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CALIFORNIA ENVIRONMENTAL PROTECTION AGENCY

Office of Environmental Health Hazard Assessment
HAZARDOUS WASTE TOXICOLOGY SECTION

FACT SHEET

Addendum Health Risk Asessment,
B.K.K. Landfill, West Covina, California

This fact sheet summarizes the Office of Environmental
Health Hazard Assessment’s (OEHHA)

“Addendura Health Risk Assessment of Ambient Fugitive
Vinyl Chloride Emissions From the Class I Unit of the
B.K.K. Landfill, West Covina, California.”

The addendum report is an update of the 1990 interim
health risk assessment conducted by the Hazardous Waste
Toxicology Section (HWTS).

In 1981, vinyl chloride was found in ambient air in
residential neighborhoods adjacent to the B.K.K. Landfill.
This is of concern because vinyl chloride is a known
human carcinogen and is not normally detected in the
South Coast air basin.

Emissions of vinyl chioride are clearly associated with the
“lass [ Unit of the landfill. Wastes containing vinyl

iloride were deposited in the Class I Unit until June
1981. Emissions from the now closed Class | Unit are
due to vinyl chloride-containing wastes deposited in the
Unit and to the breaking down of other wastes containing
chlorinated hydrocarbons. The emissions have been
significantly reduced over time.

OEHHA's health risk assessment is possible because
there were monitoring data collected by a regulatory
agency, in residential neighborhoods aimost daily, for
nearly a decade.

The B.K.K. Landfill

In 1963 the B.K K. Landfill, opened on 130 acres in the
San Jose Hills in the City of West Covina. In 1971 the
B.K.K. Landfill expanded to its present size of 583 acres.
In 1972 40 acres of the landfill were permitted as a
hazardous waste (Class 1) unit. The Class I Unit was
expanded to 140 acres in 1975. In November 1984, the
B.K.K. Class I Unit stopped accepting hazardous waste
and in March 1989, was formally closed. The closing
process included an extensive landfill gas collection
system and the placing of a low-permeability soil cap
over 170 acres.

is cap covered the hazardous waste landfill and part of
«e adjacent Class III (solid waste) landfill. A separate
Class 11l waste area of the B.K.K. Landfill is stili
permitted and is currently accepting waste.

viii
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In 1985 the State of California committed to complete
three heaith studies of the B.KX.K. Landfill: a cancer study,
a reproductive outcomes study and a health risk
assessment. In 1990, the cancer study, an initial
pregnancy outcomes study and the interim health risk
assessment were completed. A more comprehensive
reproductive outcomes study is currently being prepared
by the Deparment of Health Services (DHS).

At the time the interim report was being released to the
public, the cancer potency of vinyl chloride was being
reevaluated and a more potent value was expected. This
would make the cancer risk estimated in the interim
report an underestimate. '

The final addendum report plus the interim report will
complete the health risk assessment of the BK.K.
Landfill promised to the residents by the State of
California.

Addendum Objective

The addendum report estimates the excess cancer risk
associated with exposures to vinyl chloride detected at
three monitoring stations located south-east and south of
the closed Class ] Unit of the B.K.K. Landfill.

Methodology

The addendum report uses the four components of a
health risk assessment: hazard identification, toxicity
assessment, exposure assessment, and risk
characterization.

Hazard Identification

Vinyl chloride is the chemical of primary concern.
Aithough other chemicals have been detected at the
monitoring stations, these chemicals are also found in the
South Coast air basin. It is not possible to tell how much
of these chemicals are from the B.K K. Landfill and how
much are from other sources in the area.

Toxicity Assessment

To estimate the ability of vinyl chloride to cause cancer,
OEHHA evaluated data from studies in humans, exposed
at factories that made r used vinyl chloride, and from
studies in Iaboratory animals (rats, mice, and hamsters).
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The cancer risk is estimated usin% the cancer potency
value for vinyl chloride, 20 x 10™ per part per billion
(ppb). The cancer potency is an estimate of the
probability of deveioping cancer as a result of daily
exposgure for 70 years to one ppb of a chemical in air.

Exposure Assessment

The vinyl chloride monitoring data were collected by the
South Coast Air Quality Management District
(SCAQMD) from June 1981 - March 1990, and by

the B.K.K. Corporation from September 1993 -
September 1994,

Station A was located at Marlena & Nogales Streets,
Station B at Lynn Court and Station MY at Myra Court.
These areas were exposed to the highest detected levels of
vinyl chloride. Although other residential areas near the
B.K.K. Landfill were exposed to emissions from the
landfill, the levels were not as high or as frequent.

Risk Characterization

Assumning that individuals lived near the monitoring
stations for 30 years (1980-2009; a “reasonable maximum
exposure scenario”), OEHHA estimates that there is an-
added 0.006 to 0.009 percent chance of developing cancer
as a result of exposure to emissions of vinyl chloride from
the closed Class | Unit of the B.K.K. Landfiil.

Addendum Findings

There are four findings of the addendum report:

1. For individuals who lived near the monitoring
stations during the 1980's, past exposures were
higher than current exposures. The majority of the
estimated excess cancer risk was incurred by 1983-
1984,

The landfill gas collection system and the clay cap
covering the closed Class | Unit have been
successful in lowering vinyl chloride emissions to
levels that pose little, if any, risk to nearby residents.

Regulatory agencies may want to include past
exposures of vinyl chloride near the monitoring
stations in subsequent health assessments of
emissions from the landfill to ensure future risks do
not add significantly to the past curnulative risk.

There is uncertainty associated with the assumptions
used in the addendum report. The actual excess
cancer risk is likely to be lower than these estimates
and may be zero. Because the number of people
who actually lived or are living near Stations A, B,
or MY is small, it is unlikely that excess cases of
cancer will occur. Each exposed individual may
have an increased risk of developing cancer,
however the added risk is small.

Questions and Answers

Q - What is the difference between the DHS Cancer
Study and the OEHHA Health Risk Assessments?

A - The cancer study investigated cases of diagnosed
cancers for the years 1972-82. The health risk
assessments estimate the theoretical probability. or risk,
of developing cancer.

Q - What is meant by “estimated excess lifetime cancer
risk"?

A - “Estimated excess lifetime cancer risk” is an estimate
of the risk for an individual above the background risk of
developing cancer during a 70-year lifetime. An
individual living in the United States has a 40 percent
(0.4) chance of developing cancer throughout a 70-year
lifetime. An individual living from 1980-2009 near
Station A, for example, may have an added 0.007 percent
chance of developing cancer as a result of emissions of
vinyl chloride from the closed class I Unit of the B.K.K.
Landfill. '

Q - Has there been an increase in diagnosed cases of
cancer since 1982?

A - No, the DHS Cancer Surveillance Section recently
reviewed the 1988-93 tumor incidence data for a one mile
area around the landfill. DHS’s review found no
indication of increased cancer incidence.

Copies of the final addendum report are available at the
following address.

Office of Environmental Health Hazard Assessment
Hazardous Waste Toxicology Section

601 North 7th Street, MS 241

P. O. Box 942732

Sacramento, California 94234-7320

(916) 324-2829

Copies of the cancer study, the pregnancy outcomes study
and the health risk assessments are available at the
West Covina, Walnut and La Puente libraries.
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EXECUTIVE SUMMARY

This report is prepared as an addendum to the interim report, “Health Risk Assessment of the
B.K.K. Landfill, West Covina, California. November 1990" (Department of Health Services-
Hazardous Waste Toxicology Section [DHS-HWTS], 1990), and presumes the reader is familiar
with the interim report. The format follows the four components of a health risk assessment:
hazard identification, toxicity assessment, exposure assessment, and risk characterization.
This report is an addendum because at the time the interim report was being released to the
public, the carcinogenic potency of vinyl chioride was being reevaluated, and a more potent
value was expected to be derived. The interim report stated that an addendum would be
prepared which would use the revised potency value and additional ambient vinyi chloride
monitoring data.

The objective of this addendum report is to quantitatively estimate the excess lifetime cancer
risk associated with exposures to vinyl chioride near residential monitoring Stations A, B,
and MY, located southeast and south of the closed Class | (hazardous waste) Unit of the
B.K.K. Landfill.

In May 1981, vinyi chloride was first detected in excess of the state’s ambient air quality
standard of ten parts per billion (10 ppb) at the landfill perimeter. The interim report and

this addendum report primarily focused on exposures to vinyl chloride because vinyi chioride
is @ known human carcinogen, and it is rarely detected in ambient air of the South Coast air
basin. Vinyl chioride has clearly been shown to be associated with the Class | Unit of the -
B.K.K. Landfill.

The health risk assessment, conducted by the Office of Environmental Health Hazard
Assessment (OEHHMA), is possible because emissions of vinyl chioride reaching the residential

community near the B.K K. Landfill have been quantitatively studied since June 1981. The
monitoring data were collected by a regulatory agency in residential neighborhoods aimost daily
for nearly a decade.

Other hazardous chemicals are known to be emitted from the Class | Unit of the B.K.K. Landfill.
However, no long-term monitoring of those compounds in air around the B.K.K. Landfill was
undertaken, and so evaluation of any exposure to those chemicals is difficult. Those chemicals
are also found in background air in the air basin, and it is not possibie, with the available data,
to distinguish between the amount of those chemicals emitted from the landfiil and the amount
found in ambient air from other sources.

A summary of the sections of this report is given below.

HAZARD IDENTIFICATION: The B.K.K. Landfill opened in 1963, Wastes were classified
in statute as “hazardous” and “nonhazardous” by the State of California in 1972. From
1972 until December 1984, the B.K.K. Landfill served as the primary commercial
hazardous waste disposal site for the Los Angeles area. The Class | (hazardous waste)
Unit of the landfill stopped accepting hazardous waste on November 30, 1984, and was
closed in 1989. The B.K.K. Corporation has been operating a municipal solid waste
landfill adjacent to the closed Class | Unit since 1987. Emissions of vinyl chioride from the
closed Class | Unit are due to biodegradation of buried wastes containing chiorinated
hydrocarbons and deposition of hazardous waste containing vinyl chloride. Other
hazardous chemicals detected in ambient air are discussed in this section and in the
exposure assessment section.
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TOXICITY ASSESSMENT: Information is presented about scientific advances in the
understanding of risks associated with exposure to vinyl chloride. Both epidemiologic
(occupational) and experimental animal data are reviewed and used in this assessment.
Viny! chloride is classified by both the United States Environmental Protection Agency
(USEPA) and the International Agency for Research on Cancer (IARC) as a known
human carcinogen. Occupational exposures and doses in experimental animals were in
parts per million (ppm). Residential exposures to vinyl chloride from the Class | Unit of the
B.K.K. Landfill have been in ppb. (It takes 1,000 ppb to make 1 ppm.) Studies in
experimental animals have shown evidence of greater sensitivity in the very young from
exposure to vinyl chloride. USEPA interprets the sensitive period seen in animals as
relating to children aged 0 to 5. Increased sensitivity from exposures at a young age is
discussed in this section and in the risk characterization section.

EXPOSURE ASSESSMENT: Three sets of ambient vinyl chioride monitoring data are
used in this addendum report: 1981-1982 data collected by South Coast Air Quality
Management District (SCAQMD), with a detection limit of 10 ppb; 1983-1990 data
collected by SCAQMD, with a detection limit of 2 ppb; and 1993-1994 data collected by
the B.K.K. Corporation, with a detection limit varying from 0.005 to 0.010 ppb. SCAQMD's
data were collected at three residential monitoring stations located southeast and south of
the Class | Unit: Station A, located on the corner of Marlena and Nogales Streets;

Station B, located on Lynn Court; and Station MY, located on Myra Court. B.K.K.
Corporation’s data were coilected at three locations in close proximity to the former
locations of Stations A, B, and MY. The 1981-1982 data were collected for 16 of the

24 months, the 1983-1990 data were collected almost daily, and the 1993-1994 data were
collected every 12 to 14 days. Data collected for less than a 12-month period were
assumed to be representative of a 12-month period. Photographs of the landfill
operations during the early 1980s show activities such as the changing working face of
the Class | Unit and the proximity of residential development. Seventy-two percent of the
total 3.4 million tons of hazardous waste accepted at the Class | Unit was liquid hazardous
waste, and approximately 85 percent of accepted fluids were disposed of at the working
face. Odor studies conducted between 1978 and 1981 show that the most number of
complaints came from residents on “M” and “L" named streets, located southeast and
south of the Class | Unit, respectively. Residential development near Station A was
completed in 1977; near Station MY, in 1979; and near Station B, in 1979. Data on other
hazardous chemicals detected at Station A in 1982 are discussed, as are data on the
same hazardous chemicals detected in the air basin in 1985. It is not possible, with the
available data, to distinguish concentrations of these other hazardous chemicals that are
due solely to emissions from the B.K.K. Landfill.

RISK CHARACTERIZATION: Assumptions regarding the ambient vinyl chloride
monitoring data used in the risk calculations are presented. Exposures are assumed to
have begun in 1980, since residential development in the area had been completed in |
1979. A reasonable maximum exposure scenario (30-years) and an average exposure
scenario (9-years) are calculated, rather than the worst-case scenario used in the interim
report. A “reasonable maximum exposure” is the maximum exposure that is reasonably
expected to occur, and is intended to be a conservative estimate, well above the average
yet within the range of possible exposures. The unit risk value for vinyl chloride used in
the calculations is the current California Environmental Protection Agency (Cal/EPA)
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value of 20 x 10-5 per ppb, rather than the value of 0.69 x 10 per ppb used in the interim
~  report. The unit risk is an upperbound estimate of the probability of developing cancer as
a result of daily exposure over 70 years to 1 ppb of a substance in air. The Cal/EPA unit
risk value was derived from a study in experimental animals (mice). Assuming the
reasonable maximum exposure scenario of 30 years with exposures beginning in 1980,
and assuming that individuals spend 80 percent of their time at home, the estimated
excess (above background) lifetime cancer risk for an individual near the monitoring
-stations is as follows: at Station A, 7 x 10°%; at Station B, 6 x 10°%; at Station MY, 9 x 10°%.
Assuming an average exposure scenario for a 9-year period beginning in 1981 (covering
the years of highest average annual concentrations) the estimated excess cancer risks
are: at Stations A, 7 x 10™; at Station B, 5 x 10™%; and at Station MY, 8 x 105. Excess
lifetime cancer risks using different assumptions for time spent at home, the average
annual concentration of vinyl chloride in 1980, the substituted value for samples with
nondetectabie concentrations in the 1981-1982 data, the exposure duration, and the unit
risk value are presented using Station A as an example. When values of 62, 76 or 96
percent time spent at home are assumed, estimates of excess cancer risk are between
5 and 8 x 10 at Station A. When the value of 5 ppb is substituted for the average annual
concentration in 1980 and for samples with nondetectable concentrations in the 1981-
1982 data at Station A, the estimate of excess cancer risk is 8 x 10°°; when the value of
0 ppb is substituted, the estimate of excess cancer risk is 6 x 10°. When a worst-case
exposure duration (70 years; 1980-2046) is assumed, there is no change in the risk
estimate at Station A. When unit risk values derived from studies in male workers
exposed to vinyl chloride are assumed, estimates of excess cancer risk are between
0.9 and 1 x 10™ at Station A. The population excess cancer burden (that is, the excess
number of cases of cancer that may occur in a defined population who all have the same
individual excess lifetime cancer risk) is not estimated because not all of the population
around the landfill were or are exposed to the concentrations of vinyl chloride detected at
Stations A, B, and MY, and it is not possible to obtain a reliable estimate of exposure to
other residential areas.

This addendum health risk assessment provides an assessment of past, present, and future
risks for individuals living near Stations A, B, and MY from exposures to ambient fugitive
emissions of viny] chloride associated with the closed Class | Unit of the B.K.K. Landfill. There
are four findings of this report:

1. From the available monitoring data, the single year of highest detected exposure to vinyl
chloride was 1981. The maximum detected concentration of vinyl chioride at Station A in
1981 was 50 ppb, compared to 0.16 ppb in 1994. The average annual concentration at
Station A in 1981 is estimated to have been 7.2 ppb, compared to an estimate of
0.05 ppb in 1994, For individuals who lived near Stations A, B, and MY during the
1980's, past exposures to vinyl chloride were higher than current exposures. The
cumulative individual excess lifetime cancer risk suggests that for exposures beginning in
1980, the majority of the cancer risk was incurred by 1983-1984, and that there is little
change (on the order of 15 to 22 percent) in the cumulative risk after 1986.
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The landfill gas collection system, which was expanded over time, and the cap covering
the closed Class | Unit have been successful in lowering the frequency and level of vinyi
chloride emissions to levels that pose little, if any, risk to nearby residents.

Regulatory agencies with responsibility for remediation or control of the B.K.K. Landfill
may want to include past exposures of vinyl chloride near Stations A, B, and MY in
subsequent health assessments of emissions from the landfill to ensure future risks do not
add significantly to the past cumulative risk.

In spite of using best available scientific knowledge, there is considerable uncertainty
associated with the estimated exposures, the carcinogenic potency value of vinyi chloride,
and young-age sensitivity methodology. The estimated excess cancer risks calculated in
this addendum report are upperbound estimates, based on the assumptions,
methodology, limitations and uncertainties specified. The actual excess cancer risk is
likely to be lower than these estimates and may be zero. Because the number of people
who actually lived or are living near Stations A, B, and MY is small, it is unlikely that
excess cases of cancer will occur. Each exposed individual may have an increased risk
of developing cancer, however, the added risk is small.
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INTRODUCTION

'?'his report is prepared as an addendum to the interim report, “Health Risk Assessment of the
B.K.K. Landfill, West Covina, California, November 1990" (DHS-HWTS, 1990), and presumes
the reader is familiar with the interim report. The format follows the four components of a heaith
risk assessment: hazard identification, toxicity assessment, exposure assessment, and risk
characterization.

This report is an addendum because at the time the interim report was being released to the
public, the carcinogenic potency of vinyl chioride was being reevaluated by DHS and the Air
Resources Board (ARB). The unit risk is a measure of carcinogenic potency and an
upperbound estimate of the probability of developing cancer as a resuit of daily exposure over
70 years to one ppb of a substance in air. It was expected that the reevaluation would indicate
vinyl chloride was more potent than previously thought, which would make the cancer risk
estimated in the interim report an underestimate and out-of-date. The interim report stated that
an addendum would be prepared which would use the revised unit risk value for vinyl chioride
and additional ambient vinyl chloride monitoring data. This addendum report is not required by
any state or federal statute, regulation, or agency. '

The onginal impetus for the health risk assessment of the Class | Unit of the B.K.K. Landfill
dates from 1985. At that time, DHS committed to undertake three health studies in response to
residents’ concerns about potential heaith hazards associated with living near the B.K.K.
Landfill. The health studies were: a cancer study, a health risk assessment, and a reproductive
outcomes study. A cancer study investigates cases of diagnosed cancers whereas a health
risk assessment estimates the theoretical probability (the “risk”) of developing cancer. This
addendum report plus the interim report complete the heaith risk assessment of the Class | Unit
of the B.K.K. Landfill in West Covina.

Objective, Methodology, and Scope of the Addendum Health Risk Assessment

The objective of this addendum report is to quantitatively estimate the “excess” lifetime cancer
risk associated with exposures to vinyl chioride at residential monitoring Stations A, B, and MY.
“Excess” refers to the risk above the background risk in the United States of developing cancer
during a 70-year lifetime. Within the United States, the probability of developing cancer is 4 in
10, or 40 percent (Miller ef al., 1993). This addendum report estimates risks above the
background level.

The methodology of this addendum report follows risk assessment guidelines set forth by
USEPA (USEPA, 1989a; 1989b; 1991a; 1991b; 1992a). These guidelines are used so that the
addendum report will be consistent with standard methodology, and so that its findings can be
compared to findings of other heaith risk assessments of the B.K.K. Landfill. Changes in
USEPA's recommended guidelines followed in this addendum report include the use of
reasonably maximum and average exposure scenarios, and use of half the detection limit for
samples with nondetectable concentrations. The interim report had used a worst-case
exposure scenario, and the value of the detection limit for samples with nondetectabie
concentrations. TABLE 1 highlights similarities and differences between the interim report and
this addendum report,
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TABLE 4

COMPARISON OF THE 1990 INTERIM AND 1996 ADDENDUM HEALTH RISK ASSESSMENT

OF THE CLASS | UNIT OF THE B.K.K. LANDFILL, WEST COVINA, CALIFORNIA

Section

1990 Interim Report

1996 Addendum Report

HAZARD IDENTIFICATION
e Chermcal of Primary Concem

« Other Chemicals Detected in Ambient Air

TOXICITY ASSESSMENT
s Unit Risk Vaiue

» Non-Cancer Health Effects

EXPOSURE ASSESSMENT
« Vinyl chloride monitonng dala
+ South Coast Air Qualily
Management District {(SCAQMD)

+ BKK Corporation

« Samples With Nondetected Concenlrations

e Exposure Scenanofs)

RisK CHARACTERIZATION
» Individual Excess Lifetime Cancer Risk

iZepll VIND

» Popuiation Excess Cutwerl Burden

Vinyl chloride

7 known or suspected human carcinogens.
vinyl chloride (known), benzene {known),
trichloroethylene, perchloroethylene, chlorolorm,
*1,1-dichloroelhylene, and 1,2-dichloroethane

0.69 x 10-5 per ppb

Estimaled using Chronic Reference Doses

1983 - 1987

Nol applicabile

Nondelecled concenlralions given a value
equal to the deteclion limit

Worsl-Case {70 years)

Eslimated at Station MY using 1987 ambient viny}
chloride monitoring data

Estimated at Station A using 1982 - 1987 ambienl vinyl
chloride monitoring dala

Estimated for the 1982 Expanded Monitoring Prcgram
{ambient air)

Estimated for the 1984 Extended Monitoring Program
(indoor air) ’

Estimated using lhe Air Resources Board model of 1987
vinyl chloride data

Estimated for the population within 1 mile of the landfill
{40,000 people)

Vinyl chloride

6 known or suspected human carcinogens: vinyl chloride
{known), benzene (known), trichloroethylene,
perchloroethylene, chioroform and
1,2-dichloroethane

20 x 10-5 per ppb
Not applicable

June 1981 - December 1982
January 1983 - March 1990

Seplember 1993 - September 1994
Nondelecled concentrations given a value
equal 1o 1/2 the detection limit

Reasonably Maximally Exposed (30 years)
Average Exposed Individual (9 years)

Estimated al Slations A, B and MY using SCAQMD and
BKK monitoring data (1881 - 1994)

. Discussed in Exposure Assessmenl section

Updated risk calculation in Appendix G

Modeling program discussed in Appendix F

Mot applicable

* 1, 1-dichloroelhylene is no longer classified as a suspecled human carcinogen by the Califorma Enwironmental Protection Agency.
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Yypically, risk assessments required by regulatory agencies estimate current and future risk
\o{nly. The methodology builds in overestimation of exposures to prevent underestimation of
potential risks. Mitigation measures can then reduce current and future exposures if risk
estimates are not acceptable. USEPA guidance for Superfund sites notes that “exposure
assessments may consider past, present, and future exposures. Current and past scenarios
should be based on actual exposure conditions, future scenarios on potential exposure
conditions. Typically, Superfund risk assessments focus on current and future exposures, but
past exposures may be important for selected sites” (USEPA, 1989b). The guidance
recommends the Agency for Toxic Substances and Disease Registry (ATSDR) take the iead in
evaluating current health effects from past exposures. ATSDR, created in 1980, is the federal
agency authorized to conduct public health assessments at sites subject to the Resource
Conservation and Recovery Act (RCRA). ATSDR defines a public health assessment as “an
evaluation of environmental contamination data, community health concems, and health
outcome data” (ATSDR, 1994). Of 69 public health assessments completed by ATSDR in
1994, approximately half were for sites with documented past exposure.

Th B.K.K. Landfili is not a Superfund site. Between 1980 and 1981, USEPA granted “interim
status” to the operation of the Class | Unit (see CH2M Hill, 1988). After subsurface landfill gas
migrated from the Class | Unit and triggered the emergency evacuation of 19 homes along the
southem border in July 1984, ATSDR evaluated the landfill (ATSDR, 1984). Because the
duration of exposure to subsurface landfill gas was determined not to have exceeded seven
‘years (the age of the affected homes), ATSDR conciuded that an epidemiologic study was not
indicated at that time, and DHS continued as the lead agency for heaith issues.

Of concemn regarding the B.K.K. Landfill are the following:

- Ambient air exposures are to vinyl chloride, a known human carcinogen; vinyl
chioride is one of the few chemicals for which there are both human data and
experimental animal studies, which indicate carcinogenic potential;

Vinyl chioride is clearly associated with the closed Class | Unit of the landfill;
wastes containing vinyl chioride were deposited in the Class | Unit until June 1981;

Vinyi chloride is without detectable background contribution in the South Coast
air basin.

OEHHA’s health risk assessment is possible because vinyl chioride was monitored in
residential neighborhoods (Stations A, B, and MY) aimost daily for nearly a decade by
SCAQMD. Monitoring in residential neighborhoods eliminates the uncertainty associated with
extrapolating from onsite to offsite locations. As technology advanced, the detection limit of .
vinyl chloride was lowered, and the data consistently met SCAQMD's intemal quality
control/quality assurance guidelines. .

The scope of this addendum report is more refined than was the scope of the interim report.
The refinement is due primarily to the iterative nature of risk assessments, and also to some
changes in recommended guidance. The interim report was based on the exposure
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characterization (CH2M Hill, 1988), and estimated excess cancer risk for individuals living within
a one-mile radius of the landfill, using data from four air monitoring programs (collected
‘between 1982-1987) and one air modeling program, and a 70-year (worst-case) exposure
scenario. Congruent with the iterative nature of risk assessments, this addendum report
focuses on exposures associated with detections of viny! chloride at Stations A, B, and MY
because these iocations, southeast and south of the closed Class | Unit of the B.K.K. Landfill,
have been identified as the most impacted residential neighborhoods, and long-term monitoring
data are available. Exposures occurred at other residential locations around the landfill.
However, detected concentrations of vinyl chloride at other residential locations around the
landfill were neither as high nor as frequent as detected concentrations at Stations A, B, and
MY, and long-term monitoring are not available for the other locations. This addendum report
assumes exposures at Stations A, B, and MY began in 1980 because residential development
near Stations A, B, and MY was completed in 1979. Long-term ambient vinyl chloride
monitoring began in June 1981.

Only ambient (outdoor) fugitive emissions of vinyl chloride from the closed Class | Unit are
evaluated in this addendum report. Complete characterization of the air pathway would also
include a consideration of indoor air, reflecting exposure, if any, through subsurface landfill gas
migration, and other effects that may make ambient and indoor concentrations differ.
Subsurface landfili gas, as indicated by methane, did migrate from the iandfill in 1984, and a
limited indoor air sampling program for volatile organic compounds was conducted in selected
homes. The limited indoor air sampling data is not included in the risk characterization of the
long-term ambient vinyl chloride monitoring data because the short-term nature of the indoor
monitoring is not compatible with the long-term monitoring. However, an updated risk estimate
and more information about the short-term exposure that occurred in 1984 is presented in
Appendix G. At this time, there is no evidence that subsurface landfill gas migration is a
problem for homes in close proximity to the landfill. However, the B.K.K. Corporation will
conduct a subsurface soil gas investigation under USEPA's RCRA Section 3008(h) Corrective
Action Order on Consent to determine if a potential could exist for migration of subsurface soil
gas even with of the landfill gas coliection system. Exposures to additional hazardous
chemicals were documented in the first health risk assessment of the B.K.K. Landfill (DHS-
ARB- SCAQMD, 1983). These data and other data are evaluated in this addendum report.

Previous Health Risk Assessments of the B.K.K. Landfill

The first health risk assessment of the B.K.K. Landfill was conducted as a tri-agency study by
DHS-ARB-SCAQMD and released in 1983 (DHS-ARB-SCAQMD, 1983). The study estimated
excess lifetime cancer risk associated with exposures to concentrations of seven chemicals
detected in ambient air at five locations around the landfill and one background location
between July 19 to October 15, 1982. Exposures were assumed to have begun in 1976, when
the county building inspector began to approve dwellings for occupancy near the iandfill
(DHS-ARB-SCAQMD 1983g. The excess cancer risk for the limited time period was estimated
to be approximately 5 x 10™.

The second health risk assessment conducted by the state was the interim health risk
assessment (DHS-HWTS, 1990). In 1985, DHS initiated three heaith studies in response to
residents’ concerns: a cancer study, a health risk assessment, and a reproductive outcomes
study. At a public meeting in December 1990, the cancer study, completed in two parts (Mack
and Thomas, 1985; Mack and Pinder, 1988), the interim heaith risk assessment, and an initial
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pregnancy outcomes study (Rust et al., 1988) were released. A fact sheet summarizing the
findings of the two-part cancer study and the interim heaith risk assessment was made
available for residents (DHS-EETB, 1990). A copy of the fact sheet is contained in Appendix B.
The two-part cancer study investigated cases of cancer diagnosed in residents who lived near
the fandfill between January 1972 through December 1982, The two-part study found no
overall increase in the cancer rate among residents in the 11 census tracts studied, and no
consistent pattern of occurrence to suggest that the B.K.K. Landfill was linked to individual
types of cancer. Limitations of the study were explained in the fact sheet (see Appendix B).
The interim health risk assessment estimated the theoretical probability of developing cancer
for residents living near the landfill from exposure primarily to vinyl chioride in ambient air
through 1987. The risk was estimated to be approximately 1 to 2 x 10°. The study of
pregnancy outcomes in the 1978-1984 birth cohorts found elevated rates for some pregnancy
outcomes (very low birth weight [less than 1,500 grams) and neonatal mortality [death in the
first 28 days of life]). The findings of the pregnancy outcomes study stimulated a more
comprehensive investigation by DHS, and that study is currently in the process of being
completed.

The B.K.K. Corporation has completed three health risk assessments of the landfill, and is in
the process of conducting one under the directive of the USEPA. The first two were prepared in
1986 as declarations filed in Superior Court of the County of Los Angeles on behalf of the
B.K.K. Corporation. Those assessments recalculated the excess cancer risk associated with
the seven chemicals detected in the 1983 tri-agency report, for the exposure period 1978-1985.
In one report (Crump, 1986), the risk was estimated to be 0.25 x 10 (maximum likelihood
estimate) and 1.1 x 10° (upper 95 percent confidence limit estimate): in the other report (Bogen
and Smith, 1986), the risk was estimated to be 1.7 x 10" (‘best" [S0th percentile] estimate
using a Monte Carlo analysis). A copy of each assessment was attached as appendices to the
interim report. The third health risk assessment, prepared by ENVIRON Corporation in 1991 in
fulfillment of the Air Toxics "Hot Spots” Information and Assessment Act (AB 2588) of 1987, is
being reviewed by SCAQMD (ENVIRON Corporation, 1991). The “AB 2588" risk assessment is
a regulatory risk assessment, which means that its purpose was to estimate current and future
risks associated with the landfill (California Air Pollution Control QOfficers Association [CAPCOQA)],
1891). As per the Health and Safety Code Section 44361, OEHHA-AIr Toxicology and
Epidemiology Section (ATES) reviewed the AB 2588 risk assessment and submitted its
comments to SCAQMD (OEHHA, 1993). The current health risk assessment required by
USEPA will address evaluations of all environmental media: groundwater, soils, air and if
possible, surface water. Evaluation of the air medium will include ambient air and subsurface
soil gas pathways. The ambient air pathway will include a one-year sampling program of

19 volatile organic compounds, including vinyl chloride, at onsite and offsite locations

(B.K.K. Corporation et al,, 1994).

Organizational Changes in the Department of Health Services Since the 1990 Interim
Report

in July 1991, Governor Wilson created Cal/EPA. HWTS, which prepared the interim report,
was moved from DHS to Cal/EPA. The Health Hazard Assessment Division of DHS became
OEHHA. This addendum health risk assessment is prepared by OEHHA-HWTS.

The Environmental Epidemiology and Toxicology Branch (EETB) of DHS is now the
Environmental Health Investigations Branch (EHIB), in the Division of Environmental and
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Occupational Disease Control (DEODC) of DHS. EHIB is completing the more comprehensive
reproductive outcomes study.

Appendices to the Addendum Health Risk Assessment

Appendices to this report contain the foliowing: Appendix C, updated toxicity tables from the
1990 interim report; Appendix D, statistical evaluation of the 1983-1980 ambient viny! chloride
monitoring data coliected by SCAQMD; Appendix E, 1980 population census tract data for the
vicinity of the landfill, Appendix F, an air dispersion modei of the 1883-1990 ambient vinyi
chloride monitoring data; Appendix G, updated risk estimates for the 1984 indoor air monitoring
program evaluated in the interim report; Appendix H, a copy of a letter from DHS-Cancer
Surveillance Section regarding review of recent tumor incidence data; Appendix |, a copy of the
notice of release of the draft addendum report; and Appendix ./, OEHHA's response to
comments on the draft addendum report.

FIGURE 1 and FIGURE 2. from the interim report, show the location of the B.K.K. Landfill and
the closed Class | Unit, respectively.
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FIGURE 1

FIGURE 1

(Environmental Solutions. Inec

.

FIGURE 1.1 ‘
LOCATION MAP
EXK LANDFILL FACILITY
ENVIRONMENTAL SOLUTIONS, INC.

Source: Enviromsental Solutions, Inc., Figure 1.1,
Plan, Back I, Subsurface:

"EKX Landfill Site Assessment and Mitigation Work
Site Chazacteritation,” Mygreh 15, 1988, p. 1+2.
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FIGURE 2
(Environmental Solutions, Inc )
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HAZARD [DENTIFICATION

“Rhis section provides information about vinyl chioride disposal in the Class | Unit, vinyl chioride
emissions from the Class | Unit. other hazardous ¢hemicails detected in ambient air around the
landfill, and regulatory agencies involved with the landfill,

Vinyl Chloride in the Class | Unit

While other chemicals are known to be emitted from the B.K.K. Landfill, vinyl chioride is the
chemical of concern because it is a known human carcinogen and has clearly been shown to
be associated with the landfill. Rarely detected in ambient air in the South Coast air basin, viny!
chioride was monitored almost daily by SCAQMD at residential locations south of the landfill
between June 1881 and March 1990.

Emissions of vinyl chloride from the landfill are presumed to be due to two processes:
biodegradation of buried wastes containing chiorinated hydrocarbons, and deposition of
hazardous waste containing viny! chloride in the Class | Unit. The landfill opened in 1963,
approved by the City of West Covina and the Los Angeles Regional Water Quality Control
Board (RWQCB). In 1972, the State passed the Hazardous Waste Control Act. The Act
required wastes to be classified as "hazardous" or "nonhazardous.” From 1972 until
November 30, 1984, the B.K.K. Landfill served as the primary commercial hazardous waste
disposal site for the Los Angeles area. Records of hazardous waste disposal at the landfill
date from 1975 (CH2M Hill, 1988).

An estimate of the total amount of waste containing vinyl chloride deposited at the landfill has
not been identified. Four facilities in the South Coast air basin handled vinyl chloride, and all
four disposed of waste containing vinyl chloride in the Class | Unit at the B.K.K. Landfill (ARB,
1982a). Opening years of operations for the facilities were: Keysor-Century in Saugus, 1958;
Stauffer Chemical in Carson, 1959 (closed in 1982); B.F. Goodrich Company in Carson, 1960
(closed in 1985); and Union Carbide in Torrance, 1972. Stauffer Chemical produced vinyl
chloride until 1982 (ARB Part A, 1890; SCAQMD, 1983). Stauffer Chemical sent wastes from
its ethylene dichloride and vinyl chioride operations to the Class | Unit from at least 1975 to
mid-1981; in 1979, Stauffer disposed of approximately 50 tons of waste containing

vinyl chloride and larger amounts of waste containing other halogenated compounds

(ARB, 1983). Waste from its ethylene dichloride plant contained on the average 45 percent
ethylene dichloride and 30 percent 1,1,2-trichloroethane (ARB, 1982b). These two chemicals
can biodegrade to vinyl chioride (Vogel et al., 1987).

Seventy-two percent (72%) of the total 3.4 million tons of hazardous wastes deposited in the
Class | Unit between 1975 and 1984 was liquid hazardous waste (CH2M Hill, 1988). Liquids
were disposed of at the working face, buried in drums, or injected into a total of 96 boreholes
drilled into buried waste. Injection well (borehole) records identify truckloads of ethylene
dichloride waste deposited in 1975, 1978, and 1978 (CH2M Hill, 1988). Approximately

85 percent of accepted fluids were disposed of at the working face and 10 percent in the
boreholes (The Janes Network, 1994),
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FIGURE 3 is a graphic presentation of the tons of hazardous waste deposited annually in the
Class | Unit between January 1975, when records became available, and November 30, 1984,
when the unit stopped accepting hazardous waste. Explanations for the dips in the figure are
as follows:

- The dip in the figure for 1981 is attributed to the prohibition in June of waste
containing vinyl chloride following the detection at the facility perimeter of vinyl
chlonde above the California ambient air quality standard of 10 ppb;

- The decline in 1984 is attributed to regulatory restrictions on the disposal of liquid
wastes, and to the halting of hazardous waste disposal (except for asbestos) on
November 30, 1984,

Vinyl Chloride Emissions From the Class | Unit

The landfill gas coliection system i1s one of the ongoing site activities which has reduced the
frequency and level of vinyl chloride emissions over time. Gas collection wells and a pilot gas
burner and venting system were initially installed at the B.K.K. Landfill in 1975 (CH2M Hill,
1988). In 1980, the system consisted of 15 wells and 2 gas flares. An accelerated gas control
program was started in July 1984 after subsurface landfill gas migration triggered evacuation of
19 homes along the southern border of the landfill (see Appendix G). By 1985 the landfill gas
collection system included approximately 100 vertical gas extraction wells, 150 penimeter gas
control welis, 198 perimeter gas monitoring probes, 4 horizontal gas well systems, and 2 flare
stations with a total of 8 gas flares. As of 1994, the system consists of approximately 2,053
vertical gas extraction wells, 317 horizontal gas extraction wells, 170 penmeter gas monitoring
probes, and the 2 flare stations with a total of 10 flares. Some of the wells and probes are
located on the Class Il (nonhazardous) portion of the landfill. The Integrated Waste
Management Board (IWMB) and SCAQMD monitor the landfill gas collection system.

Maintenance of the cap on the closed Class | Unit is another factor in controlling fugitive
emissions of vinyl chioride from the landfill. In 1992, B.K.K. Corporation and the Department of
Toxic Substances Control (DTSC) reached a settiement agreement for violations of state
hazardous waste laws and regulations found during a 1990 inspection (Cal/EPA, 1992). Failure
to properly maintain the cap, designed to prevent rainwater from leaking in and landfill gas from
escaping out, constituted one of the violations. On June 28 and 29, 1994, a multi-agency team
consisting of 17 representatives from USEPA, DTSC, SCAQMD, IWMB, and the Local
Enforcement Agency (LEA, City of West Covina) inspected the closed Class | Unit in response
to the LEA's concerns about continuous detections of vinyl chioride in ambient air. Grid
sampling on the surface of the closed Class | Unit over the two days found a total of

15 samples with readings of total hydrocarbons in excess of the instantaneous total
hydrocarbon imit of 500 ppm (SCAQMD, 1994b). The total hydrocarbon limit was established
under SCAQMD's “District Rule 1150.1,” adopted in 1985 for the purpose of reducing gaseous
emissions from active landfills (SCAQMD, 1985). SCAQMD issued two Notices to Comply to
the B.K.K. Landfill for the elevated surface emissions; reinspection by SCAQMD two weeks
later found the surface emissions in compliance. Although the B.K.K. Corporation has been
working toward improving the vegetative and clay cover of the closed Class | Unit, conclusions
of the muiti-agency inspection inciuded a recommendation for routine and consistent
maintenance activities (USEPA, 1994a).
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FIGURE 3

TONS OF HAZARDOUS WASTE DEPOSITED IN B.K.K. LANDFILL
WEST COVINA, CALIFORNIA
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Figure derived from Table 1.4 “BKK Landfill Site Assessment and Mitigation Work Plan, Book |, Subsurface:
@ Characterization,” Environmental Solutions, Inc., March 15, 1988, pgs. 1-22 and 1-23.
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Ambient air monitoring at the perimeter of the landfill for concentrations of total organic
compounds and any toxic air contaminant (such as vinyl chioride) in the landfill gas control
system was also required under SCAQMD's Rule 1150.1. Semiannual monitoring was required
of the B.K.K. Corporation. Based on the Rule 1150.1 monitoring, the B.K.K. Corporation
published a Proposition 65 Warning for detections of vinyl chloride along the southern perimeter
of the landfill on August 29, 1993, in the San Gabriel/ Valley Tribune (B.K.K. Corporation,
1983b). (Proposition 65 is California legislation [Health and Safety Code Section 25249.5

et seq.] regarding exposures and discharges of known carcinogens and reproductive toxicants.
For carcinogens, Proposition 65 requires a warning for exposures in excess of an individual
estimated cancer risk of 1 x 10”°, For vinyl chioride, the 1 x 107 risk level of 3 micrograms per
day under Proposition 65 regulations [California Code of Regulations, Title 22, Section 12705]
equates to a concentration in air of 0.05 ppb.) In September 1993, the B.K.K. Corporation
began a voluntary ambient air sampling program to collect data that would be used to refine the
Proposition 65 warning (B.K.K. Corporation, 1993c). B.K.K. Corporation’'s Proposition 65
monitoring program evolved to include additional perimeter stations, dilution (residential)
stations, and collocated (duplicate) stations, and increased the frequency of monitoring to every
12 to 14 days. The B.K. K. Corporation also sought to lower the detection limit for vinyl chioride
(B.K.K. Corporation, 1993a). Since 1883, the B.K.K. Corporation reports achieving a detection
limit varying from 0.005 to 0.010 ppb. USEPA has stated that the analytical procedure appears
to be acceptable to USEPA for the purposes of ambient air monitoring at the B.K.K. Landfill
(USEPA, 1994e). SCAQMD reviewed the modified protocol for vinyl chioride analysis and
found it acceptable (SCAQMD, 1994a). . :

USEPA also required control of emissions of vinyl chloride from the closed Class | Unit.
Beginning in October 1993, USEPA required the B.K.K. Corporation to develop a Response
Action Plan (RAP) which would implement actions within 30 days to reduce vinyl chloride
emissions whenever ambient air sampling results showed detections of vinyl chloride equal to
or greater than 0.5 ppb (USEPA, 1994f). Response actions included sealing cracks in the cap
of the closed Class | Unit, and pumping liquids from gas collection welis.

Other Hazardous Chemicals Detected in Ambient Air

The earliest ambient air monitoring data of the B.K.K. Landfill is contained in the 1980 report,
“Second Interim Report, Investigation of Odorous and Volatile Compounds for BKK Class |
Landfill Site in the City of West Covina,” prepared by the University of Southern California
(USC) for the B.K.K. Corporation. Vinyl chloride was not among the more than 20 compounds
analyzed; benzene and chloroform were identified as the carcinogens of concern (USC, 1980).
The data were collected during active, open-face hazardous waste disposal. They were
reviewed by CH2M Hill in the exposure characterization report and found to have limitations
and uncertainties in laboratory analytical accuracy and quality assurance which preciuded their
use as a primary data set to assess human exposure (CH2M Hill, 1988).

The 1982 ambient air program conducted by the three agencies (DHS-ARB-SCAQMD, 1983)
was designed to monitor nine compounds known or suspected to be human carcinogens. In
addition to vinyl chionde, the following chemicals were monitored: benzene (also a known
human carcinogen), chlorobenzene, trichloromethane (chioroform), 1,1-dichioroethene
(vinylidene chloride), trans-1,2-dichloroethene, trichloroethene, perchioroethene, and
1,2-cdichioroethane (ethylene dichlonde). Trans-1,2-dichloroethene and chiorobenzene were
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not detected. Vinylidene chloride is no longer considered a carcinogen by Cal/EPA (Standards
- and Criteria Work Group [SCWG], 1994).

The carcinogens detected in 1982 have been detected in landfill gas at the inlets to the landfill
flares. Data from flare emissions and source tests were reviewed by CH2M Hill in the exposure
characterization (CH2M Hill, 1988). Flare emissions data were determined to be inadequate for
use in exposure assessment because of lack of replicate sampling, split sampling, and
simultaneous ambient air sampling. The source tests data were found to be inadequate
because of limited sampling time (3-hour tests), which may not reflect a full 24-hour period.

The carcinogens detected at Station A in 1982 are among 12 selected volatile organic
compounds monitored by ARB and/or SCAQMD in the air toxics monitoring program, begun in
1985 (SCAQMD, 1987). The air toxics monitoring program provides information on background
levels for the selected compounds in the Los Angeles air basin. Data from ARB's El Monte
Station were included in the interim report because the El Monte Station appeared to be more
representative of ambient air conditions around the B.K.K. Landfill. However, vinyl chloride and
1,2-dichloroethane were not monitored at the El Monte Station. Monitoring in 1985 at
SCAQMD’s Azusa Station, located approximately 3.5 miles to the north/northwest of the B.K.K.
Landfill, included the six carcinogens also detected at Station A in 1982. These two data sets
are discussed in the exposure assessment section of this addendum report.

In December 1994, the B.K.K. Corporation began a one-year ambient air monitoring program

- for 19 volatile organic compounds at onsite and offsite locations around the facility. These data
are being reviewed by USEPA for the risk assessment it is requiring the B.K.K. Corporation to
conduct,

Regulatory Agencies Involved With the B.K.K. Landfill

Regulatory agencies involved with activities of the landfill are: the USEPA, for corrective
actions at the entire 583-acre facility; DTSC, for the closed 170-acre Ciass | Unit; SCAQMD, for
control of gaseous emissions from the facility; RWQCB, for discharges from the facility affecting
groundwater or surface water; IWMB and the City of West Covina, for solid waste issues at the
facility. ARB provides technical support to the agencies, as needed.

CMA 114332
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TOXICITY ASSESSMENT

This section explains the toxicity values used in the nisk characterization, and adds information
on how increased knowledge has lead to changes in the assessment of the carcinogenicity of
vinyl chlonde.

Toxicity Values

Toxicity values are numerical expressions of a chemical's dose-response relationship, that is,
the amount of a chemical (dose) that induces an effect (response). Toxicity values are
developed for noncarcinogenic and carcinogenic effects.

Reference doses (RfDs) are used when exposure occurs by the ingestion route, Since the
1990 interim report, USEPA developed reference concentrations (RfCs) for exposures by the
inhalation route. Both RfDs and RfCs are used as measures of a chemical's noncarcinogenic
toxicity. RfDs and RfCs are not expressed as probabilities or risks but rather as threshoids
below which it is unlikely that even sensitive populatlons will experience adverse health effects
from exposure to a specific chemical.

A slope factor 1s the upperbound estimate of the probability of a response per unit intake of a
chemical over a lifetime, expressed in the units “(milligrams per kilogram per day [mg/kg-d])™".”
The untt risk is the probability of a response per unit concentration of a substance in the
medium where human contact occurs. Both the slope factor and the unit risk are measures of a
chemical’'s carcinogenic activity. For ambient air exposures, the unit risk is an estimate of the
probability of developing cancer as a result of daily exposure over 70 years to 1 ppb of a
substance in air. The unit risk is expressed as “(ppb)”".”

Updated toxicity information for carcinogens detected in environmental media around the landfill
is contained in Appendix C.

History of the Assessment of Vinyl Chloride Toxicity

Understanding of adverse health effects associated with exposure to vinyl chloride, and the
"dose" necessary to induce the effects, has advanced over the years. Vinyl chloride is one of
the few chemicals for which there are both epidemiologic studies and experimental animal data.
The following chronology is presented to show the change over time of awareness about acute
effects, chronic effects, carcinogenic effects, and developmental/reproductive effects.

Vinyl chloride, a synthetic organic chemical, is a gas at ambient temperature and pressure, with
a density twice that of air. First prepared in 1833, commercial preparation of vinyl chloride in
the United States began in 1939 (United States Department of Labor (USDOL), 1974). The
primary use of vinyl chioride is in the production of polyvinyl chloride (PVC). The industry is
divided into three segments: monomer production, polymer production, and fabrication.
Production of the monomer is a large-scale continuous process, involving only a faw firms.
Conversion to the polymer or copolymer is an incomplete batch process in which not all of the
monomer is reacted (Barnes, 1976). Until 1974, high exposures to workers occurred during
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evacuation of the residual monomer gas, and during cleaning of the polymerization tank walls.
Current regulatory standards and manufacturing processes substantially reduce or eliminate
worker exposure to vinyl chloride. Little exposure occurred in the fabrication segment of the
industry, where the finished PVC product is made by extrusion, injection molding, and
calendering processes.

Initially, vinyl chloride was regarded as a material of low human toxicity. In the 1830s. its use
as a surgical anesthetic was considered, with narcotic properties being seen at levels around
8.000,000-10,000,000 ppb. However, its high flammability, and the cardiac and circulatory
disturbances noted in animals and humans, precluded its use in surgical anesthesia

(Patty, 1987).

Acute, narcotic effects from exposure to vinyl chloride were the initial toxic end points of
concern. The first occupationally associated deaths attributed to vinyl chloride were reported in
the literature in 1960 (Danziger, 1960). The deaths were attributed to inhalation of vinyl
chloride, presumably at levels above 10,000.000 ppb.

In 1961, an indication of a chronic hazard was observed primarily in workers who cleaned
polymerization tank vessels. They experienced a wide range of symptoms which became
known as "vinyl chioride disease" and included: Raynaud's phenomzcnon (fingers blanch and
experience numbness and discomfort upon exposure to cold), acro-osteolysis (resorption of the
terminal bones of the fingers and/or toes), joint and muscle pain, enhanced collagen deposition
(the major protein of the white fibers of connective tissue, cartilage, and bone), stiffness of the
hands, and scleroderma-like skin changes (thickening of the skin with adhesions to underlying
tissue). These symptoms were observed at exposure levels below 50,000 ppb. Studies in the
1980s identified a role of the immune system in workers with vinyl chionde disease, and
determined that susceptibility to vinyl chloride disease was increased in the presence of specific
genes; the immunologic effects of vinyl chloride were observed in mice exposed to 10,000 ppb
(ATSDR, 1993). No case of vinyl chlorde disease has been reported since 1974

(ATSDR, 1990).

In 1974, three employees from one PVC manufacturing company in the United States were
identified as having died from a rare type of liver cancer, angiosarcoma of the liver (Creech and
Johnson, 1974; Falk ef al., 1974). A fact-finding investigation by the Occupational Safety and
Health Administration (OSHA) uncovered adaitional deaths due to angiosarcoma of the liver
among workers in three similar companies. Between 1961 and 1977, 23 cases of liver
angiosarcoma were reported among approximately 20,000 vinyl chloride workers in the

United States (ARB Part B, 1990).

Studies were undertaken woridwide (Sweden, England, italy, Japan, Germany, Canada,
Norway, France, and Russia) to assess mortality among workers exposed to vinyl chloride. By
1985, at least 17 epidemiologic studies relating vinyl chloride exposure to the incidence of
various cancers had been completed. Most of the studies were a retrospective cohort design in
which cases were identified 15 to 29 years after first exposure. Since monitoring of vinyl
chloride was not routinely conducted before 1975, exposure concentrations were estimated
based on job classification and length of employment. A worldwide registry of histologically
confirmed cases of liver angiosarcoma resuiting from exposure to vinyl chioride identified

120 cases between 1974 to 1986, of which at least 44 percent (53/120) were employed as
polymerization tank wall cleaners (ATSDR, 1990). The worldwide registry, although incomplete,
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tabulates information about cases known to have occurred in men xposed to vinyl chloride that
. pave been reported by individual manufacturing companies, trade associations, and
occupational heaith organizations in Europe, North America, and Japan (Forman et al., 1985).

Studies in the 1980s examined additional types of cancer and noncancer effects. “Other
cancers that have shown a statisticaily significant increase in mortality among vinyl chioride
workers, in at least some studies, included cancer of the brain and central nervous system, the
lung and respiratory tract, and the lymphatic/hematopoietic system” (ATSDR, 1993).

The earliest expenmental animal study on the carcinogenicity of vinyl chioride was reported in
1871 in a study of rats exposed by inhalation (Viola et al., 1971). Subsequent studies have
shown that “vinyl chioride is carcinogenic in mice, rats, and hamsters when given orally and by
inhalation. Vinyi chioride has been found to cause tumors in a dose-related manner at several
sites, including liver, lung and mammary gland. The oncogenic response appears to be a
function of the site, vinyl chloride concentration, tumor type, species of animal, and route of
administration” (ARB Part B, 1990). In the liver, different types of tumors (liver angiosarcoma,
hepatoceliular carcinoma) have been seen following inhalation exposures. Hepatoceliular
carcinomas were observed only in rats, and the incidence of this tumor was significantly
elevated when exposures started early in life (Maltoni et al., 1981; Drew et al., 1983; Cogliano
and Parker, 1992). Hepatocellular carcinoma was induced in one study when exposures were
begun at eight months of age (Drew et al., 1983). A study in newborn and adult rats on the
effect of age on induction of pre-neopiastic hepatic lesions showed a well defined period -
restricted to the early lifetime of the animals (approximately day 7 to 21) during which the liver is
most sensitive to carcinogenic effects of vinyl chioride (Laib et al., 1985a; 1985b).

Cancer is considered to be a multistage process wherein a healthy cell is transformed into a
malignant one by a series of somatic mutations. The mechanisms by which vinyl chioride
exerts its carcinogenic effects have been elucidated from studies in both cultured cells

and experimental animals; vinyl chioride is metabolized to 2-chloroethylene oxide, which binds
covalently to deoxyribonucleic acid (DNA) causing mutations (ATSDR, 1993; ARB Part B,
1990). Mathematical models derived from the multistage theary of carcinogenesis assist in
estimating which stages in the process of tumor development are affected by a particular
chemical. Effects on an early stage suggest the chemical "initiates” the cancer process (that is,
that the chemical causes the initial event), while effects on a late stage suggest the chemical
"promotes" tumor development. Both the epidemiologic (occupational) and experimental
animal data indicate that viny! chloride affects an early stage of carcinogenesis. Epidemiologic
studies have found that workers exposed to vinyl chioride before age 25 (Wong et al., 1991)
and between the ages of 25 and 34 (Chen and Blancato, 1989; Pirastu et al.,, 1990) had a
higher risk of liver cancer death than workers exposed after age 35. In animal studies, "across
all the species and endpoints examined, the evidence consistently suggests that vinyl chloride
primarily affects the initial stage in tumor development,” and to a lesser degree, contributes to
late-stage tumor progression (Brown and Hoel, 1986).

Exposure to vinyl chioride in the workplace environment was not controlied by any regulatory
program during the 1940s and early 1950s. The first recommendations for an occupational
exposure limit in the United States were issued in 1955 at a level of 500,000 ppb (Wu et al.,
1989). Concern about the narcotic effects of vinyl chioride and the risk of developing acro-
osteolysis caused reduction in exposure limits in England in the 1960s (Forman et al., 1985).
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One estimate of typical exposures to vinyl chloride monomer among the more highly exposed
workers at polymerization plants is: 1,000,000 ppb prior to 1955; from 300,000 to 500,000 ppb
during 1955 through 1970; and from 100,000 to 200,000 ppb during 1970 to 1974 (Wu et al.,
1989). In 1974, OSHA promulgated a 1,000 ppb occupational standard (USDOL, 1574).

In the late 197Qs, several studies were undertaken to determine whether there were any cases
of liver angiosarcoma in residential neighborhoods adjacent to vinyl chloride production or
polymerization facilities prior to occupational controls (Doll, 1988): a study in Sweden and the
former Yugoslavia found none; a study in Great Britain found 1 over a 12-year penod but
exposure was not attributed to the facility because the individual lived near the plant for only

6 years; a study in New York found 4 cases over an 18-year period in people who lived within
1 mile of fabrication plants or a polymerization plant. The cases in New York were diagnosed
between 1958 and 1975, and occurred after 15 or more years of residence, suggesting an
association with the facilities (Brady ef al., 1977). Doll notes that "This disease [angiosarcoma
of the liver] is normaily so rare that, in the absence of specific exposure to one of the known
causes (vinyl chlonde, thorium dioxide, and arsenic in pesticides and medicines), the annual
incidence is on the order of 1-2 x 10-7. in these circumstances the discovery of even one case
in @ man living close to a factory in which vinyl chioride was used in the days before exposure
was tightly controlled, may be regarded as presumptive evidence of the effect of environmental
poliution.” It is reported that concentrations of vinyl chloride within one kilometer of plants
handling viny! chloride in 1975 were on the order of 10 to 40 ppb, which is one-ten thousandth
of the estimated concentration that caused the observed occupational incidence (Doll, 1988;
Baxter et al., 1977).

“Epidemiological studies of families of vinyl chioride workers or communities having vinyl
chloride processing facilities suggested the possibility of an increased incidence of birth defects
and spontaneous abortions among people at nsk; however, subsequent reviews of these
studies have concluded that there is inadequate evidence to link environmental or paternal
exposure to vinyl chloride with birth defects or spontaneous abortions in humans” (ARB Part B,
1990). “Vinyl chioride crosses the placenta of experimental animals. Some data indicates it
may act as a transplacental carcinogen” (ARB Part B, 1990). Studies in experimental animais
have shown developmental toxicity consisting of decreased litter size and fetal weight, delayed
ossification, and dilated ureters; however, these effects occurred at leveis which also produced
maternal toxicity, so it is not clear if the effects on the fetus are due to maternal toxicity or to
vinyl chloride (ATSDR, 1993),

Reproductive effects reported in male workers exposed to vinyl chioride are decreased sexual
function (androgen levels) and libido; exposure levels were not given and concomitant exposure
to other chemicals could not be ruled out in those studies (ATSDR, 1993). A study by Bi et al.
of male rats exposed by inhalation to vinyl chioride found a statistically significant increase in
damage of testicular seminiferous tubules at concentrations of 100,000 ppb; decreased
testicular- and increased liver-to-body weight ratios at 100,000 ppb; and no observed adverse
effects at 10,000 ppb (Bi et a/., 1985). USEPA, DTSC, and OEHHA developed an action level’
of 25 ppb for indoor air exposures to vinyl chloride near QOperating Industries, Inc., a Superfund
site in southern California, based on no observed adverse effects in rats at 10,000 ppb (Hiatt
et al., 1993). ATSDR developed a minimum risk level (MRL) of 2 ppb for inhalation exposures
of 15 to 364 days duration. based on the increased liver-to-body-weight ratio in rats

(ATSDR, 1983).

Vinyl chlonde has been identified as a mutagen in bacteria, yeast, and animal systems.
Workers exposed to less than 15,000 ppb, however, did not show higher levels of chromosome
breaks or aberrations than those in the control group (ARB Part B, 1990).
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New Unit Risk Value and Proposition 65

OEHHA-ATES reviewed epidemiologic (occupational) studies and animal cancer bioassays for
the purpose of developing a unit risk value for ARB as required by the Toxic Air Contaminant
Program (Heaith and Safety Code Section 39650 et seq.). The unit risk was derived using

the linearized multistage model (described in detail in ARB Part B, 1990). TABLE 2 lists the
95 percent upper confidence limits (UCLs) range of cancer risk estimates for vinyl chloride
derived by OEHHA-ATES. Three values are shaded:

- The high end of the range estimate; the theoretical, upperbound individual (human)
excess lifetime cancer risk of 20 x 10°° per ppb, based on studies in female mice that
developed lung carcinoma;

The low end of the range estimate; the theoretical, upperbound, individual (human)
excess lifetime cancer risk of 2.5 x 10°° per ppb, based on studies in male workers
who developed liver cancer only (liver angiosarcoma and primary liver cancer); and

The middie of the range estimate; the theoretlcal upperbound, individual (human)
excess lifetime cancer risk of 4.5 x 10°° per ppb, based on combined studies in male
workers who developed liver, brain, or lung cancers.

A unit risk based only on human studies would range between 2.5 x 107 per ppb, for liver
cancer only (liver angiosarcoma and primary liver cancer), and 4.5 x 10°° per ppb, for liver,
brain, and lung cancers combined.

OEHHA-ATES stated the “Evaluation of animal tumorigenicity data indicates that vinyl chloride’s
carcinogenic potency is dependent on sex, tumor site, and age of exposure. Taking all these
factors into account, staff conclude that the best estimate to use in order to assure the public
health is the top of the range of the animal UCLs of risk, 20 x 10-5 (ppb)™* (ARB Part B, 1990).

By using default conversion factors (that is, assuming an individual weighs 70 kilograms and
breathes 20 cubic meters of air a day) and assuming daily lifetime exposure, the unit risk is
equivalent to a slope factor of 0.27 (mg/kg-day)-!. Low dose extrapolation models other than
the linearized multistage model would likely produce lower or higher estimates of cancer
potency, depending on the assumptions used in the model (that is, a sublinear mode! would
yield a lower estimate of cancer potency and a supralinear model would yield a higher
estimate). Preference for use of the linearized multistage model in estimating the potency of
vinyl chloride is consistent with the generally recognized mechanism of action by which vinyl
chloride exerts its carcinogenic effects.

In December 1990, ARB adopted the unit nsk value for vinyl chloride recommended by
OEHHA-ATES, and identified vinyl chloride as a toxic air contaminant.

In 1992, OEHHA established 3 micrograms per day (ug/day) as the no significant risk level
(NSRL) for vinyl chloride under Proposition 65. Proposition 65 is California legislation regarding
exposures and discharges of known carcinogens and reproductive toxicants. For carcinogens,
Proposition 65 requures a warning for exposures in excess of an individual estimated lifetime
cancer risk of 1 x 10°°. The NSRL represents a daily intake level over a 70-year lifetime that is
calculated to result in a risk of 1 x 10-3. The NSRL of 3 pg/day was derived from the unit risk
value adopted by ARB, and equates to an ambient air level of 0.05 ppb vinyl chioride.
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TABLE 2
(Office of Environmental Health Hazard Assessment
Air Toxicology and Epidemiology Section)

RANK ORDERING OF ESTIMATES OF HUMAN RISK BY CATEGORY

Rank Experiment Strain®/Species, Sex Tumor Individuals? Unit Risk®
ppb™!
i SDrew ¢ - swimotise; female .- -~ - ¢ lungearcinoma - - L 0 0 & L F 2280 Tt 20wt -
2 BT-9,159 sdirat, female liver angiosarcoma 380 18.X10°%
3 Bi wifrat, male liver angiosarcoma 78 13x10°9
4 Drew fifrat, female liver angiosarcoma 353 8.4x105
5 BT-9,15 sdirat, male liver angiosarcoma 298 6.5x1073
6 BT-12 - sdiat,female  lverangiosarcoma 313 49305
3 A Warweller -+ & 2 57 oofingnas, onle s . - - ¢ ﬁver-t-tsrain«-lung EEE B 0 AMS . P % 4 &10‘5
] Bi wi/ral, male lung angiosarcbma 78 45x10°5
9 Drew fifrat, female hepatocellular carcinoma 353 4.4x10°9
10 Drew filrat, female mammary 354 4.2x10°5
11 BT-1.2 sdirat, lemale mammary 394 37x10°%
120 3 - Wasweider ;< - odhuman male - T - 0 e o0 o 2 F 0 o b v s w4204 7 S0 i gE

sw - CDI Swiss, sd - Sprague-Dawiey, wi - Wistar, fi - Fischer, oc - occupational cohort.

Number of all individuals entered in the analysis, exposed and unexposed. .

¢. Calculaled as an upper confidence limil with units (mgfkg-d'1) and converted to units of concentration (ppb“) using default conversion factors. The unit risk is an estimate of
the probability of being diagnosed with cancer as a result of daily exposure over 70 years to 1 uglm3 of a subsiance in air.

d: BT - Malioni's Bentivoglio {Bologna, Italy) project on long-term carcinogenicity bioassays of vinyl chloride.

o

Source: California Air Resources Board, "Technical Support Document, Part B, Proposed Identification of Vinyl Chicride as a Toxic Air Contaminant,” October 1990, Stationary
Source Division, Sacramento, California, pages 8-11.
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"Sensitivity to Vinyl Chloride From Exposures at a Young Age

In 1989, V.J. Cogliano of USEPA described in a memorandum a new assessment of the cancer
risk from vinyl chloride (USEPA, 1992b). Cogliano identified a public health concern for
young-age exposures based on a sensitive period seen in rats exposed by inhalation to vinyl
chioride (Maltoni et al., 1981; Drew et al., 1983; Laib et al., 1985a, 1985b). The studies in rats
showed that the carcinogenic effects from exposure to vinyl chloride depend on both age at
initial exposure and duration of exposure, and therefore, suggest that children may face higher
risks than adults for exposures of a given duration. USEPA interprets the sensitive period seen
in rats as relating to children aged 0-5. The incremental cancer risk from breathing vinyl
chloride throughout this age range may be equal and in addition to the cancer risk from
breathing vinyl chloride throughout adulthood. This means that, for a given air concentration of
vinyl chloride, an individual exposed during the first six years of life (age 0-5) incurs the full
conventional (70-year) lifetime of risk, and an individual exposed from birth for 70 years incurs
double the conventional lifetime risk. Short-term exposures for adults over 30, however, carry
less than the conventional lifetime risk, according to USEPA's interpretation of the experimental
animal data. TABLE 3 shows USEPA's estimates of risk for initial 6-year (age 0-5) and
subsequent 4-year (age 6-9, etc.) apportioned lifetime exposures to vinyi chloride. The nsk
values in TABLE 3 are based on USEF’A's slope factor for vinyl chloride of 0.29 (mg/kg-d)™,
which equates to a unit risk of 23 x 10°° per ppb. (Note that the USEPA slope factor is
almost identical to the Cal/EPA slope factor of 0.27 [mg/kg-d]’ )

USEPA's 1991 interim guidance for Superfund includes a brief note on Cogliano’s method of
assessing apportioned lifetime exposures to vinyl chloride in the discussion of toxicity values for
short-term exposures (USEPA, 1991a). In 1992, Cogliano published his interpretations of the
experimental animal data for vinyl chloride (Cogliano and Parker, 1992). The report concludes
that vinyl chloride provides an example of a chemical for which both toxicologic and
pharmacokinetic evidence exists to override the default assumption of an equal risk over a
lifetime under all age exposure conditions. In the 1994 edition of its Health Effects Assessment
Summary Tables (HEAST), USEPA emphasizes that the slope factor and unit risk values for
vinyl chioride do not reflect state-of-the-art science for viny! chloride (USEPA, 1994b; 1994c),
indicating that they do not reflect sensitivity to vinyl chioride from exposures at a young age, as
identified by Cogliano.

In 1993, USEPA, DTSC, and OEHHA co-authored a presentation which applied this young-age
sensitivity methodology to action levels for relocation criteria at Operating Industries, Inc., a
Superfund site in southern California (Hiatt et al., 1994).

There is good evidence that experimental animais are more sensitive to developing cancer as
adults when exposed to vinyl chloride at a young age, compared to those exposed only as
adults. However, the assessment methodology used by USEPA is relatively new and has not
been fully evaluated or accepted for use in this type of health risk assessment. As mentioned,
the unit risk value developed by OEHHA (20 x 10°° per ppb) accounts for age specific
sensitivity, and is used in this addendum report.
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TABLE 3
(United States Environmental Protection Agency)

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY’'S ESTIMATES OF RISK FOR APPORTIONED
LIFETIME EXPOSURES TO VINYL CHLORIDE AT VARIOUS CONCENTRATIONS

Estimated Excess Lifetime Cancer Risk to Humans From a 4 Year Exposure:

Apportioned Lifetime Risk

Age* 1 ppm 100 ppb 10 ppb 1 ppb 0.1 ppb 0.2 ppb
Qto5 23E1  23E-2 2.3E-3 2.3E-4 2.3E-5 46 E-5
6to9 58 E-2 5.8E-3 58E-4 58E-5 58E-6 1.2E-5

10t0 13 46 E-2 46 E-3 4.6 E-4 46 E-5 46 E-6 9.3E6
1410 17 3.5E-2 3.5E-3 3.5E-4 3.5E-5 3.5E-6 7.0E-6
18 to 21 23 E-2 2.3E-3 23E4 23E-5 23E-6 46 E-6

* Age range during 4 year exposure period,

Source: United States Environmental Protection Agency (USEPA), “Cancer Risk Estimates for Vinyl Chioride.”
Memorandum dated September 28, 1992 from Jim Cogliano, Chief, Carcinogen Assessment Statistics and
Epidemiology Branch, Office of Health and Environmental Assessment, Washington, D.C., to Arnold Den, Science
Advisor, Region IX, San Francisco, California, with September 26, 1989 memorandum attached.

Risk estimates are based on USEPA's cancer slope factor for vinyl chioride of 0.29 (mg/kg-d)-1.
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EXPOSURE ASSESSMENT

-

x

This section reviews the types, frequency, magnitude, and duration of residential exposures to
vinyl chioride from the B.K.K. Landfill based on ambient vinyi chioride monitoring data,
activities at the landfill, and odor complaints from residents around the landfill. In this section,
the ambient vinyl chioride monitoring data are divided into four periods: 1981-1982 data,
1983-1990 data, combined 1981-1990 data, and 1993-1994 data. The data collected during
the decade of the 1980s are displayed several ways (tables, line graphs, combined graphs,
frequency graphs) in order to view exposures from different perspectives. Exposures to other
hazardous chemicals detected in ambient air are also evaluated in this section.

Ambient Vinyl Chloride Monitoring Data
1981-1982 Data

In October 1980, odor complaints from residents living near the landfill prompted SCAQMD to
monitor for organic compounds in the vicinity of the facility; in May 1981, vinyl chloride was
detected above the ambient air quality standard of 10 ppb (DHS-ARB-SCAQMD, 1983). In
June 1981, SCAQMD began monitoring at six locations. TABLE 4 shows the number of days
the ambient air quality standard was exceeded at each of the six locations, the maximum
concentration detected at each of the six locations, and the number of valid sample days per
month (SCAQMD, 1982a). Twenty-four hour integrated bag samples were collected and
analyzed by gas chromatograph-flame ionization with a detection limit of 10 ppb (SCAQMD,
1982b; 10 ppb is equivalent to 0.01 ppm). Residence 1 became Station A, located at the
intersection of Mariena and Nogales Streets, 450 feet southeast of the landfill property line.
Residence 2 became Station B, located on Lynn Court, immediately adjacent to the southern
property line. FIGURE 4, from the interim report, shows the locations of Stations A, B, and MY.

Monitoring continued at Stations A and B in 1982. The detection limit for vinyl chioride was
lowered from 10 ppb to 2 ppb during the 90-day monitoring program conducted by the
agencies, DHS-ARB-SCAQMD. The 1981-1982 data were reviewed in the exposure
characterization report and deemed not to be useful for exposure assessment because of the
detection limit of 10 ppb (CH2M Hill, 1988). They were not included in the interim report
because of the change in the detection limit during the monitoring period.

However, this addendum report spans long-term monitoring data in which the detection limit for
vinyl chloride continues to be lowered as technology advances. Detections at or above the
detection limits are assumed to be real detections in each monitoring period.

Average annual concentrations in this addendum report are calculated using the arithmetic .
mean, rather than the geometric mean used in the interim report. USEPA considers “the
arithmetic mean is appropriate regardiess of the pattern of daily exposures over time or the type
of statistical distribution that might best describe the sampling data. The geometric mean of a
set of sampling results, however, bears no logical connection to the cumulative intake that

CMA 114342




TABLE 4
{South Coast Air Quality Management District)

1981 VINYL CHLORIDE CONCENTRATION, PPM AT BKK VICINITY

LOCATION MONTHS DAYSa MAXb DAYS OF ]
VALID
DATA
Suburban Water May 1
Company 163 June 26
July 30
Aug 29
SeptC 3

Suburban Water June | 21

Company 164 July 30
Aug 29
Sept 3

Residence 1 June .03 25
July .03 30
Aug .03 29
Sept .01 22
Oct .04 30
Nov .02 24
Dec .02 29

. Residence 2 June 14 05 25
July 9 .02 30
Aug 12 .02 29
Sept 9 03 22
Oct 12 .03 30
Nov 11 .03 24
Dec 7 .02 29

Residence 3 June 3 .01 25
July 0 <.01 5

Residence 4 July 3 .01 25
Aug 9 .02 29
Sept 0 <01 . 3

a) Days - Number of days exceeding state standard, VC = .01 ppm, 24-hour average.
b) Max - Single highest daily average in ppm.
c) Samphing was discontinued on Sept. 3, 1981 at all locations except at Residence 1 and 2.

Source: South Coast Air Quality Management District, “Vinyl Chloride in the South Coast Air Basin, May 1982,

El Monte, California, p. 18.

Note: PPM = Parts per million; 1 ppm = 1,000 parts per billion {ppb}; 0.05 ppm = 50 ppb.

See TABLE 5 for monthly and annual average concentrations of vinyl chloride. Residence 1 = Station A; Residence
2 = Station B.
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FIGURE 4
T (CH2M Hill)

LOCATION OF SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT'S
AMBIENT VINYL CHLORIDE MONITORING STATIONS A, B, AND MY

[ FIGURE 7: Air Monitoring Programs, BKK Landifiil, West Covina, CA (Based on CH2MHIIl Fig. 5-21 and Plate 15) ]

et e L " ‘ém'“!‘,'w'"m", mﬂ-
SAN BERNANDING ;““Ay . ® SCAQOMD AMBIENT AIR MONTTORING PROCIRAM

@ Long-Tarm Samphing Lrcwions (»1 Year)
Mediwrn. Term Samplng Locwi

© Shont-Term Sempling L {<2 Month

4 1981 EXPANDED MONITORING PROGRAM
(A,B.D,E.Fl and F2)

L Y

Y @ 1984 EXTENDED MONTTORING PROGRAM
‘. W Priority 1 liowses (Evacuatad) & Conmol Howe
M § Priovity Il Houses (Bvacwaind)
O Pronty 1t Houses (Non-avecusied)

FOMONA FREEWAY

-
-
-

”
S

-
b}
Ll e 14

A \ “\ - ......':. w SATHEANY PERANTRR
el oo

Enisrged View of 1984 Extended Monitoring Progrem

Source: CH2M Hill, “BKK Landfill Exposure Characterization Report, West Covina, Califormia,” August 15, 1988,
Volume [, p. 5-165 (Figure 5.21) and Volume i, Plate 15,

CMA 114344

-25.




would result from long-term contact with the site contaminants, and it may differ appreciably
from - and be much lower than - the arithmetic mean” (USEPA, 1992a). Caiculating average
annual concentrations when a certain portion of the data are below the detection limit requires
exchanging samples with nondetectable concentrations for a value. USEPA recommends
substituting half the detection limit for samples with nondetectable concentrations (USEPA,
1988b). When more than half the data are samples with nondetectable concentrations,
assigned values may result in biased or imprecise estimates (MHornung and Reed, 1990). There
IS uncertainty associated with the substituted value since nondetected congentrations could
range from zero to just below the detection limit. The “true” ievel cannot be known.

TABLE 5 supplements the information in TABLE 4 by providing monthly and annual arithmetic
average concentrations of vinyl chioride at Stations A and B during 1981-1982. The data were
collected for 16 of the 24 months. SCAQMD's detection limit between June 1981 through
September 1982 was 10 ppb, and between October through December 1982, 2 ppb. Results of
the data collected between October 16 and December 31, 1982, were reported in terms of the
ambient air quality standard (10 ppb) rather than the detection limit (2 ppb). Consequently, the
number of samples with nondetectable concentrations in this portion of the data are likely over-
reported.

Approximately 80 percent of the data in 1981 and 80 percent of the data in 1982 were sampies
with nondetectable concentrations. Substituting a value of half the detection limit (that is, a
value of 5 ppb) for samples with nondetectable concentrations in this data set may resuit in
estimated average concentrations that artificially reflect the detection limit. When a value of

1 ppb (half the detection limit for the 1983-1990 data) is substituted in the 1981-1982 data, the
estimated average annual concentrations for 1982 are more consistent with the 1983 average
annual concentrations. This suggests that 1 ppb is a more reasonable substitution vaiue for the
1981-1982 data. This assumption may underestimate exposures since some sampies may
have had concentrations of vinyl chionde below 10 ppb but above 2 ppb. In the 1983 data, the
percent of samples with nondetectable concentrations at the detection limit of 2 ppb decreased
to 53-56 percent. The average values in TABLE 5 were calculated using 1 ppb for sampies
with nondetectable concentrations.

FIGURE 5 shows the percent of days during 1981 and 1982 when vinyl chioride was detected
above the ambient air quality standard of 10 ppb at Station A or B (ARB, 1983). :
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TABLE S

1981.1982 AVERAGE VINYL CHLORIDE CONCENTRATIONS IN AMBIENT AIR (ppb)
BKK LANDFILL, WEST COVINA, CALIFORNIA

1981 1982

Station A January - 2.0
(Residence 1) February - 25
March - 2.5

April - -

May - -

June 10.5 -

July 44 8.1

August 70 49

September 7.0 3.2

October 8.2 31

November 9.2 1.7

December 4.1 2.8

Annuai Average . 7.2 3.4

Station B January - 3.3
(Residence 2) February - 31
March - 34

Apni - -

May - -

June 75 -

July 47 1.0

August 5.0 2.2

September 31 19

October 6.9 35

November 8.4 2.1

Decembaer 6.6 50

Annual Average 6.0 28

Source: Letter regarding South Coast Air Quality Management District’'s continuous sampling and analysis project for
vinyl chionde monomer. Letter dated April 9, 1982 from Edward Camarena, Director of Enforcement, Headquarters,
South Coast Air Quality Management Distnct, El Monte, to Mr. Joseph Pantalone, California Air Resources Board,
Research Division, Sacramento, California.

A value of 1 ppb was substituted for sampies with nondetectable concentrations. Détecﬂqn ijmits: 6/81-9/82, 10 ppb;
10/82-12/92, 2 ppb.
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FIGURE 5
{Air Resources Board)

1981-1982 AMBIENT CONCENTRATIONS OF VINYL CHLORIDE
NEAR BKK LANDFILL

e
§§' 709 ~70
r

25 g 60 - 60

it

o2 g . o0 —50

£ ¢Q ‘at station A or B

- o o 40 ~ 40

E s U

2] et 7

- & 8304 - 30

° £ 3 st ctaston 3 or ¢ ¥

£ %0 ‘ 20

3]

g \; 10 - alr dam «:mmm«vmd._‘l at station C, D, E, or F L'10

0 I N U S S S S e e ey my s sy 0
d§ 4 A S O N D J FM A MUJI J A S O
1831 1982
) RCV (12/82)

Source: Air Resources Board, Figure 1 of “Developments in the BKK Landfill Situation,” Memorandum dated
January 12, 1983 from James J. Morgester, Chief. Snforcement Division to James Boyd, Executive Officer. Taken
from BKK Landfilt files, Stationary Source Division, 3acramento, California.
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1983-1990 Data
SCAQMD continued almost daily ambient air monitoring for vinyl chioride at residential
Stations A and B with a detection limit of 2 ppb beginning in January 1983. On June 27, 1984,
SCAQMD established Station MY, located on Myra Court, 150 feet southeast of the B.K K.
Landfill property line (FIGURE 4).

SCAQMD continued monitoring for vinyl chioride at these three residential stations through
March 1990. The detection limit for vinyl chioride changed during that period as follows:
between 1983 through 1987, the detection limit was 2 ppb; from January 1988 through
September 1989, 1.4 ppb; and between October 1989 through March 1990, 2 ppb. Although
SCAQMD's laboratory could achieve a lower detection limit in 1988, the time to process the
analysis increased. SCAQMD considered the advantage of a quicker processing time
outweighed the small increment in sensitivity, and so returned to using the 2 ppb detection limit.
The three residential monitoring stations were dismantled after March 1990 because viny!
chloride was not detected at or above 2 ppb at any of the three stations for two consecutive
months.

Beginning in 1987, the frequency of samples with nondetectable concentrations was more than
50 percent at all 3 stations. Substituting the value of half the detection limits for samples with
nondetectable concentrations beginning in 1987 may overestimate the average annual
concentrations.

TABLE 6 presents the average annual and maximum concentrations of vinyl chloride detected
at Stations A, B, and MY between January 1983 through March 1990. Average annual
concentrations (‘means”) were calculated using three different values for samples with
nondetectable concentrations: mean 1 assumed one-half the detection limits; mean 2 assumed
zero ppb; mean 3 assumed the detection limits. Although Station MY operated for only the last
6 months of 1984, data collected at Station MY between August through December 1984 show
153 days of vinyl chloride monitoring, for which the average concentration was 5.43 ppb.

FIGURE 6 displays the average annual concentrations of vinyl chloride detected at Stations A,
B, and MY between January 1983 and March 1990. FIGURE 7 displays on a monthly basis the
frequency of viny! chloride detected at or above 2 ppb at Stations A, B, and MY.

Appendix D contains a statistical evaluation of SCAQMD's 1983-1990 ambient vinyl chioride
monitoring data.
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TABLE 6
{Ogden Environmental and Energy Services Co., inc.)

1983-1990
AVERAGE ANNUAL VINYL CHLORIDE CONCENTRATIONS (PPB)
NEAR BKK LANDFILL

Monitoring Station A Monitoring Station B Monitoring Station MY
Max Mean 1 Mean 2 Mean 3 Max Mean 1 Mean 2 Mean 3 Max. Mean 1 Mean 2 Mean 3
Value Value Value

1981 190 284 2.32 3.37 16 0 2.98 2.42 354 - - - -
1984 21.0 4.17 3.76 457 230 383 356 430 - - - -
1985 16 0 345 302 387 150 229 1.74 2.84 200 536 5.07 566
1886 11.0 192 126 2.58 8.0 1.33 049 218 14.0 302 257 346
1987 70 167 0.94 240 9.0 1.16 025 207 150 260 2.04 315
1988 74 1.30 0.77 1.83 9.4 076 . 0.08 1.44 15.0 248 210 287
1989 24 079 0.03 1.56 24 078 0.01 156 36 0.92 on 162
1980(a) 10* 1.00* 0.00 2.00 1.0* 100" 000 200 22 1.04 0.07 2.01

Means 1, 2, and 3 calculated with the following assumptions regarding below deteciable vinyl chloride measurements:

Mean 1 - assume one-half deteclion limit
Mean 2 - assume zero ppb.
Mean 3 - assume deteclion limit.

For moniloring periods 1983-1987 and 1990, reporied instrument detection limil was 2 0 ppb.
For January 1988 through Seplember 1988, detection limit was 1 4 ppb.
{a) Data collected only m January, February, and March during 1990.

* All nondetecls {asterisks not in original report}

Source: “Tabie 4-3, Air Quality Modeling for the BKK Landfitl Air Toxic Exposure Study,” Ogden Environmenlal and Energy Services Co., Inc., November 1992,
San Diego, California , pg. 32. Derived from South Coast Air Quality Management District’s daily ambient vinyt chioride monitoring data, January 1983 through
March 1980.

Although Station MY operaled for only the last 6 months of 1984, dala collected at Stabon MY between August and December 1984 show 153 days of vinyl chloride
monitoring, with an average concentration of 5.43 ppb. ’
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FIGURE 6

" a 1983-1990 AVERAGE ANNUAL VINYL CHLORIDE CONCENTRATIONS (PPB)
NEAR BKK LANDFILL, WEST COVINA, CALIFORNIA

Parts Per Billion

1983 1984 1985 1986 1987 1988 1989 1990
Year

Source: Figure denved from Table 6 of this draft addendum report *1983-1990 Average Annual Vinyl Chioride Concentrations (ppb)
Near BKK Landfill." The source for Table 6 was "Air Quality Modeiing for the BKK Landfill Air Toxic Exposure Study,” Ogden
Environmental and Energy Service Co., Inc.. November 1992, San Diego. Califormia.

The shght increase in 1990 reflects the fact that 1 ppb was substituted for nondetects in the data. and data was only collected in
Jr~ -ary, February, and March of 1980,

Nuuetected concentrations were given the value of half the detection limit. Detection limit: 1983-1987, 2 ppb;
January 1988-September 1989, 1.4 ppb; October 1989-March 1990, 2 ppb.
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FIGURE 7

FREQUENCY OF VINYL CHLORIDE DETECTED AT OR ABOVE 2 PPB, 1983-1990
BKK LANDFILL, WEST COVINA, CALIFORNIA
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Combined 1981-1990 Data

-~

TABLE 7 shows the number of samples with nondetectable concentrations per number of days
sampied at Stations A, B, and MY for SCAQMD's combined 1981-1990 ambient vinyl chioride
monttoring data.

FIGURE 8 displays the frequency of vinyl chioride detected at or above the ambient air quality
standard of 10 ppb at Stations A and B between 1981 through 1989. FIGURE 9 shows on a
monthly basis the maximum measured vinyl chloride concentrations detected at Stations A, B,
and MY between 1983 and 1990. The last year in which detections of vinyl chioride at or above
10 ppb occurred at each station are as follows:

- at Station A, in 1986, once in January (10 ppb) and once in February (11 ppb);

- at Station B, once in May 1985 (15 ppb);

- at Station MY, nine days in 1988. (See aiso next data group for one detection above
10 ppb in June 1991.)

Control measures at the landfill were effective in reducing viny! chioride emissions over time.
By 1989, vinyl chloride was detected at or above the detection limit of 2 ppb only 31 times at
Station MY, 4 times at Station A, and once at Station B. During the first three months of 1980,
vinyl chioride was only detected three times at or above 2 ppb; all three detections occurred at
Station MY and in January.
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TABLE 7

NUMBER OF SAMPLES WITH NONDETECTABLE VINYL CHLORIDE CONCENTRATIONS PER TOTAL NUMBER OF DAYS SAMPLED
1981-1980 SCAGMD AMBIENT VINYL CHLORIDE MONITORING DATA
BKK LANDFILL, WEST COVINA, CALIFORNIA ’

Station A Station B Station MY

# Non- # Days Percent # Non- # Days Percent # Non- # Days Percent

delects Sampled % detecls Sampled % detects Sampled %
1981 116 191 60 125 191 65 - - -
1982 181 225 80 185 224 83 - - -
1983 134 254 53 142 252 56 . - - -
1984 123 303 41 113 04 . 7 - - -
1985 137 321 43 160 289 55 80 307 29
1986 222 337 66 284 338 84 152 344 44
1987 246 338 73 305 335 N 191 345 55
1988 240 317 76 316 327 96 180 329 55
1989 345 349 99 325 326 99 12 344 g1
1990 88 88 100 8t 81 100 85 88 97

SCAQMD = South Coasl Air Quality Managemeni District
Detection Limits = 6/81-8/82, 10 ppb; 10/82-12/87, 2 ppb; 1/88 - 9/89, 1.4 pph; 10/88 - 3/90, 2 ppb




FIGURE 8
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FIGURE 8

MAXIMUM MEASURED VINYL CHLORIDE LEVEL EACH MONTH, 1983-1990
BKK LANDFILL, WEST COVINA, CALIFORNIA
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1993-1994 Data

Between 1990, when SCAQMD discontinued the almost daily ambient monitoring for vinyl chioride at
residential locations, and 1993, when the B.K.K. Corporation began the Proposition 65 ambient vinyl
chionde monitoring every 12 to 14 days, data was coliected under 2 regulatory programs: USEPA's
Site Assessment and Mitigation (SAM) Workplan (Stirrat, 1991) and SCAQMD's Rule 1150.1.

- Under an order issued by USEPA in 1986, the SAM workplan required the B.K.K. Corporation
to determine the extent of contamination on and off the landfill. In the ambient air monitoring
component of the workplan, samples were collected for a total of 33 days between
December 1989 and August 1890, and analyzed for 20 volatile organic compounds. The
detection limit for vinyl chloride was reported to be 0.1 ppb. Data for the station located at
Myra Court showed that of the total 33 samples, viny! chloride was detected in 21 samples as
follows: above 0.1 ppb, 14 times; above 1 ppb, 5 times; above 2 ppb, twice, with a maximum
detection of 2.73 ppb in June 1990 (Stirrat. 1990). USEPA's validation of the data concluded
that the detected results ang quantitation limits for vinyl chloride were estimates “and usable
for limited purposes only”; additionally, “the detected results and quantitation limits for many
of the target analytes in all sampies were qualified as the laboratory did not run initial
calibration curves” (ICF Technoliogy incorporated, 1992).

- Ambient air monitoring according to SCAQMD's Rule 1150.1 found vinyl chioride south of the
landfill as follows: offsite at Myra Court at 10.2 ppb in June 1991; onsite near Nogales Street
at 1.38 ppb in January and 1.40 ppb in June, 1992; and onsite at Nogales Street at 0.12 ppb
in February 1993, ’ :

3ased on the ambient air data collected at the perimeter of the landfill under SCAQMD'’s Rule 1150.1,
the B.K.K. Corporation published a warning in the San Gabriel Valley Tribune on August 28, 1993,
for detections of vinyl chloride above the Proposition 65 NSRL (B.K.K. Corporation, 1993b).

During 1993-1994, the B.K.K. Corporation added several offsite stations to monitor concentrations,
collected 24-hour ambient air samples every 12 to 14 days, and updated its Proposition 65 vinyl
chloride monitoring data quarterty. TABLE 8 is B.K.K. Corporation’s monitoring data for the period
September 1993 through September 1994 (BKK Corporation, 1994). USEPA has stated that the
analytical procedure appears to be acceptable (USEPA, 1994e), and SCAQMD found the modified
protocol acceptable (SCAQMD, 1994a). FIGURE 10 shows the locations of the B.K.K. Corporation's
Proposition 65 monitoring stations. Stations #3 ("Nogales End”) and #6 ("Lynn Court”) are perimeter
monitonng stations iocated on the landfill. They are used to represent the locations of SCAQMD's
residential monitoring Stations MY and B, respectively. This may overestimate exposures since

~ some dilution in the ambient air concentration would be expected between the perimeter and the
residential locations. Station #10 (“Amar-at-Nogaies”) is used to represent the location of SCAQMD's
residential monitoring Station A. This may underestimate the exposure since Amar is south of
Mariena on Nogales, where Station A had been located. (Note: There was no station #8 or #9 in the
Proposition 65 monitoring program.)

The detection limit for B.K.K. Corporation’s data varies from 0.005 to 0.010 ppb. In TABLE 8, only
values above 0.005 ppb are detected concentrations. Sampies with nondetectable concentrations
are given a vaiue of half the detection limit by the B.K.K. Corporation for each day and station. The
number of samples with nondetectable concentrations per total number of days sampled at each of
“e three stations is as follows: #10, “Amar-at-Nogales" (Station A), 4 nondetects in 17 days sampied
.18 percent); #6, “Lynn Court” (Station B8), 13 nondetects in 28 days sampied (46 percent); and #3,
‘Nogales End” (Station MY), 12 nondetects in 35 days sampled (31 percent).
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TABLE 8
(BKK Corparation)

BKK LANDFILL
PROPOQOSITION 65 VINYL CHLORIDE MONITORING PROGRAM
Cumulative Average Last 12 Months
(Parts per billion volume/volume)

L Sampie Station & Location |
Sampie 1 2 3 4 5 6 10 11 12 13 14 7
Date Microwave] Arusa | Nogaies NW West Lynn | Amarat | Mariena | Mellsas at | Miranda | Loraine Wainut
Tower | Spiilway End Gate Borrow { Court | Nogales Marcelis Fence Strest Village
14-Sep-93 0.0025  0.0028
15-Sep-93 0.0025 0.0240
16-Sep-93 0.0025 0.0025 00025 00025 0.0140 0.0025 0.0025
20-Sep-93 0.0025 0.0040
22-5ep-93 0.0900 0.0035
28-Sep-83 0.0560 00025 1.4000 00050 0.0040 0.0035 0.0035
12-0Oct-93 0.0025 0.0028 0.0025 0.0025 0.0080 0.0025 0.0025
21-0ct-83 0.0030 0.0030 0.0035 0.0025 0.0030 0.0025
08-Nov-93 0.0025 0.0025 0.0025 0.0025 0.0028 0.0025 0.0025
15-Nov-93 0.0025 0.0025  0.0030 0.0030 00025 0.0025 0.0030
07-Dec-93 0.0025 0.0025 0.0028 0.0025 0.0028 0.0025 0.0025
16-Dec-93 0.0025 Q.0028 0.0025 00025 00025 0.0025 0.0025
29-Dec-93 0.0025 0.0260 0.5100 0.003s 0.0150 0.1000 0.0025
11-Jan-94 0.0140 0.0250 0.7100 0.0045 0.0150 0.0470 0.0035
25-Jjan-94 0.0045 0.0190 05800 00030 0.0140° 0.0660 0.0045
03-Feb-84 0.0035 0.0040 00380 00040 00130 0.0700 0.0030
11-Feab-94 0.3200
16-Feb-94 0.0045 0.0040 0.1400 0.0045  0.0025 0.0720 0.0520 Q.0040
01-Mar-94 0.0030 0.3400 0.0660 0.1600 0.0690 0.0580 0.0600 00030
15-Mar-94 0.0035 0.0260 0.2700 0.0540 0.0250 0.0590 0.0490 0.0120 0.0040
29-Mar-94 0.0045 0.0040 0.3300 0.0360 0.0620 0.0480 0.0390 0.0180 0.0640 0.0040
12-Apr-94 0.0040 0.0130 0.3100 0.0240 0.0790 0.0520 0.0210 0.0180 00780 0.0045
26-Apr-94 0.0038 0.0040 0.0250 0.0370 0.0035 0.0030 0.0040 0.0260 0.0040 0.0030
10-May-54 0.0040 0.0030 0.0170 0.0040  0.0040 0.0040 0.0038 0.0150 0.0050 0.0045
24-May-94 Q.0040 0.0040 0.0050 0.0040 0.0045 0.0050 0.0030 0.0040 0.0055 0.0035
07-Jun-94 0.0045 0.0760 0.5800 0.0390 0.0160 0.0770 0.0840 0.0860 0.0820 0.0045
21-Jun-94 0.0050 0.0045 1.0000 0.0040 01600  0.1500 0.0040 0.0045 0.0035 0.0045
28-Jun-84 0.3800
D5-~Jul-84 0.0050 0.0380 0.0050 0.0050 0.0035 0.0330  0.0050
18-Jul-84 0.0045 0.0040  0.1800 00025 00240 00650 0.0340 00310  0.0240
03-Aug-94 0.0045 0.0290  0.4400 0.0260 0.0580 00480  0.0380 0.0340  0.0450
16-Aug-94 0.0040 0.0055 0.1900 : 0.0125 0.0370 0.0560 0.0280 0.0050 0.0300 0.0030
30-Aug-94 0.0073 0.0038  Q.0045 0.0035 0.0035 0.0035 0.0035 0.0110 0.0030
13-Sep-94 0.0040 0.0500 0.4100 0.0470  0.0840 0.0320 0.0320 0.1000 0.0590 0.0030
27-Sep-94 00150  0.0680 0.5700 0.0610 0.1100 00680  0.0260 0.0880  0.0920 0.0083
Avg. 24-hr 0.0083 0.0158 0.2226 0.0033 0.0078 0.0285 0.0522 0.0465 0.0276 0.0341 0.0381 ND
Avg. ug/day  0.33 0.82 1313 0.17 0.40 1.48 27 242 1.43 177 188 . ND
No. Samplea 29 1 as 12 13 28 17 16 16 16 13 26
Risk 1.3E-06 3.2EH6 S1ED5 67E07 1.5ED6 57E06 1.0E-05 O9.3E06 S5.5E.06 6.8E068 7.6E-06

Source: "BKK Landfill 3008(h) Consent Order, EPA Docket No. RCRA-09-89-0019, Monthly Progress Report for September 1994, Attachment:
BKK Lanafill Proposition 65 Vinyi Chionde Menitonng Program.” Letter dated October 7, 1994, from Jutia M. Bussey, Corporate Manager,
Regutatory Aftairs, BKK Corporation. Totrance, California to Ms. Carmen Santos, United States Environmental Protection Agency-Region IX,
San Francisco. Califorma, The detection imn vanes from 0,005 t0 0.010 ppb. Only values above 0.005 ppb are detected concentrations.
Samples with nondetectable concentranons are given a value of haif the detection lmat by the 8.K.K, Corporation for each day and station. The
number of samples with nondetectable concentrations per total number of days sampied at the three stations s as follows: #10, “Amar-at-
Nogates” {Station A), 4 nondetects in 17 days sampled (18%); #8, “Lynn Court” (Station B), 13 nondetects in 28 days sampled (46%); and #3,
“Nogales End” (Station MY), 12 nondetects 1n 35 days sampied (31%). NOTE: Thers was no station #8 or #9.
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Site Activities

Approxxmately 72 percent of the total 3.4 million tons of hazaraous waste disposed of at the
landfill between 1975 and 1984 was liquid hazardous waste (CH2M Hill, 1988). Four disposal
methods were practiced between 1372 and 1884 (CH2M Hill. 1988):

- Commingling: approximateily 85 percent of accepted fluids were disposed of by this
method between 1972 to May 1984 (The Janes Network, 1994); bulk liquid
hazardous wastes were discharged into a cavity prepared in the daily working face
and commingled with sohd nonhazardous wastes at a ratio of approximately one-
part hquid to two-parts refuse,

- Solidification; from May 1984 through November 1984, hazardous and
nonhazardous liquid wastes were mixed with soil ori approximately 15 acres of the
top of the Class | Unit prior to burial, gas condensate generated onsite and
contaminated groundwater from extraction weills were air stnpped and then disposed
of by this method untit November 1887, at which time the leachate treatment piant
began operating. '

- Drum disposa!: from 1972 through 1984, closed drums were stacked on pallets then
covered with soil to a total height of five feet. drums containing acid. alkaline, or
solvent waste were separated from each other by unspecified distances;

- Injection wells; from 1975 through 1980, waste acids, cyanide solutions, and
organic fluids were injected into 96 boreholes (“injection wells") dniled into the buried
waste; these weills were 10 feet wide holes, 120 feet deep; approximately 10 percent
of accepted fluids were disposed of by this method.

In 1985, USEPA prepared an aerial photographic analysis of the B.K.K. Landfill (USEPA, 1985).
Twelve photographs dating from 1964 through 1984 show the expansion of the landfill, and of
the residential community around the landfill. The focus of USEPA's analysis was the
identification of surface drainage, seepage, leachate, disposal practices, point discharges, and
vegetation damage at the landfill. Of the four disposal methods practiced at the landfill between
1972 and 1984, all but the injection well method ¢an be seen in the photographs. Onsite
disposal operations seen in the photographs include the working face/active disposal area,
standing liquid, and the liquid waste disposal (solidification) area. The following figures

are selected from USEPA's aerial photographic analysis: FIGURE 11, QOctober 20, 1980;
FIGURE 12, September 2, 1983; and FIGURE 13, June 15, 1984,

Residential developments around the landfill pnior to 1980, as captured in the aerial
photographic analysis, were as follows: 1964, southwest, approximately 1,000 feet ffom the
tandfill; 1968. northwest and north; 1970, no new residential development evident; 1873, south
of Amar Road; and 1976, north of Amar Road. Residential developments at Mariena and
Nogales Streets, location of the future monitoring Station A, were begun in 19768 and completed
in 1977, developments at Lynn Court and Myra Court were begun and completed in 1979

(City of West Covina, 1994).
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FIGURE11 . -~
(United States Environmental Protection Agency)

J BKK SANITARY LANDFILL, OCTOBER 20, 1980

NEWRESoeNTIA

Source: "Asnal Protograonic Anarysis of tha BKK Santary Lanafill, West Covna, Catfomia ” January 1985, Unned States Envronmenial Protaction Agency,
EPA Region 9. Environmental Monitorng Systems Labormtory, Las Vegas, Nevada, pg. 21. TS-AMD-8307a/3800,
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FIGURE 12
{United States Environmental Protection Agency)

BKK SANITARY LANDFILL, SEPTEMBER 2, 1983
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FIGURE 13
(United States Environmental Protection Agency)

BKK SANITARY LANDFILL, JUNE 18, 1984
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Odor Complaints Data

Complaints of odors emanating from the B.K.K. Landfill were lodged by residents to both SCAQMD
and the City of West Covina as early as 1969 (CH2M Hill, 1988). Detection of odors does not
necessarily equate to exposure to hazardous substances. Odors do indicate downwind receptors
and suggest the potential for exposure when hazardous chemical contaminants are also present
(Ziem and Davidoff, 1992).

The first odor complaint recorded was in March 1969 to SCAQMD (SCAQMD, 1981). Odor
complaints increased from 48 in 1971 to 57 in 1974, In 1974, the B.K.K. Corporation acknowledged
complaints from residents situated to the north and northeast of the working face of the landfill (BKK
Corporation, 1974). In 1979, B.K.K. Corporation contracted with the USC Environmental Engineering
Program to investigate odors from the landfill. The study analyzed complaints received by the City
during January 1, 1978 through May 16, 1979. The objectives of the study were to determine which
areas were subject to odors, what climatological factors elicited an increase in complaints, identify
sources of odor based on wind data, and select appropriate monitoring and sampling conditions for
the next phase of the study. Results of USC's first interim report (USC, 1979) inciuded the finding
that of the 521 complaints received during the study period, a larger number were lodged during the
initial four months of 1979 as compared to the same period in 1978. The majority of complaints were
from residents of the "M" named streets, possibly because those residents were “closer to the
working face of the B.K.K. Landfill" and at a “higher elevation consistent with the landfill” (USC, 1979).
(It is assumed that the "M" named streets in the USC study included Miranda, Maria, Maureen, and
Marlena Streets, developed in 1977. Marlena at Nogales Streets, location of future monitoring
Station A, was developed by 1977; Lynn Court and Myra Court, locations of future monitoring
Stations B and MY respectively, were developed in 1979 [City of West Covina, 1994].) USC's final
report was released in February 1981 and concluded that odor problems were associated with the
downslope air drainage into residential areas under nighttime meteorological conditions (USC, 1981).

In 1980, the City Council directed city staff to scientifically measure odor emissions from the landfill,
so the city contracted with Eutek Inc. Eutek's study included an analysis of odor complaints by
month, day of week, and hour of the day. Complaints recorded on Sundays and after-hours
suggested a mechanism for odor transport other than the working face. "M" and "L" named streets
were more frequently affected by odors from the landfill (Eutek, 1981).

DHS-DEODC analyzed odor complaints data in conjunction with its pending reproductive outcomes
study. The frequency and distribution of over 4,000 odor complaints made between 1980 and 1985
indicate that topography and meteorology contributed to odor complaints (Kharrazi et al., 1993).
FIGURE 14 is a three-dimensional map of the closed Class | Unit and the residential neighborhood
one-mile south of the landfill. FIGURE 15 and FIGURE 16 show the location of odor complaints per
housing unit for the periods 1980-1982 and 1984-1985, respectively.

A 1983 tri-agency study monitored for nine chemicals. Monitoring stations were located onsite at the
western and eastern ends of the landfill, and in residential areas around the landfill. The monitoring
data indicated that the areas with the greatest frequency of odor complaints, that is the southeastemn
and southem residential areas, coincided with those areas where highest detections of vinyl chloride
occurred. However, odor complaints are not necessarily considered to be an indicator of vinyl
chloride exposure, since odors were reported in the residential area north of the landfill, but vinyi
chloride was not detected in this area. (DHS-ARB-SCAQMD, 1983).

Updated census data for the residential community around the B.K.K. Landfill is presented in
Appendix E of this report.
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FIGURE t4
{Department of Health Services
Division of Environmental and Occupational Disease Control)

TOPOGRAPHY NEAR BKK LANDFILL, WEST COVINA, CA
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FIGURE 15
(Department of Health Services
Division of Environmental and Occupational Disease Control)

ODOR COMPLAINTS NEAR BKK LANDFILL 1980 - 1982
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FIGURE 16
{Department of Health Services
Division of Environmental and Occupational Disease Control)

ODOR COMPLAINTS NEAR BKK LANDFILL 1984 - 1985
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Other Hazardous Chemicals Detected in Ambient Air

As discussed in the Hazard Identification section of this report, the 1982 90-day ambient air
monitoring program conducted by DHS-ARB-SCAQMD detected five other chemicals that are
known or suspected to be human carcinogens: benzene (known), trichioroethylene,
perchioroethylene, chloroform, and 1.2-dichloroethane (DPHS-ARB-SCAQMD, 1983). Beginning
in 1985, these chemicals were also monitored by ARB and/or SCAQMD as part of the air toxics
monitoring program in the Los Angeles basin (SCAQMD, 1887). These data are not directly
comparable because the data from the two sites were collected during two different years:
Station A, in 1982 and Azusa Station, in 1985, Whether concentrations at Azusa Station were
higher, lower, or the same in 1982 is not known. Consequently, there is insufficient information
to estimate, in a manner similar to analysis of the ambient vinyl chloride monitoring data, risks
associated with exposures to the other hazardous chemicals emitted from the Class | Unit of
the B.K.K. Landfill. Use of flare data to project concentrations ¢f the five other hazardous
chemicals would involve additional assumptions, including extrapolation from the landfill to
residential locations, and would not be consistent with USEPA's recommended guidance that
past scenarnios be based on actual exposure conditions (USEPA, 1989b),

In 1995 OEHHA reviewed limited 1994-1995 ambient air monitoring data regarding potential
exposures to future inhabitants of Walnut Village, a residential neighborhood proposed for
development east of the B.K.K. Landfill in the City of Walnut. Ambient air levels of benzene,
perchloroethyiene, chloroform, and carbon tetrachioride monitored at the B.K.K, Corporation’s
Proposition 65 monitoring stations #1, located at the northeast corner of the facility, and #7,
located offsite to the northeast (see FIGURE 10) were compared to levels of the same
chemicals found at four of SCAQMD's air toxics monitoring stations (Burbank, Hawthorne,
Anaheim, and Azusa). From the available data OEHHA concluded that potential health risks to
future inhabitants of Walnut Village would not differ significantly from the potential health risks
experienced by inhabitants of other similar areas of the Los Angeles basin exposed to ambient
air contaminants (OEHHA, 1995).

B.K.K. Corporation’s December 1994 - December 1995 ambient air sampling program, required

by USEPA, monitored for 19 volatile organic compounds. USEPA is reviewing these data for
use in the risk assessment it is requiring the B.K.K. Corporation to conduct.

CMA 114367
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RISK CHARACTERIZATION

This section presents the assumptions used in the risk calculation, the individual excess lifetime
cancer risk estimates, the exposed population, estimated excess lifetime cancer risks using
different assumptions and methodology, limitations and uncertainties, and the findings of the
1995 addendum heaith risk assessment.

The interim report included risk estimates based on exposure concentrations generated from
ARB's modeling of 1987 vinyl chloride concentrations at Stations A, B, and MY (ARB Part A,
1880). In 1991, OEHHA and DHS attempted to refine the air dispersion model used in the
intenm report. However, the work showed that the B.K.K. Landfill was more complex than
could be accounted for in air dispersion modeis approved for regulatory use in 1991.
Appendix F contains information about the air dispersion mode! developed for this project, and
the limitations and uncertainties which precluded its use in this addendum report. This
addendum report focuses on monitored data.

Assumptions Regarding the Beginning of Exposures at Stations A, B, and MY

There are no monitoring data to quantify exposures at Stations A, B, and MY prior to

June 1981. Odor complaints data indicate residents were reporting odors from the landfill

as early as 1969, and specificaily, at “M" and "L" named streets southeast and south of the
Class | Unit beginning in 1978. These odor complaints indicate areas of downwind impact and
suggest emissions from the Class | Unit were reaching nearby residents. Homes near

Station A were built by 1977, and near Stations B and MY, by 1979. Onsite disposal practices
at the time included commingling (open-face disposal) of liquid hazardous wastes.

It is assumed in this addendum report that exposures at Stations A, B, and MY began in 1980.
Ascribing a value to exposures in 1980 at Stations A, B, and MY is done by looking at
FIGURE 17. FIGURE 17 juxtaposes FIGURE 3 (tons of hazardous waste deposited in the
landfill) with FIGURE 6 (average annual vinyl chloride concentrations in ppb detected between
1983 through 1990). The period of overlap is not long enough to determine if such a lag truly
existed. By 1983, the landfill had been receiving wastes for 20 years. FIGURE 17 shows that:

- No emissions of vinyl chioride could have occurred before 1963, the year the landfill
opened; exactly when emissions of vinyi chioride began is not known;

- The dip in the graph of hazardous waste deposited in 1981 is attributed to the
prohibition of waste containing vinyl chloride after vinyl chloride was first detected
above the ambient air quality standard of 10 ppb at the landfill perimeter;

- The shapes of the curves of average annual concentrations of vinyi chloride at
Stations A, B, and MY in FIGURE 17 and the estimated average annual
concentrations at Stations A and B in 1981-1982 from TABLE 5 suggest exposures
prior to 1481,
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FIGURE 17

TONS OF HAZARDOUS WASTE DEPOSITED,
AVERAGE ANNUAL VINYL CHLORIDE CONCENTRATIONS (PPB)
B.K.K. LANDFILL, WEST COVINA, CALIFORNIA
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Juxtaposition of Figures 3 and 6 of this addendum report with the addition of the 1881-1982 average annual concentration
This Figure 1s used to show the shapes of the curves of average annual concentrations of vinyi chioride at

Stations A, B. and MY.

Detection Limits: 6/81/-9/82, 10 ppb: 10/82-12/87. 2 ppb; 1/88-9/89. 1.4 ppb: 10/88-3/90, 2 ppb.

Note: Theincrease n 1990 reflects the fact that 1 ppb was substituted for nondetects in the data. and that data

were only coliected for January, February, and March of 1990
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This information suggests that average annuai concentrations of vinyl chloride in 1980 at
Stations A, B, and MY were not likely zero. This addendum report assumes that average
annual concentrations in 1980 at Stations A, B, and MY were 2 ppb. This may underestimate
exposures, especially at Station MY.

Assumptions Regarding Ambient Vinyl Chloride Monitoring Data

Estimates of the individual excess lifetime cancer risk are based on the assumption that
ambient air concentrations of vinyl chloride represent indoor air exposures (USEPA, 1989a).

The data used in the risk calculations are: SCAQMD'’s ambient vinyl chloride monitoring data
from Stations A, B, and MY for the period June 1981 through March 1890; and the B.K.K.
Corporation’s Proposition 65 monitoring data from Stations “Amar-at Nogales,” “Lynn Court,”
and “Nogales End" for the period September 1993-1994. The following assumptions are made
regarding the data:

1981-1982 Data

- 1981-1982 average annual concentrations at Stations A and B are based on data
collected for 7 of the 12 months in 1981, and 9 of the 12 months in 1982. The
average concentrations for each set are assumed to be representative of a
12-month exposure (see TABLE 5);

- Station MY, located 150 feet southeast of the landfill property line, was established
in June 1984. Values for the period 1980-1982 are assumed to be equal to the
average annual concentrations at Station A, located 450 feet southeast of the landfill
property line (see FIGURE 4). This may be an underestimation since Station MY
was closer to the Class | Unit than Station A, and the levels and frequency of vinyl
chioride detections were consistently higher at Station MY when both stations were
in service;

- Avalue of 1 ppb is substituted for sampies with nondetectable concentrations. (The
detection limit between June 1981 through September 1982 was 10 ppb, and
between October through December 1982, 2 ppb.)

1983-1990 Data

- The 1983 average annual concentration at Station MY is assumed to be 2.8 ppb,
that is, equal to Station A’s 1983 average annual concentration (see TABLE 6). This
may be an underestimation. For the years 1985 through 1988, TABLE 6 shows that
concentrations at Station MY were 1.6- to 1.9-fold higher than concentrations at
Station A, and TABLE 7 shows that Station MY had between 25 to 33 percent fewer
samples with nondetectabie concentrations ;

- The 1984 average annual concentration at Station MY is assumed to be 5.4 ppb,
that is, the average concentration detected by SCAQMD between August through
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December at Station MY. The average concentration of the 5-month period is
assumed to be representative of the 12-month exposure:

- The detection limit between January 1983 through December 1987 was 2 ppb;
between January 1988 through September 1989, 1.4 ppb; and between
October 1989 through March 1990, 2 ppb. A value of one-half the detection limit is
substituted for samples with nondetectable concentrations.

1993-1994 Data

- ltis assumed that the B.K.K. Corporation's Proposition 65 vinyl chloride monitoring
data are acceptable for quantitative assessment; USEPA has stated that the
analytical procedure appears to be acceptable to USEPA (USEPA, 1994e) and
SCAQMD found the modified protocol acceptable (SCAQMD, 1994a). The detection
limit varied from 0.005 to 0.010 ppb (see TABLE 8);

- It is assumed that the B.K.K. Corporation’'s Proposition 65 monitoring stations
‘Amar-at-Nogales” (residential station), “Lynn Court” (perimeter station), and
“Nogales End” (perimeter station) represent SCAQMD's Stations A, B, and MY
respectively. Because of the difference in locations, this assumption may lead to an
overestimation for Stations B and MY, and may iead to an underestimation for
Station A; ' '

- Average annual concentrations for the 5-year period 1990-1994 are assumed to be
equal to the average annual concentrations detected in the September 1693-1994
Proposition 65 monitoring.

1995-2008 Data

- Average annual concentrations for the period 1995-2009 are assumed to remain the
same as the September 1993-1994 average concentrations. Changes in site
activities, corrective actions, and technological advancements over the 15-year
period may invalidate this assumption. Monitoring data collected by the B.K.K.
Corporation in 1995 show decreasing vinyl chloride concentrations.

Individual Excess Lifetime Cancer Risk Estimates

The “individual excess lifetime cancer risk” is an estimate of the nsk for an individual above the
background risk of developing cancer during a 70-year lifetime.

In the United States, a new estimate of the normal background risk of developing cancer has
been made since 1990 and it is greater than the value reported in the interim report from
approximately 1 in 3 individuals (DHS-HWTS, 1990) to 4 in 10 individuals (Miller et al., 1993);
that 1s, approximately 40,000 in 100,000 individuals will develop cancer during their lifetime.
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Exposure Scenario

The interim report estimated risk based on a "worst-case” exposure scenario. “Worst-case”
represents a hypothetical individual and an extreme set of conditions, which will usually not be
observed in an actual population. This addendum report estimates risks assuming a ‘reasonable
maximum"” exposure (RME) scenario and an “average” exposure scenario. USEPA defines the
RME as “the maximum exposure that is reasonably expected to occur at a site,” and is intended to
be a conservative estimate, well above the average yet within the range of possible exposures
(USEPA, 1989a).

Av rage concentrations are used in the risk equation. Use of average concentrations rather than
the 95 percent upper confidence limit (UCL) value to estimate the RME is based on the following:
1) the monitoring stations were at the point of exposure; and 2) USEPA guidance states that “data
sets with 20 to 30 samples provide fairly consistent estimates of the mean (i.e., the 95 percent
UCL is close to the sampie mean)....in general, the UCL approaches the true mean as more
samples are included in the calculation (USEPA. 1992a)." As shown in TABLE 7, the minimum
number of samples collected by SCAQMD in one year was 191. Thus, the 95 percent UCL is
represented by the average annual concentrations.

USEPA cites national statistics on the number of years an individual resides at one location. and
indicates an upperbound (90th percentile) of 30 years and an average (50th percentile) of 9 years.
USEPA recommends a 30-year exposure duration when calculating the RME and a 9-year
exposure duration when calculating the average exposure (USEPA, 1989a).

Risk Eguation

The equation for the risk estimate is as follows:;

ECR = Cvex YRxEF xUR X 1/LT
where
ECR = Excess lifetime cancer risk
Cve = Concentration of vinyl chioride in air (ppb)
YR = Years of residence associated with exposure
EF = Exposure factor, i.e., percent of time at home (80%)
UrR = Unit nsk value for vinyl chloride (20 x 10°° per ppb)
LT = Human individual lifetime in years (70-years)

The interim report estimated an individual excess lifetime cancer risk of 1t0 2 x 10, based on
concentrations of vinyl chioride detected in SCAQMD ambient vinyl chloride monitoring data
coliected between 1982 through 1987, a worst-case exposure scenario (70 years residence),
80 percent time at home, and a unit risk value of 0.69 x 10°° per ppb.

TABLE 9 is the estimates of individual upperbound excess lifetime cancer risks of this addendum
report, assuming a reasonable maximum exposure scenario (30 years, 1980-2008). The
estimates are based on concentrations of vinyl chioride detected at Stations A, B, and MY in
SCAQMD data (June 1981 through March 1990) and the B.K.K. Corporatlon data (September
1893-1994), 80 percent time at home, and the unit risk value of 20 x 10°° per ppb. Exposure
values have been rounded to two significant figures, and risk estimates to one significant figure.
The individual excess lifetime cancer nisk is estimated per a specified period in order to delineate
the risk per exposure year(s). Years with higher exposure concentrations are associated with a
greater portion of the lifetime risk. The cumulative risk is an estimate of the past risk incorporated
into the current and future risk estimate.
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TABLE g

INDIVIDUAL EXCESS LIFETIME CANCER RISK FROM EXPOSURE
TO AMBIENT FUGITIVE VINYL CHLORIDE EMISSIONS FROM THE CLASS | UNIT OF THE
BKK LANDFILL, WEST COVINA, CALIFORNIA
REASONABLE MAXIMUM EXPOSURE SCENARIO (30 YEARS)

STATION EXPOSURE  CONCENTRATION DURATION EXCESS RISK CUMULATIVE
PERIOD (PPb) (yrs) PER EXPOSURE EXCESS RISK
PERIOD

A 1980° 2.0 1 5x10-6 5%106
1981 7.2 1 2x10°9 2x10°3

1982 3.4 1 8x106 3x10°5

1983 2.8 1 6x10°6 4x10°5

1984 42 1 1x105 5%10°9

1985 35 1 8x10-6 5x10-5

1986 1.9 1 4x1076 6x107

1987 17 1 4x1076 6x1075

1988 13 1 ax10-6 6x10™3

1989 0.8 1 2x10°6 7x1079

1990-1994 0.05 5 6x10-7 7x10°5

1995-2009 0.05 15 2x10°6 7x10-8

B 1980* 2.0 1 5x10°6 5x10°6
1981 6.0 1 1x10°5 2x10-5

1982 2.8 1 6x106 3x10°0

1383 3.0 1 7x106 3x10-5

1984 3.9 1 ax10-6 4x107

1985 2.3 1 5x10-6 5x10-5

1986 1.3 1 3x10°6 5x1079

1987 12 1 ax10-6 5%10°2

1988 0.8 1 2x10-6 5x105

1989 0.8 1 2x106 6x10°0

1990-1994 0.03 5 3x10-7 6x10°3

1995-2009 003 15 1x106 6x10°9

MY 1980 2.0 1 5x10-6 5x10°6
1981 7.2 1 2x10°2 2x10°5

1982 3.4 1 8x10-6 3x10°9

1983 28 1 6x10°6 4x10-5

1084 5.4 1 1x10-5 5x10°3

1985 5.4 1 1x10-3 6x1072

1986 3.0 1 7x106 7x10°9

1987 26 1 6x10°6 7x10°9

1988 2.5 1 6x106 8x109

1989 0.9 1 2x10°6 8x10°2

1990-1994 0.25 5 3x10-6 8x10-5

1995-2009 0.25 15 ax10-6 9x10-5

Calculated by ECR = Cve x YR x EF x UR x 1/LT where:

ECR =  Excass lifetime cancer nsk

Cve = Concentration of vinyl chiorde in air (ppb)

YR =  Years of residence associated with exposure

EF = Exposure frequency, | e , percent of trme at home (80%)
UR = Unit nek value for vinyl chionde (20x10-3[ppb)-1)

mT = Human hfetime (70 years)

Exposure vaiues have been rounded to two significant figures, and nsk values, to one significant digit

*1980 concentration = 2 ppb, assumed; no data available.

1981-1982 concentrations = SCAQMD ambrent vinyl chionde monitoring data Nondetected concentrations given the value of 1 ppb,

1983-1989 concentrations = SCAQMD ambient vinyi chionde monitoring data. Nondetected concentrations set at 1/2 the detection
mit (detection hmit 1983-1987, 2.0 ppb: detection hmit 1988-9/89, 1.4 ppb; detection hmit 10/88-3/90. 2.0 ppb)

1990-1994 concentrations = B K K Corporation's Proposition 65 Vinyi Chioride Momitoring Program, 9/93-9/94 Nondetected values
set at 1/2 the detection hmit. The detection it vaned from Q Q05 to 0.010 ppb

-55.
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Using the assumptions and methodology of this risk characterization, the estimated excess
cancer risks are:

- at Station A, approximately 7 x 10°%:
- at Station B, approximately 6 x 10”: and
- at Station MY approximately 9 x 10>

These excess cancer risks mean that for an individual living from 1980 to 2009 near Station A,
for example, the theoretical upperbound risk of developing cancer is increased from 0.4 (the
background cancer risk in the United States) to 0.40007 as a result of exposure to emissions of
viny!l chloride from the closed Class | Unit of the B.K.K. Landfill.

Another way of expressing this excess cancer risk is: an individuai living in the United States
has a 40 percent (0.4) chance of developing cancer throughout a 70-year lifetime. For an
individual living from 1980 to 2009 near Station A, there is an added 0.007 percent chance of
developing cancer as a result of exposure to emissions of vinyl chioride from the closed Class |
Unit of the B.K K. Landfill.

Assuming an average exposure scenario (nine years) and the average annual concentrations
for the years 1981-1989 (the years of highest detected average annual concentrations), the
estimated excess cancer risks are:

- atStation A, 7 x 107
- at Station B, 5 x 10”: and
- at Station MY, 8 x 10,

The assumptions and methodology of this risk characterization suggest that:
- The year 1981 was the year of highest risk, based on available monitoring data;
- The majority of the excess lifetime cancer risk was incurred by 1983-1984;

- Current and future estimates of risk associated with the B.K.K. Landfill which do not
incorporate past exposures at Stations A, B, and MY would not fully characterize the
risks potentially incurred by individuals who lived near those stations since 1980
(30 year exposure scenario), or during the decade of the 1980s (9-year exposure
scenario).

Exposed Population

in addition to the individual excess lifetime cancer risk, health risk assessments may estimate
the population excess cancer burden. The population excess cancer burden is an estimate of
the excess number of cases of cancer that may occur in a defined population who all have the
same individual excess lifetime cancer risk, This addendum report does not estimate a
population excess cancer burden because not all the population around the landfill were or are
exposed to the concentrations of vinyl chloride detected at Stations A, B, and MY, and it is not
possible to obtain a reliable estimate of exposure to other residents.

The number of potentially exposed individuals near Stations A, B, and MY since 1980 or during
the decade of the 1980s is unknown, but considered to be too small for the probability that even
one excess case of cancer will develop as a resuit of exposure to emissions of vinyl chloride
from the closed Class | Unit of the B.K.K. Landfill. As an example, there would need to be
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approximately 14,000 exposed individuatls living near Station A between 1980 and 2009 for one
excess case of cancer to develop, based on the individual excess lifetime cancer risk as
estimated in this addendum report. Because the number of individuals near Station A is much
smaller than 14,000, it is unlikely that excess cases of cancer will occur. However, each
exposed individual may have an increased risk of developing cancer,

Recently, DHS-Cancer Surveillance Section (DHS-CCS) reviewed the 1988-93 tumor incidence
data for a one mile area around the landfill. DHS's review found no indication of increased
cancer incidence (DHS-CSS, 1995; see Appendix H).

Consequently, there is a need for a different way of evaluating the effect of the exposures at
Stations A, B, and MY. Stratification of risks by year of exposure, as done in this addendum
report (see TABLE 8), accomplishes this by highlighting the different risks associated with
exposures in and over time, namely:

- Risks for individuals who will have lived near Station A, B, or MY from 1980 to
2009 (6 to 9 x 10°):

Risks for individuals who lived near Station A, B, or MY only during the decade of
the 1980s (6 to 8 x 10°);

Risks for individuals near Station A, B, or MY between 1980 and 1994
(3x 10%t0 3 x 107); and

Risks for individuals near Stations A, B, or MY between 1995 and 2009
(1t0 9 x 10,

These different risks would not be evident in risk assessments which address only current and
future risks. The stratification of risks by year of exposure is consistent with USEPA's position
that past exposures may be important for selected sites (USEPA, 1989b).

Estimated Excess Lifetime Cancer Risk Using Different Assumptions and Methodology

TABLE 10 shows the excess cancer risk at Station A, as an example, using different
assumptions for time spent at home, the average annual concentration of vinyl chloride in 1980,
the substituted value for samples with nondetectable concentrations in the 1981-1982 data, the
exposure duration, and the unit risk value.

Time Spent At Home
The interim report and this addendum report assumed individuals spend 80 percent of their time
at home. USEPA assumes individuals spend 350 days per year at home, or 96 percent time at
home (USEPA, 1991b). Using USEPA's percent time spent at home in the risk equation
suggests slightly higher estimates of excess cancer nsk: at Station A, for example, 8 x 10°®
There are also Califorma-specific values. ARB funded a statewide survey of activity patterns for
the purpose of obtaining representative data for modeling population exposures and designing
appropriate monitoring strategies. Activity patterns of residents over 11 years of age were
surveyed during 1987-1988 (ARB, 1991; Jenkins et al., 1992), and children 11 years and
younger, during 1989-1990 (Phillips et al., 1991). Average data rather than frequency
distributions were presented. Results showed that, on the average, Californians spend
87 percent of their time indoors, 7 percent in enclosed transit, and 6 percent outdoors. Of the
87 percent time indoors, 62 percent is spent as indoors at home for individuals over 11 years of
age, and 76 percent, as indoors at home for children 11 years and younger. Using ARB's
percent time spent at home suggests slightly lower estimates of excess cancer risk: at
Station A, 5 x 10°° using 62 percent and 6 x 10°° using 76 percent. These different assumptions
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TABLE 10
ESTIMATED EXCESS CANCER RISK AT STATION A USING DIFFERENT ASSUMPTIONS

Station A

Substituted Value
Average for Samples with
Time Annual Non-Detectable Expogure Cumulative
Spent  Concentration  Concentrations Duration  Vinyl Chloride Excess
at Home 1980 1981-1982 Data (yoars) Unit Risk Cancer Risk*

Different Timea 2% 2 ppb 1 ppb 20x 105 5x10-5
Assumptions ' 2 ppb 1 ppb - 20x 105 8x 105
2 ppb 1 ppb 20x 105 7 x 105

2 ppb 1 ppb 20 x 10-5 8x10-5

Different Substituted® ; ' 20x 10-5 6x10-5
Value Assumptions ‘ B P 20x 10-5 8x 106

Different Duration© )
Assumptions 20 x 10-5 7x105

Different Unit Riskd o 0.9x 105
Assumptions _ 1x10°5

* Note - Cumulative Excess Cancer Risk after replacement of shaded assumptions in column 1, 2 or 3, but retaining all other
assumptions for 1983 to 2009 average annual concentrations as shown in TABLE 9.

a 62% for individuals over 11 years of age, taken from the Air Resources Board, “Activity Pattems of California
Residents,” Final Report, 1991, Research Division, Sacramento California;

76% for children 11 years and younger, taken from Phiilips, T.J.. Jenkins, P.L., and Mulberg, E.J.,
“Children in California; Activity Patterns and Presence of Pollutant Sources,” 1991, Air Resources
Board, Sacramento, California;

Office of Environmental Health Hazard Assessment (OEHHA) value; also assumed in “Health Risk
Assessment of the B.K.K. Landfill, West Covina, Califomnia, interim Report November 1990,”
Department of Heaith Services-Hazardous Waste Toxicology Section, Emeryville, California;

United States Environmental Protection Agency value, taken from “Risk Assessment Guidance for
Superfund: Volume | - Human Health Evaluation Manual, Supplemental Guidance, 'Standard Defauit
Exposure Factors' interim Final 1991, OSWER Directive: 9285. 6-03. Office of Emergency and
Remedial Response, Toxics integration Branch, Washington, D.C.

boppb = lowest possible value
1ppb = OEHHA's assumed value for sampies with nondetectable concentrations of vinyl chloride in the
1981-1982 data
2ppb OEHHA’s assumed average annual concentration of vinyl chloride at Station A in 1980, as described in
the addendum report
Sppb = value based on half the detection limit for vinyl chioride in 1980

€ worst case duration = for comparison with the 1990 interim report
d 25x 10-5 per ppb = value derived by OEHHA from a study of vinyl chloride workers who developed liver cancer
4.5x 105 perppb = value derived by OEHHA from combined studies of vinyl chloride workers who developed

liver, brain, or lung cancers
20 x 10-5 per ppb = current unit risk value defived by OEHHA from a study in mice that developed lung cancer
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regarding percent time spent at home suggest stimates of excess cancer risk which, at Station A,
are approximately 29 percent below or 14 percent above the estimate obtained using the primary
assumption in this addendum report for percent time spent at home (see TABLE 10).

Average Annual Concentration in 1980 and Substituted Value for Samples With
Nondetectable Concentrations in the 1981-1982 Data

There is uncertainty associated with the average annual concentration assumed for exposures in
1980, and with the substituted value for samples with nondetectable concentrations. Nondetected
concentrations could range from zero to just below the detection limit. The “true” level cannot be
known. The reasonable maximum exposure scenario as estimated in TABLE 9 assumes an
average annual concentration in 1980 of 2 ppb, and the substituted value of 1 ppb for samples
with nondetectable concentrations in the 1981-1982 data. If a value of 5 ppb (half the detection
limit achievable in 1980-1982) were substituted for the average annual concentration in 1980 and
for sampies with nondetectable concentrations in the 1981-1982 data, estimates of excess cancer
risks are increased: at Station A, 8 x 10°° . If a value of zero were substituted for the average
annual concentration in 1980 and for samples with nondetectable concentrations in the 1981-1982
data, estimates of excess cancer risks are decreased: at Station A, 6 x 10°°. These different
assumptions regarding the average annual concentration in 1980 and the substituted value in the
1981-1982 data give estimates of excess cancer risk approximately 14 percent above or below
estimates obtained using the primary assumption for the average annual concentration in 1980
and for samples with nondetectable concentrations in the 1981-1982 data (see TABLE 10).

Exposure Duration

Under a 70-year exposure duration, the average annual concentration at Station Ain 1995 is_
assumed to be constant for the 55-year period, 1995 to 2050. Because the exposure in 1995 is
low, there is no change in the risk estimate at Station A assuming either a 30-year or a 70-year
duration (see TABLE 10). This estimate differs from that of the 70-year duration risk estimate of

th interim report because of the following differences: different assumed year for the beginning of
exposures; different exposure concentrations for the years 1980-1982 and the years after 1987;
and different unit risk values for vinyl chioride (see TABLE 11). The current 70-year duration
estimate is based on updated data and toxicity information.

Unit Risk Values

The Cal/EPA unit risk value of 20 x 10°° per ppb is an upperbound estimate of the carcinogenic
activity of vinyl chloride in humans, derived from studies in female mice that developed lung
carcinoma. TABLE 2 also shows two unit risk values based only on human studies. The unit risk
values derived from human data have the advantage that they do not have to incorporate an
adjustment for interspecies variation. However, they have limitations which include use of
studies of only male workers and use of estimates of exposure based on job descriptions rather
than actual exposure monitoring data. The unit risk value 2.5 x 10°° per ppb is derived from
studies of vinyl chioride workers who developed angiosarcoma of the liver; the unit risk value
derived from combmed studies of vinyl chloride workers who developed liver, lung, or brain
cancers is 4.5 x 10”° per ppb. Assuming the unit risk value 2.5 x 10 per ppb, the excess cancer
risks (calculated for the period 1980 to 2009 using the average annual concentratlons shown in-
TABLE 9) decrease: at Station A, 0.9 x 10 Assuming the unit risk value 4.5 x 107 per ppb, the
excess cancer risk at Station A is 1 x 10°. These different assumptions regarding the unit risk
vaiue suggest estimates of excess cancer risk approximately 87 percent lower than estimates
assuming the current Cal/EPA unit risk value (see TABLE 10).
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Sensitivity From Exposures at a Young Age

The methodology suggested by USEPA to estimate risk to vinyl chioride from exposures at a
young (0 to 5) age assumes that, for a given constant exposure level, an individual exposed during
the first six years of life incurs the full conventional (70-year) lifetime risk, and that an individual
exposed from birth for 70 years incurs double the conventional lifetime risk. This increased
sensitivity to exposures at a young age does not mean that a chiid will develop cancer but that
when the exposed child becomes an adult, her or his risk of developing cancer is increased.
Although referred to in USEPA'’s guidance documents, the methodology for assessing risk from
expesures to vinyl chioride at a young age is stil! pending final adoption by USEPA. Further
discussion is provided in the “Limitations and Uncertainties” section

Summary of Health Risk Assessments Conducted To-Date Regarding
the B.K.K. Landfill

TABLE 11 summarizes results of the health risk assessments conducted to-date regarding the

B.K.K. Landfill. Different assumptions, methodologies, and data bases were used. Estimated
risks associated with exposures to vinyl chloride range from 0.04 x 10°to 9 x 10°°,
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TABLE 11

SUMMARY OF HEALTH RISK ASSESSMENTS OF THE BKK LANDFILL, WEST COVINA, CALIFORNIA

Report

Assumplions

Methods

Excess
Cancer Risk

“Ambienl Air Monitoring and Heaith Risk
Assessment for Suspect Human Carcinogens
Around lhe BKK Landfill in West Covina®
Department of Health Services{DHS)/Air
Resources Board{ARB}South Coast Air Quality
Management District(SCAQMD), 1983

. "Estimates of Carcinogenic Risk in the Vicinity of

0sevll YIND

the BKK Landfil® K.S. Crump & Co., 1986

. "Risk Assessment for Exposure to Ambient Air in

the Vicinity of the BKK Landfill in West Covina,
1978-1985" Bogen and Smith, 1986

"Heailh Risk Assessment of the BKK Landfill,
West Covina, California, Interim Report® DHS-
Hazardous Waste Toxicology Section {DHS-
HWTS), 1990

. *Risk Assessment in Fulillment of AB2588

Requirements for SCAQMD Facility No. 55449"
ENVIRON, 1991

. "Addendum Health Risk Assessment of Ambient

Fugitive Vinyl Chloride Emissions from (he Class |
Unit of the BKK Landfill, West Covina, California”
Office of Environmental Health Hazard
Assessment-HWTS, 1996

« No dilution in measured concentrations at stations A, B,C, D, E, F

* Exposure for 24 hrs/day, 365 days/year, for the 7 years {1976-1982)

« 100% absorption in the lungs

« Exposure to 7 chemicals: vinyl chioside, benzene, trichloroethylene,
perchloroethylene, 1,1-dichloroethylene, 1,2-dichloroethane, and
chloroform

» Unit risk for viny! chloride 1.3 x 10°° per ppb

» Average air concentralions from 12 SCAQMD stations and 4
University of Southern California stations

s Exposure for 24 hrs/day, 365 days/year, for the B year period
1978-1985

« Exposure to 7 chemicals (see above list)

» Unit risk value for vinyl chloride: 1 x 10°% per ppb

* 5(% dilution in measured concentrations at stations A, B, D, F
« Exposure for 15 hrs/day, 365 days/year, for the 7 years (1978-1985)
¢ 50% absorplion in the lungs

« Exposure to 7 chemicals {see above lisp
« Unit risk value for vinyl chloride: 1 x 10 per ppb

« No dilution in monitored concentrations at stations A, B, and MY;
1982-1987 SCAQMD data

» Exposure for 24 hrs/day, 292 days/year for 70 years {1976-2046)

« 100% absorption in the lungs

= Exposure to vinyl chloride primarily

« Unit risk value for vinyl chloride: 0.69 x 10°® per ppb

-- Undeér review by SCAQMD —

« No dilution in monitored vinyl chloride concentrations at stations A,
B, and MY; data sets: 1981-1982 SCAQMD, 1963-1990, SCAQMD;
1993-1994, BKK Corporalion

« Exposure for 24 hisfday, 292 days/year, for 30 years {1980 to 2009)

« Exposure to vinyl chloride primarily

« Unit sisk for vinyl chloride: 20 x 10°” per ppb

Individual excess lifetime cancer risk and
population excess cancer burden

Maximum likelihood eslimate {MLE) and
upper 95% confidence limit estimate
{UCL)

Monte Carlo potency analysis method and
Monte Carlo procedure, best eslimate

Worst case scenario; individual excess
lifetime cancer risk and population excess
cancer burden

Reasonable maximum exposure scenario,
individual excess lifetime cancer risk

5x 10°
{alt 7 chemicals)

0.25 x 10°° (MLE}
1.1 x 105 UcL
{all 7 chemicals)

01-02x10°
{vinyl chloride)

1.7x10%
{all 7 chemicals)

0.04 x 10°
(vinyl chloride}

1-2x10°%

Station A: 7 x 10°°
Station B- 6 x 10 °
Station MY 9 x 10°®




Limitations and Uncertainties

The estimated risks calculated in this report are upperbound estimates based on the
assumptions, methodology, limitations, and uncertainties specified. Other methods (maximum
likelihood estimates, best estimates, Monte Carlo estimates) may yield different risk estimates.
Most of the assumptions used in this report tend to overestimate the risk. Normally, the actual
risks from a site would be no more than, and likely less than (if not zero), the estimates given in
this type of assessment. Limitations and uncertainties associated with the data and
methodology of this addendum report are the following:

Hazard |dentification

- Other hazardous chemicals known to be emitted from the B.K.K. Landfill include
benzene (also a known human carcinogen), trichloroethylene, perchioroethylene,
chloroform, and 1,2-dichloroethane. These chemicals were not quantitated to the
same extent as vinyl chloride, and have also been detected in background air in the
South Coast air basin. It is not possible with the available data to distinguish
hetween the amount of those chemicals emitted from the Class | Unit of the
B.K.K. Landfill and the amount found in ambient air from other sources.

Toxicity Assessment

- The unit risk value for vinyi chioride (20 x 108 per ppb) was estimated using the
linear multistage model. This model extrapolates the incidence of the carcinogenic
effect observed at high exposure levels, in this case, in the ppm range, to what may
be expected at much lower exposure levels, in this case, more than 1,000 times
lower (ppb). The unit rigsk value is the upperbound 95 percent confidence iimit of the
maximurm likelihood estimate. This model may underestimate the unit risk value but
is more likely to overestimate it. There is the possibility that the unit risk value is
zero at low ppb levels;

- The unit risk value is based on an animal study. Other values calculated from data
obtained in occupational studies were lower. However, the occupational studies
were only of male workers and the exposure levels were not actually measured;

- There is evidence that very young animals are more sensitive to the carcinogenic
effects of vinyl chloride. USEPA recommends age-attributable risk estimations for
exposures to vinyl chloride. The unit risk value developed by OEHHA accounts for
age specific sensitivity.

Exposure Assessmen

- There are no ambient vinyl chloride monitoring data for the year 1980. It is an
assumption of this addendum report that exposures at Stations A, B and MY began
in 1980. Residential development near the monitoring stations was completed in
1979, and odor complaints data from 1978 to 1981 suggest that residents on the “M”
and “L" named streets were subject to downwind exposures before the residential
monitoring program began,
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The 1981-1982 ambient vinyl chloride monitoring data were collected for 16 of the
24 months, and the average concentrations of the available data for each year were
assumed to be representative of a 12-month period. This may overestimate
exposure;

Results of the data collected between October 16 and December 31, 1982 are
available in terms of the ambient air quality standard (10 ppb) rather than the
detection limit (2 ppb). Consequently, the number of samples with nondetectable
concentrations in this portion of the data are likely over-reported. A value of 1 ppb
was substituted for samples with nondetectable concentrations in the 1981-1982
data; this may underestimate exposure; |

During the period 1983-1890, ambient air monitoring was conducted only in
residential areas to the southeast and south of the landfill. These data may have
identified the highest detectable ambient levels of viny! chloride but they do not
provide information for other residential areas around the landfill;

Monitoring at Station MY began in June 1984. Average annual concentrations at
Station A for the years 1981 through 1983 are used to represent exposures at
Station MY for those three years. This may underestimate exposures at Station MY
because it is closer to the landfill than Station A and higher levels were consistently
reported for Station MY when both stations were in service;

The majority of samples in SCAQMD’s 1981-1990 ambient vinyl chloride monitoring
data were samples with nondetectable concentrations (21 of 26 data sets, see
TABLE 7). The substitution of 1 ppb for samples with nondetectable concentrations
is likely to underestimate exposures in the 1981-1982 data since some of the
samples may have had concentrations of vinyl chioride below 10 ppb but above

2 ppb. The substitution of 1 ppb for samples with nondetectable concentrations in
the 1983-1990 data is likely to overestimate exposures;

The analytical procedure for B.K.K. Corporation's 1993-1994 Proposition 65

monitoring data has been accepted by SCAQMD and appears to be acceptable to
USEPA.

Risk Characterization

Using a substituted value greater than zero for samples with nondetectable
concentrations yields a risk estimate that will always be above zero, whether there
were actual exposures or not;

The assumption that 2 ppb is a reasonable estimate for an average annual
concentration in 1980 may underestimate exposure because of the average annual
concentrations of vinyl chloride at Stations A and B in 1983, and the estimated
average annual concentrations of vinyl chloride at Stations A and B in 1981-1982;
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- Actual indoor air levels of vinyl chioride are not known. Indoor air monitoring was
conducted only in October 1984 and only in ten homes along the southern border of
the landfill. The assumption that ambient air and indoor air concentrations are equal
may either underestimate or overestimate exposure;

- The length of residency and percent time at home are general assumptions which
tend to overestimate exposures. They are not based on actual information from
residents living near the monitoring stations.

- 1995 monitoring data collected by the B.K.K. Corporation shows an average annual
concentration of 0.12 ppbv onsite at the Nogales End station. This suggests that
vinyl chioride concentrations are decreasing, and the associated risk is also
decreasing.

- There is uncertainty associated with the vinyl chloride unit risk value used in the
addendum report. Using USEPA's apportioned lifetime risk estimates to account for
increased sensitivity from exposures at a young age (TABLE 3) suggests a 14-fold
higher risk at Station A than the estimate obtained in this addendum report. Using a
physiologically-based pharmacokinetic model for vinyl chloride (Appendix J,
comments from the Chemical Manufacturers Association, article by Reitz et al.,
1995) suggests a 140-fold lower risk at Station A then the estimate obtained in this
addendum report.

Risk estimation is a constantly evolving science and changes as new information
and data are accepted by risk assessors. The USEPA apportioned lifetime risk
estimate and the physiologically-based pharmacokinetic model for vinyl chloride are
proposed newer ways to look at risk from vinyl chloride. This addendum report used
a currently established and accepted estimate of risk for vinyl chloride.

Findings of the Addendum Health Risk Assessment

This addendum health risk assessment provides an assessment of past, present, and future
risks for individuals living near Stations A, B, and MY from exposures to ambient fugitive
emissions of vinyl chloride associated with the closed Class | Unit of the B.K.K Landfill. There
are four findings of this report:

1. From the available monitoring data, the single year of highest detected exposure to vinyi
chioride was 1981. The maximum detected concentration of vinyl chioride at Station A in
1981 was 50 ppb, compared to 0.16 ppb in 1994. The average annual concentration at
Station A in 1981 is estimated to have been 7.2 ppb, compared to an estimate of
0.05 ppb in 1994. For individuals who lived near Stations A, B, and MY during the
1980's, past exposures to vinyl chloride were higher than current exposures. The
cumulative individual excess lifetime cancer risk suggests that for exposures beginning in
1980, the majority of the cancer risk was incurred by 1983-1984, and that there is little
change (on the order of 15 to 22 percent) in the cumulative risk after 1986.

2. The landfill gas collection system, which was expanded over time, and the cap covering
the closed Class | Unit have been successful in lowering the frequency and level of vinyl
chloride emissions to levels that pose little, if any, risk to nearby residents.
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Regulatory agencies with responsibility for remediation or control of the B.K.K. Landfill
may want to include past exposures of vinyl chloride near Stations A, B, and MY in
subsequent health assessments of emissions from the landfill to ensure future risks do not
add significantly to the past cumulative risk.

In spite of using best available scientific knowledge, there is considerable uncertainty
associated with the estimated exposures, the carcinogenic potency value of vinyl chioride,
and young-age sensitivity methodology. The estimated excess cancer risks calculated in
this addendum report are upperbound estimates, based on the assumptions,
methodology, limitations and uncertainties specified. The actual excess cancer risk is
likely to be lower than these estimates and may be zero. Because the number of people
who actually lived or are living near Stations A, B, and MY is small, it is unlikely that
excess cases of cancer will occur. Each exposed individual may have an increased risk
of developing cancer, however the added risk is small.
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ERRATA

X

The following errors were contained in the intenm report, “Heaith Risk Assessment of the B.K.K. Landfill,
West Covina. California, Novemper 1880, prepared by the Hazardous Waste Toxicology Section,
Environmental Epidemiology and Toxicology Brancn (EETB), Heaith Hazard Assessment Division.
California Department of Heaith Services (DHS):

- Page 8, third paragraph: The B.K.K. Landfill, operated by B.K.K. (Kenneth B. Kazanan)
Corporation, 15 located within the corporate boundary of the City of West Covina, California,
18 miles east of downtown Los Angeies in Los Angeles County (Figure 1).”

The reference to Kenneth B. Kazanan as the BKK Corporation 1s not correct. The text should read: The
B.K.K. Landfill. operated by the B.K.K. Corporation, is iocated within the corporate bounaary of the City of
West Cowvina, 18 miles east of downtown Los Angeies in Los Angeles County (Figure 1).

- Page 80. third paragraph: /n 1985, EPA estirnated the population within a one-mile radius of the
center of the B.K.K. Landfill to be approximately 40.000 persons (LFPA, 1985).

The reference (LPA, 1985) should read (EPA 1985).
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California Department of Health Services
Environmental Epidemiology
and Toxicology Branch

BKK LANDFILL

West Covina, California

DECEMBER 1990

In-Depth Summaries Of Health Studies Near BKK Landfill

This fact sheet contains sumnmaries of two can-
cer studies and a health risk assessment con-
cerning the BKK landfill, a hazardous waste site
in West Covina, California. These studies were
undertaken by the California Department of

Health Services (DHS) in response to the con-

cerns of residents near the landfill.

Background

In 1963, the BKK landfill, operated by the Ben
Kenneth Kazarian Corporation, opened on 130
acres in the San jose Hills in the City of West
Covina in Los Angeles County. Initially, the
landfill accepted only municipal waste such as
household and commercial refuse and construc-
tion debris. In 1971, the City of West Covina
approved an expansion of the facility to its
present size of 583 acres. In 1972, a 40- acre haz-
ardous waste management unit (a state-desig-
nated Class I landfill) opened on the existing site
and began receiving hazardous wastes. This unit
was expanded by an additional 100 acres in 1975.
In November, 1984, the landfill stopped accept-
ing hazardous waste. In March, 1989, the unit
was formally closed. The closing process in-
cluded building 2 low-permeability soil cap over
180 acres, that is, over the regulated hazardous
waste area and some surrounding municipal
waste.

In 1969, area residents filed their first odor com-
plaint against the BKK landfill with the South
Coast Air Quality Management District. In 1979,
278 odor complaints were reported. Studies have
shown that hazardous waste migrated from the
landfill into air and water around the site. People
living near the landfill have been concerned

77-

about possible health effects due to hazardous
waste releases in air, surface water runoff, spills
and dust from the landfill. Drinking water sup-
plies are not contaminated.

1. The Cancer Studies

What Were The Studies Looking For?

Under contract by the California Department of
Health Services (DHS), Dr. Thomas Mack, Dr.
Duncan Thomas and Richard Pinder from the
University of Southern California, Cancer Sur-
veillance Program, conducted two studies that
investigated the distribution of cancer cases in
residents living near the BKK landfill between
1972 and 1982. :

The aim of the first study, completed 1n 1985,
was to determine whether residents living south
and west (mostly downslope) of the BKX land-
fill had a greater chance of getting cancer than
the average resident of Los Angeles County. The
second study, compieted in 1988, focused on the
area to the north and east (mostly downwind
during the day) of the landfill. Both studies re-
lied on data collected by the Los Angeles County
Cancer Surveillance Program, and examined
cancer incidence from 1972 to 1982. Each study
analyzed cancer rates for all childhood cancers,
for each of 89 different types of cancers, and for
all cancers taken together. In both studies, the
distribution of those cancers found to have oc-
curred at a higher than expected rate was exam-
ined to determine if the landfill might be a pos-
sible cause of the increase.

(continued on Page 2)
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* The Cancer Surveillance Program collects infor-
mation on each Los Angeles County resident
who has received a microscopically verified can-
cer diagnosis or for whorm cancer is recorded on
a death certificate. These two studies focused on
persons who were diagnosed with cancer dur-
ing the 11-year period between January 1, 1972,
and December 31, 1982. Residents of 11 census
tracts (1960 definitions) comprised the popula-
tion living near the BKK landfill (see map above).
In total, about 100,000 people lived in the BKK
study area in 1977 (midway through the 1972-
1982 study period), and about 2,000 cancer cases
were identified during the 11-year study period.
Table 1 shows for each tract the estimated 1977
population (based on 1970 and 1980 census data)
and the number of residents diagnosed with
cancer between 1972 and 1982.

What Did The Studies Find?

Among residents of the 11 census tracts, the
overall rate of cancer for both aduits and chil-
dren was similar to that for Los Angeles Countv

.78-
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— Highway

as a whole. The rate of cancer was not higher for
residents living closer to the landfill, nor did the
average rate of cancer increase between the ear-
lier and later study time periods (from 1972-1976
to 1978-1982). Overall sex-specific cancer rates
are shown in Table 2 for each census tract, along
with a comparison to total Los Angeles County
rates.

Even though the overall cancer rate in the BKK
study area was not higher than the Los Angeles
county rate, researchers studied 89 individual
types of cancer to determine whether unexpect-
edly high levels of any one of them appeared in
any census tract. A type of cancer was consid-
ered in excess if: 1) there were more extra cases
than could be accounted for by chance aione, 2)
cases occurred at least twice as often as usual in
Los Angeles County, and 3) that type of cancer
met at least one of four other requirements (more
than four excess cases; elevated in at least two
census tracts; elevated in both sexes; or the rate
of that cancer at least doubled over the study

(continued on Page 4)
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Table 1

Total number of cancer cases in 1972-1982 and estimated 1977 population in 11 census tracts around the BKK landfill,
Waest Covina, Calfomia.

Diraction of Census
Census Traet Tract trom BKK Landfiil Eat, 1977 Population Total 1972-82 Canoer Cases
Tract in Both Study Qne and Two
4080 Cantains BKK iandfill 8,585 142
Oiher Tracts in Study One
4077 Southwast 8,652 209
4078 Southwast 7.370 159
4079 Waest 4577 78
4081 South 27,280 380
4082 South and Wast 9,807 218
Other Tracts in Study Two
4034 East 10,5833 166
4083 North and East . 3.470 111
4064 North 6.720 236
4085 North 8.626 199
4066 Northwast 8,955 277
Total Tract Aggregate 101,585 2,178
Table 2
1872-1982 average annual cancer incioence rates by sex in Los Angelas County and in 11 census tracts around the BKK
landfil, Wast Covina. Calitormia.
1972-1982 Average Rate Relative
Census Tract Sex Cancer Cases incidence Rate' To LA CO Rate’
Los Angelas Maie 127,003 375.6 -
County Femaie 148,563 328.5 -
4080 Maio 83 368.1 1.0
Female 59 187.9 0.6
4a077 Male 87 364.7 1.0
Female 122 362.7 1.1
4078 Maie 76 466.1 1.2
Famale 83 364.3 1.1
4079 Male a5 297.5 0.8
Female 43 263.5 0.8
4081 Maie 178 290.7 0.8
Feamaie 204 245.7 0.7
4082 ' Maie 95 262.5 0.7
‘ Femaie 123 255.9 0.8
4034 Maie 77 343.7 0.9
Female 89 284.2 0.9
4063 Maie 56 354.2 0.9
Female 55 290.4 0.9
4064 Male 101 367.7 1.0
Female 138 3847 1.2
4085 Male 99 477.8 1.3
Female 100 327.8 1.0
4066 Male 118 336.9 0.9
Female 159 345.9 11

' Average number of cancer cases per 100,000 popuistion per year.

! A vaiue of 1.0 means that the cancer rate in the opnsus I'act I8 equal to the rate i L.A. County. A vaiue greater than 1.0 {e.0., 1.2)
means thit the rate in census Tact is greater than rate in L.A. County (e.g., by 1.2 tmes). A value lass than 1.0 (8.g.. 0.8) means the
TR 10 the centus TACt 14 less than the rate m LA, County (.0.. by 0.8 tmes).
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Jperiod). Ten such types of cancer were identi-

~fied: hepatoma, meningioma, tongue, nasophar-
ynx, larynx, upper colon, pancreas, bladder,
melanoma of trunk or scalp, and endometrium
(Table 3).

Whenever small geographic areas are closely
studied as was done here, too many — and too
few — cases of a few types of cancer are ex-
pected to appear in some areas by chance alone.
Each cancer type listed in Table 3 was scrutinized
to determine if any other evidence of a public
health risk existed, for example, whether any
cancer showed a consistent pattern of increased
risk as might be ed from exposure to the
landfill. Researchers concluded that excess cases
of each of these 10 types of cancer were most
likely not due to the landfill, but to other char-
acteristics of the affected population. First, some
types of cancer are known to be related to high
income and education. One is endometrial can-
cer. Risk of endometrial cancer is greater among
high-income populations who use estrogen re-
placement hormones and delay childbearing.
When the rates of this cancer in the BKK study

area were compared with rates in census tracts
of similar socioeconomic status in Los Angeles
County, the rates were nearly the same.

Second, the increase in some identified cancers
disappeared after 1982. In the case of melanoma,
its relatively higher rate in one census tract be-
tween 1972 and 1982 has not continued, and no
additional cases appeared between 1983 and
1985. This drop in the rate led the authors to
conclude that the 1972-82 rate wassot due to the
site. - _gﬁ

Third, and more significantly, nﬁ' iexcess cancer
cases were identified in the census tract contain-
ing the landfill (4080), which covered an area
extending approximately one mile from the site.
Residents with these 10 types of cancer were
more likely to live farther away from the landfill
than residents with other types of cancer. If ex-
posures from the site were causing the cancers,
there would be a pattern of more cases near the
site, not farther from it.

(continued on Page 5)

Table 3
Selected characteristics of 10 specific types of cancers identitied lor in-depth analysis in two cancer studies ! 11 cansus
tracts around the BKK landfill, West Covina, California
Total Annus! Rate Reistive Number Raw in

Type of Canoer Sex Census Tract  Cancer Coses To LA CO Rate’ Excess Cases  1978-82/1872-78°
Hepatoma F 4082 3 4.9 2.4 2.0
Meningioma M 4079 . 1 3.7 0.7 0.0

M 4081 5 a5 3.6 0.7

M 4082 2 2.7 1.3 1.0
Tongue F 4078 3 10.1 2.7 0.5

F 4082 3 4.6 2.3 0.5
Nasopharynx F 4077 2 13.8 1.9 inf

M 4078 2 9.1 1.8 Inf?
Larynx M 4082 [ 2.0 3.0 1.0
Upper Colon M 4077 7 3.0 4.7 1.3

F 4082 9 1.8 4.1 2.0
Pancreas F 4077 6 2.8 38 0.5
Biadder M 4078 9 2.4 83 1.3
Melanoma,
Trunk/Scalp M 4034 6 2.8 39 | Inf3
Endometrium F . 4064 23 2.0 1.7 0.8

F 4066 24 1.7 9.4 0.8
' Value greamr than 1.0 (¢.5.. 1.7) means rate m census vact i1s greater than rate n LA. County (e.5., by 1.7 es).
* This cokann is the raw of cancer occurrence In 1978-82 divided by the raw dunng 1872-76. For hepatoma, brw the rate

in 1978-82 was 2 tmes the rate in 197276,

3 int means infinty, and inchcates that there ware no cases caagnosed in 1972-1976.

-8R0
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-« What May The Studies Have Missed?

Although a thorough study has been conducted,
all studies have limitations. If there was a rela-
tionship between the BKK landfill and cancer,
there are a few reasons why the study may have
failed to find it. First, too small a proportion of
the population in the nearby census tracts may
actually have been exposed to the landfill. If, for
example, only people on the blocks close to the
landfill had exposures from the site, then ana-
lyzing cancer rates for the whole census tract
may have been too crude. Census tracts, how-
ever, were the smallest unit from which the
Cancer Surveillance Program could analyze its
records. Second, because people moved in and
out of the community often, exposed individu-
als who developed cancer may well have left the
area by the time the disease appeared and so
were not in the Cancer Surveillance Program'’s

data base. A third reason may be that not enough
time has elapsed for cancer to occur: the consen-
sus among scientists is that there is often a 20- to
30-year period between exposure to a cancer-
causing chemical and the onset of disease.

Conclusion

These studies compared the rate of cancer occur-
rence in residents of 11 census tracts adjacent to
the BKK landfill to rates in Los Angeles County
as a whole. There was no overall increase in the
cancer rate among residents living near the BKK
landfill. There was no consistent pattern of oc-
currence to suggest that the BKK landfill is linked
to individual types of cancer. The results do not
substantiate concerns that there were excess
cancers around the BKK landfill between 1972
and 1982.

2. The Health Risk
Assessment

Introduction

In response to residents’ requests, DHS con-
ducted a health risk assessment of the BKK land-
fill based on environmental monitoring from 1982
through 1987. It provides an estimate of the health
risks to individuals living near the BKK landfill
from exposure to chemicals found in the air,
groundwater and surface water. The assessment
1s primarily concerned with estimating the risk
of developing cancer from exposure to chemi-
cals found in the air because: 1) monitonng ac-
tivities indicated that air was the main route of
exposure, and 2) it is assumed that no amount of
exposure to a cancer-causing chemical is without
some risk.

A risk assessment is an ongoing process that
requires revision as science and technology pro-
vide new information. The 1990 health risk as-
sessment of the BKK landfill updates a 1982 risk
assessment and will be revised when informa-
tion about vinyl chloride, one of the cancer-
causing chemicals found in the air around the
BKK landfill, is updated.

There were three previous health risk assess-
ments of the BKK landfill: one by public agen-
cies and two by private consultants to the BKK
Corporation.

-81-

Previous Cancer Risk Assassments

In 1982, the Department of Health Services
(DHS), the South Coast Air Quality Management
District (SCAQMD), and the California Air Re-
sources Board (CARB) monitored the air in resi-
dential neighborhoods around the BKK landfill.
The following seven chemicals known or sus-
pected to cause cancer were identified: vinyl
chloride, benzene, perchloroethviene,
trichloroethene, 1,1-dichloroethylene, 1,2-
dichloroethane, and trichloromethane (chloro-
fortn).

Public health data show that each person has a
one-in-three risk of developing cancer during a
70-year lifetime. This means that 33,000 people
in 100,000 will develop cancer sometime during
their lifetime. This "one-in-three” risk is referred
to as a “background” risk.

The 1982 study estimated that for people living
near the landfill, and exposed to all seven
chemicals, the risk of developing cancer increased
to 33,005 in 100,000.

In 1986, consultants to attorneys for the BKK
landfill performed two separate risk assessments.
In the first, the increased cancer risk from the
same seven chemicals found in 1982 was esti-
mated to be much less: between rwo and 11 in 1
million people. Results in the second assessment
were similar: an estimated increased cancer risk

(continued on Fage 6)
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from the seven chemicals of two additional cases
.33'1 1 million people.

The estimates vary due to differences in the
methods and assumptions used by the risk as-
sessors. DHS has used more health-protective
methods and assumptions when estimating risk.
For example, DHS assumes that 100% of a
chemical detected in the environment is absorbed
by arrindividual and that individuals are at home
80% of the time. One consultant to BKK used a
method that assumed that 50% of a chemical
found in the environment is absorbed by an in-
dividual and that individuals are at home less
than 80% of the time.

What Did The 1990 Health Risk
Assessment Find?

In 1985, the United States Environmental Protec-
tion Agency (EPA) hired an engineering firm
(CH2MHIlD to evaluate chemical exposure to
people living close to the BKK landfill. The re-
port, completed in 1988, evaluated chemical
contaminants in the air, groundwater and sur-
face water. Chemical analysis of the soil at the
landfill was not done.

DHS based the 1990 health risk assessment pri-
marily on environmental measurements re-
viewed in the 1988 report. The measurements
showed contaminants in groundwater (water
found beneath the surface), surface water (water
fromn steams, storm drains or run-offs) and air
around the BKK landfill.

Groundwater: People living near the BKK land-
fill are not exposed to the contaminated ground-
water because it is not used for drinking water
Or irrigation.

Surface water: People mayv have been exposed
to contaminated surface water. However, the
health risk assessment determined that any ex-
posure would have involved small quantities,
occurred only once in a while, and lasted only a
short period of time. Consequently, the risk to
people who may have been exposed to contami-
nated surface water is considered to be extremely
small.

Air: People living near the BKK landfill may
have been exposed to contaminants in the air. In
1981, vinyl chloride was found in the air at the
landfill border. From 1982-1987 the amount of
vinyl chioride found in residential air monitor-
ing stations around the BKK landfill was at times
above the California air quality standard of 10

|

parts of vinyl chloride per billion parts of air (10
pPpPb).

Other chemicals found in the air around the
landfill' are also commonly found in the Los
Angeles air basin at detectable levels. However,
vinyl chioride is rarely detected in the Los An-
geles air basin. Therefore, vinyl chioride most
clearly represents the increased risk of develop-
ing cancer associated with the landfill. Liquid
wastes containing vinyl chloride were buried at
the landfill until june 1981. _& -

Vinyl chloride causes cancer in hymans. Health
effects other than cancer are seen at levels above
10,000 parts per billion, which is much higher
than any levels found near the BKK landfill.

1t is assumed that no amount of exposure to a
cancer-causing chemical is without some risk.
Therefore, the 1990 health risk assessment fo-
cuses on the risk of developing cancer from
breathing the amount of vinyl chloride detected
by air monitoring around the landfill from 1982
through 1987. The information used to estimate
the risk included the amount of vinyl chloride
detected in the air and the unit risk value for
vinyl chloride. The unit risk value is a measur-
of the cancer-causing potential of a chemical. It
is the estimated excess risk of developing cancer
as a result of constant exposure over 70 vears to
one microgram of a chemical in one cubic meter
of air. Unit risk values are determined by EPA
and DHS toxicologists based on experimental
animal and human epidemiological information.

Among people who were exposed to vinyl
chloride around the landfill between 1952-1987,
the health risk assessment estimates that an ad-
ditional two people in 100,000 may develop can-
cer. This means that in every 100,000 people,
33,002 of them (rather than 33,000 as in the U.S5.
average) may get cancer. For the BKK study area,
few if any additional cases are expected, too few
to detect by a health study. Thus the cancer study
and risk assessment produced similar results.

What The Heaith Risk Assessment
May Not Show

As the health risk assessment was being com-
pleted, DHS also completed a re-evaluation of
the ability of vinyl chioride to cause cancer. The
re-evaluation suggests that vinyl chioride is more
potent than was previously thought. This re-
evaluation was not available for use in the health

i sment.
risk asses (contmued on Page 7)
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The health risk assessment used the amount of
vinvl chloride that was measured near the landfill
between 1982 and 1987, Since 1987, vinvl chloride
has rarely been detected near the landfill, so
residents’ exposure has been reduced. The lower
exposure would reduce the risk and the estimated
number of additional cancers.

Next Steps

DHS plans to conduct a new health risk assess-
ment in 1991-92 based on both the new potency
information and recent air measurements. DHS
also will continue to watch the rate of cancer
around the BKX landfill to see whether it in-
creases. This is because cancer may take a number
of years to develop. Residents will be kept up to
cate as new information becomes available.

DHS is conducting a third study at the request of
people living near the landfill. This studyv is ex-
amining births in the area to see whether there
has been any increase in such problems as infant
deaths and low weight at birth. Residents will
receive a sumumary of that study when it 1s com-
pleted in the first half of 1991,

Regulation of vinyl chioride by governmental agencies
includes the follounng:

The Department of Health Services (DHS) hmits the
amount of vinyl chloride in drinkang water to 0.5 parts
per billion (ppb).

The California Occupational Safetv and Health pro-
gram (Cal{OSHAD) limits the level of vinyl thioride in
the workplace air to 100 ppbaveraged over an eight-hour
work period, never to exceed 100 ppb.

The California Air Resources Board (CARB) limits the
concentration of mnyl chloride in the ambient arr to 10
ppb, based on the technology available 1n 1973,

CARB is also proposing to identify vinvl chloride as a
toxic air contarmnant. A toxic atr contaminant is an air
pollutant which may cause an increasein serious iliness.
ldentification of vinyl chloride as a toxic a:r contami-
nant allows CARB to develop control stretegies that
reduce vinyl chioride air levels far below 10 ppb.

~ ¥

If you have any questions or comments about
the studies described in this newsletter, please
contact:

Elinor Blake
Community Relations Coordinator
California Deparument of Health Services
Environmental Epidermiology
and Toxicology Branch
5900 Hollis Street, Suite E

Emeryville, CA 94608

(415) 540-3657

For information about BKK landfill cleanup ac-
tivities, please contact:

Tom Mays
Public Parhcipation Specialist
California Department of Health Services
Toxic Substances Control Program
Region 3
1403 N. San Fernando Road. Suite 300
Burbank, CA 91504
(818) 567-3176

Copies of the full epidemiologic studies of can« -
cer in people living near the BKK landfill, the
health risk assessment and other relevant docu-
ments about the BKK landfill are available at the
following libranes:

La Puente Library
15920 East Central Avenue
La Puente, CA 91744
(818) 968-4613

West Covina Library
1601 West Covina Parkwav
West Covina, CA 91790
(818) 962-3541

Walnut Library
21155 La Puente Avenue
Walnut, CA 91789
(714) 595-0757
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UPDATED TOXICITY TABLES FROM THE 1990 INTERIM REPORT

In the 1990 intenm report, QEHHA-HWTS provided a tabie showing the USEPA weight-of-evidence
classification and site of cancer effect for the carcinogens detected 1n the environmental monitonng data.
Since 1990, USEPA has aaded chemical abstract service (CAS) numbers to metals and updated the sites
of carcinogenic effects associated with specific chemicals; “Lung" has been added to the site of
carcinogenic effects associated with vinyl chionde (USEPA. 1994b). APPENDIX C-TABLE 1 updates this
infarmation.

APPENDIX C-TABLE 2 updates the unit risk values for carcinogens detected at the landfil. A side-by-
side companson of the 1990 and 1994 vaiues shows the changes (increases/decreases or no change) for
each chemical. The 1994 vaiues are taken from Cal/EPA's “Critena For Carcinogens’ (SCWG, 1994),
OEHHA's siope factor for vinyi chioride is shightly more potent than USEPA's at this time: 0.27 (mg/kg-
day) ! versus 0.29 (mgfkg-day)"', respectively. The weight-of-evidence classification for the carcinogens
has not changed, although USEPA 1s in the process of reviewing the weight-of-evidence for
tnehloroetnylene.

CMA 114404
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APPENDIX C.TABLE 14

CARCINOGENS DETECTED IN GROUNDWATER, SURFACE WATER, AND AIR
BKK LANDFILL WEST COVINA, CALIFORNIA
Reported in the 1988 Exposure Characterization Repo

Carcinogen USEPAY Cancer®
Class Site

Arsenic (inorganic) A lung, skin

Cadmum 3 B1 lung, prostate, bresst

Chromum(vif A Iung

Lead B2 kidney, lung, gtomach

Nickel(subsuifide) lung, nasal

Benzene hematopoidtic system

‘ (letzkermia)

Bis-2-chioroethyl ether : liver

Carbon Tetrachioride ‘ liver

Chioroform kidney, liver. rectum,
colon. blagder

1.2-Dichioroethane forestomacn, breast, uterus

' circulatory system,

lung, hver

1,1-Dichloraethylene 75-35-4 kidney, breast, lung

Methyiene chioride (dichioromethane) 75-09-2 liver, breast, ‘
lung, leukemia

N-nitrosodimethylamine 62-75-9 multiple sites, liver

Perchioroethylene 127-18-4 liver

1,1.2.2-Tetrachioroethane 79-34-5 liver

1.1,2-Trichieroethans 79-00-5 liver, pheochromocytomas

Trichioroethyiene 79-01-6 tympnh, liver

Vinyl chioride 75014 liver, lung

Update of Table 3, "Heaith Risk Assessment of the BKK Landfill, West Covina, Califonia,” Interim Report,
November 1590, page 24. Hazardous Waste Toxicology Section, California Depanment of Health Services,
Sacramento, California. Additions are talicized and underiined (i.e., stomach).

“BKK Landfill Environmental Exposure Charactenzation Report, West Covina, California,” Volume i,

August 15, 1988, CH2M Hill. Santa Ana, Califorrua.

Chamical Abstract Service number.

USEPA weight of evidence ciassification: A, sufficient evidence in humans: B1, sufficient evidence in ammals,
limited in humans: B2, sufficisnt evidence in animals, inadequate in humans; C, limited evidence 1n animats,
inadequate in humans. Taken from USEPA's integrated Risk Information System (IRIS), Novemper 1994, and
August 1995. Database access August 1995 shows vinyi chioride, parchioroetnyiene, and trichiorosthylene
under review. With the excaption of 1,1-dichioroethylene, the above carcnogens are listed as known to the
State of Califomia to cause cancer for purposes of the Health and Safety Code Section 25249.5 ot seq.
Additional sites of carcnogenic effects taken from IRIS November 1994 and August 1995, with the exception of
vinyl ¢chionde. Lung site for vinyl chioride listed in "Heaith Effects Assessment Summary Tables: FY . 1994
Annual,” March 1994, Environmantal Critena and Assessment Office, U. 5. Environmental Protection Agency.
9200.6-303 (94-1) EPA 540/R-84/020. P894-921199,

Inadequate evidence to quanutatively evaluate the carcinogemcity of this compound by the oral route.




APPENDIX C.TABLE 22

INHALATION UNIT RISK (UR) VALUES FOR CARCINOGENS DETECTED AT
BKK LANDFILL, WEST COVINA, CALIFORNIA

Molecutar 1990 1994 1994
Weight Cal/EPA Cal/EPA
URP URC Urd
Carcinogen (uglmy- (;,nc_;lr|'13)'1 { ppb)‘1

Arsenig (inorganic) 7492 4.3E-3 3.3E-3 1.0E-2
Cadmium 112.40 1.2E-2 4.2E-3 1.9E-2
Chromum(v1) 52 1.5E-1 1.5E-1 3.2E1
Lead 207.2 - 8.0E-5 6.8E-4
Nickel 58.71 4.8E4 2.6E-4 6.2E-4
Benzene 78.11 5.3E-5 2.9E-5 9.3E-5
Bis-2-chloroethylether 143.02 3.3E4 7.1E4 42E-3
Carbon Tetrachionde 153.81 42E.5 ¢ 2664
Chloroform 119.39 2.3E-5 . 2.6E-5
1.2-Dichloroethane 98.96 2.2E-5 f 8.9E-5
1,1-Dichloroethylene 96.95 5.0E-5 y

Methyiene Chionde 84.93 1,0E-6 3.5E-6
N-Nitrosodimethylamine 74.10 1.4E-2 4 8E-3 1.4E-2
Perchioroethyiene 16585 . 5.8E-7 5.9E-6 4 0E-5
1,1,2.2-Tetrachioroethane 167.84 5.8E-5 Ncf 4.0E4
1.1.2-Trichloroethane 133.40 1.8E.5 2.1E-5 1.1E4
Trichloroethylene 1314 1.3E-6 2.0E-6 1.1E-5
Vinyl Chioride 62.5 2.7TE-8 7.8E-5 20E.5

Update of Table 10, "Heaith Risk Assessment of the BKK Landfill, West Covina, Califomnia,” Intenm Repon,
November 1990, page 47. Hazardous Waste Toxicology Section, California Department of Health Services,
Sacramento, California.

Values listed were derived by the United States Environmental Protection Agency (USEPA) or the Califomia
Depanment of Heaith Services, Heaith Hazard Assessment Division, Air Toxics Section (DHS) and were taken
from Table 3.15, "Air Toxics Assessment Manual." Califorma Air Pollution Control Officers Association,
October 1987 pgs. 3.5-24 to 3.5-28.

Taken from Standards and Critena Work Group. (1994). “California Cancer Potency Factors: Update.”
California Environmental Protection Agency (Cal/EPA), Office of Environrmental Health Hazard Assessment,
Sacramento. Califomia. NOTE. 1,1-Dichloroethene is no longer considered a carcinogen in California and has
been deleted from the Califoia Cancer Potency Factors. Changes in the unit risk values are due to increased
knowiedge about the inherent toxicity of the chemicals.

(ppb)"! = ( (ug/m3 x molecutar weight] / {24.45m3/umole} ).

USEPA weignt of evidence ciassification: A, sufficient evidence in humans; B1, sufficient evidence in animais,
limited in humans: B2. sufficient evidence in animals, inadequate n humans; C, limited evidence in arimais,
nadequate in humans. Taken from USEPA's Integrated Rigk information System (IRIS), November 1994.
Database access August 1995 shows vinyl chionde, perchioroethylene, and trichioroethylene under review.
NC = No Change.

NL = Not Listed by Cal/EPA: no change in untt risk value or classification by USEPA per IRIS. November 1994,
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STATISTICAL EVALUATION OF THE
R 1983-1990 AMBIENT VINYL CHLORIDE MONITORING DATA

When estimating the average concentration of an environmental contaminant over time, a
certain proportion of the data is often reported to be below the detection limit. Comparing two
groups of data. such as site data and background data. requires summary statistics inciuding
means and standard dewviations. Calcutating means for sampies with nondetectable
concentrations requires exchanging nondetects for a vaiue. There are three methods of
estimating summary statistics for data that include sampies with nondetectable concentrations:
distributional, robust, and substitution methods (Helsel. 1980). Use of these methods when
more than half the data are sampies with nondetectabie concentrations may result in biased or
imprecise estimates (Mornung & Reed, 1990).

Distributional methods use the characteristics of known distributions to estimate summary
statistics. A critical assumption when using distributional methods is how weil the data can

be expected to fit the assumed distribution. Commonly used distributions include the

normal. lognormal. and Weibull. Estimates of summary statistics are computed that best match
the observed concentrations above the detection limit and the percentage of data below

the limit. A frequently used method for fitting points to a distribution is the maximum likelihood
estimatior; (MLE),

Robust methods combine the observed data above the detection limit with beiow-limit values
extrapolated in order to compute the mean and standard deviation. The robustness resuits _
primanly frorn the use of observed data rather than a fitted distribution above the detection limit.

Substitution methods for nondetects include using the detection limit, half the detection limit, or
zero. The substitution of zero produces estimates that are biased low, and the substitution of
the detection limit resuits in estimates considered to be above the true mean. USEPA
recommends substituting haif the detection limit (USEPA, 1988b).

in generating vaiues for samples with nondetectable concentrations in the SCAQMD data,
HWTS requested statistical evaluation of the data by DHS-DEQDC. The fit of the air monitoring
data to normal, lognormal, exponential, and Weibull distributions was evaiuated using data from
Stations A, B, and MY for the years 1983 through 1989.

To evaluate each distribution, Gibbs technique was used to estimate the value of samples with
nondetectable concentrations as follows: first, the vaiue of haif the detection limit was
substituted for samples with nondetectable concentrations; then, the MLE was used to estimate
the parameters for the entire distribution; then, a random number generator was used to
generate new values for sampies with nondetectable concentrations. The data were generated
using the given distribution and the most recent parameter estimate. The process was then
iterated untii a convergence criterion was met. The Gibbs method differs from other algorithms
in that it requires no numerical integration. The integration is repiaced by the random number
generation. :
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The lognormal distribution showed the best fit. Arithmetic means of the lognormal distribution
for vinyl chionae concentrations at Stations A, B, and MY for the years 1983 through 1989 are
given 1n APPENDIX D - TABLE 1. Blanks in the table indicate insufficient data to compute the
algonthm. These concentrations are similar to the concentrations reported in TABLE & of this
addendum report. When substituted into the nsk equation, average annual concentrations
using the Gibbs technique resuit in risk estimates per year that are similar to the risk estimates
using the simpie substitution method for samples with nondetectable concentrations. Since the
substitution method can be more easily reproduced and the resuits are comparabie to a more
sophisticated method, the substitution method was used for samples with nondetectable
concentrations. gt
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APPENDIX D - TABLE 1

AVERAGE ANNUAL CONCENTRATIONS OF VINYL CHLORIDE
BASED ON GIBBS TECHNIQUE” FOR SAMPLES WITH NONDETECTABLE CONCENTRATIONS

1984 1985

Station A 408 3.34
Staiion B 3.88 2.20
Station MY 538 5.36

*The Gibbs techmigue was used to estimate the value of sampies with nondetectable concentrations as
follows: first. the value of half the detection imit was substituted for samples with nondetectable
concentrations; then, the maximum Iikelihood estimate was used to estimate the parameters for the entire
distribution; then, a random number generator was used to generate new values for samples with
nondetectable concentrations. The data were generated ysing the given distnbution and the most recent
parameter estimate. The procass was then iterated until a convergence cnterion was met. The Gibbs
method differs from other algonthms in that it requires no numerical integration. The integration 1s replaced
by the random number generation.

NOTE: Values computed by Joel Swarz, Ph.D., California Department of Heaith Services-Environmental
Epidemuology and Toxicology Section, Emerywville, Califorria, 1992, using South Coast Air Quality
Management Distnct's ambient vinyl chlonde monitonng data, January 1983 through Decembper 1989,
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CMA 114411

E 52




APPENDIX E-FIGURE 1
(Department of Health Services, Division of Environmental and
Qccupational Disease Control)

1990 CENSUS TRACTS NEAR BKK LANDFILL

BKK STUDY AREA
WEST COVINA

LOS ANGELES COUNTY
CALIFORNIA

405500 ] 405600

/ / 4064

4
/ ’
o /00 s06412
rd

rd
406402
4
406601
406602 | _‘,—
Q~.

40800
407500 -1

407900 ¥

«

407300

! {
«oma00] 407600 V4 403400

408131

CENSUS TRACT
405500 4055.00

408102 408101

1980 CENSUS TRACT
BOUNDARIES

wese s« CLOSED CLASS | LANDFILL

==« BKK PROPERTY LINE

1 MILE RADIUS FROM CLASS 1 LANDFILL AND
3 MILE RADIUS FROM BKK FROPERTY LINE

Courtesy of : Rachel Broadwin, California Depaniment of Heaith Services, Division of Environmental and
Occupational Disease Control, Environmental Health Investigations Branch, Emeryville, California, April 1994.
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APPENDIX E-TABLE 12

1990 POPULATION CENSUS TRACT DATA FOR THE VICINITY OF THE BKK LANDFILL, WEST COVINA, CALIFORKIAD

Census Tract to the North of the BXK Landfill

4067 4055 4058 4065 4068.02 4068.01

LAY Groups '

Tolat

Childeen {0-4)

Children (5-8)

Children (10-14)

Children (15-18)

Adults {20-64)

Adults (85+)

Median Age

. Females
Tots
Females {0-14)
Females (15-44)
Fernales (45-84)

Femaies (85+)
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APPENDIX E-TABLE 12(continued)

1990 POPULATION CENSUS IRACT DATA FOR THE VICINITY OF THE BKK LANDFILL, WEST COVINA, CALLFORHIAD

Census Tracts to the South of the BKK Landfill

4081 N 4081 02 4081 01 4082 1 4082 12 4078 4077

1 All Groups

Toral 7.792 5518 4,032 11 642

Children (0-4) 627 428 262 1196
Cheldven {5-9) - 609 401 1090
Children (10-14) . 614 908
Chidren {15-19) 1047
Adults (20-64) ' 6.761
Adulls (65+) 640

Median Age

Females
Total
Females {0-14)
Females {15-44}
Females {45-54)

Females {£5+)

Update of Table 4, “Health Risk Assessment of the BKK Landfil, West Covina, Calforma,” inlerim Report, November 1080, page 34, hazaidous Wasle Toxicology Seclion, Califomia Departmeni of Heallh Services,
Sacramenio, California  Taken from "BKK Landiil Environmenial Exposure Characlerizabon Report, Wesl Covina, California, "Volume |, August 15 1808, CHZM Hill, Sania Ana, CaWomia

"Unded Stales Dep i ol C e, 1990 Census of Populabon and Housing. populalion and Housmg Chasacienshcs {oc Census Tiacts and Block Numberng Areas, Los Angeles-Long Beacthi CA PRISA
Secwon 1 o 7 * Augusl 1893 Economic and Stalisics Admunsiakion, Bureau of the Census, Washingion D C 1880 CPH-3-2158
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APPENDIX F

AIR DISPERSION MODELING OF THE
1983-1990 AMBIENT VINYL CHLORIDE MONITORING DATA
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% AIR DISPERSION MODELING OF THE
198%-1990 AMBIENT VINYL CHLORIDE MONITORING DATA

Ogden Environmental and Energy Services Co.. Inc. (Ogden) was contracted by DHS-DEODC and
OEHHA-HWTS in February 1991 to setect an air dispersion model anag develop a data base which wouid
be used to model estimares of histoncal vinyi chionde concentrations in ambient air around the tandfill.
-The modeled estmates were to be used in the pending DHS-DEODC reproductive outcomes study and in
the present addendum heaith nsk assessment. ARB provided technical consuitation for the project and
assisteq staff from DEQODC in refining the emussion rates. in November 1992, Ogden submitted its report,
"Air Quaiity Modeling for the B.K.K. Landfill Air Toxic Exposure Study" (Ogden, 1992),

The modeling was conducted using the Fugitive Dust Model (FDM), a Gaussian air dispersion model
deveioped by USEPA and similar to USEPA's industnal Source Compiex (ISC) model. The ISC modei is
an approved model for reguiatory purposes. The FDM model was selected over the ISC model because
at the time the study was tnitiated, the FDM model was considered to esumate air concentrations close to
large area sources. like the B.K.K. Landfil. better than the ISC modai.

The version of ISCST available at the ime of the project represented an area source by a single line
source segment. Consequently, estimated concentrations for receptors close to a source ("near-field")
couid be under- or over-predicted. Near-field concentrations have been associated with highest detected
values of vinyi chionde in momtonng around the landfill. The inability of ISCST to capture near-fieid
concentrations was considereq to be a senous iimitation for this project.

Although intended primarily for the caiculation of particulate concentrations, FDM is aquaily suited for any
pollutant from non-bugyant sources. FDM uses the standard Gaussian piume formuiation for computing
downwind concentrations from an emission point, line, or area source. The area source aigonthm was
used for the B.K.K. Landfill. The aigonthm provides a uniform distribution of emissions from the area
source, represented as a series of line sources (rectangles) oriented perpendicular to the wind. For

the purposes of this project, the area source for the model was considered to be the 170-acre closed
Class | Unit.

Neither ISCST nor FOM can account for terrain influences on the direction of plume travel. Studias
conducted in the 1980s around the landfill document a nighttme wind flow from the landfiil down the hilf to
the residential community adjacent to the landfill. All of the avaiiable Gaussian compiex terrain modeis are
designed to simulate impacts on terrain elevatad above the source; none are intended to simuiate impacts
on nearby receptors balow the emission point, as exists at the B.K.K. Landfill.

Meteorological data required for the model were obtained from three sources. The primary source was
SCAQMD's meteorglllEN station located at Station A. Wind speed and wind direction data were
collected hourly bt 3 and 1985 at Station A. Data mussing from Station A were replaced with
corresponding datk§ -AQMD's meteorological station at Wainut. Additional meteorologicai data
used in the modeling Wiite obtained for the same time pencd using hourly data collected by the National
Climatic Data Center at Ontario Airport in Ontano. All three years of meteorological data were combined
to represent average annual meteorological conditions at the B.K.K. Landfili during the modeled time
pencds.

To predict annual average concentrations for the years after 1985, the three years of hourly
meteorological data were run through the stability array (STAR) program. STAR is a statistical
meteorological program which produces a composite wind direction frequency distribution, stratified by
wind speed and stability class. Wind speed and wind direction determine both the location of poliutant
impacts and their magnitude. Station A wind data were considered to be the most representative available
histoncal information on the transport of pollutants from the landfill because vinyl chionde was monitored
almost daily at Station A from June 1981 through March 1990. Wainut Station is located approximately
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three kilometers south-southeast of the landfill and is influenced by different terrain features. Walnut data
were not deemed as represeniative as tne pnmary data source but were considered acceptable to fill in
gaps missing in Station A data.

Stability class 1s a measure of the dispersive capacity of the atmosphere. It is not measured directly but
derived from otner measurements. USEPA deveioped a data processing package called RAMMET which
uses concurrent sky cover measurements and wind speed to derive stability ciass. Hourly stability
categonies were developed using the RAMMET program and sky cover data from Ontano Airport.

Mixing height determines the depth through which potiutants can disperse in the atmosphere. Modeling
for ground-level sources such as the B.K.K. Landfill are mostly insensitive to mixing height  Hourly mixng
heights were calculated using the RAMMET program and average, seasonal mixing hetghts interpolated
from values published for the contiguous United Statas.

Annual vinyl chloride emission rates were estimated from continuous 24-hour average vinyl chloride
concentrations measurad at SCAQMD's three rasidential monitoring stations south of the landfill, Stations
A, B, and MY. Average annual concentrations were then determined for each monitoring station, with the
nondetected sampies set at one-haif the detection lirmit (1983 through 1987, 2 ppb; January 1988 through
Septemoer 1989, 1.4 ppb; October 1989 througn March 1990, 2 ppb).

To calcuiate emission rates. the FDM mode! was run with a nominal emission rate for each year at each
monmitonng station wtien monitoring data were available. All of the vinyl chionde was assumed to have
onginated homogeneously from a rectangle approximating the Class | unit. The emssion rates were then
scaled so that the modeled concentrations equaled the measured concentrations. The highest average
annual ermission rate from the three stations for each year was selected as representative of viny! chioride
emissions for that year. For all years except 1988, the highest emission rate was obtained from Station A.
For 1988, the highest emission rate was obtained from Station MY.

ARB provided technical consuitation to the project. ARB recommended running tests to estimate the
difference that wouid be predicted using different meteoroiogical data sets (SCAQMD's Station A and
Walnut Station) and different models (USEPA's reguiatory models, ISCST and SCREEN; and FOM ).

To test the effects of using Station A meteorological data versus Wainut data, FDOM was run twice: first
using hourly Station A data for the time penod October through December 1984, then using the wind data
from Walnut for the same time period. In both tests, the model was run with a unit emission rate. and the
landfill emission rate was then back-caiculated from the measured concentrations at Station A, B, and MY.
The resuits showed that significant differences in amission rates were obtained, with smailer emission
rates obtained using Station A data. The conclusion for this project was that the site-specific data from
Station A would more accurataly reflect the micrometeorciogy around the B.K.K. Landfill.

Compansan of the FOM and ISCST modeis was made using the estimated emission rates for January-
March 1983. The restjts showed simiiar isopleth contours and a similar point of maximum impact, [ocated
on the landfill boundary. However, the maximum concentration predicted by FOM was aimost three times
higher than that predicted by ISCST. The conciusion for this project was that FOM would not underpredict
near-field receptors, such as Stations A, B, angd MY.

All air dispersion models are designed to be heaith protective. SCREEN is a worst-case model which,
rather than using actual meteorological data, calculates hourly concentrations from a matrix of wind
speeds and stability conditions, and reports the maximum. Comparison of the FDM and SCREEN models
was made using emission rates for Station A for the time period January-March 1983. Resuits showed
that SCREEN predicts concantrations three- to ten-fold greater than FDM. The conclusion for this project
was that the order of heaith protective conservatism built into the three models is: SCREEN > FOM »
ISCST, as destred.
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APPENDIX F-FIGURE 1 is an 1sopieth of vinyl chioride at 2,1, and 0.05 ppb modeled concentrations
arouna the B.K.K. Landilfin 1989 generated by FDM. The purpose of the isopleth is to show the general
direction of the plume. €onfidence in the extent of contamination depicted in the 1Sopleth is low for the
following reascns:

All of the vinyl chlonde was assumed to have onginated homogeneousiy from a rectangie
approximatng the Class | Unit. This assumpton may overastimate concentrations at
residentiai locations on the eastern side of the iandfill and underestimate concentrations at
residential iocations on the westemn side of the landfill since vinyi chioride may have been
reieased from other areas of the landfill. Simiiarly, the agsumption does not estimate potential
localized "hot spot” areas of vinyl chioride ermissions;

Vinyi chloride monitoring data and the meteorological data were soiely from the southem
boundary of the landfill. Less confidence can thus be placed on modeled estimates at other
areas around and away from the tandfill; .
Emission rates were developed from average annual vinyl chioride concentrations calculated
with nondetected measurements set at one-nalf the detaction limit. Between 37 and

100 percent of the measurements in any given vear were below the detection limit. This
assumption may produce overly conservative concentration estimates. In 1989, 99 percent of
the data from Station A was non-detects;

The emission rate estimated for each year was the highest emission rate back-calculated
fror the data at the three stations, Emission rates caiculated using Station A data were on
the average 139 percent higher than emission rates caiculated using Station B data. This
assumption will overestimate concentrations near stations which were not used to estimate a
given year's emission rate, and may result in higher concentration estimates in other areas as
wail.

In addition to data and methodology limitations given above, there are uncertainties and limitations
inherent to ail Gaussian air dispersion modeiing, the extent of which, regarding the B.K.K. Landfill, were
not apparent until after working with the modei:

Gaussian models cannot caiculate concentrations accurately when wind speeds fail below
one meter per second (nVs). As recommended by ARB, all wind speeds which fell below one
nvs were adjusted to one nvs. At the B.K.K. Landfill, wind speeds below one nvs occurred
60 percent of the time. Setting a lower wind speed boundary at one m/s would tend to
overestimate the back-caiculated emission rates. The effect is somewnhat offset by the fact .
that ermission rates were back-caiculated from measured data near the landfil.

angadeis cannot factor in compiex, topographical terrain, as exists around the
B.K W, fiat is, models cannot account for an emission source which is at a higher
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APPENDIX F-FIGURE 1
{Department of Health Services, Division of Environmental and Occupational Disease Control)

Note: Confidence in the extent of modeled vinyl chloride concentralions is low because of the assumptions used in, and limitations and uncestainlies of, the Fugilive

Dust Modet. In the figure, the 2 ppb viayl chicride isoplelh is on the landfill, the 1 peb vinyl chloride isopleth exlends to Amar Road, and the 0.05 ppb viny! chicride
isopieth extends 1o the three mile radius southwest and easl of the tandfill. The purpose of lhe isopleth is lo show the general dizection of the eslimated modeled plume.

-

1989 ESTIL‘IA'I'ED VINYL CHLORIDE CONCENTRATIONS NEAR
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APPENDIX G

UPDATED RISK ESTIMATE OF THE 1984 INDOOR AIR
MONITORING PROGRAM EVALUATED IN THE 1990 INTERIM REPORT
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UPDATED RISK ESTIMATE OF THE 1984 INDOOR AIR
MONITORING PROGRAM EVALUATED IN THE 1990 INTERIM REPORT

This Appendix revises the nsk estimate for the USEPA-DHS 1984 incoor air monitonng program using
updated umt risk values.

On July 17, 1984, 19 homes along the southem and southeastern border of the B.K.K. Landfill were
evacuated when methane. irom iateral subsurface lanafill gas migration, was detected at concentrations
above the lower expiosive limit (50,000,000 ppb). The Southern California Gas Company detected the
methane gas dunng a routne (every four years) survey of residential gas distnbution piping system.
Methane gas migrating from a iandfili can serve as a carner gas for nonmethane hydrocaroons. such as
vinyl chionde, which are deposited or generateg at landfills. On July 18, 1984, a team from SCAQMD,
USEPA, and DHS coliected grao air samples in 2-liter buib containers from inside the evacuated homes.
The samples were analyzed for methane, nonmethane hydracarbons, vinyl chioride and selected volatile
organic compounds. Ten of the evacuated homes were designated “Priority 1" based on the
coneentrations of vinyl chionde detected. The highest detection of vinyi chloride in the 2-liter buib
containers was 990 ppb. (Five cays later. analysis inside the same home showed 160 ppb viny! chioride,
and on August 1. 1984, vinyil chionde was not detected at or above the detection limit of 2 ppb.)

In Qctober 1984, the ten Prionty | homes and one “control” home were resampled. Samptes were
collected in Tedlar bags over 24-hours. The purpose of the indoor air monitonng program was to
determine the safety of reoccunying the homes. There was a discrepancy regarding the concentrations of
benzene detected in the Prionty | homes. CH2M Hili reported laboratory contamination. However, no
documentation or explanation was provided, and the banzene data were included in the appendices of the
expasure charactenzation (CH2M Hill, 1988).

To estimate the duration of exposure for the risk characterization in the interim report, HWTS reviewed the
records of the Southern Califormia Gas Company. According to the records reviewed, elavated “fisid gas’
" (combustible gas onginating from natural decomposition of organic material and not the company's
metered gas) was detected at one residential location near Station B in May 1984. The detection was
determined to be not hazardous. Beginning July 3, 1984, other residential locations in the vicinity of
Station B were surveyed. Detections of field gas were determined by the gas company to pose a hazard
to people or property. The gas company continued to monitor the area, leading to the evacuation on
July 17, 1984,

HWTS estimated that the duration of exposure to landfill gas contaminants in indoor air of the evacuated
homes was no more than 1-year. This assumption may underestimate or overestimate the axposure. An
article published in 1987 descnbed the gas migration as “fresh” and “new,” and stated that “it may not
have been going on Iong enough for steady state conditions to have been achieved” (Wood and

Porter, 1987). g

The limited scope of @iE¥door air program (grab sampiles in July and 24-hour samples in October)
preciudes its use B¥if the long-term assessment of this addendum report.

APPENDIX G-TABLE 1 updates the risk astimate associated with the five carcinogens detected in the
evacuated homes in October 1984, The individual excess lifetime cancer risk associated with an assumed
one-year exposura to the concentratons detected in the homes is estimated to be approximately 2 x 105,
Vinylidene chioride (1,1-dichloroethene) 18 no longer considered a carcinogen in California and has been
deieted from the list of California Cancer Potency Factors. Consequently, it is not included in the revised
nsk estimate,
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APPENDIX G-TABLE 1%

INDIVIDUAL EXCESS LIFETIME CANCER RISKP
USEPA-OHS 1984 EXTENDED MONITORING PROGRAM
{INDOOR AIR, EVACUATED HOMES)

BKK LANDFILL. WEST COVINA, CALIFORNIA

Unit Riskd Cancar Risk
Caranogen (ug/im3)-1
1990 1994 1990 1994

Vinyl Chioride 27E$ T8ES
Perchioroathyiane . 58E-7 59E6
Trichiorosthens . . 13E6 20ES
1.2-Dichiaroatnane 2.2E-5 22E-5
Benzene 5.3 E-5 29E-5

Total Excess Lifetime Cancar Risk Incliuding Benzene
Totat Excess Lifetima Cancer Risk Excluding Banzene

Update of Table 16, "Health Risk Assesament of the BKK Landfill, West Covina, California, Interim Report, November
1990." pg. 68, Hazardous Waste Toxicology Section, Califorma Department of Heaith Services, Sacramento. Califormia.
Calcutated by ECR = C x YR x EF x UR x 1/LT whera

ECR Excass ifetime cancer nsk

c Concentranon in ug/m3

YR Years of residence associated with expasure (1)

EF = Exposure factor, 1.e. parcent of time st home (80%)

UR Unit nisk vaiue

LT Human ndividual ifstime in years (70)
Median vaives taken from Table 6-13, "BKK Landfil Environmental Exposure Characienzation Report, West Covina,
California,” CH2M Hill, 1988, Volume I. p. 6-45.
1950 vaiues were denved by the Unted States Environmaental Protection Agency (USEPA) or the California Department of
Heaith Services, Hesith Hazarg Assessment Division, Air Taxics Section and weare taken from Table 3.15, "Air Toxica
Assessment Manual,” Califorma Air Poilution Controi Officars Associaton, October 1987 pgs 3.5-24 to 3.5-28. 1994 vaiues
ware taken from the Standards and Criteria Work Group, “California Cancer Potency Fsctors: Update 19947, California
Environmental Protecton Agency (CaVEPA, Office of Environmental Heaith Hazard Assessmaent), Sacramento. California.
NOTE: 1,1-Dichiorosthens 13 no longer considered a carcinogen in California and has been deleted from the Califorma
Cancer Potency Factors. Consequently, it is not included in the table update. Changes m the unit nsk values are due to
increased knowiedge about the nherent toxicity of the chemicals,
USEPA wawght of avdenca classification: A, sufficient svidence in humans; B1, sufficent evidence in animats, imited in
humans: B2, sufficient evidence in animais. inadequate in humans: C. limrted evidencse in animais, inadequate 1 humans,
Taken from USEPA's integrated Risk Information System (IRIS), Novemper 1994,
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APPENDIX H

DEPARTMENT OF HEALTH SERVICES-CANCER SURVEILLANCE SECTION
LETTER REGARDING REVIEW OF RECENT TUMOR INCIDENCE DATA
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[E OF CALFORMIA—HEALTH AND WELFARE AGENCY
C— e —— — - —

PARTMENT CF HEALTH SERVICES £

/Tad ¢ STREET [
BOX 942732 -

RAMEMTO, CA 942247320 .

107 540-2711

Novemper 16, 1995

RECEIVED
Robert L. Holtzer M.D.
Hazardous Waste Toxicoiogy Section NGY 20 1233,
Office of Environmental Heaith Hazaras Assessment
601 North 7th Strest/MS 241 HMazaraous waste Toxicology
P.0.Box 942732 ' Section

Sacramento, CA 94234-732

Dear Dr. Holtzer,

In response to your request, the Cancer Surveiilance Secdon of the Department of
Health Services, in coilaboration with the Cancer Surveillance Program of Los Angeles, has
examined the incidence of invasive cancer in the six census tracts (see enclosed map) around
the BKK landfill in West Covina. We have compared the observed cancer incidence in the
area with the incidence expectzd on average if the residents had the same cancer rates as Los
Angeies County as a whole.

As you know. California has had a statewide cancer reporting system since 1988. The
California Cancer Regisuv (CCR) has informanon on every cancer case diagnosed in a
California resident after january 1. 1988, with the exception of squamous and basal ceil
carcinomas of the skin, which are very common and usually treated in doctors’ offices. The
information gathered includes addresses at the time of diagnosis. which are allocated to the
appropnate census tractt. Data for Los Angeies County are collected by the Cancer
Surveiilance Progrant-of Los Angeies. University of Southern California.

These dara enabled us to obwrin the observed number of cancers, that is the numboer of
invasive cancers of all anatomical sites combined that were actually diagnosed among
residents of the area of the six census tracts during the six-year period 1988-93. We
estimared the expected number by applying the average annuai incidence rates of invasive
cancer for Los Angeies County, specific for five-year age group. racs. and sex. to the
corresponding 1990 population data for the census tracts. Assuming the popuiation either to
be stable or to have increased lineariy berwesn 1988 and 1993. muitiplying the ‘expected .
numpers ror 1990 by six. producss estimates of the cases expected during the six years. "
1988-93. The table below snows the numoers.
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THE INCIDENCE OF INVASIVE CANCER IN THE BKK LANDFILL. AREA
ALL RACES. ALL ANATOMICAL SITES COMBINED
LOS ANGELES COUNTY. 1988-93

Expectea No. . Expected No. Observed No.
Census Tract 1990 1988-9% ' 1988-03
4034 56.3 - 338 333
4078 17.0 102 114
4079 12,6 - 76 85
4080.01 18.7 112 114
4080.02 ‘ 16.8 101 81
4081.3] 3.7 142 128
Total 145.1 87 855

As the the table shows. the observed number of cases in the entre area. 355. was
actually lower than the number expected. on average, during this ume period, 871. Neither
this difference nor the differences detween the ooserved ang expected numbers for the
individual census tracts are stausucally significant: the differences are within the bounds of
what can be expected to occur, in either direction, by chance ajone.

No cases of hemangiosarcoma of the liver were reported among residents of these six
census tracts during the years 1988-93. Of the 27 hemangiosarcomas diagnosed in California
during this time period. seven occurred in Los Angeles Counrty, a proporton roughly
equivalent to the popuiation proporuon in Los Angeies. Only one case occurred within five
miles (neither downwind nor gownwater) of the BKK landfill. This was in.an elderly person
who moved into the area in 1989. and was diagnosed a few years later. Thus there is no
indication of an increase in hemanglosarcoma of the liver in the area around the BKK landfill
durin this ume period.

In summary, for the six-vear period. 1988-93, there 1s no indication that the incidmce_\

of invasive cancer among residents of the area around the landfill has been different than s
cancer incidence among residents of the enure Los Angeies region.
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If there are any quesuons. piease call me at (510) 540-2711.

Sincereiy.

TR 20

Eva R. Glazer. M.D.. M.P.H.

Cancer Surveillance Section

2151 Berkeley Way, Annex 2
" Berkeiey, CA 94704

John L. Young Jr.. Dr.P.H.. CTR
Cancer Surveiilance Saction

P.O. Box 942732 MS 592
Sacramento, CA 95814

Wendy Cozen D.O., M.P.H.
USC Cancer Surveiilance Program
1540 Alcazar St., CHP-204

Los Angeles, CA 90033

Phil Jacobs

Toxics Epidemioiogy Program

Los Angeies County Department of Health Services
510 S. Vermont. Room 215

Los Angeles, CA 90020

Richard Kresiizer, M.D.

Environmental Health Investigations Branch
5900 Hollis Street, Suite E

Emeryville, CA 94608
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APPENDIX |

RELEASE OF THE DRAFT ADDENDUM REPORT
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CALIFORNIA ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF ENVIRONMENTAL HEALTH HAZARD ASSESSMENT

NOTICZ 7O INTERESTZD PARTIES
DECEMBER 15. 1995

NOTICE OF AVAILABILITY OF DRAFT ADDENDUM HEALTH RISK ASSESSMENT OF AMBIENT
FUGITIVE VINYL CHLORIDE SMISSIONS FROM THE CLASS | UNIT OF THE B.K.K. LANDFILL.
WEST COVINA. CALIFORNIA
and
NOTICE OF PUBLIC WORKSHOP

The Office of Environmental Health Mazam Assessment (CEMMA) reieasea tne “Draft Addengum resith
Risk Assessmen: of Ampient Fugiuve vinvl Chlongoe Ermussions From the Class | Unit of the 8.K.K
Lanafill, West Covina. Califorma‘ taor a 60-day puptic somment 0enog oegmnng Decemper 15, 1988,

The 1995 drart a2gengurm neann sk assessment ucagtes tne 1890 intenm -~eann Risk Assessmeam of
the 8.K.K. Lanatil, west Covina. Calitormia.”

The qgran aagenoum neainn nsx asSESSMEN wiill OB tNe SUDeST C7 3 DUDNC WOrKSNOD ta be neig on
Thursaay, January 11 1988, tram 7.20 a.m. 1o 10:00 a.m.. at the City of West Cavina Councst
Champers. 1ocareq on tne First Floor ot City Mail. 1444 West Garvey Avenue, West Covina. Califorma.
Comments may de presentea qunng INe worksnog, or SUDMITe In winng 10 the acqaress peiow.  \Writen
comments must be received ty QEHHA on or petare Fetruary 13, 1988,

At the ena of the commem penod. the final renon will be prepareg ana reteased. The acgenaum repert
plus the intenm regon will compoiete the neaith nsk assessment of the 8. K. K. Landfill promisea to the
remigems py the State of Califarma,

Piaase direct any QUESTONS regarting e warkshoo or the aralt anaengum neatth nsx assessment to
Lillian Kelly at tne agaress anag ietepnone numoer indicaten beiow  Capies of the grat aczengum hesth
nsx aszassment Mav oe oStamen by SUDMIMING a witlten reguest.

Lillian netlv, M.P. .

Otfice o Environmental mMealith mazam Assessment
Mayaraous Waste Toxieoiogy Sacton

801 North Seventh Street, MS 241

P. O, Box 942732 ,

Sacramemo, Calitforma $4234-7320

PHONE No. (918} 334.2829

FAX Na. (918} m

Copies of the graft J0TENCRHN ang INtENM Neaith nsK 3SSESSMEnts ang otner Neaitn stuaes regaraing the
B.K.K. Lanafill are avauaDie 10 pe reag on tne premises at tNe tollowing Loranes:

Waest Covina Library Walinut Library La fuente Liorary

1681 Wes: Covina Parkwav 21185 La Fuente Avenue 18820 Sast Cemral Avenue
West Covina. Calitormia $175C ‘Namut. Calitormuia 91789 La Puente, Calitormia 91744
(818) 562-1541 (909) 585-0757 (818 S68-4813
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APPENDIX J

OEHHA'S RESPONSE TO COMMENTS ON THE DRAFT ADDENDUM REPORT
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OEHHA's Response to Comments From Regulatory Agencies

United States Environméntal Protection Agency - Region IX
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OEHHA'S RESPONSE TO COMMENTS FROM USEPA

Response to Comments From Gerald F.S. Hiatt, Ph.D., Senior Risk Assessmant Advisor

1.

Cal/EPA has participated with USEPA in the evaluation and presentation of USEPA's assessment of
increased sensitivity of infants and children to inhaled vinyl chioride. USEPA's October 20, 1985
policy statement says that “the Agency will develop a separate assessment of risks to infants and
children.” To date, quantitative assessments of young-age sensitivity to inhaled vinyl chloride have
not been used extensively in assessments such as the addendum report. OEHHMA's unit risk for
vinyl chloride is derived from the Drew ot a/. studies in female mice, and includes consideration of
increased sensitivity of young animals to vinyl chioride induced carcinogenicity. In selecting this
value QEHHA noted: “The animal studies demonstrate a relationship between tumor formation and
the sex and age of the animal at first exposure. Fetuses, newborns, younger animals, and females
exhibited the highest carcinogenic sensitivity (Drew et al., 1983). In the epidemioclogical studies of
vinyl chloride workers, who were predominantly.-male, the average age at first exposure was 29.7
years. Thus, to protect all members of the general population, it is more appropriate to base risk
assessment calculations on the animal inhalation studies, which because of their use of more
sensitive categories, the young and females, reflect a wider range of population sensitivity.”

Utilizing the USEPA's approach to evaluate the theoretical upperbound excess lifetime risk for
exposure to viny! chloride at a young age suggests a risk estimate at Station A that is approximately
14-fold higher than the estimate obtained in the addendum report. This qualitative estimate has
been added to the Risk Characterization, Limitations and Uncertainties.

USEPA's guidance states that “Sampling.data from Superfund sites have shown that data sets with
fewer than 10 samples per exposure area provide poor estimates of the mean concentration (i.e.,
there is a large difference between the sample mean and the 95 percent UCL), while data sets with
10 to 20 samples per exposure area provide somewhat better estimates of the mean, and data sets
with 20 to 30 sampies provide fairly consistent estimates of the mean (i.e., the 95 percent UCL is
close to the sample mean). Remember that, in general, the UCL approaches the true mean as
more samples are included in the calculation (USEPA, 1992a)." TABLE 7 of the addendum report
indicates that the minimum number of samples collected by SCAQMD in one year is 191. Thus, we
believe that the average annual concentrations used in the addendum report are justified.

Discussion of the underestimation of exposure at Station MY for the years 1980 through 1983 has
been expanded in Risk Characterization, Assumptions Regarding Ambient Vinyl Chloride Monitoring
Data. For the years 1985 through 1988, concentrations of vinyl chloride at Station MY were 1.6- to
1.9-fold higher than concentrations at Station A, and Station MY had between 25 to 33 percent’
fewer samples with nondetectable concentrations.

Response to Comments From Carmen D. Santos-Prior, Project Manager, B.K.K. Landfill

1.
2

The sentence has been correctad.

information about the subsurface soil gas investigation USEPA is requiring the B.K.K. Corporation to
conduct has been added.

The scope of the risk assessment required of the B.K.K. Corporation under the USEPA Order has
been expanded.

Please see Exposure Assessment, Other Hazardous Chemicals Detected in Ambient Air.

Information about the Response Action Plan for Vinyt Chioride has been added to the Hazard
Identification section, Vinyl Chloride Emissions From the Class | Unit.

Correspondence from SCAQMD (SCAQMD, 1984a) has been added as the reference for
SCAQMD's acceptance of B.K.K. Corporation’s contract laboratory protocol for vinyl chioride.
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ENCLOSURE 1|

REGION IX
75 Hawthormne Street (H-9-3)
San Francleca, CA 94108

{::;%'3 UNITED STATES ENVIRONMENTAL PROTBCTION AGENCY

MEMORANDUM February 13, 1996

B =_Ca A _Draft Ri

Gerald F.3. Hiatt, Ph.D. 6-@‘,‘04 R Ll"‘-'{""

Senior Risk Assessment Advisor

To: Carmen Santos
Project Manager - BKK Site

Per your request, I have reviewed the raft Add alth Risk
Assessment of Ambi i *l loride Emis n om_the Class
Unit of the B.K.X. d i Wast Covina i £ . prepared by
the Office of Environmental Health Hazard Assessment of Cal/EPA and
dated Decembsr 1995.

In general, the risk asgessment is well written and represents a
thorough analysis of the relatively extensive data collected by the
various airborne vinyl c¢hloride monitoring efforts over a number of
Years at the BKR site. I was especially impressed by the various
approaches the authors used to incorporate non-detects from the
earlier years of vinyl chloride monitoring (when 1limits of
detection were in the 2 to 10 ppb range) and the various different
ways that risks are apportioned over the entire period of time
covered by the draft risk assessment.

There are two specific issues on which the Cal/EPA approach used in
this risk assessment differs from the procedures used by U.S. EFA
and these are worthy of comment, as is one of the vinyl chleride
exposure assumptiong usad by Cal/EPA:

1. +Vinyl chloride Risks in crildxnn Under U.S. EPA risk
assessment policy and guidelines, the risk agssessment should
quantitatively address the sensitivity of young children to
the caycinogenic action of inhaled vinyl chloride for less-
than~lifetime exposure scenarios. It is U.S. EPA policy to
explicitly assess risks to children whenever possible:

It is the policy of the U.S. Environmental Protection
Agency (EPA) to consider the risks to infants and
children consistently and explicitly as a part of risk
aAssessments ... the Agency will develop a scparace
assessment of risks to infants and children .
{Browner: New Policy on Evaluating Health Risks to
Children (memo), October 20, 1995).
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Consistent with this poligy, and with reports ia the
seientific lizerature documenting the enhanced sensitivity of
negnates to the carcinogenic action of inhaled vinyl chloride,
the U.S. EPA Regiecn 9 Office and 0Office of Research &
Development carived a procedure for assessing ennhanced risks
to infanets and childran from inhaled vinyl chloride. This
procedure has been adopred as risk assessment guidance within
Ragion 5, has been presenced and discussed at a number of
naticnal EPA and independent ccnferences on risk assessment,
has been presaented in a number of scientific publications
{including peer-reviewed journals) and has baeen izncorporaced
quantitatively into risk assessmencs at three hazardous waste
sites in Regior 9 (including the cn-geing ambienr air study at
BKK) .

This issue is sspecially imporcanct in light of tke fact, as
detailed in the draft report (pp. xii, 63), that mzst of the
expesure (and hence rigk) during the entire period covered by
the risk assessment accrued during the early 19%80's - vinyl
chloride levels datectad by the monitoring program decreased
significantly after this period. Becausze of the childhood
sensitivicy, :this disproportiomate accrual of risk will be
further enhanced for anyone who was an isfant or young child
in the community during chat pericd.

2. Exposure Concentration Tarm: The draft risk assessmant uses
the mean '(arithmecic average) of the menitoring data as the
vinyl chleride concencration term in the exposure equations
(firset paragraph, p. 54). U.S. EPA risk assessment guidance
for tha Office of Solid Waste and Emergency Response (QOSWER)
is explicit on chis poinz - che concentration term in exposure
equationg shauld be the 395% upper confidence ilimit on the
arichmezic mean (95% UCL):

*... the copcentration term ... in the intake (exposura]
equation :is an estimace of the arithmetic average
concentration for a contaminant based cn a set of site
sampling results., 3eczuse of the uRgertainty as;gg;;geg

wi imars o e avsrags concen
85 per u r confidence 1imit ! of "b?A
1 _meAn should b 12 £ -} variable.

{Supplemental Guidancze to RAGS: Calculating the
Concentration Term. OSWER Publ $285.7-081, May 19282.)

Please note that the 9%% UCL is usad as "an estimate of the

aritimecic average', net as an “upperbound" estimate as
implied by the draft 3KK risk assessment (p. 54).

3. MY Area - 1983 Vinyl Chloride Concentration: For the drafc
risk assessmepnt " w]lhe 1983 avarage annwal concencration at

CMA 114435
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Station MY i3 assumed to be 2.3 ppb., that is at laast squal %o
Station A’s 1283 average annual cencencrationm ...* (p. 32) -
this results in ar assumed exposure curing 1983 which is
almost one-hals of chat during 1984 (5.4 gpb). This
assumption probably underestimates actual vinyl chloride
levels in the MY area by a significant amount. Ag is apparent
from the graph on page 31, for all of the years monicored
prior to 1989, vinyl chloride levels in the Station MY area
ware significantly greater cthan, not equal to, thosa at
Station A. Also, the overail trend in the monitored arsas is
for vinyl chloride levels to spike in 1983 and then generally
decreagse over the rest of the monitoring peried (p. 31).

These two trends indicate chat the assumption of egquivalent
exposures in the MY and A areas probably understates the
actual exposure levels for the former area. Tt may not ba
possible :to incorporate this consideration into the risk
agsessment i & qguantitative Zashion. but a more cthorough
discussion would highlight she uncertainty thkis assumption
brings to the risk caiculaticns.

If you have any questions or need any clarification on these
corments, I can be reached by voice at (415) 744-2319 or by fax ac
(415) 744-13916.

021296M. WPS
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Enclosure 2, Page 1/2

QEMMA's Draft Addenoum Haaith Risk Assagsment
BKK Landfii, West Covina, Calforrua

U.S. Environmental Protection Agency
Additicnai Comments .

February 12, 1996

The U.S. Environmental Protection Agency has the following additional and general
comments on the OEMHA Draft Addendum Heaith Risk Assessment of Ambient
Fugitive Viny! Chloride Emissions from the Class | Unit of the B.K.K. Landfill,

West Covina, California dated Decemper 1995,

Additional Comments

1) Objective, Methodalogy, and Scope of the Draft Addendum Heaith Risk
Assessment, Page 3, Second Paragraph: The ciosed Class | Unit is not _
under 3 ACRA permit as stated. BKK is seeking a post closure permit which is
now being drafted by Cal-EPA DTSC. The Class | unit is currently reguiated
under interim status.

Objective, Methadology, and Scope af the Draft Addendum Hesith Risk
Assessment, Page 4, Second Paragraph: The report states that "At this time,
there is no evidence that subsurface iandfill gas migration is a probfem for
homaes in close proximity to the landfifi*. EPA recommends that this sentance
be deleted because BKK still needs to conduct a subsurface soil gas
investigation to determine if 3 potential could exist for migration of subsurface
soil gas to occur despite the gas coilection system. BKK will conduct this
investigation under the RCRA Section 3008(h) Corrective Action Order on
Consent, U.S. EPA Docket No, RCRA-09-89-0019 (Order), EPA is currently
reviewing BKK's subsurface soil gas investigation work plan.

Previous Heaith Rigk Assessments of the B.K.K. Landfill, Page 5, Last
Paragraph: The report states that "The current heaith risk agsessment
raquired by USEPA wiil be based on a one-year ambient air sampling program
of 19 volatile arganic compaunds, including vinyt chioride at onsite and offsite
locations (B.K.K. Corporation et al., 1984)." As to the scope of the heaith risk
assessment that BKK is required to conduct under the EPA Qrder, the cited
statement provides a limited description of the scope for this risk assessment.
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Enclosure 2, Page 2/2

OBHMA's Oratt Addenoum Meaith Risk Assessment
8KK Lanatt, Wast Covma, Caidarnia

U.S. Environmentai Protection Agency
Additional Commaents (Continued)
February 12, 1996

4)

6)

The risk assessment required of BKK under the QOrder will acdrass evaluations
of all environmental media: groundwater. soils. air and if possible. surface
water. The air medium will be evaluated for the ambient air pathway and the
subsurface soil gas pathway in order to actieve a complete evaluation ot the air
medium. Please expand on the scope of the risk assessment required under
the EPA Order.

Hazard ldentification, Vinyi Chloride in the Class | Unit, Page 9, Paragraph
1: EPA agrees that vinyi chioride is one of the chemicals of concem and a
very important one. However, data from previous ambient air sampling studies
were not sufficient to demonstrate the potential contribution of the other
chemicals to the risk calculations. EPA recommends that these limitations of
previous sampling programs be discussed in this context.

Hazard Identification, Vinyl Chloride Emissions from the Class | Unit, Page
10-12: This Section does not make mention of the BKK Response Action Plan
for Vinyl Chloride (RAP) dated July 21, 1994 which EPA approved on August 4,
1994 (EPA letter to BKK corporation, August 4, 1994, Ae: BKK's Response
Action Plan for Vinyl Chlonde - EPA Approval and Errata Sheet). BKK
submitted and implemented the RAP under the Order. Under the RAP, BKK
took actions (e.g., increase maintenance of the Class | landfili cap by sealing
cracks; pumpmg of liquids from gas collection waeils to increase gas collection
capacity} for the purpose of reducing vinyl chioride emissions whenever ambiem

. airs i _rosulta showed vinyl chioride at concentrations equai to or above

0.5 PPty

Hazard identification, Vinyl Chloride Emissions irom the Claas | Unit, Page
12: The report states at the bottom of the paragraph that "USEPA has stated
that the analytical procedure appears to be acceptabie to USEPA and
SCAQMD for the purposes of ambient air monitoring at the B.K.K. Landfill
(USEPA, 1994e)'. EPA recommends that OEHHA citea SCAQMD
correspondencs directly regarding SCAQMD'’s opinions about the BKK vinyl
chioride analytical procedure with 0.005 ppbv detection limit instead of EPA
correspondence.

CMA 114438
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OEHHA's Response to Comments From Interested Parties

Jean Ameson
B.K.K. Corporation
Chemical Manufacturers Association

William F. Polich, Ph.D.
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QOEHHA’'S RESPONSE TO COMMENTS FROM JEAN ARNESON

1. ARB's records (ARB 1982a) indicate that vinyi chioride was deposited prior to 1981. There could
very well have been exposures for residents near Station A from the period 1977 to 1981 since
residential development near Station A was completed in 1977. However, it is not possible to
guantitatively estimate that exposure. The report has been modified to reflect that 1981 was the
single year of highest detected exposure to vinyl chloride.

2. More information has been added to Appendix G concerning the 1984 indaor air sampling for vinyl
chioride.

3. Although other hazardous chemicals were emitted from the B.K.K. Landfill, it is not possible with the
available data to state that emissions of other hazardous chemicals from the B.K.K. Landfill were
significant. Because these other chemicals typical pollutants found in the ambient air of the South
Coast air basin, deterrining the significance of any specific source is not possible with the available
data.
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February 9, 1996

David M. Siegel, Ph.D. Chief

Hazardous Waste Toxicology Section
California Environmental Protection Agency
601 N. 7th St. MS.241

P.O.Box 942732

Sacramento, Calif. 94234-7320

Dear Dr. Siegal,

I have some concerns about the Draft Addendum Health Risk Assessment
of Ambient Fugitive Vinyl Chloride Emissions from the Class I Unit of
the BKK Landfill, West Covina, California.

The assumption is made that because no monitoring data is available
for the years 1978-1980, that 1981 was the single year of highest ex-
posure to vinyl chloride. Since vinyl chtoride dumping stopped in
June 1981, isn't it logical to assume that more vinyl chloride was
dumped in the years prior to 1981 and there could very well have been
vears of higher exposure. Therefore if this is to be a truly conser-
vative estimate, shouldn't the report state that the actual excess
cancer risk might be higher for any residents living near Stationsa,
B, and MY since 1978. Especially if the report is to be a guide to
ensure future risks do not add significant cumulative risk, we need
to consider all those people impacted since vinyl chloride was

dumped at BRK..

Also Appendix G-Table la has a fdotnote{c) that median values of 4ppb.
vere taken from Table 6-13 "BKK Landfill Environmental Exposure Cha-
racterization Report, West Covina, Caiif." CH2MHil1, 1988, Volume 1,
page6-45. The Table is of the 8Bxtended Monitoring Program from Aug-
ust to October. However on page 1-8 of the same CH2MHill Report {t
states that on JulyiB levels inside two of the evacuated homes ranged
from 5 to 990 ppb. It makes me wonder the value of including the

chart without mentioning the levels in the homes prior to the chart date

Also at the end of paragraph 5 on page x of the executive summary I
think it should say,"However it is expected that signifigant emis-
sions from other hazardous chemicals have occurred.

Thank you for considering my comments.

,.\:/ﬁ-/'"\- 4’&{,4\.{, Y Y—

/ RECEIVED
Jean Arneson

1116 Donna Beth Ave.

West Covina, Calif. 91791 (818) 919-3304 FEB 15 13%6

Hazardous Waste Toxicology
Section
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OEHHA'S RESPONSE TO COMMENTS FROM B.K.K. CORPORATION

Response to Comments From Julia Bussey, Director, Corporate Reguiatory Affairs

1

There are no data to show that dilution in the concentration of vinyl chloride occurs with distance
from the site, aithough it is reasonable to assume. B.K.K. Corporation’s 1995 average annual
concentration has been added in the Risk Characterization, Limitations and Uncertainties.

The lower average annual value in 1995 is noted in the Risk Characterization, Assumptions
Regarding Ambient Vinyl Chloride Monitoring Data and in the Limitations and Uncertainties.

The typical landfill gas generation curve has distinct, timed phases. The production of methane gas
follows lag-log-steady state-decline curve. The steady state phase begins approximately three
years after initial acceptance of waste and continues up to 40 years (Farquar and Rovers, 1973).
ARB's report, Suggested Control Measures for Landfill Gas Emissions, August 1990, notes that
“The gas generation rate depends on several site specific factors including: the amount of moisture
present, compaosition of the waste, temperature, age of the refuse, pH, and quantity and quality of
nutrients. Most of Califomnia has a dry climate which tends to reduce the amount of moisture in
landfills. This siows the gas generation rate, but it also tends to extend the period of time during
which a landfill actively generates gas.” SCAQMD's review of the TeraMeth Industries, Inc. Landfill
Gas to Methanol Project, notes “The BKK Landfill is currently expected to reach its design capacity
by 1995. At that time existing operational activities are expected to cease, although landfill gas
emissions could continue for an estimated 20 to 40 years into the future” (Letter from

Jack Broadbent, Director of Planning, SCAQMD to Mr. Jeffrey Collier, Director of Planning, City of
West Covina, dated October 4, 1994),

QEHHA has attempted to discuss fully the strengths and limitations of the 1981-1982 data in the
addendum report.

Response to Comments From Robert Scofieid, D.Env. and Shari Libicki, Ph.D., ENVIRON

1.

Comments based on Community Meeting, first paragraph: The second and third paragraphs of the
Introduction explain the purpose of the addendum report.

Comments based on Community Meeting, second paragraph: The report is organized to provide
risk information in three ways, with increasing technical language: the first is the Fact Sheet, the
second is the Executive Summary, and the third is the report with Appendices. We believe Finding
#4 adequatsly communicates the added risk.

Comments based on Community Meeting, third paragraph: Occupational exposure concentrations
are prasented in the Toxicity Assessment, History of the Assessment of Vinyl Chioride Toxicity.
Risk estimates ysing unit risk values derived from the epidemiological (cccupational) studies are
presented in TABLE 10. Appendix H updates tumor incidence information.

Comments based on Community Meeting, fourth paragraph: Please see Exposure Assessment,
Other Hazardous Chemicais Detected in Ambient Air.

Specific Comments on the Report and Fact Sheet, Document Title: While it is technically correct

that emission rates per se are not actually measured, it has been clearly established that vinyl
chloride emissions are associated with the closed Class | Unit of the B.K.K. Landfill.

CMA 114442
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Specific Comments, Page 3, paragraph 1: The B.K.K. Landfill assessment is based on detections of
vinyl chlonde, a known human carcinogen, in ambient air in a residential area. This chemical is
known to be emitted from the landfill. Reliable information on potential past exposures to specific
chemicals is generally lacking for other landfill, Superfund or RCRA sites. The ambient vinyl
chloride monitoring data collected by SCAQMD and others allows for the quantitative estimation of
risk at this site. '

Specific Comments, Fage 44, paragraph 5. Clarification has been added to the Exposure
Assessment, Odor Complaints Data.

Specific Comments, Page 53, paragraph 2: This comment has been added to the fourth paragraph
regarding the 1995-2009 data.

Specific Comments, Page 58, TABLE 10: See 'response to ENVIRON #3.

Specific Comments, Page 62, paragraph 1: The phrase has been deleted.

Specific Comments, Page 63, Finding 2 and 3; There is no intention to imply that any additional
environmental control may or may not be required. We recognize that this would be a risk
management decision by the appropriate regulatory agency.

Specific Comments, Page 83, Finding 4;: We believe that the addendum report adequately states
that the risks are associated with detections of viny! chioride at the three monitoring stations, and
that detections of vinyl chloride in other neighborhoods were not as frequent or as high. The
discussion on odors complaints data has been clarified.
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ISKIK bk et
CORPORATION el sas3)
February 13, 1998

Ms. Lillian Kally, M.P.H.

Office of Environmental Health Hazard Aasessment
Hezardous Waste Toxicology Section

801 N. 7th Street, MS 241

PO Box 942732

Sacramento, CA 94234.7320

Subject: Comments on Draft Addendum Health Risk Assessment of Ambient Fugitive
Vinyl Chioride Emigsions from the Claas | Unit of the BKK Landfill, West
Coving, Callfornia

Dear Ms. Kally:

This lefter is to convey our comments on OEHHA'S risk assessment. Comments
prepared by ENVIRON on behaif of BKK are attached to this letter,

First, please let me express our appreciation for OEHHA's work on the completion
ot the risk assessment. We believe that OEHHA attempted o objectively and fairly
portray the risks at the site. This is very difficult because of the competing concems and
sensttivity regarding the site. While we do not agree with all of the assumptions that were
made, we do appreciate the time and effort which wers evident in OEHHA's cholces.

As noted in the Ietter from ENVIRON, we are pleasad that Dr. Holtzer added some
perspective 1o the public mestng and hope that his comments and information will be
Included in OEMHA’S revisions to the risk assessment.

in addition to ENVIRON's comments, BKK has one technical comment. BKK
believes that the risk is oversstimated based on the future estimated ambient air
concentration assumed In-the risk assessment. BKK has three bases for this comment;

1. The current annual average is 0.12 ppbv at the Nogales End station. OEHHA
used the estimate of 0.25 ppbv at Myra Court. The estimats i3 twice as high as
the currently measured concentration. in addition, the location of Nogaies End is
on the BKK property line whereas the Myra Court location is offsits more than one
hundred fast from the BKK property line. The exparience of BKK In drawing its
Proposition 85 isopleth is that air concentrations decrease radically with distance.
Data from the ambient air sita sampling program suggest that the concantrations
drop by one-half every 200 feet from the source. Thersfors, the actual
concentration at Myra Court must be lower than the Nogsies End station.

2. The risk assegsment bases the 30-year reasonable maximum exposurs and rigk
in part on 15 years of future exposure to vinyl chicride at 0,25 ppbv (from 1986 to
2008). The exposure due to vinyl chioride |s acknowiedged in the risk assessment
to be derived from the Class | landfill. The Class | landfill’'s emissions are due to
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Ms. Ulian xaily
Jaduary 12, 1566
Paga 2

tha degracation ¢ wastss te matnana gas wnich then cames vinyl chignds inta
the amclent air. 1t 3 wei estanlisheq tat lanar! gas proauslion Tom dagraaation
regucas avar nme in a orecicIap!s lancrl! gas ascuna curve. This is founa in many
taxzs Dy b tha EPA ana cther scianusts wno smudy landfifs.'?  BKK's gas
procucicn nas thus far folicwea te predicias landfil gas gsneratcn curve as
modaleq using a first oraer ascay rate of 7% per year of gas amissions. Thig
means Wat memnans gas Nroduclen ang CoresponcINg ermissions nave teen
decrsasing ana will canunue 1o decroase over tme. Therercre, a futre sk
scenana basag an g sngle 9sTMate which coes not decreasa is an unreasonabis
overasumation of 118 risk cecauss it doas Not taks iNto acCCuUrt the rear decreases
in future emissicns.

3. As noted by Or. Jehn R. Froines in his commants issusd in May 1985, the
ametent air agta frem 1S81 0 1882 Is unreiable. We yncarstana 3t you nNave the
data ang wisn 1o usa it. Howaever, oo the CiiMHill rigk evewators wonang ror
(USEPA on an sxoosure assessmeant for the BKK Lanafi¥ ang Or. Friones nave
consigaraq e use of U8 43| N 3 quanmtatve NSk assassmart inaporeonars for
mMarny tecnnical reasons. THis data reprasams 118 Majorty of the rsk asumata for
the 30 year reasonante maamum’ exposura. We would encourage you @
resvaiuate the scermfic merits of use of this aata, 't conmbutas o an
urreasonatie oversstmaton of risk ang increases the saermfic unceranty of the
risk ssumata.

Thank you again for completing the risk assessment. Qur technical staff is
availabis 1o answer any questions you might have and to provide additianal techmes
infermagon 2 you, if you wouig fike. Please call me at (310) 538-7 150 if you wouid lke
mors rmformanen,

Sincerary,

, E . s
Julis Busssy, Direcr
Corporams Reguimtory Affairs

Stave Samaniego, LEA, Cily of West Cavina
Carmen Santos, US EPA Regicn 9

Steve Lavinger, OTSC Regien 3

Dennis Dslaney, SCAQGMD

Rick Vergets, RWQC3

| EPAO0A00MS LANDELL AR EAISSIONS SSTMATION MOQES, Sarw Testerogy Coner, Caerneer 1903

2 Energy Tecmmogy Aeview no, 84 W Senumasnes, Noyes Oame Corporion, 1983
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ENVIRCON

Febmary 13, 1996

Ms. Lilliag Kelly, MP.H. -

Qffics of Exviroamantai Healt Hazarg Assessment

Hazargous Waste Toxicoiogy Section. 601 N. 7tk Swees. MS 241 |
P.Q. Baox 942732 i
Sacraments, CA 94234-7520 ;

Re: Comments on Decemper 1995 Draft Addendum Health Risk Assesamens of
Ambient Fugitive Vinyl Chloride Emiscons trom the Class [ Unit of the BEK
Lapdfll, West Cavina, Califorms

Dear Ms. Kally: ]

Qn behalf of the BKK Corporadon, ENVIRON is providing comrzsas on the December
1995 Drarft Addengum Heaith Risk Assessment of Ambient Fugigve Vinyl Chlorids
Emiscions from the Class { Unit of the BKX Landfill, West Covina, Califorma. These
. comments ire based oft our review of the report and observarions we made during the
community meeting held in West Covina on Jamuary 11, 1996. We appreciaws the !
Opportuzisy to provids thess comments.

We think ths OEHHA swusf shonid be commended for doing a very goed job of '
responding 10 difficeit questions rom the commumity at the Jammary 11 meeang. [t was )
our perczpdan that many of the answers direcriv responded to speafic concerns

expressed by peopie wno live in the vidnity of the landfill pronded by the OEHHA sus,

We beiieve ws efectvenass of the QEHEA risic assessment report as a risk

commumcation wol wowd be eziranced by aading some of the informaton provided by

the OEFHA staff during the community meeung to the repart. In additon, we believe '
the eifectivensss of the report as a ritk commumearior toal would be ennanced by

clarifying a few points addressed in the report. These commenrs are discussed i mare

detail beiow.

Commenza Rased on Commumtty Meeting

At least ons person attending the meeting noted differsnces in methods (¢.g., exposure

assumpuions) berwsen the maost recent OEHHA repart and past risk assesgments (e.g.,

the last OEHHA risk assessment), The reasom for thess changes were nat apparent 10

bim and clearly had dimimished xis confideses in the conclusions presented in the

OEHEIA repore. Dr. Siegel and Ms. Kelly resposded to his question: and we believe the -
report would be swengthened by an expanded discussion of their zesponse thar defanit

CMA 114446
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Llliac Kally 2 February 13, 1996

assumpuons and otisr aspects Of risk assessment metmadology VAIY berween regmistory
programs ang change over nme. I addiion. BKK has been requirad to perform several
differsnt nsk assessmments unger various reguiatory programs (e.g. Proposihon 63, AB
2588 RCRA 3008(h)). Some of thase otaer rsk assessmegts are mengoned in the
OEHHA, risk assessment report, Hut the re:adonsnio between these other fsik
assessmenn ana the QEFHA reporn is oot clear, [t may be worth clarifying in the
report thar the OEXEA report is being performed in addition to the other risk
assassmenyy that BKK must pertorm o satisty their regulatory obliganons.

As was clear Tom some of the quesdans asked at the :omme:nity mestfg, any peopie
want to know if the ute poses a reai heaith risic, a5 ooposed 10 4 Dypotheticai upper-
bouna risk basea on RME ana other assumpuons. [n other words, there is 2 risk
communication need in addition 10 seeding to know how the risks caleulated under the
Varying assnmotions of various roguialory programs compare against risk laveis that
Tigges aczon (e.g., 2oufcanon, sameciaton) under specidc raguiatons.

At the community mestng, Dr, Helzer, Som OEHHA. provided some responses that
directty addressed many of the commmumury's expressed conesrms. Speageaily, Dr. Haltzer
comrpared the comcamwrations measured in e woriplaces that wers smudied in the
epidemioiogy studies of worzers exposed 10 vinyi chloride to the concantrations 1a the
vicinisy of the BEK landfll. As mentoned below, we selieve it womid be usetul to
presexe the risk resuits that ars currenty provided in e report using epideminiogy-
basea CSF's along with some of the informaron Dr, Holtzer provided.

Someone from the audisncs at the commmmiry also moted that the most recent risk
asgessment report only addressea vinyl chloride, while the previous report had addressed
several other voiatile organic czemienis. Dr, Siegel noted that the otner clemicals had
beent shown w pase de munimis risks. Adding this pomt to the report would enhance the
credibility of the Staze’s apaivsis.

Specific Comments on the Repory and Facr sheet

Document Title: This dtls refars to "Ambient Fugitive Vinyi Chloride Exxissions’. The
report should refer to "Ambienc Vinyl Chlaride Concentrarions’, as emissions per se, ars
never meaganed.

Page 3, Paragraph | This paragraph cites EPA Region IX as noting that past exposares
mxy be imporant at seiected sites bur does not expisic what feature of selected sites -
warrants consideration of past exposures. [t does not expiain what is unique about past
exposures at the BKK landfll that warrants any different zeamment than would be given
t0 past exposures a: any other [andfiil Superfund Site, or RCRA sita.

Page 44, Paragraph §: The disenssion of odor commplainrs notes that the detecton of
odors suggests the potendal for exposure. The aiscussion does not explain that a large
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number of odor cormpiaints came trom aress (e.g., 0 the tortn of the landfll) where
momtoring has consistentty failed 10 detecy vinyi chioride. The oqor complainrs
discussion does Dot artempt to desaribe e correiadon between the location of the odor
commiaints noted oo Figures 16 and 17 ang the chemcal mannoring resuits irom the
same areas. By omutiing suel an analysis, the report ousses an OPPOTTURILY o
compmumuenre At the detecnon of odor in some areas near the landfill does not
aeeessarily correspond to exposure to vinyi chloride. Ey restanng and confirming the
common egneern that odor indicates chemical exposurs withour discussing the specific
lack of correiation between the two in the nerghborpoods gear the BKK landfill the
discusnon of odor complaints naw in the OEHHA reporn is in facs misieading,
Clarificanon of this pewnt 1s wouid help prevens unwarrasted concerms.

Page $3. Paragraph 2: Current monnonng dats show deersasing concenrarions over
1994 daza, This shouid be menuoned. -

Page 53, Table 10 TLe reporrs vae as a nsk commy=icanon venicie wouid be further
enhanced by giving greater smaphass (o some of the epidemiology informarion aiready in
the State’s reporr. o parmeniar, t=s risks caiculated using caneer siope factors based on
epidemiological dara couid be given a more prominent presestaton. Perhaps, the risks
calculated on the basis of the humman-pased CSF couid be more explicitly described as -
being based on human data, rather than merely being 2 "Different Unit Risk

Assumpricn’ (e.3., in Table 10), We batieve that addirg a separate section of the reporz,
with ixs own heading, 13 which ail the epidemiclogical informaton is presented would
euhance the risk commumeation aspest of the report. This section couid incinde the
poms Dr. Holtzer made along with the quastitative estimates of risk based oz the
human-based CSF that is already preseared in the report.

Page 62, Paragraph 1: Text states that the 1993-1994 Proposition 65 daza have not besn
fully vatidated by a reguiatory agency; netther has the ugency darz. Elther soth, or
aenher seould be mentoneq,

Page od, Finding 2 and 3 In Finding 2, OEHHA notes that the gas collection system
and cap put in piace over the closed Class [ unit, "have been succsssinl in lowering the
frequency and level of vinyi chloride emssions 15 leveis thas pose little, if any, risk 1o
nearpy residemts’. - -

[a spree of this finding, Finding 3 is presented and impiies that additional environmentai
control may be required to “amsure fururs risks do got add significantiy to the past
camulatve risk”, Finding 3 is aiso presented in spite of the resnits presenzad in Table 9
Mngmufnmer;shaddli:ﬂammaddiﬁonﬂcumﬂaﬁnm Ths only potental
agnifzanr comnbution to future contriburion was estmated in the OEHHA reporr for |
the MY stanon. As discussed in the accompanying lesrer som Julia Bussey and based
on 1995 data, projecsed furure concentration of 0.25 ppo at Myra Court is approximately
50%, or mare, higher than we would expeet.

i
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Page u3, Floding 4 While (ks rezort cisariy states toar tae resuits presentad are
applicabie 10 people who Live in :he viamity of Stations A, B, and MY, these wiree
MOBITOTIDG $TARONS OMIV reprasen: wie exnosures of a small facton of the peopic wiho
live in the vicwmity of :bs landfYl, We beijeve ws nsic commmmanvameozmcr:pon
wonld be' greauy egianced by 2 ore dirset stazement regarging toe fact that vinyi
chhndelwekumummomue:uhsmaﬁylm:hmu&ﬂ.mMY A
discussion of the lower ieveis detested at other monitoring swuroas and the fact that VC
Was pever detected At some stations needs o be added elsewners 0 the repar to .
support this seatemeant, Webeﬁweabﬂefmmmdisauﬂonofmmm:‘ngmuma:*-‘ .
- other starions i pardeniarly important to address the questons and conceras of the ]

peopie wio live distant from ths AB, and MY stanons. These people may get the

mistaken impression that the risks at these thrae smvioms apply 1o their location as well. '
This clarifanng is parnesiarly imporeant in light of the impression created thar odor
detecnon equates 1o wayi chloride sxposure.

We appremats the oppormmty 1o nave pmded these commenms and would be zappy 10
discuss them with youw '
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OEHHA'S RESPONSE TO COMMENTS FROM
CHEMICAL MANUFACTURERS ASSOCIATION

Chemical Manufacturers Association submitted three articles for consideration. The ‘EPA Facts About
Vinyl Chioride, June 1992" provides a brief summary of information about vinyl chloride. The other two
articles describe an aiternate method of deriving a cancer potency factor for vinyi chloride {*Predicting
Cancer Risk from Vinyi Chioride Exposure with a Physiologically-Based Pharmacokinetic Model,” Reitz
et al, 1995, and "Considering Pharmacokinetic and Mechanistic Information in Cancer Risk Assessments
for Environmental Contaminants: Examples with Vinyl Chionde and Trichloroethylene”, Clewell et al.,

1995).

The physiologically-based pharmacokinetic (PBPK) model described by Reitz et al. predicts for humans
that continuous exposure to 0.869 ppb of vinyl chloride would increase lifetime cancer risk by one 1n a
million. The carcinagenic potency of vinyl chloride estimated using this PBPK model is approximately

137 times less than Cal/EPA's unit risk value used in the addendum report. Assuming the PBPK vaiue for
vinyl chloride suggests an estimate of risk at Station A that is approximately 140-fold lower than the
estimate obtained in the addendum report. This qualitative estimate has been added to the Risk
Characterization, Limitations and Uncertainties.

CMA 114451




M

CHEMICAL MANUFACTURERS ASSOCIATION
Februarv 9, 1996

David M. Siegei, Ph.D.. Chief RECEIVED
Califorrua Environmentai Protecuon Agency
%f?;ﬁ;zf;xggﬂﬂ::mﬁ?s- Iéiflalr.h Hazard Assessment FEB 131995

P.O. Box 942732 ‘ .
Sacramento. CA 94234 rasaracus Sv:::::; roxicology

Dear Dr. Siegei:

The CMA Vinyi Chioride Health Commuttee submits the following reports to aid the
Califorrua Office or Environmenral Health Hazard Assessment in its cancer risk assessment
tor vinvi chlonde using pharmacoxinenc and mecnarusdc:

(1) Commuon Chemucais Founa at Superrund Sites, Office of Emergency and
Remeaial Response, U.S. EPA, 1994;

(2) Predicting Cancer Risk rom Vinyl Chlonde Exposure with a Physioiogically -
Based Pharmacokinenc Model, Reitz et al, Toxicology and Applied
Pharmacoiogy (In Press); and.

Considering Pharmacokinetic and Mechanistic Informagon In Cancer Risk
Assessments for Environmental Contaminants: Examples with Vinyi
Chloride and Trichioroethylene, Clewedl et al, Chemosphere, 1995,

The Comumittee looks forward to receiving the final “Addendum Health Risk
Assessment of Ambient Fugidve Vinyi Chloride Emissions From the Class | Unit of the BBK
Lanarill, West Covina, Califorrua.” when compieted and reieased.

Thank you for vour consideraton of the enciosed information in preparing a final
risk assessment addendum for vinyi chioride.

Please call me at 703-741-3637 if vou have any questions or need additional
informadon. My fax number is 703/741-6091.

Sincerely,

Ma.a Shabh—

Hasmukh C. Shah, Ph.D.
Manager, Vinyl Chloride Panei

e Lillian Kelley (with enciosures)
Enclosure
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Common Chemicals

Found at Supend'Sites
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- E=A Facis About
“:  Vinyi Chicriage _

1992

What 1s vinyi chioride?

t

| Viawi cnlonae 1 3 colortess gas win 2 muid.

| sweet ogor. i i 3 mam-made chemucn inal
does not occur nawratly.  Mast ot the vinw
chionide oroducad in the Unitea States 15 yseg
1o make cowwinvt chionde (PVC). This
maenat 15 usea t¢ MIanugaciure a1 vanewy ot

¢ plastc and vinvt progucts inciyding pipes, wire
ind  adle  coaungs, - JacKaging  matenats,
furmityre za@ automobite  upnolstary, wall
COVErIngS, nousewares, an@ aulomotve pIrs.
Much smatter amaounis ot viavt chiorige a2
used 3s 3 cooling pas and o the MINUIICILIE Of
other cumpounas.

Emissions from wviny} chlopge ang PVC
manutacturers are responsible for the majorty
of viavt chlonde releasedt 10 the environment,

How might exposure to vinyl chionde
oceur?

Vinvi cnionge has been found 1n approximatety 413 ot
e 1230 harargous waste sies on the Nanunm
Prares Lo (NPL). Vinvl chlonae 1s mataiv retcaseq
Nt the Jir and discharged n wastewater trom tne
plasucs industry,  Most of the vinvt chionde kot
caers the air graduatly breaks dowm into less harmtui
substances.  Lovels of vinylt chioride found in the
cvironment are usudily mogre than a thousang umes
below tevels founa in occupaponal setungs. Elsvatea
cutdoor levets are usually expressed in terms of pars
ot viavl chlonge preseat 10 a biflion parts of air or
water (ppo). The term “pans per bulion” s a wav of
<UPFCSSING (he COMGEATAUOR O 3 comaminant n a
fauig or air. One part per oitlion 1s cayal 10 vAC ineh
JA1 3 diiance ot about sixtgen thousana miles (ur 3
pennv noten miiwon doliars), 3 verv small amount.
Quidour tevels of vinyl chlorde rosutt from (he
discharge of exhgust pases (rom  (agtones  (hat
manulaciure or process vinyl chionae. or evaporation
from arcas where chemical wastes are stored. 7The
hiehest ouldoor ievels have oesn measured 1n air near
vinvi chionde 13CI0MEs OF Over chemical wasie siorage
areas.

Vinvl chlorige that enters drnking water comes {fom
factories that reiease vinvi chionde wastes e rivers and
lakes. and from /eacrng 1IN0 EYOUNGWAtEr 10 L3S Whene
chemicat wastes are stored. Small amouns of vimyt
chlonge can emier gnaking water from contI WA

_polyvinyi chionide pipes. {n the past, higher tnas expesen

amounts were present in foods packaged in piastic m
conwained vinyi chloride.  Currenuy, the US. Food ang
Drug admumstration (FDA) regusates tae amoum of vinyt
chlonde alloweo 1n food packagmng i Order 1o limit the
ntake of vinvi chioride.

How can vinvi chioride adfect human heatth?

Shon.term exposures 10 very high leveis of vinyl chioride
in air can cause dizziness., lack af muscle cogrdination,
headaches, unconsciousness, oF desth. Long-term exposure
10 Jower amounts in factones which proguce or use vinyl
chionde has cused “vinyi chiofide disease”. This disease s
characterized by severe damage (o the liver, cffecis on e
lungs, poor circulation in the fingers, changes in the bancs
of the fingers, thickening of the skin. and changes in the
blood. An ingreased risk of devetoping cancer of the liver
and possibly several other ussues has been linked with
hreatning air tn factones containing vimyd chioride

Some nzaith cifects observed in humans have aiso heen
séen 1n 1aboratory ammats. Elffects on the nervous sysiem
of animais have occurred foliowing shon-icrm cxposure w
very tugh leveis of vinyi chloride in air. Animals exposed
10 high ieveis jor 3 short penod of time. as well as 10 low
levels for a long period. developed liver damage. Kidney
effects nave ais0 occurred following cxposure to high levets,
Animais developed cancer tn several lissues afier eating
food or breathing air that conwained vinvi chioride,

How can vinyl chioride enter the body?

The most likely way that vinvi chionde can enter the
body is by nnalauon. This wpasure route is of
comcern for persons empioyed in vinyl chioride
manuiactunng or proeessing, for peopie liviag in
communities where vinyl chloride plamis are located,
ang (or individuais living near hazardous wasie
disposal sites. Vinyl chioride can aiso enter the body
througn ingesuon. Absorption of vinyl chioride
througn the skin is not likely to be an umporiant
exposure route.
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s there a medicaj test to identify vinyi
chir-ide exposure?

vinvi chtonde cn be measurea in unne ang body
"1SSues. put these tests nnot be used 10 deternine tne
.cvetl of vinvt chionige exposure. Measunng tne amount
of the maior breakaown proauct of vinvi chionde tn the
inne mav give some indication of recsnt exposure:
TOWever. the quantty of this breakdown proauct may
“ary lor different peopte.  Neither of these tests s
routtopety available at a docors office. Laboratory resis
commonty used by doctors 1o evaluate liver gamage ana
liver ruocion are usually not helpful in determuning
whether lLver aamage nas resnited from vinyi chioride
~Tposure,

vhat lcveis of expasure have resuited in
armrul heaith effects?

invi cnlorae 1s regaraed woridwide as a chemical that
=Juses QANCEr i1 humans, but EXPOSUre tevets necesxary
10 Quse «ancer ire not kmown.,  The .S,
Eavironmental Protection Agemcy (EPA), thererore,
uses animat data to estimate nsk in humans. According
10 this data. it 13 esumated that brestaing air contatning
1 p~  nnyl chloride for 70 years may place as many as
&  Persoms in 3 population of 100,000 a1 nsk of
ping cancer. Eating food contuning | ppm vinyi
chlotide every day for 70 years may pisce as magy as
6,440 persons in 2 population of 100,000 at nsk of
developing cancer. Similarty, drinking water containing
| ppm vinvi chlonde cvery day for 70 vears may piace as

many as 9.570 persons in 2 poputation of 100,000 at NSk

of devetoping cancer,

What recommendations bas the federai ‘
government magde to protect human heaith?

ZPA requires that commumiry drinking water sysiems
‘hat regutartv serve the same 25 persons for a1 feast 3
months of the vear must limit vinyl chioride in the
inniung water 10 2 ppb. Recentty, the FDA changea
s regulations regaraing the vinvi chioride content of
“anous plastics used in food packaging and to cary
vater used tn food procsssing 1 order to limit the
inake of vinvl chionde in food to levels consigered to
fe sate. Limits range trom 3 10 50 ppm depenaing on
he nature oI the piasuc and its use.

What are the methods of reamment and
disposai of vinyi chloride?

The recommenaed metnod of disposas of vinvi chioride
is inanerauon. [ollowing mmng with another
combustiole fuel. Compiete compostion must be
ensurea to prevent the formation of phoseene, 2
poisonous gas. AD acd sCuober 15 also reguired 10
remove nvdrocnionc acd producea dunng inaneration.

EPA bas ciassified vinyl chionde as a2 “hazargous
component of solid wasie’ in order to comwrol the
handling ot this chemucal All releases greater than one
pound must be reported 10 e National Response
Canter.

GLOSSARY

Breakgown Product: Most contamunanis are
compinatiops of speeific :substances.
Cogtarmugants are degraced. Or separated, inwo
these individual substances through chemcai or

inwo conract with a substance. The mamn routss
are ingestion. inhalation, and absorptios through
tha skin,

Leach: The process by which substances are
reieased from the soil by dissolving 1n Quids,
usually rain and surface waier, and are carnied
down arougn the soil

Nanonai Prionnes Lizs (NPL): EPA's list of
unconiroied or abandoned hazardous waste sites
idenufied for possible long-term clean.up under

the Superrund Program.

For more informauon about Vinyl Chlonde,
please conuact EPA at tne followming address:

U.S. Environmenial Protecnon Agency
ATTN: Superpund Hotline

401 M Strees, S.W.

Washinpron, D.C. 20460
1-300-424-9346 or 1-800-535-0202

——

- LS. Public Hemita Service. s cottatioration wwn the U.S. Eavironmental Provecucn Agency. August, 1989, This facs nes focusss an it Snpe

‘é»- ~ation contamed 15 (s {3t sheet was comoued {rom the Toneplosrcat Profile for Viewt Chionde, Agency for Tazie Sutaances 30d Distnn
ATIUOuS wastes On AUINGN ACBUR: Aowevs. EPA dost cVaniis IACSE UROGCT 0N INE CTVIFORITRL. INCOILING DU NG anImast
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Preaicting Cancer Risk from Vinyl Chloride
Exposure with s Physiologically-Based
Pharmacokinetic Model
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ABSTRACT

Predicting Cancer Risk rrom Vinvi Chlornide Exposure with a Physioiogicailv-Based
Pharmacokinenc Modei. Reitz. R.H.. Gargas, M.L.. .\ndersen. M.E.. Provan, WM.,
and Green, T.L. (1996) Tuxicoi. Appl. Piarmacoi.. 000. 000-000.

A Physiologicallv-Basea Pharmacokineuc (PBPK) model capabie of deseribing the
metaboiism of vinyi chioride (VC) in rats, mice. and humans has been deveioped
and validated by comparison with experimental data from experiments not used in
modei development. This PBPK model has been used to predict measures of
delivered dose (reactive VC metabolites produced in the livers of the aifected
species) hypothesized to be invoived in the induction of liver angiosarcoma in rats,
mice. and human copulations exposed to VC. Measures of delivered dase 1n rats
were fit to an empiricai Jose response model (the linearized muiti stage model of
Crump et al.} ana usea to make predictions of liver angiosarcoma incidence in mice
and human popuiations exposed to VC. This procedure gave a good prediction of
angiosarcoma incidence 1n mmuce. Predictions of anglosarcoma incidence in humans
were more than fwo orders of magnitude lower than risk estimations which did not
utilize pnarmacokinetic data (HEAST, 1995), but were still almost an order of
magnitude higher than actuaily observed in exposed human populations.

INTRODUCTION

Vinyi chloride (1-chioroethviene, VC) is a colorless, explosive gas. VC is only
slightly soluble in water but dissoives readily in fats and organic solvents. VCis
most commoniy used as a precursor for the production of polyvinvichloride (PVQ)
plastics. and the highest potential for human exposures exists at the sites where
PVC's are manufactured. Because this material has relatively low acute toxicity,
occupationai exposure standards for VC (OEL) were typically 500 ppm (ECETOC,
1988) unul 1970 wien Viola discovered that rats exposed to VC vapor developed an
increased incidence of tumors (Viola, 1970; Viola et al., 1971). Viola's resuits were
confirmed by Maltoru et al. in 1974, and Maltoni also reported that a rare form of
liver cancer (anglosarcoma) was induced in rats by VC (Maitoru et al., 1574).

In that same year Creech & Johnson (1974) reported that a search of the medical
files of emplovees exposed to VC at a Goodrich plant in the USA revealed three
cases of death from the same rare type of liver cancer (angiosarcoma). Since that
time, VC has been the subject of numerous animal studies and epidemioiogical
surveys, and it is clear that VC induces angiosarcomas of the liver in both animals
and humans (see ECETOC, 1988 for a review). Other types of tumors (non-liver)
have been associated with VC exposure in animals, but the epidemiological data

CMA 114457
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have not ninked exposure to VC to induction of other types of tumors in humans
“«  (ECETOC. i988).

VC is metaboiicailv activated to a reacuve species (probably chioroethyiene oxide)
which 1s capabie or pinding 1o DNA ana causing genotoxicity in vivo (ECET ™C,
1988). This activation is catatvzed by Cyvtocnrome P450 enzymes, and there: good
evidence that the metaboiism or VC is saturapie in vivo and in vitro (Kappus et ai.
1976: Gehring et al.. 1978: Guengerich & Watanape, 1979). A large body of data
relating the tumorigenic response in the livers of animals and humans to
biochemucal events taking piace in the various spectes is avaiiable. The purpose of
this paper is to discuss methods for using this database to prepare estimates of cancer
risk for human popuiations exposed to VC.

VC is worthy ot consideration for another reason. In most cases where
estimatons of the human cancer risk have ceen pasea on anumai studies. 1t is not
possioie to know wnether tne crolections of risk are realistic or nor (epidemiological
data are not precise enough to either confirm or deny the risk projections). In the
case a rather iarge cody or epidemioiogical data indicates that sizruficant increases in
human cancer have occurred as a result of past practices which resuited in high
human exposures to VC. This provides a unuque opportunity to test the ability of
current risk assessment practices to provide reiiable estimates of human cancer risk
from animai data.

ives:

Physioiogicaily-based pharmacokinetic (PBPK) models of chemicai disposition
have been developed for a variety of chemicals. including the chlorinated ethylenes
(NAS, 1987). These models are particularly weil suited for risk extrapolations
because they are based on speaific physioiogical and biochemical properties of the
different species and dose routes as well as physical chemical information about the

solubilities and vapor pressures of the different compounds (Andersen et al., 1987).
Our objectives in this project were:

1. Todevelop a PBPK moaet capabie of predicting the metaboiism of VC in both rodents and
humans.
2. Tu vaiidate this model with existing data sets for rodents and humans.

3. Tudevelop a quantitanve risk assessment procedure based on the predictions of the vaiidated
PBPX moael for VC. '

4. Tocompare the "'DPK basea risk assessment procedure with the existing EPA risk assessment
procedure { HEAST, 1995)

3. And finailv, to compare the resuits from this PBI'K based risk assessment with the actual
incidence of liver angiosarcomas in human popuiations exposed to VC in the workplace.
(Simonato et al., 1991)
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METHODS

Consrruction or the PBPK Modei:

The PBPK mode!l for VC was based on a PBPK model developed by Ramsey &
Andersen (1984) to descrice tne kinetics of innaled stvrene in rats and humans. In
this model a sertes ot simuitaneous differentiai eguations describing the
distrnibution, elimination. and metabolism of chemical was incorporated into a
computer program using an integrated software package containing routines for
numerical integration, optimization, sensitivity analysis. and graphical display.
This software package (SimusolvS) is commerciaily available from Mitchell &
Gauthier Associates, 200 Baker Ave, Concord MA 01742-0013, USA.

The VC model contamns four tissue grouos (fat, muscie. rapidlv perfused tissues.
and liver: and assumes that all metapolism takes piace :n the liver where the rate of
metaboiism 1s descrioed tv tne Michaeiis-Menten equation. Detailled descriptions of
this tvpe of model are given elsewnere (Ramsey and Andersen, 1984; Andersen et
al.. 1987). An annotated copy of the source code for this model is available from the
corresponding author (Reitz)." |

Physiological parameters in the model (blood flows, ventilation rates, organ
sizes) appropriate for rats, mice, and humans were identical to those used by
Andersen et al., (1987) in a multispecies PBPK model for methylene chloride with
two changes: (1) the size of the liver compartment for rodents was based on
historical data for control animais from the Toxicology Laboratory of the Dow
Chemucal Company and (2) the ailometric constants for alveolar ventilation and
cardiac flow 1n rats used by Andersen et al. (1987) were increased from 15 to 18 in
order o provide a more consistent description of the gas uptake data sets.

Blooa/air partition coefficients for rat, mouse. and humans and tissue/air
partition coefficients for rat liver, rat muscie, and rat fat were determined using the
vial equilibration method of Sato and Nakajima (1979) as modified by Gargas et al.
(1989). Tissue/blood parution coefficients for rats were obtained by dividing the
tissue/air partition coefficients by the biood/air partition coefficient. No direct
measurements were available for the tissue/air partition coefficients in the rapidly
perfused group of tissues in this model, so this partition coefficient was set equal to
the parntion coefficient for liver. a technique that has proven successiul in the
development of PBPK models for other halogenated. volatile materials (Andersen
et al., 1987; Reitz et al.. 1988: Reitz et al., 1990a.b). Tissue/blood partition coefficients
for mice and humans were estimated by dividing the tissue/air partition coefficients
for rats by the blood/air partition coefficients for mice or humans respectively. All
of the partition coefficients used in the PBPK model for VC are listed in Table 1.

CMA 114459
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Constants *nr Rats: Metabolic parameters for maie and femaie Sprague
“~ Dawnev rats (bodv wergnts 200-400 grams) were obtained by computer optimization

of gas uptake data sets tfour ex periments for each sex) according to procedures
previousiv descriced tv Gargas et al. (1986). Basicaily. given the physioiogy of the
animais and the soiubiiities or VC in rat blood and tissues. the metabolic rate
constants \"MaxC and Km were vaned unul a satisfactory description of data
gathered in severai indepengent gas uptake experiments was obtained for both male
and femaie rats (Figures 1a. 1b).

Metabolic Constante for Mice and Humans: Vinvi chloride belongs to a large class
of low molecular compounds fincluding -benzene. stvrene. CCls, CHCL:, CHxClg,
CH3Cl, CHACCl3, 1-2 dichloropropane. ethyiene dichloride. ethylene dibromide,
vinyl bromide. acryionitriie. vinyl carbamate. ethyl carbamate. and trichloro-
ethviene) which are readiiv metabolized bv Cvtochrome P—i50. IIE1 (P450 2E1).
Guengerich et al. (1991) opservea that metaboiism or these substrates by microsomai
preparations rom tiver (a) showed the same reiative activity for different
preparauons of microsomes with all the substrates, (b) was sensitive to inhibition by
known inhjbitors of P450 ZE1 metabolism such as diethyldithiocarbamate and
disulfiram with all the substrates. and (c) showed inhibition by specific antibodies to
P450 2E1 raised in rabbits. but was not sensitive to addition of antibodies specific for
other forms of P450 such as P450 ILA or P450mp. Guengerich also reported that
purified preparations of P450 2E1 were also active on all these substrates.

Based on these and other studies, oxidation of this broad group of substrates by
P450 2E1 has been idenufied as the primary means of biotransformation in both
animais and man (Nakajima et al., 1990; Guengerich et al., 1991; Raucy et al., 1993).
Consequently, the extensive inyive and i yitro studies carried out with CHClp
(Andersen et al., 1987: 1991) ana CHCl; (Corlev et al.. 1990; Reitz et al., 1990a) provide
a reliable basis for estunaung (0 yiyg metabolic rates for other members of this class
(including VC) in humans. The process by which these data were used to estimate
in yivo metabolic rate constants for humans and mice for VC is outlined below:

1. g yige maximum rates ot metabolism (VMax's) in rats are obtained by experimentation (VC) or
from tne literature 1CH2Clo CHCl3). These vaiues are listed in Table 2.

2. The weight of the liver in artmais used in the in yivo studies is calculated for each chemical
and each species trom the percent liver and the body wesght (Table 2).

3. The VMax for each speces 1s divided by the weight of liver to give an 10 yiy0 rate per gram for
each chemucal. These vMax/gs are normalized to the rat for each chemical. and the "Ratio to
Rat" is listed 1n the last row or Table 2 for each chemcal.

4. For chioroform and methviene chioride, the i yiyn "Ratio to Rat" is nearly constant (2.570,
. 2.707) suggesting that atter normalization. the “Ratio to Rat" does not depend upon the

chermcal being studied (at least within this limited senes of chermicals all metabolized by
1450 2EN).
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Lo wivo studies bv Andersen et al 11991) with CH2Cl; provide a basis for carculating the “Ratio
to Rat” for humans or 0.2C8; Table 2. (Comparanie in yiyo studies tor CHCI3 in humans were not
available.)

Finailv. the experimemailv rletermined in yive VMax tor VC in rats and the “Ratio w0 Rat” for
mice and humans were used to calculate 1o y1ve VMax's for VC by muitiplying VMax /g (rat) by
the "Ratio to Rat” ang weignt of liver in eacn species.

For exampie the in yivo V Max sor VC in humans is caiculated as: 10.968/5.69) x 0.208 x 2198 = _
77.7 mgsnr (Table 2).

Y

RESULTS

Model Validation

Validation in Rats

As noted in the Methods section. metaboiic rate constants were obtained from _in
Yivo gas uptake experiments previously at Wrignt Patterson AFB (Gargas et al.,
1990)." To venfy that the model using these metabolic rate constants was broadly
descriptive of metabolism 1n the rats, independent experiments performed by
Watanabe et al. (1976) were evaluated. Watanabe and coworkers exposed rats to a
series of concentrations of radiolabeled VC for six hours, and then collected
radioactive excreta from these animals for up to 72 hrs. These studies allowed the
estimation of the total amounts of VC metabolized by the rats (Watanabe et al., 1976;
Gehring et al. (1978). The amounts of radioactive metabolites observed by Watanabe
et al. were compared to the predictions of the PBPK model for rats. Other than
changing the body weights and exposure concentrations to reflect the different
experimental conditions. no changes were made in the model deveioped from gas
uptake experments. The results are shown 1n Figure 2.

The model gave an excellent simuiation of Watanabe et al.'s data. Over a range
of concentrations from 1.4 ppm up to 4,600 ppm, the PBPK model accurately
predicted the levels of radioactive metabolites produced and successfully identified
the region where saturation of VC metabolism occurs (200-500 ppm: Figure 2).

Validation in Mice

Metabolic rate constants for BC3F; mice were estimated by extrapolation from {n
Yivo results in B4C3F1 muce obtained with model substrates as outlined in the
Methods section. In order to test whether these estimated rate constants accurately
reflected the in yiyo metabolism of VC in mice. an independent set of gas uptake
experiments conducted in male and female BC3F; mice was used for validation.

For this validation, the basic PBPK model for rats was adapted to mice by (a)
incorporating the known physiological differences between rats and mice (see
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Andersen et al.. 1987), (b) changing the bicoa- air partition coefficient for VC to that
measured in the laborarory with sampies of BaC3F; mouse blood (Gargas et al., 1989),
and (¢) setung the aliometric constant descriping the maximum rate of metabolic
oxidation or VC to the vaiue estimated from in yivo studies with other volatile, low
molecuiar weignt, halogenated hvdrocaroons (Tabie 2). Other than these changes,
the strucrure of the modei was not aitered.

Simuiated and actuai data from tour experiments with maie BsC3Fq muce (initial
concentrations of 345, 570, 1065, and 3190 ppm) and four experiments with femaie
B4C3F1 muce (initial concentrations of 280, 530, 975, ana 2950 ppm) are shown in
Figures 3a and 3b. As can be seen from inspection of these figures. the model gives a
reasonable (but not perrect) simulation of the gas uptake data.

The highest concentrations of VC (~3000 ppm whnere merabolism 1s probably
saturated) were weil descriced by the PBPK based on the metabolic rate constants
estimated from model supstrates. These data depend primarnly upon the vaiue
chosen for VMax.1n the model and suggest that tne extrapolation procedure

-emploved for estimatng the maximum ig vivo rate of metabolism in B¢C3F; mice
was successful.

The low concentrations (~300 ppm. where metabolism 15 presumably first order)
are aiso well described by the model. For rapidiv metabolized substances, the uptake

. is largely flow-limited (i.e. depends upon how rapidly the material is delivered to
the liver rather than the specific values of VMax and Km). Correspondence of
model simulations with experimental data at low concentrations suggests that the
physiological parameters for mice (flow rates and partition coefficients) used in the
PBPK models for B¢C3F1 mice are appropriate.

However, for the experiments involving intermediate concentrations of VC
(550-1065 ppm) the model predicts siightly more metabolism (uptake from the
champer) than was experimentally observed. These resuits were obtained in the
region where metabolism of VC changes from flow-iimited conditions to zero order
(enzyme saturation), and the simulation of these concentrations is sensitive to the.
value chosen for Km in the Michaelis-Menten equation.

To explore the possibility that a different value of Km might give a better
simulation of the experimental resuits, a computer optimization was conducted
with SimuSolv®. The resuits of this optimization (in which the computer varied
both VMax(C and Km) are shown in Figure 3c. In this optimization, it was found
that a Km of 0.28 gave a much better simulation of the gas uptake data than the Km
obtained from the rat experiments (Km = .04 in rats). However, the optimum
value for VMaxC remained relatively constant (the optimum value of VMaxC was
8.13; quute ciose to the extrapoiated value of 9.04).
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Given that the same enzyme P450-2L1) is responsible for oxidation of VC in

<. both species. it mav seem surprising that the apparent Km's differ oy this amount.
However. tased on studies or deutertum 1sotope eifects on CH7Cl; metabolism,
Andersen et al. (1994) have suggested that the apparent Km's for oxidation of P450-
2E1 substrates likely reriect 2 more compiicated sertes of events than simple
"binaing of a substrate to an enzyme s acuve site. Andersen speculated that the
apparent Km's for P450 2E1 supstrates mav be “... a measure of reactivity of activated
oxygen species with avaiiable C-H bonds”. If this hvpothesis proves to be correct,
then the Km for VC oxidation in humans wouid be expected to be mgte like the Km
of rats than the Km of mice. since the mouse liver has an usually high capacity for
oxidation of these substrates (Andersen et al., 1987; Corley et al.. 1990).

The preceding validation exercise indicates that the procedure used to estimate
il yivo metabolic rare constants for VC should give accurate representations of
human VC metabolism at erther high or iow concentrations of VC. The extrap-
olation procedure wouid te iess precise in identifving the region whnere transition

from first order to zero order kinetics with VC occurs when extrapoiating to spedes
other than the rat.

Validation in Humans

We aiso attempted to locate independently gathered human data for validation
of the human PBPK model for VC. Validation of human models for other solvents
(CH:Cly, 1,1.1~trichloroethane, styrene) has been previously reported (Andersen et
al., 1991: Reitz et al., 1988; Ramsey and Andersen, 1984), providing support for the
techniques for estimating partition coefficients and physiological constants in
humans. Consequently. the primary empnasis was on evaluation of the metabolic
rate constants for VC estumated by the techniques outlined in the Methods section.
No attempt was made to “curve fit" experimental data by adjustment of model
parameters’in validating the human PBPK model.

Ideally, we hoped to find measurements of the rate of production of VC-specific
metabolites tn human subjects (e.g. excretion of VC-specific metabolites in the urine
of humans exposed to VC similar to data gathered in humans exposed to trichloro-
ethylene; Miiller et al., 1974) Unfortunately, we were unable to locate this type of
dataset for VC. However, we did locate a dataset in which exnaled air concentra-
tions of VC were reported for human volunteers following VC exposure and this
dataset was evaluated with the human PBPK model.

In these studies. Baretta et al. (1969) exposed groups of human volunteers to 39,
261, or 492 ppm VC for 7.5 hrs in a carefully controlled laboratory setting. Workers
entered the chamber and were exposed to VC at the indicated concentrations for
approximately 3.5 hrs. Then they left the chamber to have lunch in an area free of
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VC for acproximateiv 0.5 hrs. rollowing wnich they returned to the chamber for
~« another 4 hrs (7.5 hrs exposure to VC). This exposure pattern was simulated by the
PBPK moael during the vaiidation exercises.

Sampues of exhaled brearn were coilectea from these voiunteers (-7 subjects in
each exposure) at different umes post-exposure for up to 20 hrs. The sampling
procedure nvoived giving eacn person severai glass tubes (20 mm diameter,
approximateiy 23 cm in iengin) capped with screw cap septa. Each worker was asked
to innale thzough his nose and exhale by mouth into the giass tube four times.
After the fourth breath. the workers quicklv capped the giass tubes with
impermeable septa and returned the tubes for analysis. A comparison of observed
and simulated resuits for these exposures is presented in Figure 4. The model for
VC gave an good simuiation of exptred air data tor ail three concentrations over the
period from | hr post exposure to 20 hr post exposure. It is noteworthy that these
experiments included exposures at concentrations up 300 ppm. a region where
metabolic saturation occurs 1n rats (Figure 2).

A sensitivity analysis was conducted to determine whether this fit was
dependent upon seiection of the proper vaiues for the metabolic rate parameters
(Vmax and Km) or whether other model parameters were more influential in the
prediction of expired air concentrations of VC (CEX) as described elsewhere (Reitz et
al., 1990b). Predicted values of CEX one hour and ten hours post exposure were
compared to the same values predicted with "baseiine” values for all model
parameters with VC concentrations of 59 ppm and 492 ppm (the lowest and highest
VC concentrations studied by Baretta et al., 1969).

The sensitivity analvses revealed that model parameters associated with flow
rates (fracuon cardiac ourput directed to fat compartment. alveolar ventilation and
cardiac output) and parntiorung within the body (blood/air. fat/air. and, at the 1 hr
post exposure period. muscie/air) had 3-30 fold more influence on the predicted
values of CEX than the metabolic rate parameters Vmax and Km. In fact, doubling
or halving the values of Vmax or Km did not appreciably change the fit to the data
collected by Baretta et al. (simulations not shown).

Buchter et al. (1978) also studied the pharmacokinetics of VC in human subjects.
Human volunteers inhaled VC vapor from (and exhaled back to) a closed system
containing 10 ppm and the removal of VC from this system for periods up to 22
minutes was evaluated. In other studies, volunteers inhaled a constant conce itra-
tion of VC (-2.5 ppm for 15-30 minutes. Data reported by Buchter et al. were also
well simulated by the PBPK model (simulations not shown), but a sensitivity
analvsis revealed that simulations of these data were even less sensitive to the
values chosen for Vmax and Km than the data of Baretta et al., (1969).
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. It is reassuring that the limited human data tor VC are consistent with the PBPK

“« model deveioped here. However. it must be conceded that the validation
procedures descriced above nerther support nor refute our procedure for estimating
VC metaboiic rate constants 1n hurnans. Unfortunateiv, since VC is a known
human carcinogen. 1t is considered uniikely that definitive studies of VC
metaboiism capable or rigorousiv establistung metabolic rate constants for the
human PBPK modei wiil be conducted in the foreseeable future.

Risk Estimat

The carcinogenicity of VC in animals has been studied extensively (in fact it may
be the most extensively studied of any of the animal carcinogens known). Exposure
paradigms include single exposures. high exposures for short periods (days or
weeks), exposures eariv in the natural lifespan versus late in the natura lifespan,
etc. Given the weaith or data available for preparaton of risk esumauons. we were
forcea to seiect a subset of the data tor iijustrative purposes. Ve have chosen to
focus on studies in which VC was adminustered for a substantial fracuon of the
arumal’s lifetime (12 months exposure in each of the cases evaulated) with follow-
up until the arumais’ death whnerever possible. The reader is referred to the
publications of Maltory, Drew, and Lee for further details of these and other studies.

We are aware that the pattern of exposure (i.e., whether a given exposure occurs
early or late in life) may influence the carcinogenic potency of VC, but we have not
attempted to consider this factor in our analyses. Similarly, we are aware that the
life expectancy of mice (but not rats) exposed to VC in the first 12 months of their life
is significantly shorter than the life span of control mice (c.f., Drew et al., 1983 who
reported a mean survival time of 780 days for control female BsC3F; muce compared
to 301 days in the group exposed to 50 ppm VC for o hr/day). However, we have not

attemnpted to apply any “less than lifetime” correction factors to the cancer potencies
obtained from the mouse studies.

Deriving Rat Potency Estimates

Maitoni conducted a series of inhalation bioassays of VC in male and femaie
Sprague Dawley rats at concentrations ranging from | ppm to 30,000 ppm (Maltoni,
1974). These animals were exposed to VC for 4 hr/day, 5 days/week, with exposures
beginning in young adult arumals and continuing until the animais reached one
year of age. After the first year of exposure, animals were held until they died and
then examined for the presence of tumars. Survival of the animals was
compromised at the highest concentrations, so these resuits were not employed in
derivation of a rat potency for VC. Resuits from exposures conducted at 0, 1, 5, 10,
25. 50, 100, 150, 200, 250, 500, 2500. and 6000 ppm were selected as the basis for fitting a
dose response curve for induction of liver angiosarcoma by VC metabolites. Tumor
incidence data used in constructing this curve are listed in Table 3.
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The dose surrogate’ (measure ot dose delivered to the targer organ) chosen for
“~risk anaiysis was the average dailv amount of metabolite produced per day per liter
of liver ussue. This tvpe ot dose surrogate is appropriate for risk analvsis when the
metabolite s highlyv reactive 1as the chioroethviene oxide formed from VC would
be) and either reacts with DNA or water in the target organ with a very short half-
life (1.e. wouid not be expectea to persist long enough to circuiate to other organs in
the bodyv). Rationaie for tne seiection of dose surrogates from PBPK models have
been discussed extensiveiv eisewnere ( Andersen et al., 1987) and the reader is
referrea to this publication tor further details.

The PBPK model for VC in rats was then used to caiculate the amount of
metabolites produced during a tvpical dav of exposure 14 hr exposure to the selected
VC concentration). Malton: exposed rats to VC for 5 days/week and for 1 vear, so the
lifetime average dailv doses (LADD) were calculated by muitiplying the values
obtained from the computer &+ 5/7 (to correct for less tnan daiiv exposure) and 1/2
(to correct :or less tnan iifetime exposure). Resuuts from male and femnaie rats were
combined and empurically tirted to a metabolic dose/tumorigenic response curve
with the computer program SLOBALS3 (Howe and Crump, 1982; Howe, 1983). The
predicted (maximum likelinooa estimate) and observed results are depicted
graphically in Figure 5.

The risk estimation based on the PBPK mode! (curved, heavy line in Fig 5)
describes the tumor incidences observed by Maltoni over a broad range of doses,
showing the ability of the PBPK model to compensate for the effects of metabolic
saturation in the activation of VC. For illustrative purposes, a hypothetical risk
estimation based on admirustered dose (ppm VC) at the two highest concentrations
(2300. 6000 ppm) is also shown with a dotted line in Figure 5. This represents the
tvpe of risk esamation that EPA mught have conducted if the VC data were from a
“typical” bioassay (i.e. the oniv tumor incidences reported were for MTD and
MTD/2), and it is noteworthy that such a procedure would have significantly
UNDERPREDICTED the tumor incidences seen in rats by Maltoni at lower
concentrations (e.g. 10-100 ppm). This line does not correspond to the actual EPA
risk assessment for VC (HEAST, 1995)

For the purposes of illustration in this paper. the dose-response model relating
tumor incidence in rats and leveis of VC metabolites 1n liver was obtained from the
GLOBALS3 computer program. Other mathernatical models relating tumor
incidence to doses of carcinogenic species have been developed and could certainly
have been employed in addition to or instead of the muiti-stage model. However,
since the extrapolation range evaluated was relatively small, it was not considered
necessary to expiore these other models (they ail give basically the same results
when used for regions where experimental data is available as is the case here).
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Extrapoiation from tne fittea dose/response curve in rats indicates that a LADD
{,_0f 0.177 mg equivalents of VC merabolites/ day/ liter of liver is associated with a
lifetime increase of 1 x 104 in the cancer incidence of rats (MLE esnimate). This Risk
Speciric Dose 1RSD) mav now be used to esumate the excess risk of cancer in mice
and humans exposed to VC under the assumpuon that equai average

concentrations of VC meracoiites in the liver of these species produce equal lifetime
risks of cancer.

This assumption 1s preciseiy the same as that used by most U.S. e
agencies when performing risk assessments based on administered
in mg/kg/day) except that an interspecies scaling factor related to bodv surface area is
also employed by those agencies. Andersen et al. (1987) suggested that since the
PBPK mode! already contains provisions for considering metabolic and
physiological differences between species, the body surface area factor shouid be
eliminated from risk assessments based on PBPK models. As will be seen iater,
comparisons of predictea ana observed incidences of angiosarcoma in humans
exposed to VC are consistent with the proposal of Andersen et al (1987).

Estimation of Risk to Mice from Rat Data

Maltoni aiso reported the eifects of exposure to VC on the incidence of angio-
sarcomas in Swiss albino mice exposed to VC 4 hr/day, 5 days/week for 30 weeks
with the experiment terminated at 81 weeks (Maltoni's experiment BT 4 summas-
ized in ECETOC, 1988). This experiment contained exposure groups of 0, 50, 250, 500,
2500. 6000, and 10000 ppm VC with approximately 30 maie or femaie animals/group

(approximately 60 total mice/group) except for the control group which contained
150 male and femaie mice.

VC was seen to increase the incidence of angiosarcoma of the liver (and angio-
sarcoma at other sites) in exposed mice in a dose-related fashion (Table 4). As with
the rats, the tumor response at very high concentrations of VC reached a piateau
and then declined. It is presumed that the decrease in tumor incidence is related to
the fact that the animals in the highest dose groups showed very poor survival.

Lifetime average daily dose surrogate measures (LADD) were calculated for the
mice and these doses and the tumor incidences were subjected to processing by
GLOBALS3 to determine the parameters for the LMS, with the MLE and extra risk
options selected. When this was done, the RSD (MLE estimate of dose associated
with a lifetime increase in risk of 1 x 104 to mice) was found to be 0.0797 mg equiv-
alents of metabolite per liter of liver per day, in fairly good agreement with the RSD
previously caiculated for rats (0.177 mg equivalents/liter liver/day).

e

Two other studies of the effect of VC exposure on development of liver
angiosarcoma have been reported. Lee et al. (1978) exposed CD-1 mice to VC for 6
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. hr/day.  days/week for 12 months. at which time the experiment was terminated

" Yno holding period after exposure). Lee revorted combined incidences of hepatic
angiosarcoma ot 0%, 4.3%. 30.3%. and 44.9%, after exposure to 0. 30, 220, and 1000
ppm or VC respecuveiv. ‘Vhen subjected to GLOBALS3 caiculations. the RSD
associated with a iifetime increase 1n nisk of 1 x 10 to muce (based on Lee et al.’s
studies) was found to be V.120 mg equivaients of metabolite per liter of liver per day,
intermediate 1n potency between the RSD previousiv calculated for rats (0.177 mg
equivalentsy liter iiver/dav) and the RSD based on Maltoni's experiments in Swiss
albino mice (0.0797 mg equivaients of metabolite per liter of liver per day). Thus
these two mouse studies and the rat study gave quite consistent estimates of the
RSD for VC metabolites.

However. when a bioassav of VC in B4C3Fy and Swiss CD-1 femaie mice (and
F344 rats and Svrian Golden Hamsters: conducted bv the Nationai Toxicology
Program (NTT: Drew er al.. 183) was evaiuated. quite different resuits were seen. In
these studies. oniy one exposure concentrauon was studied (50 ppm. b hr/day. 5
days/ week), but exposures were begun at different points in the arumals life spans
and were conducted for different duranons (6 months, 12 months. etc.). One of the

_exposed groups of mice was subjected to an exposure paradigm similar to that
employed by Maltoru et al. (1974) in that exposure began when the animals were 9
weeks old. they were exposed for aimost 12 months. Drew et al. reported that none
of the treated animals survived more than | year, and the cause of death in the
treated animals was frequently considered to be "... due to the development of
neoplasms...".

In this group of femaie BsC3F1 mice VC increased the incidence of angiosarcoma
in the NTP study from 5.8% in controls (4/6% arumals) to 76.7% (69/90 arumals). In
contrast, at this exposure concentration and paradigm, Maltoru et al. (1974) and Lee
(1978) observed a 2-3% incidence of angiosarcomas in treated mice with no
angiosarcomas seen in control animais. Thus the NTP has reported a considerably
higher incidence of angiosarcomas in both control and treated animais than either
Lee or Maltoni and this difference is not due to differences in survival, since the
treated mice studied bv Lee and Malitoru all survived longer than in the NTP study.

The RSD for VC in B4C3F1 rmuce (calculated in the same manner as the RSD’s for
Maitoni's and Lee's studies) was 0.0032 mg equivalents of VC metabolites/day/liter
of liver. This RSD is significantly lower (25-55 fold. implying more risk associated
with a fixed concentration of VC) than the RSD’s caiculated from the Lee and
Maltoni studies.

The discrepancy in the carcinogenic potency of VC appears to be laboratory rather
than strain specific, because NTP also studied another strain of mouse (CD-1 mice)
and again observed a much higher incidence of angiosarcomas in the liver (63.8% in
treated versus 1.4% in controis) than seen by either Maltoni or Lee. It is noteworthy
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that the incidence or liver anziosarcomas reported by NTP (Drew et al., 1983) in rats
exposed to 100 ppm VC (20%) was aiso sigruficanttv higher tnan reported by Maltoni
(1-2", incaidence).

Estimation of Human Risk

Risk esumates for humans occupationaily exposed to VC \were prepared by the
following procedure:

o

o

1. The vaiidated PBPPK model for humans was used to constm’nﬁ‘table of
lifetime average dailv doses (LADD) expressed in the same te¥ms as used in
the rat model: mg VC metabolites formed/day/liter ot liver tissue for
conditions thought likely to have been present in the workplace i1n past years
(i.e. TWA's of 30 - 2,000 ppm and empiovment for 10 - 20 years).

In performing tnese caiculations. mg equivalents of. metabolites were
adiusteq for tne tracrion ot the aay tnat workers were exposed (8/24), the
davs/week that the workers were at their jobs (5/7), and the fraction of a
lifetime that exposure took place (years/ 70).

. Once these estimates of dose had been prepared. the GLOBALS3 program was
used to estimate the likelihood that tumors would be produced. based on the
potency number derived from rats (RSD = 0.177).

The results of these estimations are presented in Table 5. The predictions range
from about two hundred cases per 100,000 (for workers employed 10 years at a plant
where the TWA was 50 ppmi to almost 4,000 cancers per 100,000 in workers
employed for 20 vears in a plant where TWA's were 2,000 ppm.

The predictions of human risk may be compared with results reported by
Simonato et al. (1991) based on the worid-wide vinyl chloride tumor registry.
Simonato’s results are based on the evaluation of 12.706 individuals seiected from a
population of 14.351 subjects from 19 factories where VC was used industrially. The
compieteness of followup in this study was stated by the authors to be 97.7%, and the
average iength of followup was 17 years (with 36% of the population followed for
>25 years). The total number of person vears at risk in this study was 222.746.

Simonato et al. (1991) reported a clear association between both duration of
employment and ranked level of exposure. They estimated the absoiute risk of
angiosarcoma in exposed population with >25 years since first empioyment to be
between .2 cases/ 100,000 for exposures less than 2,000 ppm.years to 280 cases/ 100,000
for individuals with more than 10,000 ppm.vears. Relative risks in highly exposed
populations were as high as 45.4:1. Absolute risks observed in the VC cohort with
>25 years since first emplovment are listed in Table 5 for comparison with risks
predicted by the linearized muitistage model (LMS) using maximurm likelihood
estimates (MLE) from the PBPK modei.
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In eacn case. the esumnates trom the procedure empioving the PBPK model are
substanuaiiv hugher tnan actuaiiv observed in numans. For exampie, based on the
PBPK preaiction, workers exposed to 200 ppm TWA VC for 20 vears (4,000 ppm
vears) wouid be expectec to deveiop 1.463 cases of angiosarcoma/ 100.000. However,
the incidence of angiosarcomas opserved in tne group with >25 years since first
empiovment and 2.000-5.599 esumated ppm.vears was reported by Simonato et al. to
be 42.2, wwnuch is abour 35 foid lower than the PBPK prediction. At higher levels of
human exrosure te.g. ,000-9.9% ppm.vears. > 10.000 ppm.vears) the PBPK
predictions are higher than tne otserved rates by a factor of ten or so (Table 5).

Potency factors derived from the studies of Drew et al. (1983) were aiso used to
predict human risk (data not shown. \When these potency factors were used, the
discrepancv between predicted risk and observed incidence was much greater.
Predictions based on the Drew studies were aimost three orders of magrutude (1,000
fold) hugner than tne actuai (observea) incidences of iiver angiosarcoma in exposed
workers. su these studies are ciearty less consistent with human experience than the

. studies conducted by Maltoru ana Lee. |

It is noteworthy that we did not empioy the "cody surface area factor” employed
by the U. S. Environmental Protection Agency for cancer risk extrapolation between
rats and humans in our risk estimations. If the surface area factor had been
emploved. the predicted risks would have increased by a factor of approximately 5-6
fold for rat to human extrapolations (or 12-13 foid for mouse to human). Inclusion
of the surface area factor in the PBPK based risk estimation for VC wouid clearly
have made the risk estimations we produced less consistent with the reported’
incidences of angiosarcomas in the exposed workers.

DJMS.ELQN

A muitispecies PBPK model capabie of quantitatively describing the metabolic
activation of inhaled VC was developed from pharmacokinetic principles and then
validated with independent data sets for rats, mice, and humans. Only munor
modifications of the model described by Ramsey and Andersen (1984) for inhaled
styrene were necessary to accomplish this. :

VC is metabolized in mammais by the cytochrome P450 enzymes (likely by the
2E1 subclass) to produce reactive, short-lived intermediates (chloroethylene oxide).
These reacuve intermediates aikylate DNA and are genotoxic (mutagenic) to both
bacterial and mammalian ceils. The reactive metabolites of VC are generally
assumed to be responsibie for the induction of angiosarcomas and other tumors in
mammals exposed to VC. Since these intermediates are too short-lived (reactive) to
circulate in the blood stream very far from the organ of their formation. the
careinogeruc effects of VC on a particular organ svstem 1s assumed to be reiated to
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¢+ the rates of meraboiic acuvation occurring 1n that organ. ‘Ve esnmated the rates of
-induction of liver cancer in various species under different exposure regimens by

using the PBPK moaei tc predict the rates of metabolism in the liver of the treated
ammais.

or induction in Rats

The resuits presented in Figure 5 indicate that accurate predictiongof the risk of
deveioping angiosarcoma must consider the dose dependency of V bolism.
When risk assessments are based on the concentration of VC mnaled the animals
(instead of the amount of reactive metabolite formed by the animais) the predictions
deviate widely from incidences observed by Malton: and others.

For exampie, -if a risk assessment were prepared from a cancer study which
contained only high doses of VC (i.e. doses where metabolic activation was
saturated), exrragoiation to low doses wouid significantly underesuimate the
incidence of tumors in rats (shown by the dotted line in Figure 3). On the other
hand, if risk esumarnons were based doses of VC below the level of metabolic
saturauon, linear extrapoiation to high doses would greatly gverestimate the
incidence of tumors in rats exposed to high concentrations of VC. .\s Gehring et al.
(1979) ponted out, basing risk estimation on VC metabolites instead of VC itself

produces a consistent estimate of carcinogenic potency across the entire dose range
(Figure 3).

duction in Mj
In addition to increasing the reliability of high dose/low dose extrapolations,
PBPK models provide an sciennfic basis for extrapoiations between different species,
considering phystoiogicai as weil as metabolic differences. Since VC has been

extenssvely studied in the mouse as well as the rat, this provided an opportunity to
test the apility of the PBPK model to accomplish interspecies extrapolations.

Mice are generaily known to contain higher levels of the cytochrome P450
enzymes than either rats or humans and this is reflected by the higher rates of {n
vivo metabolism seen in mice versus rats for the substrates listed in Table 2 _
(CH2Cl;, CHCl3, VQ). Based on this knowiedge, mice would be expected to be more
sensitive to the tumorigenic effects of exposure to a given concentration of VC than
rats, and this has been widely verified (Maitoni et al., 1974; Lee et al., 1978; Drew et

al., 1983; ECETOC. 1988). The RSD’s (1 x 10 lifetime risk) calculated for the different
species/strains of mice were:

CMA 114471
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It is notewortny that tne auraton of the mouse experiments differed from those
or the rzr; Maltonr s experiments in rats were ‘entire iifespan’ (generally > 100
weeks), while Maltoni s experiments in mice were terminated at 81 weeks of age. In
the case of mouse studies conducted by Lee et al. and Drew et al.. all animais had

either been sacrified or nad died by 52 weeks of age (Lee et al., 1978; Drew et al, 1983).
Thus it mught be argued that if the mouse experiments had been of longer duration,
higher cancer potencies ror mice might have been calculated (or that application of a

“less than ufetime  correcuion ractor was warranted. reducing the simiiarity of the
RSD vatues in rats and mice).

However. since the autnors ot at least one study (Drew et al.) attributed the eariy
mortality to .. induction of neopiasms <in the treated arumais> ...", it is not clear
that appiicaticn of a factor intenaed to correct for loss of arurnals from nog:
neoplastic causes hefore thev nad 3 chance to deveiop cancer would be appropriate
In any case, the incidence of angiosarcoma was very high in the Drew et al. and Lee
et al. studies (777 and 45% respectively), so holding the animals for another year
could not have increased the tumor incidences by more than a factor of two. The
mouse studies of Maltonu. by contrast, were nearly lifetime studies (81/104) so that

only a smail "less than lifetime ' correction factor would have been required
(=2 fold).

Thus. with the exception of the RSD estimated from the Drew et al. (1983) data
set, the esnmated cancer Cotencies in rats and mice are remarkably close. This
suggests that when the pnysioiogical and biochemicai differences in rats and mice
are properiy considered. these species have simiiar sensitivities to the carcinogenic
action of VC metabolites and provides support for the hypothesis that reliable
estimates of human liver cancer can be produced by this technigue.

The reason for the discrepancy in potency factors derived from the Drew et al.
study is not clear. since even within the same species (mouse) and experimental
paradigm (12 months exposure. tumors evaluated at or before 12 months; Lee et ai.,
1978, and Drew et al.. 1983) dramatically different potencies were obtained. One
possibility is that diagnostic criteria in this bioassay may have differed from those
employed by other invesugators. since angiosarcomas of the liver (a rare tumor) was
not reported in any of the control mice from other groups but were reported in 2-5%
of the control animais at NTP. This possibility could be evaluated by an expert

committee of veterinary pathologists with access to slides from the archives of the
different organizations.

CMA 114472
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[t is aiso possible that the re:ativeiv tugh ~ackground incidence of liver tumors in

'« the B4C3F; mouse has maae it abnormaily sensitive to the influence of liver

carcinogens such as VC. This suggests that rodent strains with high background
tumor incidences may not te good modaelis to use when esttmating numan risk (if
humans nave much lower cackground incidences). [n any case. as wiil be discussed
later. the resuits from Maltoru s and Lee's groups appear to be much more
consistent with the data from numans exposed to VC than the resuits of Drew et al.
(1983).

Comparison of Potency Factors (PBPK and Conventionai)

Maltor: s studies on VC caranogenicity in rodents probably are the most
extensive animal carcinogen:city data set in the world and were chosen as the most
appropriate basis for estimanons of human nisk. Using the potency factor
previousiv caiculatea for rats. 1t is possible to caiculate the "unit risk” for humans
ontinuoustv exposed to VC. The ntted dose response curve wndicates that lifetime
expasure to 1.77 x 10~} mg eguivalents of VC metabolites/day/ liter of liver tissue is
associated with an increase :n liver cancer risk of 1 x 10 (maximum iikelikood
esumate: M{LE). The v3% lower confidence limit on dose for this risk wouid be 1.40
x 103 mg equivalents of metabolite per day per liter of liver tissue.

It may be calculated with the PBPK model for humans that continuous exposure
to 0.869 ppo of VC would be predicted to increase lifetime cancer risk by one ina
million (MLE), or that continuous exposure to 1 pg VC per cubic meter would
increase lifetime cancer risk bv 4.51 x 107 (MLE). The corresponding 95% upper
confidence limits (UCL) obtained from GLOBALS3 are 0.687 ppb (for one in a
million risk) or 5.70 x 10'7 increase in lifetime excess risk for continuous exposure to
1 ug VC/cubic meter.

The numbers caiculated vith the PBPK model may be contrasted with the value
reported in HEAST (1995). In each case the caiculations represent the UCL for excess
lifetime risk associated with continuous inhalation of 1 pg/ m3 of VC:

HEAST Vaiue ....ccoererrenn rresrenereensnsnns 8.4 x 10°5 risk
PBPK Based Value...... . 5.7 x 107 risk

Thus the vaiue calculated from the PBPK based approach described here suggests
that the potency factor currently listed in HEAST should be reduced approximately
147 fold. In performing a risk estimation such as this one, there are many points
where use of different assumnptions/data (e.g., type of tumor modeled. selection of
most sensitive species/bioassav as sole source of data. application of "less than
lifetime” correction factors. etc.) can impact the cancer potency factor. Nevertheless,
since PBPK modeling predicts roughly an order of magnitude less VC metabolism in
humans than rodents at equivalent atmospheric concentrations and does not
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inciude a surface area ccrrection’ factor predicting that humans are always more

“« sensitive than rodents bv another order ot magnitude. changes in these two factors
appear to account for most of the differences (two orders of magnitude) in the two
risk esumations.

The HEAST vaiue 1s taken rrom a current issue of the EPA publication, but the
entry for VC bears the nore that the recommended values “... do not incorporate
considerable informaton tnat 1s now available.” The Office of Heaith and
Environmental Assessment goes on to state that “One unpublished physiologically-
based pharmacokinetic model prediction results in a 100-foid increased risk
(emphasis added).” If the EPA were to increase the value in HEAST by 100 foid,
then the procedures outlined here wouid differ from those in HEAST by 14,700 foid
(more than four orders or magnitude).

mparnrson with Human £pidemiociogy

It was noted above that considerable variation exists 1n the potency factors
available for estimating the incidence of angiosarcomas in human populations
exposed to VC. One of the most important questions, theretore, is: “Which of the

alternative potency factors gives the most accurate description of the actual human
experience?”

To answer this question, we have consuited the epidemiological literature
generated on VC during the past 30—40 years. All of these studies. share. to some
extent, the common problems of not having complete follow-ups for the total
lifetimes of the individuals. the possibility of missing a tumor when another cause
of death is present, imprecise measures of exposure. ete. .After surveying the
avilable literature. we chose to compare our predicted risks to data gathered by
Simonato et al. (1991). This epidemuology study was chosen because we believe that
it represents one of the most robust analyses available. both with regard to the
number of individuals followed and the quality and length of follow up procedures
emploved.

A weakness in this database 1s the absence of a precise measure of the magnitude
of VC exposures in the workplace. However, Simonato et al. (1991) have attempted
to characterize the magnitude of occupational exposure by subdividing workers into
groups based on their ppm.vears of exposure (calculated as years on the job times
TWA ppm levels estimated to be present in the occupational setting during hmfrs of
work = ppm.vears). This grouping permited simulation of worker exposures with
the PBPK model. The reader is reviewed to Simonato's manuscript for further
details of the exposure estimations.

CMA 114474
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Simonato et al. had 2t cases of liver cancer 1 their conort. The overall incidence
of liver cancer was statisticaily different than expected. and the odds ranos as high as
43:1 were ofserved in some or the groups with the {ongest duration of exposure and
highest exposure concentranons (Table @ in Simonato et al.. 1991). For the purpose
of this comparison. we seiected a supgroup of workers with more than 25 years since
first exposure. subdivided by Simonato er al. into four exposure categones: (1) <
2,000 ppm.vears, 12) 2,000-5.59¢ ppm.vears. (3) 6,000-9.999 ppm.vears, and (4) >10,000
ppm vears. Althougn this exposure information 1s obvicusly imprecise, it allowed
the caiculiation of a roughiy equivalent exposure paradigm in Table 5 so that we
could predict the approximate tumor incidence in the groups studied by Simonato
to compare with the resuits he reported.

For exampte. in the subgroup estimated to have the lowest exposures by
Simonato (0-2,000 opm.vears). the “reporred” incidence of angiosarcoma was 6.2 per
100.000. In contrast. the risk assessment procedure described in this manuscript gave
a maximum likelithooa estimate (MLE} of benween 188 and 736 cases per 100,000 for
ppm.vears between 500 and 2.700 (Table 5). Thus the PBPK mode} predicted aimost
two orders of magnitude more cancer cases than actuaily occurred.

Simiiarly, individuals with 2,000-5,999 ppm vears had a “reported” incidence of
42.2 cases per 100,000, while the PBPK based procedure estimated the incidence in
this group to be from 700 to 1.500 cases per 100,000. A similar disparity existed for
the two most highly exposed groups from Simonato et al. (153-280 cases per 100,000
versus 1,00 to 4,000 cases per 100,000 predicted by the PBPK based extrapolation. It is
noteworthy that in the higher exposure group, the degree of overprediction by the
PBPK procedure seems to decrease (from almost two orders of magnitude
overprediction to approximateiv one order of magnitude: Table 5). It also appears
that the degree of overprediction (excess conservausm) is greatest at the lowestrates
of VC exposure (below 0,000 ppm.vears 1n Table 5.

It shouid be noted that a large fraction of the cohort from Simonato is still alive,
SO it is possible that more tumors may be added to the 24 already reported.
Nevertheless, in view of the long follow up time in the subgroup selected for
comparison. it is considered extremeiy uniikelv that the incidence will double even
when all the workers are followed to the end of their natural lives.

Consequently, it appears that risk assessments based on estimates of the amounts
of reactive metabolites of VC delivered to the liver of the target species (calculated
with a PBPK model) stil] significantly overestumate the potential of VC metabolites
to induce liver cancer :n humans. Since the PBPK has been well vaiidated in
several species, we do not believe that this is because the PBPK model has
overpredicted the formation of VC metabolites in human liver. Rather, it appears
that the livers of humans are less sensitive to the carcinogenic effect of reactive VC
metabolites tne livers of the commonly used inbred laboratory rodents.
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The reasons for this iower sensitivity of human iivers to reactive merabolites are

-, not clear. cut it has been notea that longer iived species such as humans have
higher ieveis of DNA repair enzvmes than rodents. Thus production of a genotoxic
lesion 1n humans mav not nave the same adverse consequences as in the rejatively
DNA repair-deficient rodents. .\ vatietv of other expianations are aiso possible, and

cleariy further researcn -wiii be required before 1t is possible to choose between the
different possibilities.

In summary, the proceaures we have described here (based on a quantitative
description of the metabolism of VC in different species and a well characterized
oncogenic response to VC in different species) suggest that current estimates of the
carcinogenicity of VC basea on rodent studies significantly overestimate its
oncogenic potential in humans.

Furthermore. there nas ceen consideratie discussion as to whether it is
appropriate to inciude 3 -urrace area factor  -~hen using a PBPK moael to
extrapoiate the results or roaent cancer studies to humans. We believe that the
resuits of these studies suggest that inclusion of such a factor 1n a PBPK based risk

assessmenr cannot be justified on either pharmacokinetic or pharmacodynamic
grounds.
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Figure i: Predicted (solid lines and observed (open symbois) concentrations of vinyi
chiorige in a 2.1 liter rezircuiating exposure champer containing 3 maie rats
(Figure ia) or 3 femaie razs (Figure 1b).

Figure 2. Predicted (solid line) and observed {open symbols) amounts of radioactive
metabolites derived from exposure of maie rats to the indicated concentration of
1C-vinyl chioride gas for o hours. Data taken from Watanabe et al. (1976).

Figure 3: Predicted (solid line) and observed (open symbols) concentrations of vinyl
chioride in a 9.1 liter recirculating exposure champer containing 14 maie mice
(Figure 3a) or 14 female mice (Figure 3b) with vaiues of VMaxC and Km
calculated from 10 vitro studies (VMaxC = 9.04, Km = 0.04). Figure 3c shows the

same data for 14 mate m:ce aster computer optimization of VMax_ and Km
(VMax(C = 8.13, Km = :1.28),

Figure 4: Predicted (solid line) and observed (open symbols) concentrations of vinyl
chloride exnaled by human subjects following ~.5 hours of exposure to vinyl

chloride concentrations of 59, 261. or 492 ppm. Data are taken from Baretta et al.,
(1969). .

Figure 3: Predicted (solid line) and observed (open symbols) incidences of liver
angiosarcoma in rats following exposure to various concentrations of vinyl
chioride for 4 hr/day, 5 days/week, for 12 months (animals heid until death for
observation of tumor incidence). The dotted line represents the type of risk
extrapojation that might have been prepared by EPA if the only data available for
VC had been from two high VC concentrations but does not correspond to the

actual EPA risk assessment (HEAST, 1993). Data are taken from Maltoni et al.,
(1974b). :
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Table 1

Paramerers used (n the pnysioiogicailv basea charmacokinetic model for vinyi
chloriae for Humans. Rats. and Mice. Alveoiar vennlation and cardiac output are
calcuiated from the aliomerric constants by muitiplying the constant by the body weight
tkg) of the aruma raised to the 0.7 power. VMax 1s caiculated from the ailometric
constant VMax( by muitiplying the constant by body weight raised to the 0.70 power.

HUMAN RAT MOUSE
WEIGCHTS (% of Body “eighrt)
‘Liver 3.14% 2.93% 5.86%
Rapidly Perf. 3.71% 5.08 5.0%
Slowly Pertf. 62.1% 76.47% 76.14%
Fae 21.1% 7 0% 4.0%
TLOWS ‘sllcmeer:icz inscanez:
Alveoiar “entilaticn 18 18 28
Cardiac 2Cutpuc 15 18 28
% nf Cardims Auemae
Liver 24.0% 24.0% 24.0%
Rapidly Perfusad 52.0% 52.0% 52.0%
Slowly Perfused 19.0% 19.0% 19.0%
Fat S.0% 5.0% S.0%
PARTITION COEFFICIENTS
Blood/Air 1.16 1.68 2.41
Liver/Air 1.60 1.60 1.60
Rapidly Perfusea/Air 1.60 1.60 1.60
Slowly Parfused/Air 2.10 2.10 2.10
Fat/Air 20.0 _30.0 20.0
METABOLIC CONSTANTS
Vmaxt. (Allomsexic 1.97 2.75% 8.13
Km (ma/litery 0.04 0.04 0.28
~
\'v
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o Iable2

Lo y1vo meratolic rate constants for the PB-PK model for vinyvi chloride were
eStimatea from data reporred by Andersen et al. (1987 rats & mice: 1991 humans) for
metnviene cnioride and Coriev et al. (1990) for ctuoroform. Published ig yivo maximum
rates (\"Max) of oxidative metapoiism (cataivzed by P450 enzymes) and historic organ
weignt data from subchroruc studies at Dow Chemical Co. were used to caiculate the
VMax/ kg ot liver (VMax/ \V1). Then the characteristic interspecies ratios of VMax/VL
for oxidative merabolism of these rvpical halogenated hydrocarbons were used to
estimate the i yivo VMax's for VC in mice and humans.

Rat Mouse Human .
Methviene Chlaride:
Body Wt (kg) 0.233 0.0275% 83.0
Percent Liver 2.33% 5.86% 3.14%
Liver Wt(g) 5.895 1.612 2606
VMax (mg/ hr) 1.500 1.054 138
Ratio to Rat 1.000- 2.570 0.208
Chlorotorm:
Body Wt (kg) 0.230 0.0285 .
Percent Liver 2.353% 5.86% -
Liver Wt(g) 5.819 1.670 -
VMax (mg/hr) 2431 1.889 -
Ratio to Rat - 1.000 2.707 -
Vinvi Chloride:
Body Wt (kg) 0.225 0.0285 70.0
Percent Liver 253% '5.86% 3.14%
Liver wr%_ | 5.69 167 2198
Ratio to Rat (Avifs 1.000 2.639 0.208
VMax (mg/hr) 0.968 0.749° 7.7
VMaxC (ailometric) 2.75 9.04 3.97

Andersen et al. (1987) listed 34.5 g as the body weight for mice in their Table 1 since this was the
body weight for the rmuce in the NTT bioassay of methyiene chloride and their 'B-PK modei was used
for risk assessment. However, the average body weight of the mice used in the gas uptake studies
was actually 275 grams and this bodv weight is used to calculated the VMax/ VL rauo.

Calculated by muitiplying the average mouse or human RATIO of VMax/ VL 's to rat (methylene
chloride ana chiorotorm,, the in vivo VMax/ VL value for VC in rats, and the VL for mice or humans.
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Table 3

Incidence of anglosarcomas or the liver opserved in Sprague Dawley rats, Data are
from Experiments BT1. BT2. BT9. & BT15 conducted by Caseare Maltoru (1974a,b). Data
are given as # anglosarcomas;/ # animais examined for maies. femaies. and combined
males and femates. Controi arumais from several experiments are combpined in the 0
PpPm group. Animais were expaosed 4 hr/day, 5 days/ week for 52 weeks and then held

unti they died (typicaily at ieast another vear). Tumors were scored at the time of
death.

Males +
Femaies Femaies

Exposure Concentration (PPM)

0 0/239 0/412
1 0/60 0/118'
5 0/60 0/119!
10 1/60 1/119
25 4/60 5/120
50 13/180 15/354
100 1/60 1/120}
150 5/60 6/120
200 5/60 12/120
250 2/30 3/59
500 6/30 6/60
7/30 13/60

6000 10/30 13/59

Eliminated from CLOBA L83 analysis because of mathemancal limitations of the PPC version of the computer
fittng program only 10 dose/ response groups allowea).
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@f" Table 4

Incidence of affgrosarcomas or the liver observed in Swiss aibino muce. Data are
from Experiment BT 4 conducred by Caseare Malton (1974a,b) and summarized in
ECETCC. 1988. Dataare given as # angiosarcomas/ # anumais examined for males.
femates. and compined maies and femates. Animais were exposed 4 hr/day, 5
days/ weei for 30 weeks and then neid unul tthey reached 81 weeks of age. To caiculate
the dose surrogates for muce. the PB-PK model was configured according to Tabie 1 and .
a 4 hr exposure with 20 hours exposure free was simulated by the model. The
simuiated values of the dose surrogate were converted to lifetime average daily doses
by multiplying by 5/7 (days/ week) and 30/104 (fraction of lifetime exposed). Potency
values were estimated with GLOBALS3 as described in the Methods section.

Males + PB-PK
Maies Femaies Females LADD
Exposure Concentration (PPN

0 0/80 0/70 0/150 0

S0 1/30 0/30 1/60 384

250 9/30 9/30 18/60 173.1

500 6/30 8/30 14/60 265.2

2,500 6/29 10/30 16/59 331.0

6,000 2/30 11/30 13/60° -

10,000 1/26 9/30 10/563 -

?  Eliminated from dose response regression because of the likelihood of poor survival at this dose.
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Tabile 3

Lifetime average Delivered Doses (LADD's) of VC metabolites in humans exposed
to VC for 5 davs/ week, 5C weeks, vear. tor the indicated numbers of years. The
LADD's are caiculated from the PB-PK model for humans constructed as outlined in
Methods. correcting ror the fraction of a vear exposed {50/52) and the fraction of a
lifetime exposed (10, 20, or 30/70). Estimated lifetime risks (incidences/ 100,000)
predicted for these exposures based on the rat potency factor are obtained from the
GLOBALS3 computer program tspecifving the Maximum Likelihood Estimate, NOT the
95% upper confidence limit). Observed cases per 100,000 at different leveis of exposure
(cumulative ppm.vears) for the group having more than 25 years since first empioyment
are obtained from Table 10 of Simonato et al., (1991).

PB-PK Observed
" Years rrm PB-PK Prediction Cases
rPM Exposed Years LADD per 100.000 per 100,000
Ten Years Exposure
50 10 500 3.33 188 -
100 10 1,000 6.63 374 (6.2)
200 10 2,000 13.06 736 -—
- - 4,000 - = 422
500 10 5,000 26.68 1.497 -—
L - - 8,000 - - 1523
1000 10 10,000 31.28 1,753 -
- - >10,000 — - (280.0)°
2000 10 20,000 36.03 2,532 -—
Twentv Years Exposure
50 20 1,000 6.66 376 (62)2
100 20 2,000 13.26 747 —
200 20 4,000 26.11 1,465 422
- - 8,000 - - 1523
500 20 10,000 5335 2971
- - 15,000 - - (280.0)b
1000 20 20,000 62.57 3,476
2000 20 40,000 72.07 3,993

Croup listed as having «2.000 cumulative ppm vears by Simonato et al., entered at 1.000 ppm.vears
for comparison. o

Group listed as having >10,000 cumutative ppm.vears by Simonato et al., entered between 10,000 and
20,000 ppm.vears for comparnson.
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CONSIDERING FEARMACORINTTIT AN MECIZANISTIC DiTORMATION IY
CANCE=. RISK ASSESSHMENTS TOR ENVIRONMENTAL CONTAMINANTS:
EXAMPLES WITH VINYL CZLORIDE AND TRICELOROEGEYLENE

H. J. Cleweu’, P, R. Gemry, . ML, Gamant, 2. C. Allen, 20d M. E Angers==
K. S. Coumn Grown, i€ Naiser intsreational

Rusen. isuisiama 71770 USA

ABSTRACT

Risk azz=msmemts (or vinyi chizsige (VC) ina (nchioromnyiens (TTZ) ars presemed I8 cxamptes of
ipprozcnes (Or MSUTDETIROE ChEmMicsl-SDESI{IS Srmasscnsie g mosnanisic informaucn o 2 more
scamuiially plausible cinerr risk assessment,  For VG, s svigence reyasming moot of acuon incindes dimet
rEaston of 3 meooties with DNA, resuiting in DNA addums ang mistmnscristion. and Cross-soesies tarpm-itme
eofTestongencs of 3 fare tmor type. itk estomares for human expomre 0 VO premucted with 3 physiciogicallys
bamd starmacoiinmic (FEPK) mocel aad the linmrizad muktictage (LMS) model wers jower than thase cus=mly
usad in envirenmentl decision-making by 2 facer of 30 to 50, and wers more convistent with human
cpudemiotogical dua. For TCZ. there is evidemes of incrmsed eslf protijeration dus 1o rec=aer int=raction of
CYWStORICity in every inmanes in which (UMOrS are ooserven. 1nd the wmors (ypicaiy represent 38 incrEnss n tie
incidencs of 3 commonty observed, spsgics-sowcific lesion. Virmmuly saie expasurs sstimates for homan erconiee
0 TCZ sramicadt with 3 PEPX mooet 2nd 3’ marpn of exporure (AMOE) apprasca were higher thian tose comined
Jy the convenuonat LALS 2pproaen by rougnly 3 i3mwor of 100, The MQE svoroien is resommssst 3¢ 3
Msrmauve 10 (e LAMS aoproaen for ensmicais win 2 cistntoyensc moae of 3CUON waich entals increases eslil
protiferation, izzainyg to (ihe expecmuon of 3 highly nonunstr cncer cots-respomse.

INTRODUCTION

Asseysine e aotentiai risk 153061388 with Ruman exCOSure (0 CIISINOFENIC cnvirOnMENttl CONMIMIEINtS
rEprRients An uncomionabie semixture of ssiemific evamausa ang potiticl policy. with the ponental [or enormous
IMBICT on ooth the puolic heaith 1ng the exsnomic weil-beiny of the nanon.. The pnecisal challenye facing caneer
fisk assessory tcazy is 19 rERiinicaily consider me unoticstions of the chemicsi’s meznanismus) of Grcinopenicity
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deveisoiny 1 msK asiSIsmEnt ICTOASR Or 3 ouuAr cmnoyemc sffest, [ is DeSoming mnenmunery sifficult
(0 justily e use of the JME ILANGALT NIK ASISIMENL ICPIVACS Wit SnRAMCILS (2L 3AL (ArTUER 1 ourErY
Atiomimens, 7snOIOMC MESAINISM. A5 weil 1S witn chemusus for waieh carsmogemeity is meaated by increzs=d
=il prouferanen secondary tO SVIDIORICIY OF MESSDIOP nteracuen, M {ochigism-qeCERGSM MSK ascemoment
1oRpTOICacT arT (oS sruy alternanve (or mamnening e erepility of cancer sowency estimates m the faez of
METEANINE ICORSHERNOA in the UNCErTRINNINg Of (AT MesTRNiTmMS of CNMovenrcity, | he NEW Qi revuons
iha U.S. Zavironmenni Protecuon Ageney (USEFA) gusceiines for sanser risk (1] woud appear (0 provide e

flexipiiity neczzgry to move foreand n this area,

Risk azszssments for ehzmiczl curinggens mus necerarily be itcrative in ramrs. It is in tne snre of
seiemtific incutry that unasTIancing deveioos siowly, 15 aToeronesta informauon accumulaes ang theoriss G o8
temea and refined. 2isk asseszments, however, cuonet be componea indefinitely until 2n geguate understinging
of the carminogenrexny Of 3 SAUCHLAr Cemica! has Cee=n acaisven, ThETefare. it iS NECEILACY (O amemot (0 perverm
ne mosr sgizmificaily defensiois aur.'.;mcm oosnbie, given (= minmrauoa avaiable 3t thag time, 2na w be gy
10 fevise ths eoymas. TReaealy, wrencver unporEm now wuormausy i3 ceveioned. [n the lax (ew vears ey
i been 3 ugnificnt imuTovemem 0 the levei of unzerminamy rogaming cnamical mrtinorenssis in general and
the mecmanisms of carnegmusity of vinyi chiarigs (VC) ana wiskiorownyiens (TLS) it panicuiar. The purpoms
~f the sugy repomed here was (o I0ETISt (0 PETTOIM muIg-0i-themscisnce risk assessmewes for VC and TCZ, wing
+4 23 gret 2n exmt 13 posibie the information cormealy avziiable on phtrmacskinetics, membotism, and
ciminogenic masnanism of actica,

YINYL CELORIDE

When it peme evigent that VO was carmmogene Do in animals and in onans. many of its uses wire
disesntnucg: (ne currem uss of VO i3 limned 10 s=rvmng 33 3 cre=mical precursor in the production of uch
mateTzaic 13 poiyvmnyi chioride (PVC) ana covotymer sming,  However, VC is aiso proguced from tne
bindeyr=couisn of irichiorosnylens by basiaria in the soil, Thus past spilly of trichioroetnylene may lead (10
current or furure exposures of the puolic to VC ia drinking water or other environmennit media, The surmem
potensy szumates for YO pustithed by the USEPA do nox muntizatively incorporate oharmacokineic informanen
on YC into ne risk =isuiatuons (2], To provide 3 mom sz=grate 2usessment of human nisk from exposure o9 VG,
1 physioworicaliy-bised oharmacssineic (PEPK) mooei was cevelcoed which deseribes the yptake. distribution
and mespolism of VC in tne mouse. =i, hamuar. ind human foilowing innaiaton or ozl exposure. The PEPR
mode! was used 10 OrEGIEY e (G121 OroducLOn O r:asuve muadolites from VC bau i the animal bicassays and
1 BUM3A CYpOSUrT ICSRAMNOS. | hese melsures of intemat sxsosure wers tnen used in the lincanzed muitistags
{LMS) moasi (3] o predits e risk aunemted with lifetime exnasure 0 VC in 2ir or drinking water.
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Zwidence for carmnogenteinT Tz carmnosemeny of VC has pesn weti estapiithad in severar inimny
iosmres Oy 2 numoer of mutes of =xzosure i2]. CVthe many giffersm mmor types waich have oeen reomen i
wimai bicassys of VIC, four are of greater corenn cecauss (nsy have pesn te=n reoroducibly a low
concentrations (250 cpm 2na below): liver anzrosireema. hematoczilular ermnoma, asonrosianama. ing
mammary stand jgemocarminoma. O thess, :wo are oameninrly nomoie in (AL ASY 35T TACNY feSR N umerooEE
umats: liver angios@areoma and REINTECiStoma. Grorer tan expected incidenses of angiosrenma of the bver
hive 1:23 be=n resemen in 3 numoer of cONGMS of wWorker: oesuranucmally exoosen o VO 2], Anyiosarcoos of
(he liver i3 consiierea (o De 2 very rars type of anesy, wnl oruy 20-30 eases per year reporea in the U5 {4,

Increased deen due to canger 2scocmen with human VC exposure has 2is0 besa reoontea for brain, luag, e
hemaoooeric sysrems, 33 well as for omer tizsuss, out severat anaivses have consiuded that lver angiosorreer
shaw he clexrest cvidenss for custi azsocarion ang 2lo demonnrate the highex reiative risk (5.

com:aammmfur!iv«mgmmhmimmﬁngmmﬂmmhmm;m

foetts for VC risk asssssments in recem yemrs,

Mempoiizm:  2aten on tne simimnon of VC ghmrven followiny jomininrzuoes oy vanous rouns of
expasurs, e megoelizm of VC acpears 1o oe 1 cose-cenenget, mrable procesz,  The promary rowe of
memgolizm of VC is by the actian of the mized funenon azidase (MPO) system. now referrea to 35 Cyoshmme
P450 or CYP. on VC 1o form crioroenyiens oxide. Chisroenytens oxide (CED) is 2 highly rexezive, shon-ved
epaxids thar rapidly rermages 0 form chisreaceidehyds (CAA), aminrhnhnmuytmmad(d. Tha
main detoxificution of these rwo memoolites is conjugation binding with glumthione (GSH), is evidencad by the
elservation of decrmzen non-protein uifhydryl concentratiens at high VC expomure coneentrations (7],

Mecharim of caretnogemcity: [t has long been 3 1ea= of carminogene risk assetsment that the mecimiom
of carctnogenicity for *gTmetoxic” crmnopens (somenmes resaTTeR (0 33 MRS invoives remtion with DNA,
leding 0 mistranz=ToNicn during suosenuent el division, causing 3 lass o change in herimsie informanon
whien rzzuits in 3 nooplastie dangihrer cxil.  As any as |978. i was demonurared that binding of VC to tiver ,
macromotesuizs following inhaistion expesure of rats corrstiesd well with bows tol meabolism and the cbmervest
incidencs of angiowmrems (3], Itmmuuﬁzmmmg;aﬁvufvc“mmbhﬁngnnm
metadolite with DNA a _-‘ muet miscoding during cxil regroduction.  The in vive (ormation of (our cieno-

ined §0u demonzrated followwne exposure of animais 10 VC: 1, N*-ethemoguanine: N.J.
ethenavuanme: |, *Fmi‘-dmnmme. and 3. N"-etheng-1’-deaxycyadine (9], Thess sineno.adduss are
highly parsistent and can lesd 10 defestive transenotion (101,

Selecnon of a risk asrexement asprooch: Sased on e informanan descrived sbove on the metbolism

ind meenamm of cawmMogeNnicity of VC, it is nec=xary 1o determine the aoproonuc sppreach (or congucting 3
Ruman nsk assessment. The evidenes s srone tnat the carminogenicity of VC is retated to the procuction of
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macuve maisouc inisTMeAnMEs, Ta2 MOSt COTOANE DAINMICONIACUC CI5E MEINE fOF 3 MECETE Memoois
‘he tows amount of the MeOOMIE genarted aiviced Dy ths voums Of the ussuc 1t waich it i proaced (111 1a
ne qaze of VO, 2 mmsonagis oo mone {27 angosarcoma woutd be provigsd By the ot :.m‘cmm of mennotism
divided by tne vowms of the uver. Th: ssumotion ungssiving (ne use Of this GOSE m=nic is rhat the
conesmImation Of (BS ICQIU SUTINOZERIC MOISLY, OF the axan of the srucial event associated with the eellular
{ransiormanon, 15 inny Mmiaen (o tn13 0ITNCO-CORCERtrANGN of releuve imermeriates, and that the reiatiensitie
of the aemua cursinosenic MmOtElY Or CTUci Svem (0 (e dOSe MEINC i3 CORNANT ITTOSS CONCEDIIINOS and SPCCWL.
Specificaily, the average amount generaiea in 2 singie day is usco, averagea over he lifetime (i.c.. the lifeimn
avenage aaily dose, or LADD). Tz uss of 1 dose rate, such 2s the LADD, rauer than ol lifctime com, Az
bemn found croiriceily 19 provids 3 pemer erass-speriss exempotation of chemicl cursinopenic comency (121
Subsequen; steas in the carmmogente mesmanism reiated 1o spesiiic adduer formation. detestion, and repmir, as
well a5 13 th conssoyene=s of DNA mustransenotion ana the porential imoact of increzsed c=il proiferaticn. hyve
agt yer rmasnsd (he um;u where (fisy cIn 02 ICOrSOrAea into 2 nsik atsessment in ANy quasutive fomt.
However, :ner= aopears (o oe sutiicizat eviasnee o ustifv the assumeuen nat VC 2223 33 3 classic inuiaor,
progucing gensic RASTUIMIMONS tvuEn qirst mmouan of its meaoolites with DNA. Thererore the raditional
asmmotion of low-doss finearity of risk agpears 0 be warraneed. :nd the LS mooel wouid se=m 10 be the man
appropriate aopreach for low-aose extrapolation. .

Deser:prion of PBPX meagei: The PBPK moaet for VC usea in this squdy is an adagition of 3 previossly
deserived PEPK moael for vinylidens cnlorids (13]. For 2 poorly soluble, valatile chemical like VC, only four
tisRe companments are requirsd: 3 richly perfused tissue companment which incluges all of the organs exemxt the
liver, 3 slowly perfused tissue companiment which inciudes ail of the muscie and skin tissue, 3 {3t commrumen
whieh inciudes ail of the farty tissyes. 218 a liver companement. The paysiologica! parameners used in the el
are the current USEPA rererener v3iues (14]. The moaet 2ssumes (lowelimiten kinetes, o venous cquilibratoe
that ig, thag the wzaspert of VC betwesn oiood and tiswues is fast enougn for ste3dy Stie (© be reached within the
tims it is transponed throwgn the tissuss in the blood. The parution esetficients are based on in vitro saudics with
tissue suspensions {15). All meaoolism is assumed (0 occur in the liver, which is 3 good assumption in terms of
the overail kinesics of VC. but wnich woutd have 1o be revised to includs tanget-tissie-specific membolism if a
serious artemot wers (0 be maae w0 perform 3 VC sk 3syestmen: for 3 tssye other thaa the liver (11,
Metasstism of VC is moasied by two saurdtz oataways: one nigh aifinity, low cagasity, representing P430 2E1,
and one low affinity. high cagacitv. represenung the owmer P30 isozymes (e.g.. 201176 ana 1AL/Z). The
parametsss r‘o'r the two atidative patnways (n ths mouse. —:. hamster. 3nd human were enimated by fining the

made! (0 a3 (rom ciosed-chamoer innaiaton =xoosures win et of the soeses and sirains of interex {16).

(n the mogel. the rescive metabolites produced by these oathways (whether CEO, CAA, or other
imermegiai=s) may then eitner b memoolized unhsr. tzading to CO.. ream with GSH. or rat with owher
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zstular materss, inciuding DMNA. Za=tuse sxzasure (0 VC has pesn snowa (0 astiets cumaung tevels of GSH.
2 sumbie assenoucn of GSKE kineues was aiso incuged in e moasi {13}, Iniual esumares (or the sunscouss:
TEIBOLULM of (Ne rERsUVE MEADotites Ana (Or the glutitiuons suomodsl in the At were akan from tne mosget for
vinyiidena crugride {11]. These pirameter seumatss were (n2n refineg (of the 2= of VO wita dama on gascahione
deptetion (17,7], totu memootism (18], ana CC, siminauon {19]. Ths parameters ooined for this corioa o the
moeel in e rx were used fOF the Giner SD=es win atpropnace ulomeune sRiing (i.c.. tis firs-oroer Qe

consanis were s=uied by body werent rausen o tne -1/4 power ),

Pharmasorinetic risk assesymens: Ths moael just asccribed was usca (0 @iculite the pharmacokinetic dess
mencs for anpoxresma in the moxt informauve of the aumal bicassays (20.21.22], as weil as for human
inhalation exposure. The 95% usper confidence timits (UCLs) on tne human risk estimares for iifetime exposure
ta | pare per pillion (ppb) VC were then caiculaten on the basis of mch of the sets of bioasay dat, using the

LMS moget, ana the resuning r=x esumaces ars thown i Table §.

Table {: Human risk esumaes (per muilion) for lifetime exposure 0 | ppo vinyl chionide in air

based on tne incidencs of liver ingiommoms in animal bioassays

Aaimai Bicassay Saudy * 9$% UCL Risk / million / ppb
Males Fomues
Maltoni er af. - Mouse inhalation (20,21] 1.52 . 327
Maltoni er af, - Rat Inhatasion (20.21] | 517 2.2¢
Feron et al. - Rat Diet (22] | 3.08 1.10
Maltons ef al. - Rat Gavasge (20.21] | s.63 15.70

The risk estimaies based on inbabuion studies with mice (1.5210* and 3.3x10™) agree very well with
those bases on inkalation studies wich rats (5.17x10% ana 2,21210%) , demonumting the ability of
pharmacokinetics 10 i 3¢ fESPONSE inioMMaton ierass species. The risks estynated {rom wne dieary
sdministration of VC snd 1.1x10°) are atso in good agreement with those oomined from (ne inhalation
bisasxays. showing good feug.10-route corTeoongence of potency based an the pharmacokinatic doss metric.
However. ths estumates based on orat gavage of VC in vegseabie oil (3.63210° 3nd 15.7x10™) 2re abow 6-fold

high=r than enner dictary or inhalation exposurs. [ncorporzuon of com oil it the diet increasad the yield of
aflaiotin 8.-induced wmors in rats (23); 2 similar prenomenon could be responsible for the apparcarty higher

potency of VC when 3gministeren by oil g3vage comearsa o incorporation in the diet.
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Zzidemioweicai anaiveir: I8 OTOCT 1D evawaie tne Diusibiiity of tne m3xs PrINKIes on (e bass of the
INUTAL G353, i CIISUIALENS WETS U0 CETOrMed on tne tastg of (s oest avaiiabic soigemroiggical &an
(24,25.28). A Lne3r reative nsk dose-response moos! was used {or anauvsis of (e fuman azm, 'To obam
PRAIMaCSIRens, fuman-gasea risk esumatss, it PEPK moger was run (OF (02 SXDOSUMT STIMING I00r0proue o
c2en Of (A8 towomes subCINOTI from czoa of the sugies, The remyuing msrou dOse mMencs were muttintied by
(he I0UroUrme Qurltons (O COWIM tAS CIMUIAtvE (s dams, whith wers then DUL into the rERuve nig
monat, llong win the oosErven ana teo {iver canepr geaths (O ec8 TUDSGHOTL. (0 QDN an cutimare of the
carcinggenie ootency. Them, (O GElYMIME NG MK assochted with 3 cominuous lifetime exvasurs to | ppb for
comparson with the angmai resuus, ine PEPX moost was rua for a | ppo continuous SYPEIUSE and the avesee
daily vaiue of the inuzaal doss meic was caiutaed. Using tng 95% upper 0ouna o7 the eximass for the
powency provides 3 93% upper comidence imit on the liferims risk per ppo of vinyl chioride {or comearison widh
the anumai-baten recuits otvained with the LMS mooet.

Table I: Human nsx esumaes (wer muilion) for lifezime mnaalanon of | £po vinys chionae
in air based on e incidees or liver anpictutoma in human cotdemiciownea! studie

Epideugiogizi Saudy | 9% UL Risk / million ¢ ppo
Fox & Collier (24] ' 0.7 - +.22
Jooes & ol (2] ' 0.97 - 5.80
Simomuo e al. (25 | 0.40 - 0.79

A companson of the resuits of the anatyses of the tiree mts of dus, shown in Table 1, zives soms
indicion of the contnency of the humas resuus, cven defors tne companson wai the animal preaistions, [t i
encouraging e tne lifetime niic of liver cancer cer ppm VO azposurs euimsted (rom the s sudies only
ranges over abow one orger of murnnuae: from O.4x10° 9 4.2210". Miomover, (1518 exnimates Ire in
remariable agresmen with the eximmztes based on animai daz ynown in Table i, However, any condidence
producss by this agreenent shonid be temoeres by e likelibood that misciassifiction of expowre in the usss
Studics (2ndS (0 unoerERimae the (US risic 3t lower doses.  Nivertnsiess. ihe agreemunt of the prarmacokineic
animal-based risk estimames with the prarmacokinssic human-oasad fisk cmates orovides streng sugpon for the
Isumoton uses in thit URY: the cToss-spesies waling of [ifeime cancer risk can be performen on 3 direst kasis
of lifetime averace duily dose {wuhout 2ppiying 3 body surfiss 2ma adiusiment) when the risks arc Sasen on
biologicatly approprne dose mence cotcuisted with 3 validited PEPE modet.

Conctustons: Giving prromy o ine animal studies mon closely approximasiag the human rous of
"POSUME. (hie Dest coMServative cuumus of (he clmogen nsk of angiosarwoms from lifstime exposyre (0 | ppb
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YCin aras 522000 er 2.0x10° (agrmi)t, biss on wmnafacion sruater in mae ras (20.21). Thisvanm i
conmmaEnt win (e Mange Of enimaes (oM emgomconey suaies of 0.4x10° 10 4.2310" x'i:f. per ppm WC. but is
ugnly 2 3cor of 30 below (e curTETUY puslshed waziarian wmie risk of 8.4x10° (ugrmyt. The moeet was

3050 us=2 to ewymats (N QY INISTMA GCIT (CF AUMAN Qrinking water CINIUMBUON. 1.2 fESUINY doxz
conserrative smare gf the Crmnoesme NSk of ingiomeeams rrom jifetime exoosure 0 | ugfl. VC in oricking
vater 13 |, 14210 [ug/ld. Saseq on stugies wan maus ra of the disary aaministrauon of VC 2], This vaise

is rougnly 1 fagtor of S0 below the cursently pudiishes unip risk of 5.4210° (ug/L)™.

Althougn VC has ofizn oeom cied 25 2 ehammemy for wijeh mouracie mewoolism inouid be eonsidersd i
the nIx ascecemens samration Ivpess (0 Desome tmpormnt only at very high exposure levels (gremrer wom 250
ppm Ov iniatation or 25 myricgiday orauv) commama o the lowen morigenic wyeis, g thus tax lisle iepmer
on the guanuarive ritk ciwnuss, Ths yMoonant conmmnion of pharmacncineric mogeting i3 10 provide 3 more
siolagismiy puunse esumate ar the erf=crive adzer 1oiaf procuenon of re=suve memnolices it te arpet oSt
The o of this biologicRuly effsstive coss t9 (Re amIISter=x Q0SS IS AO UALIOMM 2EIB33 FOULES 100 SHSREL.
Theretare any esumate of admimser=a cass s iess Jdomme for PETIOITIAL (OULE-(0-rOULE AT intersperiey
STUOLNON of risk, Ths nsx esumes ooounen for VC using ine orarmacokinetis anse maric s ower daa
thass ootiings wih convestuondi exermt dose cusulations oy 3 fasssr of 30 to 50. ana aupear 0 be mar
comusten: with human epidemiciogic) dam,

TRICII.OROETEYLINE

TCE ks peen widely uzen in inoustry for many veass bessuse of is cecstism sotvent prepenies aad its
nonflsmmagdity. Tha ACGLT has re=mtty announces its intenuon of clxsifying TOS ine 3 new carzinogesicity
$rOUD, AJS (not susoeEmied 3% 3 AUMAN CITINOEEN), 03380 O 3 well<ONSUME. CRPNive SHIGGRINageR) sudy
perfarmes 1 an aircrast mamicnanes iasility 3 Hill Air Fore Aasa oy the National Cancer instinue (Z7.251. The
USEPA. on the ower hazd, has for 3 sumoer of years reypuiated TCS on (na basis of #ts circinogenicity, ithough
it has waversd berwaes group 2B (sufficient evidence in animtais) 3nd C (limitest evidencs} in wying (o classify the
likeiihood of carmopmicity from TRZ [29,30.31). However. in 1939 the tacermuional Agency for Rassmreh on
Cancer ctazsified TCZ a3 & group 5 animat cuzioogen (limited cvidenes; (32), 30a the USEPA has since
wuhdrawn tne dmﬁmm of TCZ [rom s (RIS datzgase for consideration.  Newvennsisss. regardisss of the
formas classification e USEPA cancer nsk asumates ior TC= (30.31). c3icutated on the basis of meoeiized
dosg witn the LMS model, have continusa (0 be used for environmental decision-making since {935, (o commx
10 the c2:5 of VC, the mox reem ooency esumates for TCE pubtished by the USEPA do anempt o incorpurase
pharmacawncus nformaton on TCZ imo e nsk cateutsuons (30,31, Thesurrent USEPA uan risks for TCE,
1.7210° (ugren'y* 2nd 0.32210% (ug/L)*. 2r= bated on wxal mezaootized dose i mg/kg/day. agjusied by body ;
SUM3L2 3rza (1.6.. bY (B8 FA00 of the bady werghts r3issd 10 the negauvs /] power), which provides 3 ressombie

-181- CMA 114500




SCPIOZImMANGN (O (RS IMEIMAL STCOIUIS (ISI UASST (NS SunmImURLOH curves (Of the Deusotx. Hywever, it i3
QisenpesTune 10 AGKE (N3T LGS 2AATMACTIIASUCULY Bliag goIencies (07 Tes 472 YErY Siiiar to e moww
2bave for VC. i soue of the frong coigemoiasien evigenes suggasine taat YC is 2 more pownt sumas
carmnaren tap TOZ Clzarly, prarmaeoiunsucs 2lose 1 IASSSWAE (0 YRYIGS 2 rIDOAnic Srmurnem of the
human nsx for csesr fOM NS (WO CASMICHL. Ul a3t wis DRIrmasoxinccs of 3 CROMICU mun liways e
conyiasren 1n Qresr (O OOIKR 3 FESUS MmEISUIT Of iNtom eXDOUrE 1O e chemical, the pramscoaynamms of
ine gnemiszi (that is. (he mesnzsiem Oy which the cnompmi causes c=IRST) MUust AUSO be coggcee in amesr 1
obtain 3 rexiistic measure af the resOonse 0 the chamial,

Smmmwminpniommgzﬁnumfmmmmmm
ang mesmtarem, infumdnnmmﬁmbemumépmﬂmhammmmm‘maﬂs
an ez=n of it key mempolites: caiarad (CIL), inchionmemic 3=id (TCA), inchiorosazsol (TCUH),
dichigmaseze sc:d4 (DCA), ang dichirovinyieysieme (DCVE), This prarmasorinetis and mennalion di g
inen oe usen 1n 2 PEPK moael (0 srevice 3 sreamuon of the concemeranon orodies for TG 2z us menoalies o
€3En of the Reyet UISYSS, WIEREY ITSSCIIET SR CIOUSUIE 0 TS in (ne animal HicALIIYS or in powcamal buwas
expasure sceoanies. Machaniuic inormatss soemiis @ e of the wimors of conesm must then be incorporatad
(@ provide 3 link betwesn taryet ustue crtemici cxpasurs and biclogica ar bischemical cifass in the arges tivwe
leading (0 the observed cusesr rponse. The speniilc mode of action associzted with the prodeczion of 3
parizuiar mmer provides the basis for expecations repyting benh the dase-response for (umar incideass and the
mmre of Cron-spesies saling. Thess cxpemzuonas. is mm, should drive decisinny conssming the max
ippropriste risk apettmeny approzen 2nd e dssumprions 3 be made where citemicylspesific dam s aekiny,

Evidence jor corgnpyersaor: Sy far the mox commean mgmummuw%mm
expunure 3re iiver and lung wMmors 1a soveral tams e betn scxes of mice (35]. Scwisicaily increzsed mmor
ousmmes goserves (1 onty 3 uagls srudy include mausmans lympnema n HAN:NMRI mics sxposed by
M.mmmmWWm@ﬂummww;mnww
temicniar (leydig ceil) trmor in Sprague-Dawiey rac erpowed by inhaiation, Of thase, the kidoey wmovs have .
raimed the greuest CIMCETS Sifce tney were not cOserven in conuel aniswis,  Dirmer summn evidesce of
cemogencity from TCE cxpusure is equivosal 3t best: cpigemioiogieal studies have gemesaily been negative,
slthouga moy are limited by prociems que to small cohons, nadsguats leacy periods. 2nd co-expasure 10 othey
coneuinaney (33, The largest sudy, memtionss sbove (37,23, was unable o link TCE atpomee witk incrersed
canter incigencs W1 ABY tisue. A (ew cposmoiogiel sugies have. nowever, waktiveiy linked TCE exposgre
wan incresed incidenme of urigary (r3CT MOrT and lymproma in worksrs, 33 well 3s with childhood leukemia
(331
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Mewpotismr: Sagea on OOIR 2 VIIrD NG W1 Vo stugiss, 1A mMeacoiism of TS has gesn wussenet m
cam‘ of samurasie oxigauon of Tos o G by e MFO system. (ollowea oy either oxuaion of CHL 19 TCA
by an udshyde cxgase of recuction 10 TCOH by aiconol deavdrogenase (ADH) witn sudssausm stusuromidaion:
cxudation of TCRH 1o TCA was a3 oropases i34, CEA has oe=s iqemifiad 28 3 munor unsary memocine of
TCE (on tne oreer of 1 %) in oo s asa miss. hut Bag Aot Oe=n geiskien 23 4 meooiite of TCS iz e foen
Significanuy, the simranes of DEA Ut AUMIRS 200€Ars (0 e muck more 2md tan would Be exsesten {rem
ulomere couing of animai dars: (e exremety figh e of ciearancs of DCA in bumans is promavly remoxsibis
for we failure of invesugaroTs 10 getesy @ 23 2 matanolie of TR

Mechanion of caranegenciry in the Liver: 1t has besn suggesten that both TCA ang DCA play 2 xtjor
role in the wmer incidencs oRusrven in mise doswed with TCS (35]. Bath compaunds have deen snown o produse
focal hyperprotiferative lesisas, denomas. nd Gremomas on cAmpais aaminiscation. The typicai scsuenes of
evenis [or mmongenicity €31 De osmiced as (olows:  initially upon trmiment with DCA or TCA, hers s
evidensz or 2 slight, but gemsraur liver ayperpnsa. casuent Wit thS WNGUERICA Of 3 MROSENC lignal by te
chemumi. However. this incoemeen esil prosfersucs soon rEmirs 1 3 fommal liver wmover e m 5o of
comtinted eTPosurE 10 (Ae miogen. SrUMAsy in Movonss (o the exor=suon of codogencus asTuive STowd
facter (TUT-) by suemaj emile.  Upen repwnied exoosure for abous 30 weexs, however, thets is 2 sudden
amaihmmmwhhmipmmmhm This seauenes of evems &S
emirely consistent with 3 *suppression esmne” mechaniys (or promoticnal cusinogenicity (36]. Tha suades
appearznce of rpadly dividing ecile, epresenting a0 scape from cymsmtie suppression, producss 3 presdy
ineressest provakility of mumational events leading 1 an inceased aumorigenicicy.

The coservatian i3t simiiar concentraton-ims profiies of DCA and TCA proaucs e hyperpianic aod
MOngenic TIDoASET (A (IS MIONSE Jut Nt in (e e apparemiy redlecss 3 difference in the susceTubility of the
(wmmmmnfhm Since 1n visro ougies with 3t epucevies have demonsmied the
mitogeme resoome, e mon likely possibility for the coserved difference i wsceoribility is 2 differcoual penesic
presisvosuion (or (e tcIpe irum suppresting. The maernyl imprining of the gzne for 2 negative growwa faanr
minhmﬂpmhmmmmw:ﬂm:mummypm
gencusaily. Sioew 10¢ buman appesrss 10 have coth alleles for this gen= {37], i is possible that the much lower
pauaeyofﬂmﬂﬁhmmm:m‘mﬁu&mohmmummtdb-e:pnﬁl
the human.,

Mecharuzm of cormznogersary in e uny: Tamofs have 250 been goserved in the lungs of Misk ceposet w0 TCE
by inmalauoa. The SECCHIRILM a s €252 2ppesrs @ de eaurely different (rom um'jus desenbed for the liver,
(o 3 wetl-designed cxoermeemal effort (131, woich proviaes an exczilent exampie of the kind of swdies needed) 1o
suppont biologwxaily-based risk atsessiments, investigators at (] comownes in wevo and in wero expert "
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SYCICALS (e mesnIRiam Of [ms CIISINOZEMCIY in tRe mouss wng. (n the g e mu:. {zraqe miss and s
were cxoosen (o TOS 2t 2 fange of inf3ten coss=mrauens 3t 200 DEIOW (ne COMESSIANONS 3t Which (UMSTS ars
oBsarvea n mics. na the effests of TCZ in (ie mng wers goiermuned. A speRiiic lesion. cazfaer=nzad by
vamuourancn of iung Clus cous. wis coservea in mice, out OOt f3is. ThSrS was evidemes of 2 tuwmnoid for wie
Clara c2tf effeces 2t 2oout 20 opm. Mice sxooses @ 100 ppm CEL by maaiation gispiaven Clirg cotl lesioas
sImiiar (o tnose opssrves with (000 som TSR In comrax to tnete resuus. oaiy miid effests were ooserved with

TCOH innaied at 100 ppm. 2ng none were aoserves wita 500 merxg TCA given muwapernsaeniy (the effecs fad
been ooservea with inuragervonzauy idministeres TCE 6 2000 mgrig). Thass rewits suggestes tat CHL was
responsicie for the mxisity.

Inuxemn‘nmﬁ:.mﬁmluuCM:ﬂsmmmxomﬁuTCEow.m&mm
with CTZ, beme the major menbolie.  Significsty, no TCUH glucyronida was asesien. {n commarismn with
mouse Clara cstit, mouse RencwVies were snown (0 proauss orimarily TCOH ang is glucuromide. [a bo ceil
SrEpRfRuSns. 3 sisagy SIS concTmration of CIIL was acnisven). SISISmE i vird Sugies cemensraen that
mouse Clara oot poxmess 3 rewivery low acaviy for the gigcurmidation of TCOH as comnarea cither o the
stucuromdation of ether suemTI in the iuag or ©© the glusromcation of TCOH in te liver. 12 has absa besn
determinen thay ADH, the emzyme wnich convens CEY, @@ TCDH. has 1 low amivity in the mouse lung,
consistent wich the retazively low produstion osservest in the Clara caile. Oa the basis of thiz cvidencz, the
invenigators constuded that the cbierved acute wriciy i the lung was 2 it of scamnuiaton of CHL in Clan
ceils rezuiting from a limiguion in the formation of TCOH ang i glucsronide. The spesifisity of this letion for
the Clara catls can be rarionaiized in tarms of their retatively high Cyocaroms P430 asuvity, counied with limited
ADH aing UDP stucuronasyl transfers=e (UGT) ssuvitier

Ths impications of these resuus for the lung wmergsnicity of TCES are twoefold.  Firs, iz sccommiation
of CHL. i it does osxar (1 vtvo. has Gler curmnovens impticions. since CHL has been snowa (o be gemomxic
0 3 numoer of stugies (38]. Scmmaty. the resurrent woxicity ooserved with intermittent expasure is likely ©
pﬂmmn{lmﬂmmmmmﬁ. The faz et the lung WMo vak
genexatly benign (s alse significzne: (ne nroaustion of primarily benizn mmors is more consisem wih 3
agagencoxis, cxii-proliferative meenanism,

Metharism of caremmoveniciee 1n the khidney: Whils boun of (he umors discussed thus (3r 2z abservmd in
the mouze out Aot 1n the rat. e reverse is true (O e kidagy twmaors proguces by TCE. A mechanism ior the
\nduciian of these wmors has been oropased. in which dirst conugation of TCE witn giutathions (GSH) ia the
liver 13 folioweo by further mesolism in the kdnsy 10 3 cysteine conjugate wiich c2a then be clesved 0 3
ME3RUVE miermeniue in the kidney woular cetis (19]. Ths eystemns conpugane formes from TCE
dichlorovinyicysieine (DCVC), has been snawn ta be highly neparctasic as weil a3 magenic in (he Ames st

CMA 114503




Cretozificanion ing cisarmmes of DCVC Lkes pucs ov uneary exer=tion of the N-2c2yl derivauve: e fcy taa M-
1cyl-DCYC has oemm icemeified in tne grne of Hunmns srpasea @ TOS occuauonuly (3'91.'imi=n=: mx

exoosure of the udaey 19 DCVC does oczur 0 me numan,

AS with the (wo DrEVIOUS cRIzt, S2il Oroufsranea a3 aTpers (O Siay 3 roie in this umor cumome. In the

‘onty bicassay tn3r repoTted 3 JERHICIST mermse in kidney mmors from TCS. CYUROTICY wat ooserved o the
kidney at ooth the iow ana hight goses. while umars were coserves only i e high dose.  Kidaey eyrommiciy
wag 3050 reoones in association wuh 3 non-stausticaily.signifiezar incidense of kideey rumors in ine oaty ower
mydéuemmgmemmm

Selection of a rizk assessmen: approaen: Mthrqu'-nmmcmui a:n::rduu-m:ﬁnd.h
highly nontinesr cose-rezoonse eTpecet for the rec=mmrvmenred, promoticnal meshanism uggened for the fwar
carsinagemeity of TGS argues agamst 182 use of the usua liner extrapoution (0 low-a0se Ak ascied widh the
use of the L34S moaget {3]. Iz e === of the lune ana kidney, wuthougn genomgzicity may (e 10 2 smif bt
finite resdual risk componem whaich is linar 2t low qose, e is 2iso evidence for CytowORICty 3t the high dome
whers wumors s 2cantlly obsorve.  Ths exwmme noniineanty of e imuak Of CYWBIOXICIY riven, COMpPERENGTY
csli-protiferanion on risk at tne doses wneve wmors are chRven is msompauble with the befavior 1ad ynderiying
asmmorions of the LMS mogsl, cven if 2 parmacnkinesic dose memic is used. It kas fraquentty bam sugpemed
that the LMS mooel may simpiy be imxzpropriae for uss with chemicis whase cusinorenisity is mediated by
changes in cell protiferazion, and that 2 promising ajteremive in sueh cses is 3 biclogicaily based doss-responss
(BBDR) moase! of cacer which incorperates colf protiferation: it is also possible (0 fink such cancer modeis o
PBPK dascnotions of QIges Gitug SXDOSUIE (0 provide 3 more compiee dascriotion of the cirmnogenic prooms
for eywotsic or mitogenic chemicis (40,41). However, there 272 2t It wo difficuities aisocisted with the e
of these aiernauves to the LMS moeet. Firm. wiz pamamesers for the czif prouiemucn mogeis 27 often not
available from Qire experimes:z, Sut must be exumared by fining vicwstiy aus. Unformsmately, it has bass
shown that the parameters in the BEDR moagei are not indepennentiy idemifiabls unosr sueh congiticns, and
MmmhmdﬂkuMummﬂﬂqMﬁmﬁ;mmwuwm

"'wdmmumhmuormmtmmam
AR inczr mogst pameers, lowwdose nik esumaes with the typical 2-s3ge SEDR
mode! are exquisitei¥ sensitive (0 the esumaten doss-resnonse (or the moael puameers (43,

Andther asrmtive which has been suggesten for risk 2sseasments with none-gengrogic carsinogens is the
uss of 3 threshold Jopreacn basey on the unaeriying process whieh is regquues for QAmnogemeity (3], The
Rtiente for the expaation of 3 thsnoid in non-gencwe curemogencity is tae, untike the case for dires
reagtion with DNA, (he aomiinear process unaeriying carcinogenicity in these 3363 (€. 2., CYIOMORICY Of rEspons:
10 recestor binding) is NOt ene which would be expered ta be sSxive 3t very tow doses. The grewest difficuity
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Junine accenmnes fof tNE throSnOl IDSITACR 15 1At SIneUy spexxing, it imotes tnat N0 mMCTEmmen fixk i3 e

{rom exoosures peiow (ne threnoid, bul onty an aoparent (expenmentatly ooservaoie) thrasnoid an oe

]
determnen, Paogidual caremorene astivity OSiow tne apparemt inresnold (Or the AonURIIr OMOCESS could resgn

from insusTicient exosrmentll DOwer (0 Q8223% ins sifgct at lower incigenss. (TOM $CISACICY MIInansre (2.9,
fram tne muragsme Jcuvity of 3 cr=micl WAICh i WSO CVIOWXIC At higher concemrations). OF from the inheyent
famife of the gose-response fOr the efiss (s.8, {or mommror-menigter effasts possestng 2 linar cose-resoonme m

the low-dose revones.

The wargin of exvosure (MOE) 2pproacs is similar in pracuce o the threshoid approach. but the
assumouons underlying its usz are not as constraining, Pather than estimating 2 human exposure threshold below
which 1o nzk is expezed. the MOE 2pproash moely eximares the human exposure oroducing 3 dose-mesnic vaios
which is 3 specified fastor (“margin®) below the valus of the dase metric at which 2 minimal tumor n=ponse (e.g,
0% — tne ED.,) was ooserven in aumas. T2 MOE aoproaen admits the possibility tnat in soite of the premnece
of 2 higity nontnasr coss-resnonse 11 the exvenmemal regtme tners may sull be rendual A, ana even {ow-doss
linear oefawvvor. beiow tne apparem wreznoid for the nominear proesss,  However, it reliss on the nontinesricy of
the proeess underiying the cirsinorenic moae of aon 1o assure e the margin of risk between ins human and
a8im3 cxposures is mueh gremer than tie MOE. That is, an MOE of 100 mignt be expested to provide 2 risk
reduction of grexer thas 1000, while 20 MOE of 1000 migat be expected o provide a risk reduction of grezmsr
than 100,000 (since it is expeced that rigk falls off at 2 much faster rate than exposure).

Descriprion of PBPK moaei: The PBPK moael for TCE usen in this squdy is an expansion of 3 previously
published medal of TCZ ana 1ts meubolite TCA [45], (0 nciude the other key mewbolites: DCA, TCOH (which
is the principal source of DCA), DCVC in the kidaey, and CHL in the lung. The parent ehamica portion of th.
moadet incluges individudl tessue comupartments for e liver, gut tissue, f3t. 3aa traenev-oronenisi rezten of te
lungs. All other tissues 2re iumpen into rapidly perused (Lidney, train, alveoiar regron of lungs, e:2) and siowtly
perfused (mrascic. skin, e1e) communeents.  The mooel includes both inkatation and oral routes of erpasure, Ol
Sivage is modeied using 2 twoicomganment descrigion of the GI tmer.  Allometric seating is used throughout the
mode! (Mlows and expacitins scaled by body weigit (0 the three-quancrs power, r3te consams ssied by body
weight to the neguive onssquarner cower) (o simslify imrasoecies and interspecies extranolation.

The mooet includes three arym ussues: lung, kidney, and liver. The dose metrics provided in the fuag are
the insrantanegus conceneation ana arse unaer the curve (AUC) for CHL in tns treheo-broncnisl region, which is
assumes to be proguesd by wmrurable oroaustion ang clearsace of CHL in Clam celis. The dose memrie in the
kidney rs (owal prosuction of the thisscriytating imtermegiate from DCVC divided by the volume of the kidny.
The moaet implicidy 3ssumes that ali glutathione conjugation of TCE leads evennatly (o the sppaarance of DCVE
in the kidney. Clzsmnes of TCE by N-acetyt-transierase into the urine is aiso mogeied. Two dose metries are
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inctuden 1n tns ascsrmotion of the liver: AUC for DCA ana AUC fzr TCA. The mooet assumes e ail oxidative

meaoatism orocezas twegn CEL., waich is funher meapoiizea 10 TCA ang TCOH. TCOH 'can suosemmnly be
oxidizez 19 TCA. conugasen with stucuronie s2:d, or reguesa to DCA. DCA is aiso proauces from tne euetion
of TCA. Bifiary exsretion of TCUH slucuromse ang enteronemue resiecuiation of fres TCOH is geseribed. with
only (N gricaromae teing sxtrees in the unre, The moaei is abie (0 reproducs mu on TCZ TUDH and TCA

kinstics in the mouse. f2t, and human, a3 wetl as DCA kinmies in mice. for both inhalation sxcoture and o

savage.
Table 3; Comparison of vimuaily safe lifatime cxeesure tevels (ppb in air or pg/L. in wawern) for TCE .
unanofhmMmmmeMM(mﬂam
MOE = 1000 J ED,o/ MOE ‘ MOE Levet | 10 Risk Levet®
« Inhalauon (ppb):
Lng a 0.009 I 6000 (9) | 41 (0.06)
idgey | .m | 15000 (36) 300 (0.64) -
Liver | i | s 0.35 (0.05)
IL-Dthhiﬂg Water (ug/L3:
| 0.009 600,000 (900) 4000, (6.0)
l Kidasy 9.02 | 18000 (5400 4500 (9.6)
l Liver 159 390 (56) 5.6 (0.5

* Marns of exposure oclow ED),, (dose comrmroonaing to 2n exten risk of (0%)
* Lileims= extra cuncer risk bates on the Linsrrees Multistage Moded
* Alierzus (worst-case) caicoiation — ses text

L]

aupromnenr: The souits of the dose metrie cieutations with the PEPR model are

My

summarizent in Tabie

j shis rable, the most plansibis estumates of 3cseouole exposure levels are shown for
eaeh targes tixsus and BN expusure sezmino of concern. The numoers in pareheses reprEIEm aliermative,

worst-cass risk enimues, The purpose for inciuding these altermatve estinrates is t0 demonsirate the broad
uncenilinty n the CUrT=mt fisk estmates. [n every cuss the discrepancy botween the best estumate and worH-casa

estimate couid be sreitly fexiueed by experiments which arz well within the state of the scienee, [n the cass of

lung tuMors. (h2 NUMOETS in pareTtheses rEprEIent the calculations which 3ssume that the CroTs-spesies scaling for

the cizaranee of CHL in the lung paraiiels that of P450 (which falls off dranuticaily) rather than following T

allometne expecations. [n the cse of kidney wmors, the numbers in parcnthesss represent the satcubations which b
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stume =0 axir=mmety low GST C2TWRY OrocuCion (0 Ne £ comparss (O the human (bieq on oas zaomy wedy)
ey (nan ssymung 3 PrOGUSHON more in kesming win iliomsine sxoesauons (DISEC 0R NIRRT Inonu snav).
Both of iness ynezmaaaties cin re=aily he JCArEST=a OV 1 v studiss similar (o these woich h.ave'ue.-.-n
Dertormes witn metaviens cniarice (47], [ the oo of liver ruu.:uﬂ. {he OUMDETS N CUITIMASISS femreoers the
eaimuintions waicn ssume (I3% LR Duman suscezunility 0 Muogeare cwcnogens iS similar 10 W of the mome,
18 gpposea to tne mes plausibie ewumares, wnich isume (nat e Auman suseesudility is more simitar © o 2
The stugies ne=nes to resoive this guestion are mor gifficult (0 define, out the imporance of this auesnion pos

wet] bevena TCI. ing the benerits of such studies wouid be ywnificant.

Table 1 aiso demonuraces two differsmt suprmacnes for enimarine scommble expomre levels for the
pubtic. [a the agitional quantizazive risic estitnate aooroacn, the LAMS moael is uied 8 chmin quminrive
esimates of the risk assocmted with 3 given human exposure :cexarie, hased on e bioassay dose-responns iy,
Typicady, USEPA conuers an incremse=n lifetisne mak of caneer o the orger of 10™ to be aczesusile for the
puotic (29,3031}, Dspenmme on the aryer (ssue, ine TES cooosyre tevels assocmyred with In e lifsime
ask of 10 mage from 0.13 ta 300 opo 1 air or 3.6 10 4500 ugris in wamer., For comparisen. the mow resemiy
publishes nsi ssumares frem USEPA would cate 1 liferime (0™ sk exoamure isvels of 0.11 ppo and 3.1 apfla

A secono approach for estumating cz=mmasis levels is 10 simply relate the human exposure levet o tie
animal bicazsay retutis by demermining (ne A0 berwesn the ED,, 12 the animals (caicuisted from the Sicssay
an using the muitisage moaal) and the dose memic for the buman exposure.  Altermasively, an acezpabie ase,
or MOE. < pe s=x and the cormesponding human erpomre 20 be cxicnbued dirsxty (rom the ED,, sad the
MOE. This is tne approach shown in the left sids of Table 1. In exen case, tha acseombls dawe merie lovels
were caiultes Dy dividing the appropnate S0, by the desired MOE. The moagel was then used o tmasite the
c2Emalic dose mene leve! into 2n acerowanie eroosure level, Hagen on an anaiogy betwewn noageaouIn
Qmmnogemcity InQ AonERnCcEr (OXicity, 1 Ainimum MOE of 100 woud ez w0 be junified aa tie basis of 10 for
human varagility (parcesiarty for vargoillty in e 1euvities of the key mextolizing enzymes) sad 10 for
unezrniinty n the aumal (0 human exu=geuation, For expaturss of the punlic, it might sometimes be appropriate
@ add an additional margin of 10 bemuse of the peweminily large number of individuals exposed. For the purposs
of this illustrauos aa MOE of (000 was usert in obtining the public cxpowre levels in Table 3. Depengiog on
the arge: ussue, the TCX axpusure icves which provids an MOE of 1000 cnge from 43 (o 13000 ppo i air of
390 to 600.000 upsk in water. [n generai. the MOE approsen remuns in accspuable levels which are higher tan
those oonineq by the LMS approacn by mughly two onsers of magrimde.

Canciusions: The basis ior dmerrmuning waich of the twa agprazcnes is tie mox 3pPropnae is the mode
of 3cuon of the cnemical Crcmogenicnty being contideres, For exampie, it would szem clcar that the use of the
LMS approaen i both justified ang greferapie in e cate of 2 crminogen suen as vinyl chioride for which the

denee cTyaming mous of action includes (3) dires: reamion of 3 metapetios with DNA that results in DNA
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2gducts ang miamﬁ_ﬁt 1b) 7B eviaenes of saflnges ceil PrOMISTALION, FOTTOIO WMSIRCUON. OF CYNNORICY &
slearty umeonsenic goses: IR (€) STHII-SDESISS LUITT-titug SOITRIDONCCNCS of 2 fa’s Wmor ype. Ths sascer
sk frem 3 gemotoxse cnsmicyi ks vinvi calongs is very iikely o (all off linmany with dase. 2ven 0 very low
exposure =ves. On the guner 2and. e MOE :soroaca ssems quits aopiicsbis. 1nd more appropriae tan ths
1MS acorosen, for a carmnesen susa a3 TOS for whien (3) thers 13 1o simiiar evidence of direst inermicn wal
DNA. (b) thare 13 evidencs 6f samnesa csil Srouferaton que (0 fECTUIOT INUDACUON OF CytAIORIcity assoomd
with every wrger ussue, 1ng (€} there 3 Little evicents of QITII-DCSES COMTESSONGENET Of INe Proquetion of AR
mmor types (the kidsey tumars oroviaing tne ossidle examstion). The easesr risk from 2 cnemical like TCE, lor
which the moae of 20N appears 1 nvoive the highly nominmar wnpast of cshancea caif proliferation, is very
likely to rall off muea faster toon dose. Frocusing An incremental redustisn in risk far exeseaing tne eduction in
exposure.
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OEHHA'S RESPONSE TO COMMENTS FROM WILLIAM F. POLICH, PH.D.

For a pathway of exposure to humans to be complete there needs to be a source of release, a route
of exposure, and a peint of human contact. While the Class | Unit was the source of vinyl chloride
emissions from the B.K.K. Landfill, and air is a route of exposure, the point of human contact is not
clearly established until the development of homes north of Amar near Mogales beginning in 1977.
According to the USEPA aerial photographic analysis of the landfill dated July 28, 1964, the nearest
residential development in 1964 was approximately 1,000 feet to the southwest of the landfill,
Concentrations of gases emitted into the air will decrease with distance from the landfili. Residential
areas other than the southeast and south either have not been impacted at ail or by as high and as
frequent detections of vinyl chloride. The “Scope” section of the Introduction states the refined
nature of the addendum report. This is summarized in the second paragraph of the Executive
Summary.

Please see Risk Characterization, Exposed Population.

A worst-case (7b-year. 1980-2050) exposure estimate has been added to TABLE 10 to facilitate
comparison with the interim report.

Please see Hazard |dentification and Exposure Assessment, Other Hazardous Chemicals Detected
in Ambient Air.

a) Please see TABLE 10 for risk estimates using 5 ppb as the substituted vaiue for samples with
nondetectable concentrations in the 1981-1982 data set.

b) Please see TABLE 10 for risk estimates using 5 ppb as the assumed exposure concentration in
1980.

¢) Discussion of potential underestimation of the exposure concentration at Station MY for the
years 1980-1983 has been expanded.

d) We assume an exposure concentration for 1980 because the 1981-1982 data suggests
concentrations at Stations A, B, and MY were not likely zero. However, there is no way of
knowing guantitatively what exposures were prior to monitoring data.

We recognize your concern regarding past exposures. The inability to use fiare data has been
discussed in the addendum report. Manifest data is categorical data, as was shown in Table | of the
interim report. There is no generally accepted scientific method to convert such categorical data to
specific chemical concentrations in air at a receptor location for use in exposure assessment and
quantitative risk estimation.
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repruary v. 1vvo 1210 Hollencrest un:r_vg
West Lovina, LA Yi79i

Ltice of Environmental Healtn Assessment
Hazargous \waste [oxicology secuon

oul Nomn 7th street

PO Boxwal7?3Z. AUy 241

dacramento. LA Y4254-7320

Attentton: Dr Dawvig M. Sieget

Subject: Review ot Adaenaum Heaitn Risk Assessment of Ambient Fuguve Vinyi
Chlonae Emussions rom e Class 1 Umt or e BKK Lananu. \est Lovina. Lantorma

Dear Ur dieger.

I'he supject gocument nas peen revieweq and a (1St Or comments ana suggesteg
moafications 1s artacnea. lease contact me at %1 3-9 19-8272 1t there are anv questions on
my comments.

Sincerety,

il § Ptinin
Wilhiam £ Pohen, PhD. )
FEB 481295
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Lratt Addendum Assessment ot Ambient Fuginve Vinvi Chlonae Emussions
From tne Class i Uit of the BKK Landnill. West Covina. Calitorma
Comments ana Suggestea Modincations

| The rationaie ;iven tor assumng 1980 as tne start or the exposures because no one was

‘then iving witnm 2 tew hunarea teet ot the location of the momtoring stations sounds
ndicutous. Ihere were more than 30.000 peopie hiving wittun a muie of the landtill in 1979
and many within a few hunared varas ot the morutonng tocatons. With thus hne or
reasonung, it the momtonng iocations nad been tocated a tew hundred teet to the north on
BKK property. no exposures would have occurred to date and the nsk wouid be zero
regardless ot the magnrtude of the emussions or the number ot peopie hiving nearoy The
real reason tor selecting 1980 was the lack ot ermyssion data prior to 1980 thas met £PA
analvsis standards. Surely, if adeguare emussion data were available. the assessment wouid
have startea in 1963, The anaivsis snould not assurne the exposure 10 residents Iving near
Bkk started in in 1980 because that 1s not true. it shouid sav that the assessment started (n
| 980 because adequate data 1o evaluate the nsg tor the period trom 1963 througn 1979
are not available. The report should clearty state in the Executive Summarv that the
carcinogenc exposures to the residents living withun a ruie ot the landtill starrea in 1963
but adequate data to esumate the nsk was not avaiable for the years prior to 1980.

2.The report i1s very misleading. it gives the impression that the toral cancer risk for all
residents who ever lived near the landtill has been esumated and shown to be iess than the
values given in the report. The scope and limitanons of the assessment should be ciearty
detined n the report. The dimensions of the areas surrounding the monrtonng stations tor
which the assessment resuits are applicabie and the number of residences inciuded within
these areas should be precisely defined. The report should state residents living in other
areas near the landfill couid have received greater exposure leveis and acrued higher nisks
because ot hugher annual emission ieveis m previous vears or the cumulative ettects o
exposures since 1963. An esumare of the number ot peopie living within a nuie of the
landtill as a runction of tme since 1963 should be made and included 1n the report. This
would help show how the analysis had 1o be limited in scope because of the lack of data.

3. The report shoulggomt out that the use of the 30 and 9 vear exposure duranons when
calculanng the the'@ieer risk 1S not adequate tor a substannal portion of the people living
near BKK Many pébpie iving within 2 mile of BKK have aiready been exposed 1o
carcinogenic emissions for 33 vears and surely some now voung aduits will be exposed tor
more than oy vears.

+ The cancer nsk due to carcinogens other than vinyl chloride present n the landfill gas at
BKK s mimmzed and quickly disrmissed in the report. Analyses of the of the composition
of the landfill gas at the iniet to the tlares consistently show enough carcmogens other than
vinvi chionide at fugh enough concentranons to cumuianvely equai or exceed the cancer
nsk due to vinvi chionde. There 1s no mechamsm by which these chemicais will not enter
into the nerghborhoods 1n roughly the same ranuo to vinyl chlonde as present in the miet

-195- CMA 114514




gas. [he presence or some or these carcinogens n the background s not ummportant. [he
emitteq concentranions wui always oe tugner tnan the background near the source. The
Execunve Summary snouid contamn the inrormarion that careinogens other than vinvi
chlorae are present 1o the lanafil gas out were not inciuded 0 the assessment. it should
aiso contan tne MNIOITRANON thal. Cised ON CONCENITation measurements or the lanatill gas
at the tlare wuets, tne presence of these otner carcinogens Cause a cancer nsk sumiar in
magnutude to vinvt chionge. The esumarea cancer nsx wouid be at least rwice that
reported it the otner carcinogens were mnciuded 1n the assessment.

3. The report claims that the estimated excess cancer nisks are upper bound and acnuai
excess cancer nisks are likely to pe lower. Actually, the opposite 1s true. The anatvsts
contains many assumprions which substantiaily mumirmnize the nsk. These inciude the
followng: .

a. The use of' | ppod for the sampies with nondetectable concentrations tor the 1981-
1982 data. The reason given is tnat by using | ppb, the average annual concenrrations tor
1981 ang 1982 ar: tnen more consistent witn the | 983 annuai average. The average
Annual concentranon was lower 1 1983 because or improvements i the gas coilection and
Incineration system. 1t is not reasonasie to assume thar the daiy ang day to day vananons
11 the measurements were as mgn as 10 to 1. A more reasonabis assumption 1s 1/2 of the
detection linut ( 5 ppD for trus data ) tor the sampies with nondectadie concentrations as
was done tor all the other measurement dara,

b. The assumption of' 2 5pb as the annual average concentranon of vinyi chionde wn
1980 unaeresumates the actual vaiue. The piot of average annuai vinyi chlonde in Figure
17 should have inctuded the 1981 and 1982 data. [f it had. ennrely ditferent conciusions
would have had to be drawn since the average concentranons rapidly increased trom {983
througn 1981 A concentration vaiue tor 1980 wiich was lower than 1983 never could
have peen selected. The imphied corretation berween the tons of hazardous waste
depostted and the measurea average annual concenranions.in addition to ignonng the
(981 ana 1982 dara. does not inciude the erfect ot ermssion control measures
impiemented at the landfill wmen substannally altered the emmussions data.

The average annual vinyi chionde concentration m 1980 had to be much larger than the
average of the concentrarions measured from June through Decemoer ot 1981, From
Novemoer 1980 to June 1981. the gas collection system was expanded. vinyl chionde was
banned and 2 mantenance program intated to add fill and groom the slopes to reduce
escaping gases. The USC reporr ot Septemoer 1980 touna the working tace at BKK to be
the major source of' volatile organic compound errussions. A conservative assumption
would be that the banmung or vinvi chionde reduced the enussions by at least 15 to 20+
percent. In Decemoer 1980 the operating gas collection and incineration svstem had 15
wells ang 2 tlares. By June {981, the system had 55 wetls ana 4 tlares: a 3.67 told increase
in capacity The Januarv 1981 Eutek report states thar the existing gas recovery system of
13 wetis and 2 tlares nad the capabihity ot extracung 2200 ctm of landfill gas. The report
also states that BKK estimated thar the total gas production at the site in January 1981
was 6600 ctm. The expanded gas collection system of 55 weils and 4 Hares completed by
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June 1981 haa the capaowuty or extracting 3100 ctm waeh 1s 1500 cfm more than wnat
was estimarea to oe progucea by tne landiiil. Thus. singe the banmng or vinvi chlonde
eltrmunateq ermssions rom e WOTPKINg rface. i the gas control sysiem was 100 percam
erfictent. the vinv chionae emussions would have oeen reducea to zero mn june {981, To
<SUMAte tne acTUA requction. a gas conrol svstem etficiency or 50 percemt m 1980 ana 55
percent in {981 was assumea. .\ jugner erficiency was used for 1981 because or improved
mantenance or the stopes ana the aaaition ot 2 new more erficient dares. Using these
assumptions. a ol percent reauction in the! 980 vinvi chionde errussions was achieved by
the expansion or the gas controi system installed berween january and June {981, Eutek in
thesr January 30, 1981 report esumated that the mstaiiation ot a plannea gas control
system expansion which wowd ncrease the capaciry to 3500 ctin wouid reduce the odor
emussions by 63 percenr wich 1s general agreement with the apove estumate. Combmning,
the ermussion reductions due to the gas control system expansion and the enmmation of
working race emussions grves a total reducnion of 76 to 31 percent trom 1980 to June

1981 Thus. the average annua vinvi chionde concentranions n 1980 are about 4 times
dreater tnan tne 3virage or The CONCENtranons measured trom June tarouen Decemoer
1981 There ooviousty was a lot ot vinvi chionae brougnt to BKK in 1980 since banmung 1
' 1981 regucea the toral amount or hazaraous waste deposited i [ 981 by 180.000 tons.

¢. The assumpnon that the average annuai concentration for Station MY tor the peniod
1980-83 was equal to the Stanion A values 15 not reasonable and lowers the esnmared nsk -
for Stanon MY. Since the measured concenmrarions at Station MY are consistentty higher
than ar Station A tor the years pnor to 1983, it 1s reasonabie to assume the concentration
values were higher at Station MY than at Station A in 1980-83 when no measurement
were made at Station MY . A companson of the 1984 <1987 measurements shows that the
Station A data are on average 49 percent higher than Station MY. Thererore, the average
annual vinyl chionae concentrations at Statton MY are assumed to be 49 percent greazer
than tnase at Stanon A for the years prior to 1984

d. Tables | and 2 were prepared to show what the 1981 and 1982 monthiy vinvi
chionae concentranons ror Stations A and B and the 1980 through 2009 average annuai
vinvi chionde concentranions would be if the changes in assumpuons discussed in a, b, and
¢ above were :mpiemented. Table | was deveioped by substirunng a value ot 5 ppd ( as
discussed in Co L& a ) for the sampies with nondetectable concentranions tor the
momens ot June 198U tHifougn Septemper 1982 tor Stations A and B. The 1980 average
anmuai concemranions for Stanons A and B were obtained by muitiplying the average of
the concentrations tor the months June 1981 through December 1981 by 4 ( for the
reasons @mven in Comment 4 b ) to give 38.4 (4x9.6) tor Station A and 34 4 (4x8.6) tor
Station B. A linear decrease i concentranion trom | January 1981 to 1 June 1981 ( from
38.4 109 6 for Stanon A and 34 4 to 8.6 for Stanion B ) was assumed 1o deterrune the
concentrations for January througn May. [his 1s a reason able assumption since the
changes in the gas collection system were incrementally added from January through May
in 1981 The average annual vinyi chionde concentranions tor Statton MY were obtamned
by mereasing the corresponding Stanon A values by 46 percent as discussed in Comment.
dc.
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LUsing e average annual concentrations wom iable 2. 2sumares of the excess cancer risk
were maae for Stanons A B and MY The resuits are snown m Tables 4. 5 and 0. The
nsKs are seen to pe 2 10 3 umes nugher wnen tne erfect or emission control measures
implementeg at BKK prior to june {981 are consigersa i the anaysis.

6 What 15 reauy neeged are cancer nsk esumates ror il the residents uving withun a muie
or 5o of the lanagill. The resiaents nave a ngnt 1o know wnat they have been exposea to.
The nsx showd be determunea as a function of ume since 1963 and should inctude ail of
the carcinogens known to be present at BKK. This was the ongmnai request ot the
residents and the onginai objectrve or thus study. Perhaps tius 1s telt to be umposstole to do
because of a compinanion or lack of data anq anaiysis requirements dictated by EPA,
However. there snould be enougn nrormation to make reasonable estmates of the nsks
since 1972 when ail toxic lanatills ana government agencies had to stan mantaimng
records of all toxics deposttea 1n lanatills. Water Quality shouid have recoras of the
amount ot waste deposited since 963 from wmch the amounr of landmill gas proaucea
€acn vear can pe eznmatea. Documentanon snould be avaiable at AQMD on tne
devetopment ot the gas colletion svstem ana other controls to reguce emssions (o
estumate the amount of landtiil gas leaving BKK. AQMD shouid 2lso have measurements
ot the composion or the lanotill yas ar the intets of the tlares since the expenments with
the smaul test tlare in 1975 from wiuch the concentrations of the carcinogens can be
determuned. The waste producers mastests provide intormarion on the amournt ot toxics
deposited ecach year and therr general composition. it all the informanon available ar the
landtill monnarmg agencies was used. a reasonable esumate sanstying EPA requirements
could probably be accompiished. The report shouid be expanded to inciude an assessment
of the excess cancer risk starmng in 1972,

For tne years prior to 1972, hazardous waste was not detined nor controlled so that no
data are avaable tor cancer risk evaluanon. However, alf Class 2 landfills accepted
industnal waste some of which was later ctassiried as hazaraous. Most of the Class 2
landtills, wnich never acceprea toxics arter 1972, are now emmting vinvi chioride.
Operaring (ndustnes Lanatill has been founa to be ermathng enough vinvi chionde to
exceed the air quality standard ot 10 ppb for a 24 hour average in the surronding
neightorhooq although it never accepred toxics. Carcmnogens were obviousiy deposited at
BKK prior to 1972 ana nsk esumates starung 1n 1972 wiil underesumate the nisk to
residents living near Bkk 1n prior vears. The report should also be expanded to contamn a
discussion ot the prooabie carcinogruc exposures and cancer nsks from living near the
landtill trom 1963 to 1972, ‘

Estimates of the excess cancer risks acrued since [ 972 at Stanions A, B angd MY are
presemted in Tables 5. 6 and 7 These estimates were derved by esumanng the average
annuai vinvi chionge concentranons tor the years 1977 -1979 based upon the development
of the gas controi svstem. In Comment 4 b, it was determmuned that the 1980 average
anral concentranion was higher than in |981 primanty because of the expansion of the
7as controi system. Similarly, the concentranon was probably higher in 1979 than in 1980
because the numoer or gas extraction wells was ncreased trom ¥ to 15 in 1980. In 1979
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the capaciry was tripied by tne aadition of a new tare and 5 gas weils so that the 1973
concentrauon was probably igner tnan the 1979 vaiue. .Also. the concentration i (977
could have oeen mgher tnan |978 because a gas control system of 4 wells and | flare were
installed m {978, Thus. the concentrauons in {980 were fugher thanin 1981 ang each
pror vear could have pbeen mgher unai 1977 begause of the reductions n emissions
ichuevea by an expanaing gas controi svstem. In the analysis. the concentranons tor the
vears 1977 -1980 were assumea equat because the amoumnt of landsill gas would provably
be ncreasing and compensare tor the mcreased gas collection. A linear extrapolation 1 a
concentration of zero on | January 1972 was used to deterrmne the concentrations for the

years 1972-1976. The estumared excess cancer risks are abour |0 times greater than those
shown in the report.
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