the finding by Gehring (1977) of a satur-
sble metabotic path which produces the proximate carcinogen, It
also sugyests that the number of “stages" fs Lhe nuaber of finfte-
rate steps before the rate-limiting step, There may be other
stages following, but they are not rate controlling. Actually,
there appears to be at least two saturable mechanisms fnvolved in
the pharmacokinetics of ¥C, the metabolism to the witimale carcin-
ogen and the detoxification by sulfhydry) groups.

One further evaluation of human risk can be made from the experi-
ence of persons residin? near VC-PVC plants, The EPA estimated
{Xuzmack and McGaughy, 1975) Lhat five million persons lived
within five miles of Uhese plants, and were exposed to an annual
average concentralion of 17 ppb, The present distribution of
plants was generally well-eslablished by 1959, Lhus we have 22
years of history, or abput 110 ai)lion person-years. About five
or six of these plants, with 1-2 mitlion neighbors, go back
another 20 years, but Lhese data are not firm enough for Inclusion.

The fact that o case of ASL has been confirmed as arising from
these ablen_t_’xpnsures places the uvpper bound of risk at less
than 2.7 x 10 ° per ppa-yr. It is believed Lhat the exposure
data were overestinated by EPA, and thus this result may be too
Tow, but it is In the same general range as that arrived at by
Gehring (1979) and Anderson (1980) after making corrections for
pharmacokinetics.



Extending Lhis crude calculation, these five miltion persons are
now supposed by EPA to be exposed to 0.2 ppb (probably a high
figure), which would predict no more than 0,0003 deaths per year,
or one per 3,700 years in that whole population due to VC exposure.
But it also must be recognized that with approximately 20 cases
per year of ASL In Lhe genera) population, there can be expected
from & purely stalistical basis that there should be one case
:very two years or so among this group of 5 wmillion plant nelgh-
ors,

The results of Lhese estimates d]‘cussed above are compared in Table I,
after conversfon to 3 uniform 10 © Vifetime risk. Estimates 5, (Dow
1979) and 12 (Scott, 1981) were not in a form to permil this comparison.
See OSHA, (1980), for references to a few olher estimates that were

not considered here.

1L can be seen Lhat the results fggl into two major categories, those
which projecL that the risk of 10 © occurs at exposures of greater
than 1 ppe, and those which find that risk in the ppb range. The
estimates which yield the higher allowable exposures are based on .
human data (Nos. ), 7 and 14) or use a log-probit eatrapolation model
(No. 2, second estimate), or predict a threshold (Mo. 6). The
remainder generally are based on the linear, non-threshold wmodel, and
make no biclogical corvection. The result fs a difference of 3 or 4
orders of magnitude. The estimates which yield the higher allowable
exposures are In petter agreement with human experience than are those
of the other group. . .

Additional Data

A1l of the extrapolations reported here have used for the original
_Malloni data from bis experiment BT-1. He has now reported (Maltoni,
1979) three other comparable inhalation experiments on the same straln
of rals, and one on another strain, In addition to two Ingestion
studies. The resulls of these experiments are shown in Figure 1, on a
log-probit scale. It can be seen that they all follow a similar
patiern, but that there are large variations in slope between the
various data groups. Table III contains the log-probil equations
calculated from some of the individual experiments, and various growps
of experiments. Excellent fits are obtained for a single experiment,
as would be expected [rom the small number of data points, but!adequate
fits are obtained for the group as a whole. Inclusion of the historic
tonlro) dats on ASL (0.09X spontaneous incidence) did not affect Lhe.
fit substantially, encept for the very low dose data, Inclusion of
the 0,0 (origin) as a data point did give significantly pooreg fits.
The combined experiments {ndicate that a 1ifetime risk of 10 © for
rats 1s obilained from 2 dose in the 1-2 ppb range. )

Similar varfation Is seen with the olher mathematical expressions,
-such as Vinear or exponential equatfons.

Regulatory Status

The turrenl regulalory status of vinyl chloride is summarized in Table
11. The first regulatory actlion on VC was taken In 1973 when the
Bureau of Tax, Alcahal and Flrearms prohibited the use of rigid PVC as
liquor containers. This was based on 1t being present as an adulterant
and nol on any consideration of risk. The Consumer Product Safety
Commisslon (CPSC), Lhe Food and Drug Admiristration, (FDA}, and the
£PA all acted to ban the use of ¥C-as an acrosol propeliant thus
establIshing a zero risk position. The FDA proposed (FDA, 1975) to
withdraw the prior sanction status of rigid PVC as a food package
component because of the concern for residual VC that might migrate.
The FUA has Laken no furlher action on this propoesal, and now is
considering a "constituent® policy which would permit a 1ifetime
exposure at some ggcepl.able risk level. This risk has been proposed
recently to be 10 ° Vifetime for the glutlonous consumer. As was
discussed above, the EPA required a best avallable technoloyy approach
which reduces the average exposure lo those within 5 ailes of a plant
to aboul 0.2 ppb, by EPA estimates. OSIA established a rule in 1974
which set 1 ppm for 8 hours as the maximum permissible exposure, and
also sel 0.5 ppm as an aclion level below which most features of the
regulation did not apgly. These were chosen as feasible levels, and
not necessarlly "safe" doses (OSHA, 1974; EPA, 1976). -

The EPA has established an exposure to the general population only

0.1X of that allowed in the workplace. The CPSC has required zero
exposure, and the FOA has considered that approach. Depending on

which method of estimation the FOA may choose, {ts allowable expasure
could be either greater or less than thase currently set by EPA and
OSHA. It has been estimated that the manimum amount of VC ingested by
the average European, who uses such more plastic packaging than we, is
le;s than Z. g/day, (CEFIC, 1976) which would be in the order of a

10 ° or 10 © lifetime risk by even the sost conservative models.

There have been various estimates made of the cost-effectiveness of
the Federal regulation for vinyl chloride. Graham and Yaupel (198])
estimated that the OSHA rule cost $7.5 million per Vife saved, and
$490 thousand per life-year saved over Lhe oplion of leaving the
exposure Vimit at 50 ppm, Luken and Miller (1981) stale thpt the
fmputed value of a life from the OSHA standard {s $4 sillion. HNorrell
(1982) uses an annual cost of $20 million and an annual benefit of 0.1
life saved to derive a cost/benefit of $200 miVlion per tife for the
OSHA rule, The EPA has reported (EPA, 1979) that lhe cost of compli-
ance with Its V€ standard was $296 million through July 7, 1981, and
will be an additional $470 milllon during the next five years, all in
1977 dollars. [If the EPA estimate of up to 20 dealths per year were
correct, this would be a cost of $4.7 aillion per life. However, as
gl:cuss:d here, Lhere §s no evidence that any lives have been saved by
his rule.

There are many difficuliies in sblaining accurate estimates of this
type, and serfous problems In determining the proper vafue to be
assigned Lo a Hfe. nevertheless, the doubtful nature of the clalms




for any significant benefit from these rules suggests that at best,
these requlations are excessively tostly to society. Therefore, we
must aliemptl Lo fmprove bolh our data base and our methods for Inler-
preting and applying the data.

Discussion

W¥hat can be Yearned from Lhis exercise oCher than the already
recognized fact that various extrapolalion-models can yield very
different results? [n this case, at least, there are several points
which are worlh considering.

1: Viny) chloride is no exception to the rule that human data always
musl be Incorporated whenever possible, The epidemic of. occupa-
tionally Induced ASL which was feared in 1974 has not materialized,
probably due Lo the steps that were taken in the early 1960's to
reduce exposure because of the discovery of AOL. No instances of
ASL from exposure to ¥C in Lhe ?eneral population have been
substantiated. The overprediction of occupational cases was due
to the underestimation of worker exposure and overrelfance on raw
animal data without pruger pharmacokinetic adjustment. We are
not now able to extrapolate reliably between gimilar species and
::rtalnly nol from rodents to humans, without much additional

- data. . :

2. The regulations for vinyl chloride were not based primarily on
sclend( {e data, but on socigeconomic and political decisions.
. This Is no surprise (Crandal) and Lave, 19081), but Is a fact
which-should be acknowledged openly, alon? with Lhe understanding
that this position will continue to penalize good science.

3. Hathematical estrapolation wmodels are pol adequate in theaselives
for predictions of risks much beyond Lhe experimenlal range, no
malter how good Lhe fit fs Lo the data in Lhe observed range.
The variability of relatively small experimental groups adds te
the error range. Thus, bicassays fatended for quantitative risk
assessment applications should be at as Jow doses as possible,
a?d I: large as possible, and should be Interpreted very cau-
Liously.

4. The currentl state of the art is such that quantitative risk

assessuenls may be useful for delermining relative risks from
sinllarly acting carcinogens, but are not suitable for across-
the<board application to 1) mechanisms of carcinogenesis.

. This i3 not to say that we sheuld abandon efforts at developing
‘more effective risk assessment methods. We must, however, recognize
the probless Inherent in bl{nd application of mathematical models
without proper. assessment of Lhe available blochemical data, or
;:.:nd-rstandlng of how applicable the experimental dala are to
ns. , .

82-9.2

We have available Lo us at least as much data regarding viny) chlorfde .
as we have for any other substance, and we still have difficully ia
deriving a suilable expression for risk from a purely malhematical or
statistical basts. Only when human relevance is considered can we
arrive at a prediction that approximates actual experience.

The regulators are faced with a tremendously difficult task when they
are presented with a few pleces of animal data which suggest the need
for concern and potential regulation. We must develop a sujtable
program to oblain and use as much relevant data as possible to assure
that rational regulations are possible. The vinyl chloride experience
can help us understand the kind of data which are needed.

3785-A1
2/18/82
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TABLE 1IN

EQUATIONS FOR CURVES FITTED TO VARIOUS SINGLE

AND COMBINED MALTON! EXPERIMENTS

EXPERIMENT

BT-

PLUS CONTROLS
BT-2
© PLUSCONTROLS
87-15

PLUS CONTROLS

ALL INMALATION STUDIES (4)
PLUS CONTROLS

ALL INGESTION STUDIES {2)
PLUS CONTROLS

ALL STUDIES (6}
PLUS CONTROLS

ALL STUDIES; LOW DOSES ONLY
PLUS CONTROLS

0.26
0.27

.08
1.82

8.5
5.28

Q.26
0.27

1.7%
1.74

0.29

1.03

"

LINEAR

yeax * b

b .
338

247

-B.5%
-1.13

-1.06
0.30

307

0.18
0.20

3.60
341

0.97

0.97
087

1
0.28

1.0
0.95

0.01
0.9

0.95
0.65

0.73
0.72

0.79

LOG PROBIT
Psa IN DOSE +b

CONCENTRATION
AT 106 RISK,
(LOG-PROZIT), ppm

0.35

1.60

. 0.69

0.27

0.27

a.51
.17

b

2.76

0.88

3.46

288 .

22

3.08

253
2n

. 4

0.89

1.0

1.0

0.82

0.88
0.82

0.78
0.45

.03

0.34

0.002

0.002

0.00

0.42
0.0002
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From :

mMmemorandum-

Kenneth Kizer, Director Do+ June 17, 1985
Department of Health Services Subject: -
714 P Street | " Evaluation of

Sacragento, CA vinyl Chloride

Awr

4

I am writing %0 reguest formally that the Department
evaluate the health effetts of vinyl chloride as & candidate toxic
air contaminant in accordance with Assembly Bill 1807 (Tanner).
According to Health and safety Code Sections 39660-62, your
Department has ninety days to submit a written evaluation and
recommendations on the health effects of vinyl chloride to the Air
Resources Board and may request a thxrty day extension,

Attached for your staff's consideration in evaluat1ng
vinyl chloride are: Attachment I - a suggested list of topics that
we believe should be included in your vinyl chloride evaluation and
recommendations; Attachment II - a list of references on vinyl
chloride health effects which were presented in an ARB letter of
public inguiry; Attachment III - additional references and comments
received from the public in response to the inguiry letter; and -
Attachment IV - ambient vinyl chloride concentration data and
emission data which should be used to estimate the range of risk to
California residents as required in Health and Safety Code Section
3%660(c).

My staff is available for consultation in conducting this

" nealth effects evaluation. we look forward to continuing to work

tlosely with you and your staff in carrying out this legislative

-.mandate, 1If you have any further questions regarding this matter,

please contact me at 445-4383. .
Attachments

cc: Jananne Sharpless
Alex Kelter, w/attachments
Raymond Neutra, w/attachments
Peter D, Venturini
Assemblywoman Sally Tanner
Claire Berryhill
emil Mrak, Chairman and Members

of the scientific Review Panel
Senator Ralph Dills
Senator Art Torres
- Jonn Holmes ARB -




*
ATTACENZINT IV 2

SUMMARY OF ANMBISKT VINZL CELORIDE CONRCENTRATIONS

vVinyl chloride has been produced in one industrial
facility and used by four facilities in california, all of them in
the South Coast Air Basin (SCAB). 1In May 1978, the Air Resources
Board (ARB) adopted an ambient air guality standard for vinyl ‘
chloride of 10 ppb, 24~hour averace. Subseguent ambient monitoring
in the SCAB found the 10 ppb stanéard to be exceeded frequently in
the vicinity of these facilities from 1979-198l1, However, since
1982 the recent monitoring data fcr VC near these vinyl chloride
facilities has shown &ll vzlues tc te below 10 psb, without a
Getermination of the actual value. These reductions in ambient
concentrations are likely cue to the closure of the production
facility in 1982 and implenentaticn of reculations by the South
Coast Air Quality Management District (SCAQMD) designed to reduce
vinyl chloride emissions. .

Vinyl thloride has been detected in the community near the
BKK Class I landfill in West Covina. In 1983, the Department of
Health Services {DHS), aARB3, ané the South Coast Air Quality
Management District issued a report detailing ambient concentrations
{report attached). As the report indicates, the average vinyl
chloride concentrations varied with location. The worst case
residentizal location, Station A, nhaé mean 24-hour VC concentrations
cf 7.1-7.3 ppb, with a maximum reading of about 39 ppb. Data for
this report were collected over three months (July 19-October 15,
1982), with 24-hour samples taken five days per week.

2 newly discovered potential source of vinyl chloride
emissions into the air is that of sewace treatment facilities. &an
EPA contractor recently made some estimates of vinyl chloride
emissions, as well as other volatile aromatic compounds, from the
*Top 20" sewage treatment plants, nationwide. (Please see 2ppendix
D of Versar Memorandum, Attachment IVC.) 1In this document, the
Hyperion facility, which is located in the SCAB, was calculated to
release 171 metric tons/year of vinyl chloride. ARB staff modeled
this emission estimate (assumptions on Attachment IVB) and predicted
8 ppb above any backgrouné as an annual average vinyl chloride
concentration. The 24-hour maximum VC concentration prediction is
‘23 ppb above background. ARB ané SCAQMD plan to confirm these
estimates with source and ambient vinyl chloride testing at the
Hyperion facility in the summer of 198S5. - .




Summary'of the Health Effects or Vinyl Qh1ofide

HEALTH EFFECTS

The health effects of vinyl chioride have been reviewed by several

sources. Two good reviews are by the International Agency for Research on

Cancer (IARC, 1979) and the U.S. Department of Health, Education and

Welfare (U.S., HEW, 1978).

Carcinogenicity

1. Humans - Epidemiological szudies have shown that vinyl
chioride causes angiosarcoma of the 1iver in humans. Strong evidence
also éxists that vinyl chlorice may cause cancer of the central
nervous system, especially glioblastoma multiforme. Evidence also
exists that vinyl chioride induces cancers of the lung and lymphatic:

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

2. Animals - Yiny} ch]or{de hés been shown to.ée carcinogenic in
several animal species after oral and inhalation administration.
Liver angiosarcomas were observed in mice, rats and hamsters exposed
to vinyl ch1;ride. Other tumors seen were mammary adenocarcinomas,
Tung adenomas, Zymbal gland tumors and angiosarcomas at éites other
than the Jiver., Doses in the innalation experiments ranged from 50
to 10,000 ppm. A significant increase in some tumors (angiosarcomas)

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

e B g L f et e e —— -



B. hiutagenesis

Vinyl chloriae is mutagenic in sevé?a1 test systems. Vinyl chloride
has been found to be mutagenic in sevefa] strains of bacteria, insects and
mammalian ce?is.) Chromosomal aberrations have been induced in workers

exposed to vinyl chloride. (IARC, 1982)

C. Jeratogenicity

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

1979)

D. Pharmacokinetics

The metabolism of vinyl chloride has been reviewed by several authors
(IARC, 1979). Absorbec vinyl chloride is eliminated predominantiy 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 chlioride to which an animal is exposed is raised, 2
" Jarger percentage of the absorbed dose is eliminated as unchanged vinyl
chioride in the expirea air. The initjal product of metabolism is
'be11e§éd to be chloroethylene oxide. Vinyl chloride, in the presence of a
microsomal enzyme fraction, binds to RNA in vitro and to RNA and DNA in

vivo. Chloroethylene oxide is believed to be involved in the covaient




binding to RNA and UNA, - Since an abundance of animal pharmacokinetic
data exists, it may be possible to incorporate it into the

dose-response assessment. (IARC, 197%)

E. Acute and Chronic Effects (non-carcinogenic)

Acute exposure to vinyl chloride causes narcosis, cardiac
irregularites and 1iver and kidney toxicity. These effects are‘seen'at'
reiatively high doses. Liver toxicity is evident as centrilobular

degeneration, hepatic fibrosis and necrosis. Degeneration of bone, nerves

©and

11,

I11.

connective tissue is seen after chronic exposure. Acroosteolysis, a
degeneration of the bones in the fingers, occurs in workers. Disturbances

in liver, kidney and pulmonary function alsoc occur after chronic exposure.

THRE SHOLD
The U.S. EPA proposed'a Nationa?lEh{ssién Standard for vinyl ch]oride in
1675, which was promuigated in 1976. The proposal for the emiséion
standard §tates that there is no known threshold for vinyl chloride's

toxic effects. (Federal Register, 1975) -

DOSE-RESPONSE ASSESSMENT
The U.S. EPA's Cércinogen Assessment Group has performed a risk assessment
of vinyl chforide's-carcinogenic effects (U.S. EPA, 1975). The potency
slope for vinyl éh]oride, derived from an animal inhalation study,

is 1.75 x 10™%(mg/kg/day)”.
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State of California Department of Heclth Services -
Memorandum-
To Peter Venturini . Date ¢ Ao 5 1989
Chief, Stationary Sources Division Subi : :
Air Resources Board : biect: Health Effects
1102 Q Street of Vinyl Chloride
Sacramento, CA 95814 ' ; - :
FRECEIVED
Publie¢ Health
From : 714 P Street

Sacramento, CA 95814 “. ““ 8 0 '!989
(916 4&5-2927 - RN

£refionury Sourso
Tevision
Air Reseursss Board
Attached is the document prepared in response to your request for the assistance
of the Department of Health Services in evaluating the health effects of vinyl
chloride as a potential toxic air contaminant,

’ Harvey F. Collins, Ph.D.
Deputy Director

Attachment - ' -

ce:  Jack C., Parnell, Director of Food & Agriculture
Californis Department of Food & Agriculture
1220 N Street
Sacramento, CA 95814 )

Jananne Sharpless, Chairwoman
Air Resources Board

P. 0. Box 2815

Sacramente, CA 95812

Assemblywoman Sally Tanner
The State Capitol

P. 0. Box 942849 .
Sacramento, CA 94249-0001

Copies of document can be requested from:

California Department of Health Services
Hazard Evaluation Section

2151 Rerkeley Way, Room 515

Berkeley, CA 94704 )

L




APPENDIX VI

LANDFILL GAS TESTING PROGRAM




APPERITENE |
LANDETLL GASC TESTINGZPROSRANIDATA=

State: law=(Health-and-Safety-CodezSection-4180555) requires: owners-or—

-operators-of all active-and: somexinactiver-landfills. to.performrair-quality-

solid waste:assessment=testing-to-characterize:the-gaszwithin landfills and-.
the ambient air-around=the-landfAil1s,.and:-to:determine~if the-landfill gas-

-is migrating-underground: beyond: the-site-boundaries.. Ten specified air-

contaminants.were- selsctad to be-tested-for-based-on-hesith sffects=.
associated -with- Jong-termexposure; particularly carcinogenicity, and the-
availability of- sampling-and.analysis=methodsc_ The-ten-specified-
contaminants. were-as- follows:. vinyl chlorids,. benzene;. ethylene-dibromide;:
ethylene-dichloride, mathylene-chicride,. perchlorosthylene, carbom
tetrachioride;.1,1,1-trichioroethane-(methyl chloroform), trichloroethylene,. -
and chloroforms In addition, landfill gas.samples:were-also. analyzed: for-
oxygen; nit!-ogelr.- methane;. and-carbon-dioxide.. . '

To accomplish the testing requirad by state: law, the Air Resources-
Board (ARB) and the California Air-Pollution Control 0fficers Association-
(CAPCOA) prepared guidelines outlining-a testing program-to identify sites:
that pose & potential risk to public health. These guidelines were approved

by the ARB for non-hazardous waste sites in December 1986 and Tor hazardous.
waste sites in January 1987. :

State Jaw requires landfi11 operators to report the testing results to
their local air poliution control district. The districts, in turn, submit
sumnaries of the testing results to the ARB and determine if the sites pose
a threat te human heaith or the environment. The ARB was required to
summarize the data submitted by the districts in two reports to the
Legislature, due by July 1, 1988 and July 1, 1989. The first report
described the early implementation of the landfill testing program. The
second report, presented to the Board on June 9, 1989, summarized statewide
results of the solid waste disposal site testing reported to the ARB. The
report presented preliminary findings. based on the results, and described
ongoing testing and evaluation activities. :

The preliminary findings were that: 1) one or-more of the specified

- contaminants, Selected as indicators of hazardous waste, were present in

approximately 240 cut of the 356 landfills tested,. regardless of whether the
site accepted hszardous waste or-non-hazardous waste;: 2) hazardous. and non-
hazardous waste sites sppeared to.be similar in their ability to produce.
toxic gases; 3) in some-cases, toxic gases escaped from- landfills and
dispersed into the ambient air; and.4) methane at concentrations exceeding
the regulatory standard-of five percent was found to be migrating off-site

~ underground at approximately 20 percent.of the sites. The Board asked that

the staff return in 1990 with further-analysis of the data.




Sincesthenl1989F repontovasspresenteds.fucthemrnrlysis=hassbesne
conductadrandsadditionzi» datazhas:besnrcollectasds. In-Septambesr-19907.the=
further-analysisswill bezpresentedsto. thezAir-ResourcasxBoard=as.an-
informational presentation=. The: following-tables are-sxcarpted-from-the ARBZ
staff report- and:summarize:the findings-regarding-the-presence-of vinyl
chloride in-the-landf111 gas_and in the:ambiant air- surrounding-
landf{11s testedi. The -landfil1 testing-detscted:viny) chloride-inside of
approximately half of the:landfills tested-and=in- the-smbient airat-
approximately ten-percent-of the sites-tested:

The Yimited testing conducted was.designed:-to be used-for-scraening-
purposes as described in the testing guidelines.. For-that-reason; vinyl
chloride may bs present-in the ambient air-at:additionsl landfills, but was.
not detected. in the limited:one to three-days: of ambient-testing specified.
in the testing guidelines for the program:. Further—interpretation of the-
data from specific. sites must also consider—factors such-as how the testing-
was carrted out, along with location, size and proximity to sensitive
receptors. Further information may also be available in the complste

testing reports submitted by site operators-to ths air-pollution control
districts. )




TABLE 1
CONCENTRATION STATISTICS OF VINYL CHLORIDE IN LANDFILLS®

Number of Landfills Where Detected: 160

 Total Landfills Tested: 340
50th peréanti]e (median): 106 ppbv (detection 1limit)**
75th percentile: 1000 ppbv '
95th percentile: 9800 ppbv

Max imum: 72,000 ppbv

* See Attachment A for landfi11 gas testing guidelines.

% The Jesting Guidelines for Active Solid Waste Disposal Sites smest an
analytical procedure for internal landfill gas testing with the same method
of determining the 1imit of detection (LOD) described in Appendix VII of
this document. The Guidelines specify that the detection 1imit is not to
exceed 500 ppbv. Because many results below 500 ppbv were measured and
reported, a statistical detection 1imit of 106 ppbv was calculated. by
averaging the results below 50O ppbv. -




- ATTACHMENT A

Landfill Gas Testing

If the disposal site has an operating interior gas coliection system, samples should be
taken from- the system; additional wells need not be installed. Each instalied welt should
oe 1o 2 depth of at least 6 feet below the bomorma of the intermediate or final cover. The
well shouid not penemate any leachate liner. During installation the contractor should
take appropriate siepe to mitigate the public nuirance of gas escape. All wells shouid be
capped when not being sampled.

‘ To locate the wells, draw a box around the
disposal site on a scale map with the box sides
100 feet outside the filled area edge. The
sides should run north-south, east-wesL
Connect the opposite corners with diagonals.
Locate 5 points: Point A at the diagonal
intersection, point B at the center of the
largest sector formed by the diagonals and
the filled area, point C at the center of the
next larger sector, point D at the center of
the next larger sector, and point E at the
center of the smallest sector, Figure 1 is
an example. Five samples should be taken,
one sampie from each well and analyzed for

: % - A the Amachment 1 compounds.

Kl

e L

Figare 1: Well Location Exampie

To compiete the HSC 41805.5 requirements for characterizing landfill gas, the owner should
perform an investigation of methane emissions from one 50,000 square-foot grid of the
disposal site along with the landfill gas test. The grid selected should be approved by
the APCO and the owner shouid use methods described in these guidelines.

1. Protocol

The technician should make certin the seal around the top of the well does not allow air
inflraton. The well should not be sampied untii 24 hours after the installation is
complete. To sample the well, the technician attaches the pump and withdraws at least 2

weil volumes from the well. The technician then attaches the beg and draws a ten liter

sampie at a one liter per minute rate. The bag should be-in a light sealed container and
should be analyzed within 72 hours.

If the owner chooses to leave the well intact for future sampling, the pipe should be
capped or a valve instlled to prevent gas leakage. If the owner removes the well, the
hole should be filled and reseaied to prevent gas escape.

2. Data '

For each sample, the own.er shouid record:

a. Date, time, and sample location.

b. Methane, CO,, oxygen, and nitrogen concentrations.

c. Concentrations of compounds listed in Attachment i. Analytical methods are included
in Attachment2. = .

d. The operating schedule, staws, and gas quantity exwacted for any landfill gas
collection system for the previous 3 days for each day sampled.




_ ATTACHMENT!

~ SPECIFIED AIR CONTAMINANTS

COMPOUND
Chloroethene (Vinyl Chloride)
Benzene :
1,2-Dibromoethane (Ethylene Dibromide)
1,2-Dichlorocthane (Ethylene Dichloride)
Dichloromethane (Methylene Chloride)
Tetrachloroethene (Perchloroethylene)
Tetrachloromethane (Carbon Tetrachloride)
" 1,1,1-Trichloroethane (Methyl Chloroform)
Trichloroethylene

Trichloromethane (Chloroform)

- ca

CH,:CHCl
CH,
BrCH,CH,Br
CICH,CH,CI
cray,
CLC:Cal,
cH ey,

HCIC:CQY,

CHCI,

 Detection Li

Air

2
2,
0.5

02
]_, .

0.2
02
0.5
0.6
0.8

mits, ppb
Disposal site

500
500
1
20
0
10
5
10




ATTACHMENT 2

The choice of analytical method is left up to the individual laboratory performing the
analysis. The methods provided in Atachment 2 are provided as examples of methods which
can be used to sample and analyze for the specified air contaminants identified in
Attachment 1. The methods are used by ARB laboratories 10 quantify the compounds listed
ar or below the detection limits specified in Attachment 1. Table 2-1 summarizes the

method detection limits achievabie by these methods and the detection limits 0 be
reported for these guidelines: :

TABLE 2-1: METHOD DETECTION LIMITS

COMPOUND Guideline mga‘?miﬁw -
Laboratory Division

Chloroethene (Vinyl Chloride) 2 | - ' 1
Benzene : 2 0.5 0.5
1,2-Dibromoethane (Ethylene Dibromide) 0.5 0
1,2-Dichloroethane (Ethylene Dichloride) 0.2 0.2
Dichloromethane (Methylene Chloride) 1 1
Tetrachloroethene (Perchloroethylene) 0.2 0.004
Tetrachlorornethane (Carbon Tetrachloride) 0.2 0.02
1,1,1-Trichioroethane (Methyl Chloroform) 0.5 0.004
Trichloroethylene ' 0.6 0.005

Trichloromethane (Chloroform) 0.8 0.004




ATTACHMENT B8
AMBIENT AIR MONITORING

HSC 41805.5 requires that air adjacent to disposal sites be tested and analyzed for
specified air contaminants. To comply with HSC 41805.5, disposal site owners shouid
conduct ambient air monitoring at the perimeter of the disposal site.,  The test should
adequately characterize the contaminants in the air. The air column listed in Attachment
1 shows the lower detection limits to be achieved in pams per billion. Each disposal
site should perform the ambient air sampling on three separate, not necessarily
consecutive, days,

At sites where the owner has chosen to characterize only the gas above the disposal site
using the integrated surface sampling -technique, all specified air contaminants must be
tesied and analyzed for in the air samples. A site where landfill gas testing is used and
where chloroethene (vinyl chloride) is identified in the landfill gas, then the ambient
air sampies need only be tested for chloroethene (vinyl chloride).

The guidelines contain three suggested procedures for testing the ambient air. These
procedures were developed to cover differences in topography and climate which may occur
at differemt sites. Each option has two parts. One addresses sites with different day
and night wind patterns and one addresses sites with the same day and night wind patterns.
The option chosen will depend on the results of the meteorological survey. '

A. OPTION1

1. General Procedures

HSC 41805.5 requires that air adjacent to disposal sites be tested and analyzed for
specified air contaminants. If the disposal site has a gas collection sysiem which does
not operate continuously, at least one of the sampling days shouid be a day before the gas
collection system is turned on after a typical inoperative period. This option requires
twenty-four hour sampies to be taken on 3 separate, not necessarily consecutive, days.

2, Meteorological Survey

A mereorological survey should be conducted prior 1o ambient air sampling in order to
determine the local wind flow patterns which will subsequently be used to help identfy
the number and location of sampiers required for an effective ambient air monitoring
program. The operator shouid submit the survey o the APCO prior to ambient sampling, as
part of the monitoring plan. The survey should summarize how wind flow patterns ‘at the
site. will be characierized based on: previously collected on site meteorological data,
data collected nearby (e.g., local airport data), proximity to. water or terrain which may
influence diumnal variations (¢.g., daytime upsiope winds, nighttime downsiope, or sea
breeze conditions), or 2 plan for.on site meteorological dama collection prior to ambient
monitoring. In completing an on site meteorological survey prior to monitoring, wind
sensors should be located nine to twelve feet above the ground and a minimum of sixty feet
from obstacles such as trees, shrubbery, and buildings.

' 3. Ambient Air Sampling

a. General Sampling Criteria

At the completion of the meteorological survey, and on approval of tﬁe APCO, ambient air




TABLE 2

CONCENTRATION STATISTICS OF VINYL CHLORIDE IN AMBIENT AIR SAMPLES
COLLECTED AT THE PERIMETERS OF LANDFILLS*

Number of Landfills Where Detqctad: 24

Total Landfills Tested: 2561

50th percentile (mediin): 2 ppbﬁ‘(detaction limit)
75th percentile: 2 ppbv

95th percentile: 2 ppbv

2nd highest value: . 13 ppbv

Maximum: 15 ppbv

* See Attachment B for ambient air testing guidelines.
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glmpiing equipment will be installed at the appropriate iocations which will be determined
v .

—

. Site topography,
. Meteorological survey, and

(%4

3. Local land use patterns.

Thesamplingequipmentshouldbelocated
at or near the perimeter of the waste
disposal site, in the clear and away
from surrounding obstuctions. The
inlet probes for the ambient samplers
should be located between six and nine
feet off the ground (reaching height)
and a minimum of sixty feet from
obstacles such as trees, shrubbery and
buildings. Air flow around the iniet
probe should be unrestricted in an arc
of at least 270 degrees with the
predominant wind direction for greatest
expected. poliutant  concentration
potential included in the 270 degres
arc. The sampler locations should be-
carefully selected 10 ensure the
predicted prevailing wind patterns for
the sampling date will come across the
main body of the disposal site to the
downwind staton. Wind speed and
direction measurements will continue to
be coliected throughout the ambient air
sampling perind to verify that the
meteorological criteria are met.

Figure 4: -Option 1
Source: South Coast AQMD

Ambient air samples will be collected over a 24-hour period beginning and ending at 10:00
A.M. using the seif-contined pormable sampling units described in Equipment Description.
In general, 24-hour and directionally conwolied sampling will be required to ensure that
maximum contaminant concenmations are identified for each ‘sampling period. However,
directionally conwolled sampling may not be required at sites which have a constant wind
direction for 24 hours. All samples will be removed from the samplers immediately after
the 24-hour sampling period and analyzed for the required compounds. It is recommended
that the sample be analyzed within 72 hours of collection.

b. Specific Sampling Criteria . o

i. At sites that experience different day and night wind flow patterns, a minimum of two
24-hour samplers and two directionally controlled samplers will be required. Twenty-four
hour samplers will be placed at the upwind and downwind site perimeters based on the




prevailing wind direction. The directonally controlied sampier(s) located downwind of
the disposal site shouid be placed at sites which will sampie under the stable (drainage)
wind conditions identified in the meteorological survey. The directionaily controlied
sampler located upwind of the disposal site shouid be placed near the upwind 24-hour
sampier. The 24-hour samplers will operate continuously for the specified 24 hours and
the directionally controlled samplers wiil only operate. when the wind direction is within
a wind sector allowing air to pass across the disposal site to the downwind sampler. This
will aliow the downwind directionally controlled sampler(s) to only collect air that has

passed over the disposal site and the upwind directionaily contolled sampler to only
collect air that has not passed over the disposal site.,

ii. At site that experience a constant wind direction for 24 hours, a minimum of two 24-
hour samplers will be required. A 24-hour sampler will be place both upwind and downwind
of the site based on the prevailing wind direction so that the upwind sampler only
collects air that has nor passed over the disposal site and the downwind sampier only
collects air that has passed over the disposal site. Additional 24 hour samplers should
be placed at locations which will sample under the stable (drainage) wind conditions
identified in the meteorological survey. Since the wind direction does not change, these
24-hour samplers will act as directionally controlled sampiers as well as 24-hour
samplers. Compatison of the results from these samplers will provide information on

ambient air quality standards and the effects the disposal site has on the ambient air
quality. . '

4. Sampling Conditions

Ambient air sampling should be conducted on dﬂys when stabie and unstabie meteo'rological
conditions are characterized by the following meteorological conditions: , '

a. Stable nights with average wind speeds of five miles per hour or less.
b. Daytime conditions with average wind speeds of ten miles per hour or less.

No sampling will be conducted under the following adverse meteorological conditions:
a. Precipitation .

b. Twenty-four hour average wind speeds greater than ten miles per hour.

5. Equipment Description

a. Bag Sampler

1. Pump with a diaphragm made of non-lubricated Viton® rubber. The maximum pump unloaded
flow rate is 4.5 liters per minute, : '

2. One 10-liter Tedlar® bag with a push-pull valve constructed of aluminum and stainless
stee} with a Viton® o-ring seal. ~

3. Rotameter made of borosilicate glass with a flow range of three to fTifty cubic
centimeters per minute. The scale is in millimeters with mujor graduations (labeled)
every S mm and minor graduations every | mm.




4. Air flow control orifice made with 316 stainiess steel capillary wbing.

5. Bypass valve.

6. Fittings, tubing and connectors made with 316 stinless steel or tefion.

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

b. Wind directionally controlled system

—

1. Wind direction sensor with a vane which has a range of 0 - 540 degrees and 2 threshold.

of 1.00 mile per hour or less.

2. Controller and indicator console with an indicator range of 0 360 degrees and an

accuracy of £2% of full scale.

c. Wmd speed and direction momtonng with continuous recordu'

1. Anemometer three cup assembly with a range.of 0-50 miles per hour and a threshald of

0.75 miles per hour or less.

less.

6. Wind Data Reporting

Wind data (speed and directuon) will be
reported as an hourly average. For
example, the data collected between 1:00
P.M. and 2:00 P.M. will be averaged and
reported as the 1:00 PM. hourly
average. Wind speeds will be reported
in miles per hour. Wind directions wiil
be reported using the sixteen point
scale (sixteen directonat points
corresponding to the mariner’s compass
ros¢ on which ecach direction is
equivalent to a 22 1/2 degree sector of
a 360 degree circle). For exampie, wind
directions would be N, NNE, NE, E ESE,
SE,SSE,S,SSW, SW, WSW, W, WNW,NW,
and NNW,

B. OPTION2 ]
1. General Procedures
HSC 41805.5 requires that air adjacent

See Option 1.

2. Wind vane with a range of O - 540degrecsandathresholdoflOOmﬂespcrhomor'
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Figure 5: Opton 2~
Scarce: South Cosst AQMD




to disposal sites be tested and analyzed for specified air contaminants. These guidelines

require that 24-hour and less than 24-hour ambient air sampling be conducted on three
different, not necessarily consecutive, days. '

2. Meteorological Survey

See Opdon 1.

3. Ambient Air Sampling

See Opton i, Subsection 3a, General Sampling Criteria.

a. At sites that experience different but predictable day and night wind flow patems, a
minimum of two 24-hour samplers and two less than 24-hour sampiers will be reguired. One
24-hour sampier will be placed both upwind and downwind of the site based on the
prevailing wind direction. The less than 24-hour sampler(s) located downwind of the
disposal site should- be placed at sites to sampie under the stable (drainage) wind
conditions identified in the metweorological survey. - The less than 24-hour sampier located
upwind of the disposal site should be placed nesr the upwind 24-hour sampler. The start
and stop times for the less than 24-hour sampiers will correspond to the stable (drainage)
conditions identified by analyzing the the hourly wind roses. The 24-hour samplers will
operate continuously for the specified 24 hours and the iess than 24-hour samplers will
only operate when the wind direction is coming across the disposal site to the downwind
sampler. * This will allow the downwind less than 24-hour sampier(s) to only collect air

that has passed, over the disposal site and the upwind less than 24-hour sampler to oniy
collect air that has not passed over the disposal site. :

b. At sites that experience a constant wind direction for 24 hours, a minimum of two 24-
hour samplers will be required. A 24-hour sampler will be place both upwind and downwind
of the site based on the prevailing wind direction so that the upwind sampier only
collects air that has not passed over the disposal site and the downwind sampler only
collects air that has passed over the disposal site. Additional 24 hour sampiers should
be placed at locations which will sample under the stable (drainage) wind conditions
identified in the meteorological survey. Since the wind direction does not change, these
24-hour samplers will act as directionally ' conwolled samplers as well as 24-hour
samplers. Comparison of the results from these samplers will provide information on

ambient air quality standards and the effects the disposal site has on the ambient air
quality.

4, Sampling Conditions
See Option 1.

5. Equipment Description
See Option 1.

6. Wind Data Reporting

See Option 1. '




C. OPTION 3

1. General Procedures

HSC 41805.5 requires that air adjacent to disposal sites be tested and analyzed for
specified air comtaminants. These guidelines require that 24-hour ambient air sampling be
conducted on three different, not necessarily consecutive, days. - |

2. Meteorological Survey

See Option 1.
3. Ambient Air Sampling

See Opdon 1, Subsection 3a, General
Sampling Criteria. -

a. t sites  that experience differsnt
day and night wind flow panems, a
minimum of three 24-hour sampiers will
be required. One 24-hour sampier will
be placed on both upwind and downwind of
the site based on the prevailing wind
direcdon. Additdonal 24 hour sampiers
will be located downwind of the disposal site
at sites which will sample under the
stable  (drainage) wind  conditions
_idendified in the meteorological survey.
In addidon, one 24-hour sampler will be
placed in the vacinity of the disposal site,
approximately ons mile away, so it will
not be affected by the disposal site
eroissions.  This 24-hour. sampler should
also be approximately one mile away from
‘other possible major emission sources so
that the sample it collects will
represent the background concentrations
for the area. This background sampler

whouid be located in the clear and away

Figure 6: Option 3

Sources South Coast AQMD

from surrounding obstuctions. Its inlet probe must be located berween six and nine feet
off the ground (breathing height) and a minimum of 60 feet from obstacles such as trees,

shrubbery, and buildings. Air flow around the inlet

probe must be unresmicted. = All of

the 24-hour samplers will operate continuously for the specified 24 hours, Comparison of
the results from the samplers will: provide information on the ambient air quality

standards.

b. At sites that experience a constant wind direction for 24 hours, a minimum of two 24-
hour samplers will be required. A 24-hour sampler will be placed both upwind and downwind




of the site based on the prevailing wind direction so that the upwind sampier only
collects air that has nor passed over the disposal site and the downwind sampier only
collects air that has passed over the disposal site. Additionai 24-hour samplers should
be placed at ‘locations which will sample under the stable (drainage) wind conditions
identfied in the metcorological survey. Since the wind direction does not change, these
24-hour samplers will act as less than 24-hour sampiers as well as 24-hour sampiers. _In
addition, one 24-hour sampler will be placed in the vicinity of the disposal site,
approximately one mile away, so it will not be effected by the disposal site emissions.
This 24-hour sampler should also be approximately one mile away from possible major
“emission sources so that the sample it collects will represent the background
concentrations for the area. This background sampier should be located in the clear and .
away from surrounding obstructions. Its inlet probe should be located berween six and
nine feet off the ground (breathing height) and a minimum of sixty feet from obstacies
such as tees, shrubbery and buildings. Air flow around the inlet probe should be

unrestricted.  All of the 24-hour sampiers will operate continuously for the specified 24
hours. :

4. Sampling Conditions

See Option 1.

5. Equipment Description

See Option 1.

6. Wind Data Reporting

See Option 1.

D. GENERIC ANALYTICAL METHODS

HSC 41805.5 directs the ARB to publish tesﬁng guidelines "specifying air contaminants to
be tested for and identifying acceprable testing, analytical and reporting mehtods. The
following generic analytical methods contain a brief description of the standard operaung

procedures (SOP) used by the ARB to sampie and analyze specific compounds. Specific SOPs
are contained in Attachment 2.

1. Method for Vinyl Chloride

Ambient samples are collected over a 24-hour period in a thirry liter Tedlar® bag using a
low-volurne sampier.

Samples are analyzed using chromatography with Flame Ionization or Photo [onization
Detection and preconcentration techniques. Resultant concentration peak is identified by
retention times and quantified by reference to calibration standards,

2. Method for Carbon Tetrachloride, Chloroform, Ethylene Dibromide, Ethylene Dichloride.
Methyt Chioroform, Methyicne Chloride, Perchioroethylene, and Trichloroethylene

Ambient samples are collected over a 24-hour period in a thirty liter Tedlar® bag using 2
low volume sampier.




Samples are analyzed using-gas chromatography with Elecron Capture Detection and
preconcentration techniques. Resultant copcenmation peaks are identfied by reteation
umes and quantified by references to calibration standards.
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. ATTACHMENT 1

SPECIFIED AIR CONTAMINANTS .
| Detection Limits, ppb
. COMPOUND Air Disposal site
Chloroethene (Vinyl Chloride) CHZ:CHCI 2 500
Benzene - . CH, 2 500
1,2-Dibromoethane (Ethylene Dibromide) BrCHZCHzBr 0.5 1
1,2-Dichloroethane (Ethylene Dichloride) ClCH'zCH:LCl | 0.2 ' 20
Dichloromethane (Methylene Chloride) CH,Cl, 1 60
Tetrachloroethene (Perchloroethyiene) CLC:CCl, 0.2 10
Tetrachloromethane (Carbon Tewrachloride) ~ CCl,  ~ 02 5
1,1,1-Trichloroethane (Methyl Chlorofomi) CH3CC13 - 0.5 10
“Trichloroethylene HCIC:CCY 0.6 10

Trichloromethﬁne (Chloroform) CHCla' 0.8 2




ATTACHMENT 2

The choice of analytical method is left up to the individual laboratory performing the
analysis. The methods provided in Anachment 2 are provided as examples of methods which
can be used to sample .and analyze for the specified air contaminamts identified in
Attachment 1. The methods are used by ARB laboratwries to quantify the compounds listed
at or below the detection limits specified in Anachment 1. Tabie 2-1 summarizes the
method detection limits achievable by these methods and the detection Limits to be
reported for these guidelines:

TABLE 2-1: METHOD DETECTION LIMITS

COMPOUND Guideline  Faagen St Acromesie Dua

: | ' ' Laboratory Division
Chloroethene (Vinyl Chloride) 2 ; 1
Benzene _ 2 0.5 0.5
1,2-Dibromoethane (Ethylene Dibromide) 0.5 . 0.01 0.005
1,2-Dichloroethane (Ethylene Dichloride) 02 0.2 0.1
Dichloromethane (Methylene Chloride) 1 ' 1 0.6
Temrachloroethene (Perchloroethylene) - 0.2 ' 0.004 0.01
Temachloromethane (Carbon Tetrachloride) 02~ 0,02 - -
1,1,1-Trichloroethane (Methyl Chloroform) 05 0.004 0.004
Trichloroethylene 0.6 0.005 0.02

Trichloromethane (Chloroform) 038 0.004 0.02
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APPENDIX VII

ARB MONITORING ANﬂ LABORATORY DIVISION'S METHOD
FOR CALCULATING THE LIMIT OF DETECTION




Quality Control Manual
february 9, 1989
Revision: Prglim. Oraft 4
Appr ovedH'ﬂF

Analytical Limits of Detection (LOD) must be calculated. The

LOD for each method must be caiculated by the following
equation (reference):

LOD = A « 35

vhere

A is the least squares intercept chlculated from the
multipoint data (section 4.1.2).

S is the standard deviation of replicate determinations of
the lowest standard. At least 3 replicates are required.

The lowest standard must be run at 1 to 5 times the estimated
detection limit. If data is not available in the

concentration range-near the detection limit, S may be
estimated by:

S=RSDx A

where RSD is the relative standard deviation of the lowest
standard analyzed.

The equation as listed above was obtained frém the Compendium of
Methods for the Determination of Toxic Organics in Ambient Air.
Research Triangle Park, North Carclina: U.S. Environmental

Protection Agency; 1984 April: Method T)1. Publication No. EPA-
600/4-84-041.

Note that the Laboratory Services Settion policy is to report all
analysis results above the analytical limits of detection.

However,
data errors may approach + 1007 at levels < 10 x LOD.- :

All analysis methods must be written in detail as a Standard
Operating Procedure to be used in the laboratory. Any subsequent
revisions or improvements are documented. The procedures are

reviewed yearly by laboratory management and the Quality Assurance
Section to insure that they are being followed properly.






