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Cost Impact of NSN Rg_gs - Draft Study
Don,

Will you request CCPA to set up a conference call for middie to end of this week

on the subject study? It is important to review what has happened since the CEPA-ICG

meeting and come to agreement on our feedback to Environment and Health Canada
on the subject study.

After finally getting the document and giving it a cursory review, | think it is
imperative we consider as a first option, “stonewafling” the study. Only as a distant

second, should we offer the excelient upgrades suggested by John Shepherd at the last

ICG meeting. The underlying methods used by Environment and Health Canada must
be stopped before they are used a third time.!  .../.2

YCCME, 1995, Cleaner Vehicles and Fuels. The draft study was heavily criticzed by industry which
failed to offer an altemative to the cost/benefit appruach to vehice emissions. Industry concems were
ignored, andhempmswetenwarﬁmnzednonwlcww\edge) The petroleum sector & now

. OCT-28-1996 21:14
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A similar approach was taken by Environment and Health Canada on vehicle

emissions. The emissions cost vs. benefits study was just as technical as the one on
the NSNR we are considering. In sections dealing with inherent toxicity, exposure, and
valuation of benefits, govemment gave the appearances of faimess, balanced
judgement and allowed for uncertainty. When the results of these three components of
benefits were integrated, reductions in respirable particulates were predicted (largely by
modeling) to be improved a non-detectable 2-3%, resulting in'predicted morbidity and
mortality that was simiiarly undetectable from background. Nonetheless, the health
benefits were calculated to be $30B (that's right, billions!). While still in draft, the $30B
value was leaked to the media from the CCME Ministers’ meeting in Yeliowknife late last
year.

I focused on the vinyl chioride chapter in the NSNIWG draft study, and what | expect to
see in the headiines very shortly is that the VCM and PVC manufacturers are killing as
many as 11 people in the community around their six plants, and an additional 1 to 3
workers, all from cancer. You can see the costs in the relevant tables may exceed
$100M. Neither govemment nor its contractor bothered to get any facts from industry
(that I'm aware) about numbers of people exposed, levels of exposure, or our experience
with hemangiosarcoma incidence/mortality. Making assumptions, the contractor,

+ Calculated an exaggerated cancer incidence at low exposures;
Over-estimated exposures; and,
«  Grossly over-valued the heatth benefits from VCM control / ban. =7
The results do not agree with experience. The number of hema omas
associated with occupational VCM expasure in the world is 68 (according to
the contractor), and | do not believe any of these were in the ian facilities
currently in operation.

CPP! has been encouraged to investigate two approaches: 1) media, and 2) legal. in
the former, the goal would be to grab the initiative, point the finger at govemment's use
of "casual, back-of-the-envelope® calcutations, surrounding them in very technical-
sounding camoflage, and creating fear (when there are virtually zero "risks™) - all to
justify their continuing existence in an age of budget-cutting. In the second approach,
senior bureaucrats would be advised that industry woukl seek recovery of damages
(including punative) for any unfounded allegations of harm. Would ICG consider?

;qppgrﬁqg a joint effort to get a more sensible balance between cost vs. benefits. The cast of the joint
inttiative is quite large, and the resutts could stifl drive a {vet another) major rationalization of the
’petmieum industry in Canada,

‘ DCT-28-1996  21:15 P.o2
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EXECUTIVE SUMMARY S ‘ ' CIIAHERI

INTRODUCTION

The New Substances Notification Regulations (“the NSNR" or *the Regulations”) were
developed to ensure “that no new substances will be manufactured in or imporied into Canada on
a commercial scale before an assessment has been carried out to determine the risks posed to the
environment and human heaith by the substances (Canada Gazette 1994)." To characterize the
potential benefits of the Regulations, this report analyzes the benefits that would have resulted had
the Regulations been implemented in time to control or prohibit the use of three: substances
currently or previously manufactured in or imported into Canmada: vinyl chloride (VC),
dichloromethane (DCM), and polychlorinated biphenyls (PCBs). This approach is analogous to
evaluating the human health and environmental damages incurred due to the reicase of these
substances into the Canadian environment, assuming that these damages would not have resulted
had the Regulations been in place at the time the substances were introduced. This type of
approach is often referred to as an "avoided damages® approach.

This executive summary describes the process Environment Canada (EC) and Health Canada
(HC) employed 10 select the substances analyzed. It then outlines the benefits typology used in this
report, summarizes the methods used to estimate annual and total benefits. and presents a summary
of the results for each substance. It also cites the major limitations of the analysis and provides an
overview of the structure of the remaining chapters.

SELECTION OF SUBSTANCES ANALYZED

In the course of developing the NSNR, EC and HC committed to a mult-stakeholder review
of regulatory impacts, including an analysis of the Regulations’ environmental and health benefits.
This analysis is to be submitted to the New Substances Notification Impact Working Group
(NSNIWG), which is comprised of representatives from EC, HC, Industry Canada, and the Industry
Coordinating Group for the Canadian Environmental Protection Act (CEPA). The analysis is to
be completed by September 1997, approximately three years after the rules’ promulgation.

Ideally, the impact analysis would focus on benefits attributable to regulation of new
substances under the NSNR. The data required to conduct such an analysis, however, are currently
unavailable, and unlikely to become available by 1997. Therefore, EC and HC chose to characterize
the Regulations’ potential benefits through case studies of three CEPA toxic substances that in all

e
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likelihood would have been prohibited r controlled had they been evaluated through the new
.substance notification program. '
EC and HC selected the three substances analyzed in this report using a screening approach
to narrow the list of CEPA toxic substances (substances subjected to regulatory control under CEPA
and identified as toxic under the Priority Substances Program). First, to ensure a focus on
commercially manufactured or imported products, substances that generally would be classified into
ne of the following categories were eliminated from consideration:

° Efffiuents and wastes Efﬂuems and wastes are not notifiable under-the. .
Regulations, and therefore are not affected by them. -

: panufacturing apd processing operations. Manufacturing and
processing by-products are also not directly notifiable under the regulations.

patyraliv-occurring compounds. Elements. and naturally-
occurring compounds were eliminated from consideration due to the inherent
difficulty in distinguishing anthropogenic impacts from natural impacts.

The remaining substances were reviewed to determine:
° the completeness of data on human health and ecological effects;

) their suitability as surrogates for the NSNR analysis (i.e., solely or primarily
anthropogenic in origin); and ‘

L whether they had been determined to be CEPA toxic by both EC and HC.

The result of this effort was the selection of VC, DCM, and PCBs as the most appropriate
candidates for analysis. These substances are anthropogenic in origin and have been determined
to be CEPA toxic by the two Departments. In addition, the data available on the impacts of these
substances is relatively substantial, facilitating the development of a benefits assessment. - :

OVERVIEW OF METHODS

We evaluate the benefits of the NSNR using an approach resource economists commonly

refer 1o as the damage function approach.! As generally applied, this approach includes the
following steps:

V! The term damages refers 1o negative environmental or human health effects. The benefits of
a pesticular policy (e.g., a pollution control regulation) are the reduction in damages that recalt from

the policy’s implementation.
%
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(1)  Estimating the extent to which a regulation would change the quantity of 2
pollutant r toxic substance relessed to the environment, -

(2) Employing dispersion modeling techniques to characierize changes in the
concentration of pollutants in environmental media;

(3)  Applying concentration- or dose-response functions 1o estimate changes in
physical impacts (e.g. human health impacts or impacts on species
abundance) attributable to pollution;

(4)  Valing the change in physical impacts, thereby creating an economic

benefits estirgate; and . .
(5)  Aggegating benefits estimates across all relevant categories and time periods.

The broad scope of this analysis and the limited time and resources available for the effort have
necessitated some simplification of this approach. For example, we assume that control or
prohibition of a substance under the NSNR would eliminate all associated health or environmental
impacts; as a result, the benefits of the Regulations are simply the absolute value of the damages
attributed to unregulated manufacture and/or use of each substance. In addition, we have not
undertaken any original pollutant dispersion modeling, choosing to rely instead on previously
developed information to characterize concentrations of VC, DCM, and PCBs in the environment.
Nonetheless, the approach employed here is consistent with the underlving theory of scientific injury
assessment and environmental impact valuation, and provides a reasonable characterization of the
benefits of three hypothetical applications of the NSNR.

The following discussion notes key methodological issues in our implementation of the
damage function approach to analyze the benefits of controlling VC, DCM, and PCBs. As described
below, implementation of the methodology includes the following major elements:

. A preliminary evaluation of each substance to identify major benefit
categories and to determine if sufficient data are available to quantify key
benefits; :

° Use of this information to develop a detailed evaluation of the effect of each
substance on human health and/or the environment; and

. Valuation of human heaith and ecological effects, including the incorporation
of simulations to address uncertainty in the underlying estimates.

1dentification and Screening of Benefits

A number of different classification approaches have been developed to structure
assessments of the benefits of environmental protection. This report employs a bencfits
classification framework that Environment Canada itself recommends (EC 1996). The Environment

13
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Canada framework, which is similar to many of the classification schemes in the published literature,
is summarized in Exhibit 1.1. :

Exhibit 1-1
ECs FRAMEWORK FOR CLASSIFYING BENEFITS

Category Explanation/Exampics
Human Health - Benefits resulting from decreased mortality and/or morbidity.
Extractive Uses Benefits resulting from the increased vise of natural resoirees that

are used directly for commercial, recreational, of subsistence needs
(e.g., increased recreational fishing opportunities).

Non-Extractive Uses Benefits resulting from the increased use of environmental services
that are not consumed (e.g., activities such as hiking and canoeing).
Ecologica! Functions Benefits resulting from a wide range of ecological services that are

dependent on a healthy ecosystem (e.g., benefits that humans receive
from the ability of soil to filter impurities from groundwater).

Passive Uses Benefits resulting from the knowledge of the continued existence of
nunnl_xesoumcsmdthcdesiretolemmurﬂresoumcsmfumm
generations. -

Built Environment Benefits resulting from reduction in materials damage and soiling.

Optional Uses Benefits resulting from potential future uses (in the above

categories), including insurance against unknown future events.

As the preceding exhibit shows, the benefits of environmental regulations can take a variety
of forms. Exhibit 1-2 illustrates the process we have employed to identify the potential benefits of
controlling VC, DCM, and PCBs, and to determine which benefits categories to subject to
quantitative analysis. As the exhibit indicates, we first conducted an extensive literature review 1o
identify potcntial benefits. We then screened the available data for each benefits category to
determine whether it was sufficient to conduct a quantitative benefits assessment; if so, we judged
whether the benefits were likely to be great enough to warrant devoting resources to a quantitative

analysis. Benefits categories that passed this screen were evaluated quantitatively; all others were
qualitatively assessed.
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Exhibit 1-2

BENEFITS SCREENING PROCESS

" Literature Review

|

Idéﬁtiﬁcation of Potential Benefits of
Prohibiting or Controlling Substance's
Manufacture or Use

l,

Sufficient

No Data for
Quantitative
. Assessment?
Likely Magnitude
No of Benefits - Yes
Y Y
' Qualitative Assessment Quantitative Assessment
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benefits associated with regulation of the three substances of concern and indicating which categories
of benefits have been quanntanvely or qualitatively evaluated. As the exhibit indicates, the focus
of the VC and DCM analyses is on human bealth benefits, while the PCB analyns addresses a range
of environmental benefits, including extractive, nop-extractive, and passive uses.

Exhibits 1-3 through 1-5 give the results f the screening assessment, listing the potential .

o Exhibit 1-3 |

PO'IMALBENEHTS OFNSNRCDNTROI.S. VNYLCHLDRIDE -

Benefit Category . Impacts of Concern Fom of Anﬂms
Reduced Morality | Studics link VC exposure to angiosarcoma of the hveund Quantitative .
cancer of the brain, lung, and digestive tract. -
Reduced Morbidity | VC can cause hepatic, respiratory, cardiovascular, Quantitative
gastrointestinal, hematological, musculoskeletal, renal,
dermal, ocular, and other adverse effects.

Ecological Benefits | Byproducts of VC production can adhere to plankton and | Qualitative
bijoaccumulste in the marine environment.

Exhibit 1-4 e

POTENTIAL BENEFITS OF NSNR CONTROLS: DICHLOROMETHANE
Benefit Catepory Impacts of Concern Form of Analyzis '
Reduced Morality | Chronic exposure to DCM has been linked to liver and Quantitative
lung cancer,
Reduced Morbidity | Chronic exposure to DCM has been linked to Central Quantitative

Nervous System cffects such as headaches, dizziness,
nausea, and memory Joss; effects on liver and kidney
function: and benign mammary gland tumors.
Ecological Benefits | Exposure to DCM may adversely affect some aquatic Qualitative

organisms, such as freshwater nematodes.
=

* At the instruction of HC, the analysis of PCBs excluded consideration of human health risks.

HC considers available data on such risks inconclusive, and therefore insufficient for an analysis of
this type.

e
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Exhibit 1-5
POTENTIAL BENEFITS OF NSNR CONTROLS: PChs
Benefit Category Impacts of Coocern Form of Analysis
Extractive Use
Recreational Diminished abundance and diversity of fish species due 10 Quantitative
Fishing reproductive abnormalities Jowers quality of the angling
experience. Fish consumption advisories (based on buman
health concerns) reduce the value of angling expencnce and
affect the choice of fishing Jocation.
Waterfow] High tissue concentration levels and potential waterfowl Quantitative
Hunting consumption advisories diminish enjoyment of the hunting
experience and afiect the choice of bunting locations.
Trapping Decline in mink populations due to reproductive Quantitative
abnormalities limits pelt harvest and diminishes trapping
cxperience.
Commercial Diminished abundance and diversity of fish species due to Qualitazive
Fishing reproductive abnormalities decreases catch. Fish
consumption advisories reduce volume of saleable fish.
Non-Extractive Usc
Bird Viewing Reductions in bird populations duc to reproductive Quantitative
abnormalities and the presence of physical deformities
diminishes the enjoyment of birdwatching.
Other Concern over health risks diminishes the enjoyment of Qualitative
Recreation swimming, boating, or similar activities and affects the choice
of location,
Passive Use Contaminated environment decreases the value individuals Quantitative
derive from a clean natural resource, above and beyond its
direct use.
Humap Health | Increased risk of both morality (cancér) and morbidity (e.g., | Qualitative
adverse reproductive effects).
evel nefits Estimates

We develop quantitative estimates of annual benefits for cach substance by estimating annual
human health and ecological effects resulting from exposures to the substance, and by valuing those
effects using a "benefits transfer* approach. Further, we explicitly incorporate uncertainty into our
analysis by using a statistical technique known as Monte Carlo simulation. A summary of the
methods employed to estimate annual benefits is provided below.
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While the particulars of each analysis vary to some extent, we estimate human health and
ecological effects by collecting information on:

) the sources and relcases of each substance;
) the pathways from these sources to human health and ecological receptors;

. the concentrations of each substance to which human and ecological.
receptors are exposed; ' . : : .

. the estimated dose that hum;ms or bjota receive; and
) dose-response relationships.

This information is used to quantify likely human health effects and impairment of ecological or
natural resource services. For instance, we use health risk assessment methodologies to develop

estimates of the number of cancer cases that would be avoided by controlling VC and DCM.’. For .

PCBs, we assess the effect of the contaminant on the services provided by natural resources, such
as the number of recreational fishing trips affected by PCB contamination in fish.

Estimating these effects requires careful consideration of the timing of harm 1o human health
and the environment, as well as consideration of the effects of other regulatory measures that may
mitigate the risks a substance might otherwise pose. For instance, damages that VC emissions cause
in Canada today are likely to be quite small, since (1) VC emissions are currently regulated under
CEPA and (2) pre-CEPA emissions do not cause lingering problems due to the transient nature of
VC in the environment. Thus, to evaluate the benefits of controlling VC 25 if it were 2 new
substance, we employ 1970s estimates of average atmospheric concentrations of the pollutant in the
vicinity of facilities that used or manufactured it; these estimates, developed prior to the regulation
of the substance, allow us to estimate the adverse health impacts that would occur in the absense

of controls. For PCBs and DCM we use more current information, as each substance continues to
cause harm in Canada.*

’. For those readers unfamiliar with health risk assessment methods and terms, we have included
a brief primer on these topics in Appendix 1A, which is attached to this chapter.

‘ Whi\e‘ PCBs have been banned from new uses in Canada since 1980, previous discharges of
PCBs continue to cause present day problems due to the persistence of the substance in the

environment. DCM is not currently rgmiated nnres CEPA, so sntrent releases provide a reasonable
basis for assessing the benefits associated with regulating this substance.

1-8
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Valuing Human Health and Ecological Effects

' We value human health and ecological changes using the benefits wransfer approach.
Benefits transfer involves the application of value estimates, functions, data and/or models developed
in one context to address a similar resource valuation question in another context. Benefits transfer
in its simplest form involves the application ofdsﬁng'perunit'vah.mdexivedatonesite(orin
one study) to estimate the benefits attributable to an environmental improvement at another site.
Such transfers may include adjustments to account for differences in the characteristics of the
activity evaluated in the existing study versus the characteristics of the activity for the "site” (in this
‘case "country”) under analysis. ' ' . ,

Although this technique has been used for many years to eviluate environmental benefits
and to assess natural resource damages, it continues to gepefate some controversy in the
environmental and natural resource economics community. This controversy focuses on the
applicability of value estimates developed for a particular site in one context to the same or similar
site in another context. Determining whether an existing study is appropriate for benefits transfer
requires consideration of the overall quality of that study and the degree to which the case examined
by the study is similar to the case of interest (typically referred to as the "policy” case). Factors of
concern include: '

(1)  Commodity Characteristics

- The commodity (environmental goods and services or human health
effects) valued in the policy case and study case should be the same
or similar.

' > The magnitude of change in the commodity between the policy and
study case should be similar.

> The availability of substitute sources of emmnw goods and
services should be similar.

> The assignment of property rights should be the same (e.g.
. willingness to pay versus willingness 10 accept).

> The tcmpofal perspective (i.e., when a commodity is provided and '
when pavment is made) should be the same.

(2)  Population Characteristics
> The characteristics of the populations of interest in the study and
policy cases (e.g., age, income, proximity to the site or source of risk
and degree of environmental concern) should be the same or similar.
> Any valuation function employed should include socioeconomic

variables, to allow the transfer to account for differences in
population characteristics between the study and policy cases.

’
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’ The population’s familiarity with the environmental problem of
concern should be similar in the study case and policy case (Boyle
1992; Desvouges 1992; Unsworth 1993).

Detailed information on the Canadian and U.S. studies relied upon in this report is provided in
Chapters 2, 3 and 4.

To make the values collected from each study comparable, we use the following approach
to adjust for inflation and for the difference in value of the U.S. and Canadian dollars:

° We adjust- dollar values presented in past Canadian studies by ‘applying the.
Canadian Consumer Price Index (CPI) to inflate figures to 1995 Canadian
dollars.

° We adjust dollar values presented in past U.S. studies by first translating the
U.S. dollar figures to Canadian dollars using the Purchasing Power Parity
(PPP) index, and by then applying the Canadian CPI to inflate figures to
1995 Canadian dollars.

This approach was recommended to us by the Scientific Authority in consultation with Statistics
Canada (De Civita 1996).

Incorporating Uncertainty ‘

In the course of conducting this effort, we were faced with data uncertainties at several
stages. For instance, our ability to estimate the cancer cases resulting from human exposures to VC
and DCM is limijted by a number of factors, including uncertainty regarding the size of the exposed
population and uncertainty as to the actual responses of human receptors. Similarly, there is
uncertainty associated with the economic unit values identified for particular benefits categories.
To generate annual and total benefits estimates detenministically would imply a higher level of
certainty than actually exists.

As a result, we explicitly recognize uncertainty associated with key independent variables
through the use of a statistical procedure commonly known as Monte Carlo simulation. This
technique provides information on the variable of ultimate interest (the dollar value of benefits) that
is the function of input variables (¢.g., unit economic values) that are probability distributions. The
output of this process is a probability distribution reflecting the magnitude and likelihood of various
benefit figures.* For instance, in Chapter 2 we provide benefits estimates associated with avoiding
VQ-induoed cancer cases by reporting not only the mean value, but also the 10th and 90th percentile
estimates. Although the selection of these figures as our jow- and high-end estimates is arbitrary,

* We use the computer software program @Risk to conduct our uncertainty analysis. The
program offers two sampling techniques: Monte Carlo sampling and Latin Hypercube sampling.
We employed Monte Carlo sampling for this analysis. .
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their use should provide a more plausible characterization of the likely range of benefits than would
use of the simulati n's extreme upper and lower bounds.

\oping Total Bepefits Est

Since the benefits of the NSNR will be realized over more than one year, we also estimate
the total benefits of regulating each substance. The total benefits estimates are the present value
of the stream of annual benefits discounted over a thirty year time period. We selected a thifty year
time period as a common and ‘reasonable "long" time horizon (e.g., 30 years is commonly used in
estimating total operation and maintenance costs at hazardous, waste sites). We-acknowledge that
the selection of 30 years.in calculating tota) benefits for this project is somewhat arbitrary; in reality,
the benefits from the NSNR could be longer or shorter than 30 years.*

The selection of a discount rate for this type of calculation has been the subject of much
debate in the economics profession. Treasury Board, Canada recommends the use of five, 10 and
15 percent real discount rates in conducting analyses of this sort. We have selected lower figures
(rwo, four and six percent), however, as the majority of environmental economists view five, 10 and
15 percent as too high for this type of analysis. The range of discount rates we employ is consistent
with the findings of A. Myrick Freeman, a noted resource economist who recently reviewed the
literature on this topic and recommends using 2 discount rate of 2 to 3 percent (Freeman 1993).

RESULTS

The following discussion summarizes the benefits of controlling or prohibiting the
manufacture and/or use of vinyl chloride, dichloromethane and polvchlorinated biphenyls in Canada.
Detailed information supporting thesc benefits estimates is provided in the body of the report.

Vinyl Chloride (VC

Vinyl chloride is a chemical compound that has been used in Canada's industrial and
commercial sectors for over 50 years. The primary use of VC is in the production of polyvinyl
chloride (PVC), which is used 1o manufacture plastic and vinyl products such as electrical wire, food
packaging materials, pipe, and other construction products. VC can cause significant adverse

* Determining the period of time over which the benefits of the NSNR will accrue depends upon
how the NSNR are viewed in relation to other public health and environmental regulations. For
cxample, in the absence of the NSNR regulations, releases of hazardous substances into the
environment will be regulated, but in all likelihood only after human health and environmental
problems are discovered. Therefore, the benefits of the NSNR accrue between the introduction of
the harmiul (new) substance and when it would be regulated under the Canadian Environmental
Protection Act. The extent of the damages caused in the interim is largely dependent on the nature
of the substance. For instance, unregulated PCB discharges of only a few years can cause 50 or
more years of damages, as the substance is persistent in the environment. In contrast, VC is
transient in the environment, limiting the time period over which damages are likely to occur.
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human health effects if production and use of the chemical are not reguhted._ ln the eu'ly 1970s,
unregulated indoor air concentrations at VC and polyvinyl chloride (PVC) production facilities were
extremely high, causing a variety of health problems in plant workers. Further, releases to the
ambient air posed significant bealth risks to those living near VC and PVC production facilities. As
2 result, the economic benefits of regulating the manufacture and use of VC are significant. As
shown in Exhibit 1-6, the annual benefits associated with avoiding worker and general population
cancer cases and occupational morbidity are estimated to range from $15.2 million to $106.2 milli n,
with a mean estimate of $53.0 million; total benefits over 30 years, using a four percent discount rate
and the mean annual benefits figure, are estimated to be $916.4 million. Additional avoided
morbidity benefits may also exist, although we have been unable to-quantify these benefits.

Dichloromethane (DCM)

Dichloromethane is a clear, colorless liquid that is primarily used as a solvent in cleaning or
stripping operations (e.g., as a8 metal parts degreaser), as a solvent and propellant in aerosol
products, and as a blowing agent in the production of urethane foams. The benefits of controlling
or prohibiting DCM use in Canada are significant. As summarized in Exhibit 1-7, the annual
benefits associated with avoiding worker and general population mortality are estimated 10 range
from 5128 million to $58.2 million, with 2 mean estimate of $32.6 million; total benefits over 30
years, using a four percent discount rate and the mean annual benefits figure, are estimated to be
$563.7 million. Additional morbidity or ecological benefits may also exist, though we were not able
to quantify such benefits in this report.

olvchlorigate

Polychlorinated biphenyls (PCBs) are a family of synthetic chemical compounds used
extensively as a dielectric fluid in electrical equipment from the 1940s to the 1970s. PCBs can cause
- significant harm to the environment and human health if production, use, and disposal of the
substance are not properly regulated. The results of our analysis indicate that there are significant
cconomic benefits related 10 the regulation of substances like PCBs through the NSNR. We
summarize the range of annual benefits and total benefits in Exhibit 1.8. For the extractive use
benefit categories that we were able 10 monetize, we estimate annual benefits of $8.3 million to
$57.6 million, with a mean estimate of $303 million; the present value of these benefits over 30
years, using a four percent discount rate and the mean annual benefits figure, is $524.0 million. Our
estimate of annual non-extractive use benefits ranges from $5.7 million to $37.4 million, with a mean
of $19.1 million; the present value of these benefits, using the four percent discount rate and mean
annual benefits figure, equals $330.3 million. 1In addition, our estimate of annual passive use
benefits ranges from $21.6 million to $86.4 million, with 2 mean of $54.0 million; using the four
percent discount rate and mean annual benefits figure for this category yields a present value
benefits estimate of $933.8 million. As illustrated by these totals, the direct (extractive and non-

extractive) use and passive use categories each account for roughly 50 percent of the total estimated
benefits of controlling PCBs.
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Exhibit 1-6

SUMMARY OF ANNUAL AND TOTAL BENEFITS: VINYL CHLORIDB
($1995, millions)

Annual Bencfils

Present Value of Total Benelits — 30 years I

Caicgory Low Mcan High Low @ 6% | Mcan @ 4% | lligh @ 2%
Mortality
General Population i) $39.1 $80.0 $141.8 $676.1 $1,791.7
Occupational $4.2 $121 $229 $57.8 $209.2 $5129
Morbidity
Gceneral Population Unknown | Unknown | Unknown Unknown Unknown Unknown .
Occupalional $0.7 ‘$1.8 $3.3 $9.6 $3. $739
Ecological Small Small Small Small Small Small
Total > $15.2 > ,51'9_ > $106.2 > $209.2 > $9164 > $2,3785
1-13
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Exhibit 1-7

SUMMARY OF ANNUAL AND TOTAL BENEFITS: DICIILOROMETHANE

{$199S, mitlions)
Annual Bencfits Present Value of Total Bencfits — 30 years
Category Low Mcan igh Low @ 6% | Mean @ 4% | High @ 2%
Mortality
Gencral Population $6.5 $16.7 $30.0 $89.5 $2888 $671.9
Occupational $6. $159 $28.2 $86.7 $2749 $631.6
Morbidity
General Population Unknown Unknown | Unknown Unknown Unknown .Unknown .
Cccupalionaf Unknown Unknown Unknown Unknown Unknown Unknown
Ecological Small Small Smalfl Small Small Small
Total > $128 > $326 > $58.2 > $176.2 > $563.7 > $1,3035
er—— rce—
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Exhibit 1-8

SUMMARY OF ANNUAL AND TOTAL DBENEFITS: 1'CBs

($1995, millions)
. Annual Dencefils Present Value of Total Benclits — 30 ycars
Catcgory Low . . Mcan igh Low @ 6% Mcan @ 4% lligh @ 2%
Extractive Use ot
Recreational Fishing $7.3 $209 $41.3 $HK0.S R 346522 $1,059.4
Walerfowl tlunting $06 $1.3 $24 $8.2 $225 $53.8
Trapping $0.4 sl 379 $5.5 $36.3 $176.9
Commercial Fishing Unknown Unknown Unknown Unknown " Unknown Unknown
Subtotal $8.3 $30.3 $57.6 $114.2 $524.0 $1,290.1
Non-Extractive Use .
Bird Viewing $5.7 . $19.1 $374 $78.5 33?0.3 $8376 -
Other Recreation Unknown Unknown Unknown Unknown Unknown Unknown
l Possive Use ' $21.6 $54.0 $86.4 $2973 - $9338 $1,935.1
I Human !lealih Not Estimated Not Estimated Not Estimated Not Estimated Not Estimated Not Estimated
[ Total > $35.6 > $103.4 > $181.4 > $490.0 > $1,7880 > $40628
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Limitations
The analyses described above are subject to certain limitations. A summary of these
limitations for each substance follows.

. Vinyl Chloride (VC). To estimate the health effects associated with VC, we
make a series of assumptions that introduce uncertainty into the analysis.
For instance, our analysis of the incidence of VC-induced cancer in the
general population is based on standard assumptions regarding the location
and mobility of the affected population, which-may over- or under-state total
cancer casés. Further, our assessment of occupational health effects relies
heavily on incidence data collected in the US.; we do not know the extent
to which plant conditions may differ between U.S. and Csnadian facilities.
Finally, we have been unable to monetize certain health effects in this
assessment (e.g., general population health effects other than cancer).

] Dichloromethane (DCM). Data limitations affect our ability to estimate
occupational exposures for DCM, as it is difficult to estimate how many
Canadian workers are chronically exposed to significant levels of
dichloromethane. While we extrapolate information from the US. 1o
estimate occupational effects, ‘it is difficult to assess how accurately this
method approximates the exposed occupational population in Canada.
Further, all the quantified benefits for DCM are based on chronic exposures.
Since DCM is known to cause serious health problems when individuals

receive acute doses, our heslth benefits are likely to be somewhat
underestimated. ‘

] Polychjorinated Biphenyls (PCBs). The most significant limitation of our
analysis of PCBs is the lack of quantitative estimates for all of the possible
benefits resulting from a Canadian environment free of PCBs. For instance,
we were unable to estimate or monetize the benefits for commercial fishing
and certain recreational activities (¢.g., boating and swimming), and at HC's
instruction did not attempt to quantify the human health benefits of PCB
control. In addition, numerous factors simultaneously affect the quality of .
the aquatic environment, including toxic chemicals other than PCBs (e.g.,
mercury, dioxins), pesticides, and municipal wastewater discharges. As a
result, it is difficult to isolate the environmental impacts attributable to PCBs.
Further, the long-lived nature of PCBs, along with nearly 20 years of PCB
regulation, make it difficult to establish a base year from which to estimate
annual benefits. '

ORGANIZATION OF REPORT

_ 'Thc remainder of this report provides detailed information on the benefits of controlling or
prohibiting the use and/or manufacture of vinyl chloride (Chapter 2), dichloromethane (Chapter 3)
and polychlorinated tiphenyls (Chapter 4). Each chapter contains:

%
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. Backgroundhfomaﬁnonthewbﬂmu,indﬁdingadcs:ﬁptinofthc

' compound, information on jts use and/or manufacture in Canada, and
information on the releases of the substance into the eavironment;
L A description of hunian_and ecological exposures 10 the substance;

o Anmnﬁewofmebeneﬁsofmmningrehmofthemm;uﬁngthe
benefits typology presented above; and

. A detajled description of the anoual and total benefits that result from
controlling these substances. oo

Each chapter also presents the specific limitations associated with these analyses, including key data
gaps. .

& .
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SUPPLEMENTAL INFORMATION ON HEALTH RISK ASSESSMENT .

This appendix provides background information on health risk assessment terms and meth ds
that are used in Chapters 2 and 3. This appendix is divided into two sections. The first addresses
carcinogenic health effects; the second addresses noncarcinogenic health effects. Since the health
risk assessment relies on data and techniques developed in large part by the U.S. Environmental
Protection Agency (EPA), the appendix focuses on U.S. EPA terms and methods.

. CARCINOGENIC EFFECTS’

Toxicological assessment of potentially carcinogénic substances often includes a rating £ the
*weight of evidence" concerning carcinogenicity. For example, the U.S. EPA assigns evidence from
human and animal studies to one of five categories: (1) sufficient evidence, (2) limited evidence,
(3) inadequate evidence, (£) no data concerning carcinogenicity, and (5) no evidence of
carcinogenicity. U.S. EPA’s classification scheme is presented in Exhibit 1A-1.

Exhibit 1A-1
US. EPA CLASSIFICATION SCHEME FOR CARCINOGENS
Group Description l
A Human carcinogen; sufficient human evidence. |
Bl Probable human carcinogen; limited human evidence. n
B2 Probable human carcinogen; sufficient animal evidence, H '
inadequate or no human evidence, or no human data.
C Possible human carcinogen; limited animal evidence, |

inadequate or no human evidence, or no human data.

D Not classifiable as 10 human carcinogenicity; inadequate
human and animal evidence or no data available.

E Evidence of noncarcinogenicity for humans.

Source: US. EPA, Guidelines for Carcinogen Risk Assessment, 51 FR 33992-34054, 1986 |

In addition to the qualitative rating assigned to potentially carcinogenic substances, US. EPA
flevelops _substance-speciﬁc cancer slope factors (CSFs) for potential carcinogens. A CSF gives the
increase in lifetime cancer risk for an individual continuously exposed to a substance, from birth to

. 7 For more detailed information on EPA’s method for estimating cancer risks, see U.S. EPA,

Jf;sskg Assessment Guidance for Superfund, Volume I: Human Henlth Evoluation Mannal, December
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* death, per unit increase in the substance’s concentration' CSFs provide estimates { risks
associated with Jow-dose exposure to suspected r known carcin gens. They are estimated from
data on high dose human exposures and/or high dose laboratory exposure to animals. The CSF for
an agent with an "A" rating will be based ~ at Jeast in part ~ on human data, while one with a "B2"
rating will be based entirely on animal data.

Geperating a Capeer Slope Factor

In deriving a CSF, U.S. EPA evaluates available toxicological information about a chemical
and selects an appropriate data set. In choosing-appropriate data sets, human data of high quality
are preferred 10 animal data. If animal data are used, the species that responds most similarly to
humans is preferable. If there is no clear choice among species for which data exist, data for the
most sensitive species is given the greatest emphasis. Occasionally, when no single study is judged
to be most appropriate, U.S. EPA may derive a CSF based on the geometric mean of slope factors
from several studies that collectively support the estimate.

Concept of Nonthreshold Effects

Carcinogens are assumed 10 have no threshold, i.e., there is no level of exposure that does
not pose some probability, however small, of generating a carcinogenic response. Therefore, the
development of a CSF usually involves extrapolating from the high doses administered to
experimental animals to the lower exposure levels expected for human exposure in the environment.
Because the extrapolation of the dose-response is to a range where data are not available, the actual
CSFs are uncertain. Hence a large margin of safety is built into the siope factors. Generally, U.S.

. EPA takes a conservative approach in estimating a CSF by calculating the slope factor as the highest
value that can be justified with 95 percent confidence. Thus, given the data, it is unlikely that the
CSF is greater than that reported.

Assessing Carci ic Ris

A substance-specific CSF is multiplied by the substance-specific daily dose to estimate the
incremental probability of a person developing cancer over a lifetime (70 years) as a result of
cxposure to the potential carcinogen. A cancer risk of 1 x 10* implies a probability of one in a
million of developing cancer.

* US. EPA, Integrated Risk Information System, 1995.
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NONCARCINOGENIC EFFECTS’

Unlike carcinogenic effects, noncarcinogenic effects are assumed to occur only at exposures '
above a threshold concentration below which protective mechanisms and function reserve capacities

prevent reactions to exposure. Therefore, a range of exposures exists from zero 10 some finite value

that can be tolerated by the individual without the manifestation of an adverse effect. The reference

dose (RID) is an estimate of a daily exposure level for humans, including sensitive subgroups, that

is not likely 10 cause adverse effects during a lifetime of exposure. To develop an RID, it is

necessary to identify the upper bound of a tolerance range for the most sensitive populations.

n - Io [ B ﬁ .: -Dil *

In developing an RID for a substance, US. EPA examines all available toxicity studies. If
adequate human data are available, this information is used as the basis of the RfD. Otherwise,
animal study data are used. When choosing the appropriate human or animal study to use in
deriving the RfD, US. EPA must make judgements regarding the relevance and quality of the
available experimental studies. In addition, U.S. EPA must identify the effect characterized by the
"lowest observed adverse effect” (LOAEL), which is referred to as the critical toxic effect, and serves
as the basis for the RID.

After the study and critical toxic effect have been selected, U.S. EPA identifies the exposure
level that represents the highest exposure level tested in the study at which the critical effect was
not observed. This highest "no observed adverse effect level” (NOAEL) is used to develop the R{D.

N x .
The RID is derived from the NOAEL by consistent application of the following uncertainty
factors (UF): ' -

. A factor of 10 is used to account for variation in biological response to
exposure among the general population and is intended to protect sensitive
subgroups, such as the elderly, from adverse effects. ‘

o A factor of 10 is used when extrapolating from animals to humans to account
for interspecies variability.

o A factor of 10 is used when a NOAEL derived from a subchronic rather than
a chronic study is used as the basis for a clironic RiD.

° A factor of 10 is used when a LOAEL rather than a NOAEL is used as the
basis for an RfD.

* For more detailed information on EPA’s method for estimating noncancer risks, see U.S.

EPA, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual,
December 1989,
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isused to reflect a qualitative professional assessment of additional uncertainties in the critical study
and in the entire toxicity database for the substance not specifically addressed by the preceding UFs.

. In addition to the UFs listed above, a modifying factor (MF) ranging from greater than zero to 10
The default value for the MF is 1.0.

lati e Refi
To calculate the RID, the appropriate NOAEL (or LOAEL if 2 suitable NOAEL is not

available) is divided by the product of all of the applicable uncertainty factors and the modifying
factor. The calculation is as follows: : .o - : .

RID = NOAEL or LOAEL/UF, X UF, .. X MF)

RfDs are expressed in units of mg/kg-day.

The Rfd assumes that there is an exposure threshold below which adverse effects will not
occur. If the exposure level (dose) exceeds this threshold, adverse effects could potentially oceur.
This potential for adverse systemic effects is characterized by the hazard quotient (HQ). The HQ
is calculated according 10 the following equation:

. HQ = Dose/Rid
The greater the value of the HQ above one, the greater the potential for adverse effects. However,
the HQ is not a statistical probability; a ratio of 0.001 does not mean that there is 2 one in one
thousand chance of the effect occurring.  Furthermore, the potential for adverse effects does not
increase lincarly as the RID is approached or exceeded. '
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OVERVIEW OF CHAPTER

Vinyl chloride (VC), a commercially important chemical compound used in the plastics
industry, can cause significant adverse human health effects if production and use of the chemical
are not regulated. In this chapter, we characterize and value the health effects that could have been
avoided if the New Substances Notification Regulations (NSNR) had been promulgated at the time
VC was introduced into Canada. As described below, the New Substances Notification Regulations
would have produced significant economic benefits by reducing individual and worker exposures to
VC. ¥

Summ nefits

In the early 1970s. unregulated indoor air concentrations at VC and polyvinyl chloride (PVC)
production facilities were extremely high, causing a variety of health problems in plant workers.
Further, releases to the ambient air posed significant health risks to residents living proximate to
VC and PVC production facilities. As a result, the economic benefits of regulating the manufacture
and use of VC are significant. As shown in Exhibit 2-1, the mean annual benefits associated with
avoiding worker and general population cancer cases and occupational morbidity are estimated to
be $53.0 million dollars per year; total benefits over 30 years are estimated to be $916.4 million,
using a2 four percent discount rate. Further, additional avoided morbidity benefits may exist,
although we have been unable to quantify these benefits for purposes of this report.

Limitations

. To estimate the health effects associated with VC, we make a series of assumptions that
introduce uncertainty into the analysis. For instance, our analysis of the incidence of VC-induced
cancer in the gencral population is based on standard assumptions regarding the location and
mobility of the affected population, which may over- or under-state total cancer cases. Further, our
assessment of occupational health effects relies heavily on incidence data collected in the US.; we
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do not know the extent t which plant conditions may differ between US. and Canadian facilities.’
Finally, we have been unable to monetize certain bealth effects in this assessment (e.g., general
population health effects other than cancer). Specific data limitations are discussed in later sections.

Exhibit 2-1

SUMMARY OF ANNUAL AND TOTAL BENEFITS:

CONTROLLING VC MANUFACTURE AND USE IN CANADA

" Benefits Estimates
($1995, millions)
’ Prescat Valve
: of Total BeneSits
Category Annual Benefits (30 yeans, 4%)
Mortality
General Population $39.1 $676.1
| Occupational '$12.1 $209.2
Morbidity .
General Population Unknown Unimown
Occupational $18 $31.1
{ Ecological Small Smal
Total >$53.0 >3916.4
Organizati Q

This chapter is organized into six sections. The first section provides a general description
of the VC and PVC industries, including information on VC releases into the environment. We
then summarize available data on human health and ecological exposures to VC in uncontrolled
settings. The third section describes the health effects that commonly result from VC exposures,
covering both carcinogenic and non-carcinogenic effects. The fourth and most lengthy section of
this chapter provides a detailed description of the methods and assumptions used to estimate the
incidence of cancer and other health effects in avorkers and the general population. The final two
sections present annual and total benefits estimates, respectively, based on the incidence levels
developed in the fourth section.

! As discussed later in this chzpter, we have developed a range of benefits estimates to reflect

the uncertainties present in the benefits categories we quantify,
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BACKGROUND INFORMATION ON VINYL CHLORIDE

Description of the G !

VC is 2 chemical compound that has been used in Canada’s industrial and commercial
sectors for over 50 years. It is a synthetic chemical with no known natural sources. A coloriess
petrochemical gas, VC bas a mild, sweet odor, is slightly soluble in water, and is highly soluble in
fats and organic solvents. In addition, VC has a low boiling point, a high vapor pressure, and is a
known human carcinogen (U.S. EPA 1994b; VC in Drinking Water 1992).

* The primary use of VC is in the production of PVC. PVC is used to manufacture ‘plastic
and vinyl products such as elegtrical wire, insulation and cables, industrial and household equipment,
medical supplies, food packaging materials, piping, and other building and construction products.
PVC is also used as a raw material in the paper, glass, rubber, and automotive industries, and in the
production of 1,1,1 trichloromethane (U.S. EPA 1994b; VC in Drinking Water 1992). In addition,
VC was once used as a refrigerant in cooling equipment and as an aerosol propeliant in some
cosmetics, drugs, pesticides, and other consumer products (Doniger 1978); these uses were
discontinued when VC's carcinogenic properties became known.

Information M in a

Unlike PCBs and dichloromethane, VC and PVC are manufactured in Canada. The nation’s
major production facilities — including two VC plants and four PVC plants — are located in Alberta,
Ontario, and Quebec. The locations of these plants are presented in Exhibit 2-2. Expansion of
these facilities over the past 20 years has increased domestic production of both VC and PVC.
These facilities, however, are highly mechanized, requiring a relatively small number of workers.
Fabrication plants, which manufacture end-use consumer products using PVC resins, are more labor
intensive (Doniger 1978).

Exhibit 2-2
LOCATIONS OF VC AND PVC MANUFACTURING PLANTS
-Type of Plant Region l
VC and PVC Fort Saskatchewan, Alberta 1
VC and PVC Sarnia. Ontario
PVC Niagara Falls, Ontario
PVC Shawinigan, Quebec
Source: EC 1986
B ————— =
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Two primary processes are used to produce VC. One involves the pyrolysis { ethylene
dichloride (EDC): ethylene is chlorinated to EDC, which is then thermally: dehydrochiorinated,
producing VC and HCl (EC 1986). The other process involves the hydrochlorination of acetylene.
In the presence of a catalyst, a vapor-phase reaction occurs between acetylene and hydrogen
chloride, producing VC (Lowenheim 1975).

To produce PVC, the monomer VC is polymerized. The concentration of VC entrapped in
PVC depends upon the production process; it can range from 0.1 to 8,000 ppm (U.S. EPA 1975).
In Canada, concentrations of VC monomer in PVC were reduced drastically between 1973 and 1975,
and range from 1 to 10 ppm (VC in Drinking Water 1992).

Releases to the Enviropment

Emissions and effluents from VC and PVC processing plants are the primary sources of VC
in the work place and in the environment. There are, however, other pathways by which VC can
enter the environment, including accidental spills and the outgas of VC from plastic products. Other
release routes include the disposal of VC wastes in landfills; the biodegradation of trichlorethylene,

tetrachloroethylene and 1,1,1-trichloromethane; the evaporation of chemical wastes; and tobacco
smoke (ATSDR 1993).

Once VC enters the environment, it can affect a variety of environmental media. Because
VC is highly volatile, it vaporizes easily. Therefore, most VC releases end up in the atmosphere.
There is potential for the contamination of other environmenta) media, however, such as water and
soil. The following subsections provide a detailed description of atmospheric, water, and soil
contamination from VC relcases, as well as potential release routes.

Atmospheric Contamination

The primary sources of VC in the atmosphere are VC and PVC plant emissions. PVC
manufacturing facilities account for approximately 85 percent of VC emissions, while VC facilities
account for approximately ten percent” Data on total VC emissions to the atmosphere in the early
1970s from uncontrolled plants are limited; it was estimated, however, that a total of 4,500 tons of
VC were emitted to the ambient air in 1973. After imposing controls on VC emissions from VC
and PVC plants, emissions were reduced by about 95 percent (EC 1986).

VC emissions from VC and PVC plants can be categorized by source: regulated point
sources, incidental releases, and fugitive emissions. Regulated point sources include equipment such
as the reactor, which may release VC when it is opened for cleaning, maintenance and inspection;
the VC condenser, which discharges VC to the atmosphere after treatment by air strippers or other
pollutipn control devices; equipment downstream from the stripper; and process vents. Emissions
from incidental releases generally come from emergency venting due to the malfunction or
breakdown of equipment. Fugitive emissions originate from sources other than the vent, stack, flue,

e 2 [ . » - . - .
The remaining five percent comes from the plastics fabrication industry and other minor
sources.
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can be caused by leaking valves, flanges and seals, open-ended lines, drains, vesscl opening losses,
building ventilators, and open ponds. Individual occurrences of fugitive emissions may be small,
although total fugitive VC releases can be large when emissions from all possible sources are
summed (EC 1986).

‘ or other openings that are specifically designed for the purpose of emitting VC. Fugitive emissions

Transportation accidents are another source of VC releases to the atmosphere, as not all vC
is polymerized into PVC at its initial point of production. VC is typically shipped to PVC factories
under pressure as a liquefied gas. In the US., for example, about 95 percent of VC is shipped in
rail tank cars; the rest is shipped in tank trucks, barges, and tank vessels. An accidental leak,
puncture or explosion of these. containers can release the liquefied gas, which is then likely to
evaporate into the atmosphere arid pose a potential health risk to transportation Wwarkers, nearby
residents, travellers, and safety officers (Doniger 1978). :

Other potential sources of VC in the atmosphere include the outgas of VC from new plastic
products and the volatilization of VC products in municipal and hazirdots waste landfills. In
addition, VC is released in the indoor air of VC and PVC plants. As a result, VC and PVC workers
without proper protection can be exposed to potentially significant concentrations of the compound.

Water Contamination

VC releases into the environment can also affect surface water, groundwater, and drinking
water.

' -0 Surface Water. The most likely source of surface water contamination is
wastewater from VC and PVC manufacturers. In Canada, the effluent from

the production of PVC is discharged into a variety of waterways, including

a waterway in Quebec and the Welland River and St. Clair River in Ontario

(EC 1988). VC reaching surface water via contaminated effluent is likely to

migrate rapidly, on the order of hours or days, to the air (ATSDR 1993).

The presence of materials such as fumates, surfactants, and particulates,

however, may extend the residence time of VC in water (US. EPA 1980).

. Groundwater. VC can leach into groundwater as a result of spills, leachate
from landfills and hazardous waste sites, and effluents from the plastics
industry (ATSDR 1993). In addition, the biodegradation of trichloroethylene
and perchloroethylene in groundwater can forrn VC. For a varety of
reasons, including resistance 10 microbial degradation, VC can remain in
groundwater from months to years (VC in Drinking Water 1992).

. Drinking Water. Small amounts of VC may be present in public water
supplies as a result of industrial wastewater discharges (U.S. EPA 1980) or
as a result of groundwater contamination (see above). The occurrence of VC
in potable water, however, is primarily associated with the conveyance of
water via PVC pipes manufactured with incompletely polymerized VC
monomer. These extremely small amounts of entrapped VC monomer can
Jeach from PVC pipes (VC in Drinking Water 1992), Since the level of
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residual VC that is not molecularly bound in PVC pipe is extremely low,
significant exposure 10 VC via this pathway is considered unlikely (Coiner
1996).

Soil Contamination

The primary sources of VC releases 1o soil are spills, effluent discharges, and lcachate from
disposed VC materials. VC is likely to volatilize rapidly from dry soil surfaces, however, due to its
high vapor pressure. VC placed ten cetitimeters deep in dry soil, for example; is expected to have
an effective half-life of about 12 bours. In addition, VChasalowsoilorgamc-carbonadsorpu n

coefficient, and is highly mobile in soil, suggesting a strong potennal to migrate’ ﬁ-om soil to
groundwater (ATSDR 1993).

HUMAN AND ECOLOGICAL EXPOSURES TO VINYL CHLORIDE

This section describes the concentrations of VC to which humans and biota were likely to
be exposed in the early 1970s. The focus of this section (and the remainder of the analysis) is on
human health, as ecological impacts are a relatively minor concern for this compound. The
following subsections describe the most common pathways for human exposure to VC, and the
concentrations at which VC was found in different subpopulations. We also provide a brief
summary of potential ecological effects of VC exposure.

As discussed in the first chapter of this report, we focus on emissions from yncontrolied VC

sources to estimate human exposures in this analysis. This approach follows logically from the
ultimate goal of this project, to evaluate the benefits of conn-olhng or prohibiting pew substances.

As a result, much of the information we present in this section is bmd upon data from the 1970s,
when VC emissions were largely uncontrolled.

Humap Exposures

VC and PVC workers and individuals living in close proximity to VC and PVC production
facilities were exposed to the greatest concentrations of VC. Exhibit 2-3 summarizes the typical
concentrations to which various subpopulations were exposed in uncontrolied conditions.

2-6
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Exhibit 2-3

TYPICAL EXPOSURE TO VINYL CHLORIDE VIA

INHALATION IN THE EARLY 1970s
rGencnlpopuhtion 0 ppb l
lndmdualsbvmgmdosepromw " 0to 814 ppb . H
to VC and PVC plants , '
| Average VC and PVC workers 1 10 100 ppm t
Maximally exposed VC and PVC 250 10 300 ppm
workers

VC concentrations in ambient air were generally fairly low. Background levels of VC are
often expressed in parts per billion (ppb), whereas indoor air concentrations of VC in VC and PVC
plants are expressed in parts per million (ppm). The average concentration of VC to which
populations living in the vicinity of emissions sources were exposed ranged as high as 814 ppb
(ATSDR 1993). For individuals not living in the vxcunty of point sources, exposure to VC via
inhalation was expected to be essentially zero. Inhalation is also the primary route for oacupauonal
-exposure. Workers responsible for cleaning reactor vessels, which are the chambers in which VC
is converted to PVC in polymerization plants, were frequently exposed to airborne concentrati ns
on the order of 250 to 300 ppm (Amdur 1991).

In addition to inhalation, humans can be exposed to VC via ingestion. As discussed above,
VC can be found in drinking water at very low concentrations due either to the contamination of
underground sources of drinking water or to the migration of VC from PVC pipes. In addition, VC
can migrate from packaging material containing VC into food, since the monomer is soluble in
alcohols and mineral oil. The presence of VC in drinking water or food, however, was relatively
uncommon, and the average daily intake of VC through diet was essentially zero (ATSDR 1993).
The only potentially significant exposure to VC via ingestion was found in PVC production plants,
where workers could have been exposed to VC through the ingestion of PVC dust containing
entrapped VC monomer (U.S. EPA 1975).

Ecological Exposures

Data on the ecological effects of VC contamination are limited. It is unlikely, however, that
VC releases to the environment posed a threat of significant ecological damage, due to the quick
volatilization of VC into the atmosphere. The potential for biomagnification in the food chain does
not appear to be important because of the high volatility of VC and the fact that it is readily
metabolized by higher-trophic-level organisms (ATSDR 1993).

2-7

SL 110234




One of the by-products of VC production may cause ecological damage if discharged int
aguatic environments, as this by-product (EDC tar) can adhere 1o substances such as plankton. In
addition, marine animals rapidly accumulate EDC tar from contaminated sca water. Since these tars
have a relatively short half-life, ecological effects from exposure were likely to be much less severe
than from exposure to other types of chlorinated hydrocarbons (US. EPA 1975).

THE BENEFITS OF CONTROLLING
VINYL CHLORIDE RELEASES: OVERVIEW -

© This section provides an overview of the benefits associated with the prohibition or control

f VCin Canada. The primary benefits of controlling VC emissions are reductions in mortality and
morbidity due to VC exposures in the general population and among VC and PVC workers. Once
VC is inhaled or ingested, it can cause a variety of adverse health effects. In this section, we
summarize the considerable amount of information available on the health problems related 1o VC

exposure,

Mortality from Cancer

In the early 1970s, the cancer-causing capacity of VC was recognized. The available
epidemiological studies tend to focus on the incidence of angiosarcoma of the liver, a rare form of
cancer, becanse of the ability to draw a causal relationship between exposure to VC and the
development of tumors. Exposure to VC by inhalation is also suspected to increase the risk of
cancer of the brain, lung, and digestive tract (U.S. EPA 1994b).

The types of cancer associated with VC are often fatal. Studies demonstrate, for example,
a significant association between exposure to PVC dust and the risk of Jung cancer morality
(Wagoner 1983). The average life expectancy (post-diagnosis) for an individual who has contracted
cancer via exposure to VC is estimated 10 be 0.4 to 8.9 years (Sax 1981). Due to the nature of these
VC; r:all?cd cancers, we value the cancer cases estimated from VC exposures (later in this chapter)
as fatalities. )

. In addition to cancer, VC can cause a variety of other deleterious health effects. For
instance, exposure to VC can cause hepatic, respiratory, cardiovascular, gastrointestinal,
hematological, musculoskeletal, renal, and dermaliocular problems. Specific examples of common
. VCerelated problems are listed in Exhibit 2-4. A number of studies also suggest that exposure to
VG*my‘aﬂectsemalﬁmcnon and ‘hormonal levels in: humans-and: animals (ATSDR 1993). In
addition, some studies suggest-isuitistically ‘significant increasehin-chromosomal- aberrations in
humans exposed to VC, and a variety of studies show that members of communities with nearby VC
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ization faciliti inci me f rms of developmental toxicity® For
polymerization facilities have greater incidences of some
example, some of these studies show an excess of fetal Joss W_bgn,hthgxsthm b_e_en_npmed to VC.
These studies and others, however, fail to demonstrate 2 stausncally s:gmﬁcant; gomhuon between
developmental toxicity and either parental occupation or proximity to the facility (ATSDR 1993).

| Exhibit24

NONCARCINOGENIC HEALTH EFFECTS FROM VINYL CHLORIDE EXPOSURE

Type of Exposure Health Effects

Acute exposure 10 | Dizziness, headaches, giddiness; light-headedness, nausea, poor memory,

high levels of VC . tingling sensations, weight loss, chronic bronchitis L

Chronic exposure 10 ) Liver damage, Ravnaud's syndrome, ciréuhxosy dmurbances igx

lower levels of VC extremities, thrombocytopenia, dermatitis, scieroderma-like skin
changes, lytic lesions of the terminal phalanges in hands and feet,
pseudo clubbing of fingers, thyroid insufficiency, damage to the spleen
and lungs, functional disturbances of the central nervous sysiem

Source: ATSDR 1993

ESTIMATING HUMAN HEALTH EFFECTS

The following discussion provides specific information on the health-related benefits of
controlling VC in Canada. In particular, we describe the detailed methodologies used to estimate
‘ general population and occupational cancer cases, as well as morbidity effects in workers. The
information developed in this section (¢.g., estimated annual cancer cases) serves as the basis for
the benefits estimates developed in the following section.

Cancer itin to Vi

General Population

In 1975, the U.S. Environmental Protection Agency conducted a health risk assessmoent for
community exposure to VC, in support of regulating air emissions around VC and PVC plants
(Kuzmack 1975). To estimate potential exposures, EPA divided the area surrounding each plant
into four bands ranging up 1o five miles from the plant. Through standard diffusion modeling of
over 40 plants, the annual average ambient VC concentrations in each band were calculated.
Detailed information for each individual plant was weighted to reflect differences in the type of
plant, size of plant, and meteorological and topographic conditions at the plant site. The results

were then used to estimate average VC exposures for individuals living in the vicinity of a "mode!"
VC or PVC plant.

e

* Developmental toxicity is the occurrence of adverse effects that may resuit from exposure 10

' a chemical prior 1o conception, during prenatal development, or postnatally 1o the time of sexual
maturation.
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We use a similar approach to estimate potential VC exposure for the population living close
t VCand PVC plants. First, we estimate the size of the affected population. Beauset}erCand
PVC industry is based in only four Canadian cities, the size of this subpopulation is relatively small.
Exhibit 2-5 presents estimates of the population that resides within specified distances of Canada's
two VC and four PVC plants. We developed these estimates using information on the total size and
density of the population in each of the cities of interest. A detailed description of how these

estimates were developed is provided in Appeadix 2A.

= s

Exhibit 2.5

ESTIMATED POPULATION LIVING WITHIN
A FIVE-MILE RADIUS OF VC OR PVC PLANTS

|  Distance from Plant VC Plants PVC Plam:s
Band 1 (0-0.5 mi) 1,444 2876
Band 2 (05-1 mi) 4331 8629
Band 3 (13 mi) 38142 oz13 |

H Band 4 (3-5 mi) 42,540 107589

To estimate the concentrations of VC to which individuals within each band might be ‘

exposed, we use the ambient air concentrations provided in the US. EPA study, which are presented
in Exhibit 2-6. These figures represent average annual VC ‘concentrations in ambient air near an
uncontrolled VC and PVC plant under typical meteorological conditions.! As shown in this exhibit,
VC concentrations are higher around PVC than VC plams. Further, as one would expect,
concentrations drop substantially with distance from the facility.

Exhibit 2-7 summarizes our high-end estimates of the number of cancer cases associated with
cach type of facility. As shown by the rows labelled "VC Concentration® and "Dose”, we estimate
the annual dose of VC to which the average person in each band could be subjected based on the
estimated annual average concentration of VC to which the individual is exposed, adjusted for
average adult inhalation rates and body weight.® We calculate the individual lifetime cancer risk
by multiplying the dose by the cancer siope factor for VC exposure via inhalation.® Finally, we

¢ The ambient air concentration estimates presented in the US. EPA study are 2 result of two
independent studies, the results of which differed by less than 25 percent. The data presented in

the EPA assessment included variations in meteorological conditions from location to location
(Kuzmack 1975).

* The average adult inhalation rate is assumed to be 20 m>/day, and the average adult body
wci'ght is 70 kg (U.S. EPA 1989).

* The inhalation cancer slope factor for vinyl chloride is,0.3;(mg/kg-day)X; (U.S. EPA 1994a).
2-10 ‘
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estimate the number of annual cancer cases by multiplying the population by the cancer nsk and
dividing by the average lifespan (70 years). The rows labelled "Annual Cancer Cases” in.Exhibu 2-7
prcwideasumnmyofonrbesthigh-endmimatesofthenumberofmmmguhkelytobe
prevented under the New Substances Notification Regulations for those individuals living near a VC
or PVC plant? As shown at the bottom of the exhibit, we estimate that 1.7 cancer cases would
occur around VC facilities and 9.5 cases around PVC facilities, for a total of 11.2 avoided annual
cancer cases.

Exhibit 26
AVERAGE ANNUAL VINYL CHLORIDE -
(CONCENTRATIONS IN AMBIENT AIR

Vinyl Chloride Concentration (ppb)

' Distance from Plant

VC Plant

PVC Plant

Band 1 (0-0.5 mi)

113

33

Band 2 (05-1 mi)

20

57

Band 3 (1-3 mi)

5

15

Band 4 (3-5 mi)

2

6

Source: Kuzmack 1975 I

An on-going U.S. EPA review of VC's cancer slope factor suggests that the number of cancer
cases estimated above may be high. The new slope factor wilk orate pharmacokinetics, which
will: reduce the slope factor and thus: the individual lifetime_cancer risk (Guth 1996).' To reflect
this information, we have calculated low-end estimates by dividing our high-end estimates by a factor
of 0. As a result, we value the general population mortality benefits in the next section by using
annual case estimates that range from 1.1 to 11.2 annual cancer cases.

? A detailed example of how these estimates are developed is provided in Appendix 2B,
* Pharmacokinetics represents the movement of a substance within the body, which is affected
by the uptake, distribution, elimination and transformation of the compound within the body. Thus,

a’pharmacokinetic model develops an estimated internal dose of the contaminant that is a more
accurate measure of exposure than the applied dose.
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Exhibit 2.7
GENERAL POPULATION CANCER CASES: HIGH-END ESTIMATE
VCPamt PVC Plant
Band 1 Population 1444 2876
(0-05 mi) VC Conceatration 0294 mg/m’® 0840 mpm’ |
{ Dose. 0.084 (mghe-day) | 0240 (mp/kg-day)

Cancer Risk 25%10° T 12100
Anmual Cancer Cages Y 30

Band 2 Population 4331 8629

(051 mi) VC Conceatration 0.052 mg/o’® 0.148 mg/m’
Dose 0.015 (mgikg-day) 0.042 (mg/kg-day)
Cancer Risk 45x10° 13X10?
Annual Cancer Cases 03 16

Bad 3 Popuiation 38143 61213

(-3 mi) VC Coocentration 0.014 mg/? 0039 mgr® |
Dose 0.004 (mg/kg-day) 0.011 (mghg-day) . [
Cancer Risk 12X10° 00 |
Annual Cancer Cascs 0s 29

Band 4 Population 42,540 107,589

@5 ) VC Concentration 0.005 g/’ 0015 mp/y’
Dose 0.001 (mg/kg-day) 0.004 (mg/kg-day)
Cancer Risk 4510 13X10°
Annua) Cancer Cases 03 20

TOTAL ANNUAL CANCER CASES 17 95

2-12
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Limijtatiops

' The methodology described above requires a series of assumptiongy that fmay introduce
uncertainty.into the results a&‘zh}s‘ Ll is. - For instance, we assume that the population is evenly
distributed throughout the region, the VC or PVC plant is located in the center of the
region. Further, our approach assumes that the potentially affected population breathes the ambient
air within their respective band 24 hours a day, seven days a week, 365 days a year. Our
methodology does not consider the travel patterns and daily mobility of each population, and thus
the variation in levels of VC exposure. These simplifying assumptions may lead to an over- or
under-estimate of cancer cases among the subpopulation surrounding VC and PVC plants.

Occupational
Before much attention was given to the monitoring of VC levels in the work place, indoor
air concentrations exceeded what health authorities now consider to be acceptable exposure levels.’

In the absense of regulations and subsequent controls on VCerelated activities, it is possible that VC
and PVC workers could be subject to potentially significant cancer risks.*

tin val

To estimate the annual cancer cases expected within the population of VC and PVC workers
under unregulated conditions, we must first estimate the size of the affected occupational
population. We do so using data from US. VC and PVC facilities. In the early 1970s, 940
production warkers were engaged in VC production at 17 U.S. plants, for an average of 55 workers
per plant. At PVC facilities, approximately 5,600 workers were engaged in production at 40
facilities, for an average of 140 workers per plant (U.S. EPA 1975). In Exhibit 2-8, we use these
average figures, adjusted upward and downward by 50 percent to account for uncertainty, to project
the average number of Canadian workers potentially exposed to high concentrations of VC."'?
As shown in this exhibit, we estimate that between 336 and 1,006 Canadian production workers
could be exposed, in the absence of occupational and environmental safety standards, to high
concentrations of VC.

* As of 1978, high levels of VC in the workplace were believed to be responsible for
angiosarcoma of the liver in at least 68 workers worldwide (Doniger 1978)

® For the purpose of this analysis+we ignore the ;potential, mitigation. of health risks by
«occupational heaith and’ safety- requirements;- which may only be applicd after a problem is
discovered.

" For instance, the "low" estimate of VC workers per plant is simply 55°0.5, or 28 workers.

’ " ?T:c anustmcnu for uncentainty reflect the fact that we do not have adequate information on
labor intensity and plant size across U.S. and Canadian facilities. B
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Exhibit 2-8

ESTIMATED VC AND PVC WORKER POPULATION IN CANADA -

| ve rve Tom |
Workers per plant 28. 83 70- 210 - |

Total, all plants . 56- 166 © 280. 840 336 - 1,006

The remaining data we usc to estimate annual cancer cases among VC and PVC workers
is derived from published epidemiologic studies of health effects among workers who were exposed
to high concentrations of VC before 1974, We take this approach for two reasons. First, although
these studies do not include specific estimates of worker exposure levels, they do provide the most
direct indication of the health risks associated with working in these plants. Second, the available
cancer slope factor for VC is applicable to exposures up to onmly several hundred pg/m?
(approximately 0.1 ppm). It has been well documented that in the U.S. before 1974, exposure to
VC concentrations of 250 to 300 ppm was common for many job categories in VC and PVC
industries (Doniger 1978).” In shor, the expected ambient concentration of VC in the air of

uncontrolled VC and PVC plants significantly exceeds the upperbound concentration for which the
cancer slope factor is appropriate.

Based on a review of four different studies, the U.S. EPA estimated that the incidence rate
of liver angiosarcomas among highly exposed VC and PVC workers (i.c., working in areas with VC
concentrations of ronghly 200 to 500 ppm), adjusted for the average latency period, is approximately
3.1 x 10” cases per worker-year of exposure (Kuzmack 1975). Assuming an average career length
of 20 years for these workers, their individual lifetime cancer risk is estimated to be 6.2 x 102, In

ther words, approximately six percent of all highly exposed VC and PVC workers would be
expected to contract liver angiosarcoma during the course of their lifetime.

If we assume that all of the VC and PVC workers in Canada were exposed to high levels f
VC in the early 1970s and would have continued 10 be subject to these exposures in the absence f
the Regulations, the-incidence rate of cancer among VC plant workers would range from 3.4 to 10.0
cases and among PVC plant workers would range from 16.8 10 50.4 cases, for a 10tal ranging from
20.2 to 60.4 cases. An incidence rate of 20.2 to 60.4 cancer cases is equivalent to approximately one
to three total cancer cases per work year for a work force of the size presented in Exhibit 2-8.4

_ “ltwasalsonmuncommbn for peak exposures to reach up to 4,000 ppm for short amounts f
time. Workers in other occupations, before the control of VC levels in the work place, are likely
1o have been exposed to lower and less sustained concentrations.

¥ One to three cancer cases per work year is high for a relatively small work force. Therefore,
it is unlikely that this situation would continue unabated year after year once the problem was

cl_;su_:tycred. Tbe benefits associated with even a few years of improved control, however, are
significant. '
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Limjtati

In estimating occupational effects, we use incidence information from U.S. workers. To the
extent that Canadian and U.S. worker exposures are different, our estimates could be under or over-
estimates. Further, we do not take into account the incidence of other types of cancer in the above
assessment (i.e., cancers other than angiosarcoma of the liver), as we only have gualitative
information on the incidence of other types of cancer. To the extent these cancers would occur, the
estimates presented above could be under-estimates.

General Population: PomtSoumc Expoam:s

Because uncontrolled VC and PVC plants emit high concentrations of VC to the ambicnt
air, individuals living within a2 five mile radius of these plants could experience noncarcinogenic
health effects related to VC emissions. We determined the likelihood of risk of noncarcinogenic
effects by calculating a hazard quotient for potentially exposed populations. The hazard quotient
is the ratio of the expected dose 10 a reference dose (RfD) or reference concentration (RfC); a
hazard quotient greater than one is an indication that some noncarcinogenic effects may occur.”
Generally, an RID or RfC is used to determine the level below which there are no observed adverse
impacts in humans due to daily exposure to a particular toxic substance. The U.S. Environmental
Protection Agency, however, has not established an RfD or RfC for VC (ATSDR 1993). Instead,
a m.inil:nal risk level (MRL) for VC of 0.002 ppm has been derived by ATSDR, based on an animal
study.

Exhibit 2-9 presents the hazard quotients for each band surrounding a VC or PVC plant.
As indicated in this exhibit, the hazard quotients for individuals living within each band equals or
exceeds one in all cases. This information suggests that there is a considerable likelihood that some
noncarcinogenic effects could occur in the general population due to VC exposures. We n te,
however, that USEPA'is in the procéss of developing an-RfC for.-VC. Although this value has not
been released as of yet, it is likely to be higher than the MRL established by ATSDR (Guth 1996),
which would produce lower hazard quotients. As a result, we believe that the figures presented in
Exhibit 2-9 should be employed with caution.

* See Appendix 1A for more information on this topic.

* The results of a study conducted by Bi, et al. (1985) indicate that exposing rats to 10 ppm of
V(;hfgr”@_l‘x_qms_a‘day, six days a week, for six months of the year, results in increased liver weight.
The lowest observed adverse effect level (LOAEL) Ts 10 ppm* ATSDR used the results of this study
10 establish the MRL of 0.002 ppm for humans, using a series of adjustment factors. The
adjustment factors account for (1) the difference between intermittent and continuous dosing, (2)
the uncertainty surrounding the difference between a LOAEL and a NOAEL, (3) the uncertainty
surrounding the extrapolation from animal data to humans, and (4) the uncertainty surrounding
hiuman variability. The MRL is meant 10 be used for screening purposes only. The MRL is not
used for regulatory action.
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Exhibit 2-9
GENERAL POPULATION NONCARCINOGENIC EFFECTS
VC Plant ’ PVC Piant
11 Band 1 Dose in (mg/kg-day) 0.084 0240
(005 mi) Hazard Quoticat 57 we
Band 2 . | Dose in (mg/kg-day) . 0.015 C 0042 |
(05-1 mi) | Hazard Quotient - 10 - T 29
Band 3 Dose in (mg/kg-day) 0.604 0,011
(1-3 mi) Harzard Quotient 4 8
Band 4 Dosc in (mg/kg-day) 0.001 0.005
(3-5 mi) Hazard Quotient 1 ' 3
Note:
MRL = 0.002 ppm = 0.001 (mg/kg-day)

General Population: Other Exposures

The general population as a whole may face health risks from VC exposure due to sources
of release other than emissions from VC or PVC plants, such as transportation accidents, drinking
water contamination, or direct use and disposal of VC under unregulated conditions. In the
following subsections, we briefly describe these other sources of VC release and discuss their
potential contributions to adverse health effects in the general population. The discussion focuses
on noncarcinogenic health effects, since the incremental cancer risks associated with these sources
of release are likely 1o be dwarfed by the cancer risks associated with emissions from VC and PVC
production facilities. ' "

Trangportation Accidents

VC produced in Canada is shipped by pipeline to neighboring PVC plants and by railroad
to other plants in Canada, the U.S. and Mexico. VC was also once shipped in tank trucks; but this
practice was discontinued in 1975 due to the unacceptable risk of highway accidents (EC 1986).
Shipment of VC by rail reduces the risk of accidental release, but does not totally eliminate it. In
1980, for example, a train derailment in MacGregor, Manitoba resulted in a spill of 49.7 tons of VC;
accidental releases of VC from tank cars have also occurred in the U.S. Nonetheless, the safety
record for VC transport in recent years has been good, suggesting that the risk of noncarcinogenic
health effects in the general population resulting from transportation accidents is likely to be small.
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Drinking Water

In the absence of regulatory controls, the gencral population might be exposed 10 elevated
concentrations of VC in drinking water,"iue primarilyito the leaching of.VC from PVC pipes. The
available data, however, are insufficient to allow us to estimate the extent to which-such exposures
might occur. For example, the leaching of VC from PVC pipes depends on several factors, including
dwell time, which is the period of time water stands in the pipes; leaching rate, which is determined
by the amount and distribution of VC in the pipe and in the water; the equilibrium partitioning of
VC between the pipe and the water; and the diffusion of Jeachate out of the pipe and into the air.
Few data exist on pipeAvater partitioning coefficients or plastic pipe diffusion coefficients, making

the prediction of VC concentrations in water difficult (Podoll 1986). :

Despite these limitations, the available data suggest that the risks associated with VC in
drinking water are likely to be several orders of magnitude below the risks associated with inhalation
of VC production emissions. For example, a drinking water study conducted by the U.S.
Environmental Protection Agency examined VC concentrations in the drinking water of five water
distribution systems using PVC pipes. The highest VC concentration was 0.54 ppb, which came from
the most recently installed and Jongest pipe system. Traces of VC (0.012 to 0.023 ppb) were found
in two other systems nine years after installation (VC in Drinking Water 1992). These
concentrations are so Jow that the risks of adverse health effects appears minimal.

Otber VC Uses and Releases

In the absence of regulation, VC might be used in a variety of consumer products. The
associated adverse health effects would depend on the type and extent of use, manufacturing
processes, and subsequent disposal practices. Since the range of potential practices is highly
uncertain, we have not attempted to analyze the health risks they might present.

‘Occupational

As discussed earlier in this chapter, VC is known 10 cause a number of noncarcinogenic
health effects in workers exposed to high concentrations of the substance. Information on the
incidence of various effects, based on research reported by U.S. EPA in the 1970s, is summarized
in Exhibit 2-10. As shown in this exhibit, the incidence rates for a number of these health effects
are quite high, particularly for exposed workers. While they do not present detailed exposure data
for these workers, these studies do provide a clear indication of the range of potential
noncarcinogenic effects for workers exposed to VC. To provide an indication of the quantitative
benefits of reducing or eliminating these health effects, we assume that 10 percent of all highly
exposed workers would suffer from one or more ‘noncarcinogenic effects that would impair their
daily activities. Based on a worker population of between 336 and 1,000 (see Exhibit 2-8), we
estimate that between 34 and 101 workers would be thus affected if VC emissions were uncontrolied.
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Exhibit 2-10
INCIDENCE RATE OF OCCUPATIONAL NONCARCINOGENIC EFFECTS .

Literature Review of Acroostaolysis’ : 0.9% ’
12,724 FVC Workes Raynaud'’s Syndrome Symptoms® 08%

Skin Lesions 0.3% l

. . Liver Disturbances® . © L 06%

Clinical Observations of . Raynaud's Syndrome Symptoms 16%
50 Highly Exposed PVC Workers - ' :

Liver Disturbances’ - 76%
Liver Function Screening Liver Function Abnormalities’ 48%
Programs for 1,183 FVC Workers
Source: Kuzmack 1975
Notes: ,
1. Gradual erosion of bone at fingertips
2 Cold hands and feet
3. Changes in liver function suggestive of ecllular liver damage
4. Abnormalities considered serious enough by plant physicians to justify moving workers to

VALUING HUMAN HEALTH EFFECTS: ANNUAL VALUES ‘

__In this section, we describe the process of valuing the health effects analyzed above. As
indicated in Exhibit 2-11, we estimate the mean annual benefits associated with avoided morbidity
and mortality to be $53.0 million. Below we discuss our approach and calculations.

[ Mean Annual Benefits
Category (19953, millions)
Mortality
General Population - $39.1
Ocrupational $121
Morbidity
General Population Unknown
Occupational S18
lLEcologial Small
LLM >3$53.0
A S 2 it o SRR T, _ Gtk e T
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carcipogenic Effects: Mortali

For purposes of this analysis, we assume that all cancers attributable to VC exposure would
be fatal. This assumption is based op the particularly lethal nature of angiosarcoma of the liver, the
type of cancer most often contracted from VC exposures.” To value these cffects, we utilize recent
research into the statistical "value of life" conducted by IEc for the U.S. EPA’s Office of Air and

"Radiation. As part of this effort, IEc evaluated three types of value of life estimates: wage-risk
studies, which estimate the additional compensation individuals demand in the labor market for
taking riskier jobs; contingent valuation studies, in which individuals are asked to statc their
willingness-to-pay to avoid additional increments of statistical mortality risk; and consumer behavior
studies, which examine situations other than the labor market that involve risk-doliar tradeoffs.
Based on this research and analysis, we have developed a logniormal distribution of the value of a
statistical life, using a mean value of $6.5 million and a standard deviation of $4.4 million ($1995).
Appendix 2C presents a list of the studies used to develop this estimate, which draws largely from
a survey article authored by one of the field’s leading researchers (Viscusi 1992).*

In Exhibit 2-12, we summarize the benefits associated with avoided cancer cases from VC
exposure in the general population surrounding VC and PVC plants. As shown in this exhibit, the
majority of the benefits come from reducing VC exposures 1o the general population living close to
PVC plants. This is not surprising, considering that, under uncontrolled conditions, ambient
concentrations of VC around these plants are estimated to be more than twice those around VC
plants. Note that the values presented in this table are the tenth percentile, mean, and 90th
percentile values from a 1,000 iteration Monte Carlo analysis. We generated the distribution using
the lognormal distribution described above 10 characterize the statistical value of life, coupled with
a uniform distribution to represent the estimated number of annual cancer cases, which range from
1.1 10 11.2 per year."

” We note that other researchers have valued carcinogenic health effects using a weighted
average of estimates of the "value of life" (for mortality) and "cost of illness" (for non-fatal cases)
(CCME 1995). While this approach may be appropriate for forms of cancer that are potentially
treatable, we believe that using a weighted average that includes "cost of illness” estimates in our
analysis would result in an underestimate of the benefits of avoiding a generally fatal form of cancer.

™ The studies cited in Appendix 2C include analyses of compensating wage differentials for fatal
injury risk in several countries, including Canada; the values are reported in the source document
in American dollars, and have been converted to Canadian dollars using the method outlined in
Chapter 1. We note, however, that the list of studies does not include four wage-risk studies for
Canadian labor markets (Vodden et al. 1994, Martinello and Meng 1992, Meng and Smith 1990, and
Meng 1989). We have not reviewed these four studies in detail, but have reviewed a summary of
the studies contained in a report prepared for the Canadian Council of Ministers of the
Environment (CCME 1995). The value of statistical life estimates reported for these four studies
are comparable to those presented in Appendix 2C, with means ranging from $4.7 million to $7.6
million. The mean of the distribution of values upon which we rely ($6.5 million) would be
unchanged if these studies were added to those cited in the appendix.

¥ A uniform distribution in this context means that there is an equal chance that any value
between 1.1 and 11.2 is the true nutaber of cases.

2-19

SL 110246



Exhibit 2.12

ANNUAL BENEFITS ASSOCATED WITH AVOIDED DEATHS
FROM CANCER IN THE GENERAL POPULATION

(31995, smillions)
l Low Estimate High Estimate
Type of Pant | (10th Percentile) Mean (90th Percentilc)
| vC - 515 $6.0 SR -
| PVC ) 5331 - $68.0
Totals 5103 5391 $80.0

In Exhibit 2-13, we summarize the benefits associated with avoided cancer cases from
occupational exposures to VC. We used the lognormal distribution to represent the statistical value
of life, as described above, and a umiform distribution to represent the likely number of annual
cancer cases, which we estimate to range from one to three per year. As shown in this exhibit, the
majority of the benefits estimated come from avoided cancer cases among the PVC worker
population, which is substantially larger than the population of workers in VC plants.

Exhibit 2-13

ANNUAL BENEFITS ASSOCIATED WITH AVOIDED DEATHS
FROM CANCER IN THE OCCUPATIONAL POPULATION

($1995, millious)
Low Estimate High Estimate
Typeof Plant | (10th Percentiic) Mean (90th Percentile)
ve 508 s2.1 539
PVC 534 $10.0 sie0 |
Totals $42 $12.1

2-20

= |

To provide a sense of the uncertainty associated with the values presented in this table,
Exhibit 2-14 presents a distribution of potential benefits associated with occupational exposures from
PVC plants. As shown in this graphic, total benefits estimates could potentially range from $1.4
million to $41.4 million, based on this particular Monte Carlo run of 1,000 iterations.
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Exhibit 2-14

DISTRIBUTION OF ANNUAL BENEFITS FROM
AVODIDED PVC WORKER CANCER CASES

14.7 214 28.0 J4.7 41.4

Values in millions of dollars

8.0

1.4

0.19

0.15

0.07

s

Ca O 22 €2 ) b

0.04

0.00

SL 110248



inogenic Effects: Morbidi

As discussed above, there are 3 number of noncarcinogenic effects that may result from
acute and/or chronic exposures to high concentrations of VC. The benefits associated with reducing
- morbidity can include the following.

° Avoidance of direct medical costs, including the expenditures to combat a
particular illness, such as doctor's fees, hospitalization costs, and
" pharmaceutical purchases.

[ " Indirect costs, including lost wages and‘leisure time due to iliness. .

L Pain and suﬁcnng. which encompasses th'e' physical and péychological
discomfort associated with morbidity effects (Unsworth 1993).

Several estimation techniques have been developed to assign economic benefit estimates to
reductions in air poliution related morbidity effects, although these techniques generally address
only a portion of total morbidity benefits.

Much of the morbidity literature associated with air pollutants focuses on respiratory effects
(c-g., asthma and bronchitis symptoms caused by air pollutants). While VC is known to cause some
respiratory problems (e.g., chronic bronchitis), more commonly cited noncarcinogenic effects are
the type cited in the previous section, such as Raynaud’s Syndrome and acroostaolysis. As a result,
we value morbidity effects using information collected in the CCME (1995) study on restricted
activity days (RADs). RADs are a measure of illness defined as a day on which iliness prevents an
individual from engaging in some or all of his or her usual activities, including days spent in bed and
days with minor activity restrictions due to illness. As part of valuing morbidity in the CCME study,
the authors analyzed a number of studies estimating RADs. Based on this review, they provide a
central estimate of $70 (19943) per RAD, with a low estimate of $35 per RAD and a high estimate
of 3105 per RAD. For purposes of our analysis, we have adjusted these figures to annual values by
multiplying by 365 days, and have adjusted the figures to 1995 dollars.® As a result, we value
morbidity effects assuming the annual benefits of avoiding restrictions on activity range from $13,000
to $39,800 per year, with a mean value of $26,100.

In Exhibit 2:15, we summarize the benefits of avoided morbidity from occupational
exposures. To develop these estimates we use a discrete probability distribution to represent the .
estimated annual RAD values, and a uniform distribution for the number of cases, which are
estimated 1o range from 34 to 101 per year. As shown in this exhibit, we estimate total benefits to
range from $0.7 million to $3.3 million per year, with a ‘mean value of $1.8 million, based on a
Monte Carlo run of 1,000 iterations.

® Troplicit in this approach 1o developing an annual benefits estimate is the assumption that the
activity of affected VC and PVC workers is restricted 365 days a year. Many of the health effects
f interest (e.g., acroostaolysis) could have such persistent effects; however, to the extent these
health effects would not impair activity year-round, the methodology lends an upward bias to the

benefits estimate.
\
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4

VALUING HUMAN HEALTH EFFECTS: TOTAL VALUES

Exhibit 2-15

ANNUAL BENEFITS ASSOCIATED WITH AVOIDED
MORBIDITY IN VC AND PVC WORKERS

(in milbons)
LowEstimate | High Estomate H
(10th Percentile) Mean (90th Percentile)
$07 318 533

-

-

The results of the previous section indicate that the annual benefits of controliing VC are
considerable. In addition, these benefits presumably would continue to accrue for a number of
years, since, in the absence of controls, health effects would continue unabated. In Exhibit 2-16, we
summarize our estimates of annual benefits and the presem value of total benefits attributable to
an environment free of VC. As jllustrated in this exhibit, we estimate that annual benefits (f r
quantifiable benefits categories) range from $152 million to $106.2 million, with a2 mean annual
benefits estimate of $53.0 million. Further, the present value of benefits ranges from $02 billion
to $2.4 billion over a 30 year period, depending upon the annual benefits estimate (low, mean, or

high) and discount rate employed.”

* See the discussion on discountiug in Chapier 1.
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Exhibit 2-16

SUMMARY OF ANNUAL AND TOTAL BENEFITS: VINYL CIILORIDE

2-24

($199S, millions)
Annual Bencfits Present Value of Total Bencfits — 30 years
Catcgory Low Mcan High low @ 6% | Mcan @ 4% | High @ 2%
Mortality _
General $10.) $39.1 $80.0 $1418 $676.1 . $1,791.7
Popuiation ’
Occupalional $4.2 $12.1 $229 $57.8 $209.2 $5129
Mortbidity
Gencral Unknown } Unknown { Unknown Unknown Unknown ljnknown
Population
Occupalional $0.7 $1.8 $33 $9.6 $iLt $739
Ecological Small Smafl Small Small Small Small
7 Total 12> $152 > $530 > $106.2 > $209.2 > $916.4 > $23785
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Appendix 2A

GENERAL POPULATION EXPOSED TO
VC EMISSIONS FROM POINT SOURCES

Qverview

Applying ambient air concentration estimates developed in the 1975 EPA study requires that
we estimate the number of individuals living proximate to VC and PVC facilities. Specifically, we
need to estimate the fumber of individuals lmng within four bands located axound each facility.

The bands have the following distances: '
] Band 1: 0 to 0.5 miles.
° Band 2: 0.5 to 1 miles.
. Band 3: 1 to 3 miles.
. Band 4: 3 1o 5 miles.
The purpose of this appendix is 1o describe the methodology we employ to estimate the size of the
affected population within each band. We use 1991 Canadian census data on the total populati n
and size of the four Canadian cities in which VC and PVC plants are located.
Method
We develop the estimates of the total affected populauons (presented in Exhibit 2-5 of the
body of the chapter) by summing affected populations across each of the four cities with VC or PVC
manufacturing facilities. We employ the following method to estimate the affected population
within each city.
. Step 1. Based on the area of each city, determine if the city has a radius of
less than 5 miles (assuming the city is "round”). If so, determine the number
of bands covered by the city (see Exhibit 2A-1 for an illustration for Sarnia, -
Ontario).
] Step 2 Calculate the area of each band within the border of each city.
. Step 3. Assuming a uniform distribution of population within each city, apply

population density information for each city to estimate the number of
individuals within each band.
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Exhibit 2A-1

EXAMPLE OF GENERAL POPULATION
SURROUNDING A VC OR PVC

PLANT IN SARNIA, ONTARIO

T e T\ Location of

e | T VCor PVC
- e ; ] Facility
peple "».,.
."- w: \

1 . y

/ \

f a \

5 QJ 0 pecple \
miles n.llu | ;
\ ;

\ | /

The radius of Sarnia,
Ontario is 4.5 miles,
This dotted line
represents the
outer boundary of

the town.
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Implicit in this approach are the { llowing assumptions: (1) the VC or PVC plant is located in the
center of each city, and (2) the population of the areas immediately outside f each city is zero0.~

Regults

Exhibit 2A-2 summarizes our results by city and population band.

ESTIMATED POPULATION BY CITY AND BAND

. Band
Gy 1 2 3 4 Total
Sarnia, Ontario 884 2,653 28,301 42,540 74378
Niagara Falls, Ontario 246 739 7,885 65,050 73,920
Shawinigan, Quebec 1,186 3559 15,186 0 19932
F1. Saskatchewan, Alberta 559 1678 9.842 0 12,079

* = While this second assumption is an over-simplification, it does not have a large impact on our

results,
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Appendix 7B

ESTIMATING GENERAL POPULATION CANCER CASES:
DETAILED EXAMPLE

performed

to estimate the total annual cancer cases in the general population living near VC and PVC plants

in the absence of controls on VC emissions. The following example estirnates the annual number

of cases for the 1,444 individuals estimated to live in Band 1 around VC plants.

Example

Step 1: Calculate the Ambient Air Concentration of Vinyl Chloride. From
the US. EPA study, we apply an ambient air concentration of 113 ppb to
Band 1 (0 t0 0.5 miles from a VC facility). We converted this concentration

from ppb to mg/m*
- (113 ppb).* (1 pp ppb) = 0.113 ppm
- (0.113 ppm) '—mﬁkl’lﬂﬂ = 0294 mp/m’

Step 2: Calculate the Dose. To estimate the dose to which each resident is
potentially exposed, we multiplied the ambient air concentration of VC by
the inhalation rate and the inverse of the average weight of an adult:

- (0294 mg/m®) * (20 m¥day) * (1/70 kg) = 0.084 mg/kg-day

Step 3: Calculate the Cancer Risk  To estimate the individual lifetime risk

of cancer, we muitiplied the dose by the cancer slope factor for VC:
- (0.084 mg/kg-day) * (0.3 mg/kg-day)* = 2.5 x 10°

Step 4: Calculate the Annual Cancer Cases, To estimate the annual number
of cancer cases in a given population, we multiplied the cancer risk by the
population and divided by the average adult lifespan:

- (25 x 107) * (1,444 people) / (70 years) = 0.52 people/year
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Appendls 2C
ESTIMATES USED TO GENERATE PROPOSED DISTRIDUTION OF YALULR OI; Lirt
Value of Life -
Best Lstimale
: Author and Year ($1995, millfons) Full Reference

Knelsner and Leclh (1991) (US) ns T.1. Knelsner and L.D. Leeth. 1991, "Compensating Wage Dilferemtials for Fatal Injury Risk In Austrslls, Japan,
and ibe Unlicd States,” Journal of Risk and Uncersainty 4(1):75-90.

Smith and Gilhert (1984) in V.K. Smith and C. Gilbert. 1984, "The Tmplicil Rsks (o Life: A Computltin Anllysh Economics Letrers, 16:
3399,

Diflingham (1983) 12 A. Dillingham. 1985. "The Influence of Risk Varluble Definltion on Value "uf Life Estimates,” Economic Inguiry
24: 27171294,

Dutler (1983) 13 R.J. Dutler. 198). “Wage snd Injury Ralc Responses 1o Shifting Levels of Workers' Compensation,” In John D.
Worrall, ed, Ssfeey and the tink Forre, lthacs: Cornell Univershy, 1LR Presns.

Miller and Guria (1991) 16 T. Miller and 1. Gurla. 1991, "The Value of Sististical Lile in New Zestand,” ltepml to the New Zelhml Mlnlslry
of Transpori, Land Transporl Division,

Muoore and Viscusi (1988a) 34 M), Moore and W.K. Viscusl. 1989, "Doubling the Estimated Valwe of Life: Results Using New Occupatbonal
Fatality Data,” Jowrnsl of Policy Analysis and Manegement 71(1): 476-490.

Viscust, Magai, and Huber (1991b) 37 WK, Viscusl, W.A, Magnt, and J. Huber. 1991, "Pricing Environmentsl Heshh Risks: Survey Assersments of Risk-

. Risk and Risk-Doliar Teadeolls,” Josrnal of Environmentsl Economics and Menegement 101:32.57,

Gegax cl al. {1985} * 45 No full reference available i

Marir and Psacharapoulos (1982) i A. Motin and O. Psachsropoulos, 1982, “The Reward for Risk in the Labor Market: Evidence from the Unlted
Kingdom and 8 Reconclliation with Other Studies,” forrnal of Political Economy 90(4): 827-853,

Kneisner and Leeth {1991} (Australia) 43 T.J. Knelsner and 1.D. Leeth. 1991. "Compensating Wage Difletemlah. for Fll.ll Injury Risk In Austratia, Japan,
snd the United Stales,” Journsl of Risk end Uncersainty £(1):75-90,

Gerking, de {[aan, snd Schulze (1988) 46 S. Gerking, M. de Hean, and W, Schulze. 1983, “The Marginst Valve of Job Siltlr A Contingent Valustion
Study,” Jounal of Risk and Unceriainty 1(2); 185-200.

Cousineau, Lacroix, and Girard (1988) 49 5. Cousinean, R. Lacrotx, and A. Girard. 1988, “Occupdtional Hazard snd Wage Compelmﬂn; Ditferenlals,”
University of Montreat Working Paper.

Jones-Lee (1989) 32 M.W. Jones-Lee. 1989. The Economics of Safety end Physical Risk, Oxford: Baslt Blackwell.

Dillingham {1985) 5 A. Dillingham. 1985. "The Influence of Risk Variable Definition on Value of Ll!‘c Estimates,” Economic Inquiry
24: 271294
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Appendiz 2C (continued)

ESTIMATES USED TO GENERATE PROPOSED DISTRIBUTION OF VALUE OF LIFR

Auvihor and Year

Value of Life -
Best Bstimate
(31995, miltlons)

Full Reforence

Viscusl (78, 79)

W.K. Viscusl. 1978. "Labor Market Valuations of Life snd Limb: Empirleal Estimates and Policy Implications,”
Public Policy 26(3): 359-386.
1978. "Wealth Effects and Enrnings I'remimm for Jub Hazards,” Review of Ecomomics end Statixtics 6I§3);

1979. Employment Hotands: An Investigntion of Market Pesformence, Cambridge: Marvard University Press,
------- - 1979. “Job Hazards snd Worker Quit Rales: An Analysis of Adap!lve Worker Behavior,” Intermatfonal
Economic Review 20{1): 29-58.
teer 1979, “The Impact of Occupations! Safety nnd Health I'!eguh!lm.' M!aml of Economics 10(t): $17-

R.S. Sn.ith (1976)

6.3

R.S. Smhh. 1976. The Occupational Safety and Health Act: Its Goals and Adllrmnﬂm. Weshingion: American
Enterprise Insthute.

V.K. Smith (1976) *

No full reference available

Oflson (1981)

n

C.A. Ofson. 1981, "An Analysis.of Wage Differentlal Recelved by Workers an Dangerous Jobs," Wl of tHhimen
Resources 16: 167-188,

Viscusl (1981)

89

W.K. Viscusl. 1981, “Occupstionsl Safety and Health Regutation: Tis Impect and Policy Alernatives,” J. Crecine,
ed., Research in Public Pulicy Analysis end Management, vol. 2, Greenwich, Conn.: JAI Press, pp. 201-299.

R.S. Smith (1974)

9.8

R.S. Smih, 1974, “The Feashbility of an "Injury Tax" Approach 1o Ocrupllloml Safety,” Law and Contemporery
Problems 38(4): 130-T44,

Moore and Viscusl (19881)

29

M.J. Moore and W.K. Viscusl. 1988. "Dovhling the Estimsted Valve of Life: RmﬁsU:lnNechcnpnlluml
Fatalily Data,” Jorenel of Policy Analyris and Manegement T(3): 476-490. .

Kncisner and Leeth (1991) (Japan)

TJ. Knchner and 1.D. Leeth, 1991, "Compensating Wage Differentlals for Fatal Infury Risk in Awn!ln Sapan,
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4. PRODUCTION, IMPORT, USE, AND DISPOSAL

4.1 PRODUCTION

Production of vinyl chloride monomer in the United States was approximately 13.75 billion pounds in
1993 (C&EN 1994; USITC 1994), an increase of nearly 22%. This exceeds the latest available U.S.
estimated total production capacity figures (beginning of 1993) of 12.79 billion pounds at the
beginning of 1993 (Skl 1993) and represents a substantial recent increase in production and capacity.
even if vinyl chloride production is at full capacity. Previously, vinyl chloride production had grown
only 1-5% per year over the last 5 years (C&EN 1994). Over the last 10 years, vinyl chloride
production has grown at an average rate of about 7%, not including the large increase in 1993,

although production volumes were fairly volatile (C&EN 1994).

Viny! chloride is currently produced in the United States by 10 companies at 12 facilities, which are as
follows (SRI 1994): Westlake Monomers Corporation in Calvert City, Kentucky; Borden Chemicals
and Plastics in Geismar, Louisiana; Dow Chemical in Oyster Creek, Texas, and in Plaquemine,
Louisiana; Georgia Guif Corporation in Plaquemine, Louisiana; PPG Industries in Lake Charles,
Louisiana; Vista Chemical Company in Lake Charles, Louisiana; B.F. Goodrich Company in LaPonte,
Texas: Formosa Plastics Corporation in Baton Rouge, Louisiana, and in Point Comfort, Texas;
Occidental Chemical Corporation in Deer Park, Texas; and Oxymar in Ingleside, Texas. Table 4-1
summarizes the facilities in the United States that manufacture or process vinyl chloride. This
information was obtained from the 1992 Toxic Chemical Release Inventory (TRI92), and it
summarizes the reported release data for 1992 (TRI92 1994). Table 4-1 also lists the maximum

amounts of vinyl chloride that are present at these sites and the end uses of the vinyl chloride.

Vinyl chioride was first produced commercially in the 1930s by reacting hydrogen chloride with
acetylene. Currently, vinyl chloride is produced commercially by the chlorination of ethylene through
one of two processes, direct chlorination or oxychlorination. Direct chlorination reacts ethylene with
chiorine to produce 1,2-dichloroethane. Similarly, oxychlorination produces 1,2-dichloroethane, but
this is accomplished by reacting ethylene with dry hydrogen chloride and oxygen. After both

processes. the 1.2-dichloroethane is subjected to high pressures (2.5-3.0 megapascals) and temperatures
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Table 4-1. Facilities That Manufacture or Process Vinyl Chloride

Range of
maximum amounts
Facility Location® on site in pounds Activities and uses
KEYSOR-CENTURY CORP. SAUGUS, CA 1,000,000-9,999,999 As a reactant
, UNION CARBIDE CORP. TORRANCE, CA 10,000-99,999 As a reactant
FORMOSA PLASTICS CORP. DELAWARE CITY, DE 1,000,000-9,999,999 As a reactant.
GEORGIA GULF CORP. DELAWARE CITY, DE 1,000,000-9,999,999 As a reactant
WESTLAKE PVC CORP. PACE, FL 1,000,000-9,999,999 As a reactant »
UNION CARBIDE CHEMICALS TUCKER, GA 100,000-999,999 As a reactant é
H BF GOODRICH CO. HENRY, IL 1,000,000-9, 999,999 As a reactant; As a product
o component 2
; BORDEN CHEMICALS & PLASTICS ILLIOPOLIS, 1IL No Data As a reactant g
| BF GOODRICH CO. LOUISVILLE, KY 1,000, 000-9,999,999 As a reactant )
] AIR PRODS. & CHEMICALS INC. CALVERT CITY, KY 10,000-99,999 AS a reactant L
g WESTLAKE PVC CORP. CALVERT CITY, KY 1,000,000-9,999, 999 As a reactant g
b WESTLAKE MONOMERS CORP. CALVERT CITY, KY 1,000,000-9,999,999 Produce; For sale/distribution
g VULCAN MATERIALS CO. GEISMAR, LA 100,000-999,999 Produce; For
a on-giteuse/processing; As a P
by-product; As a reactant ﬁ
g BORDEN CHEMICALS & PLASTICS GEISMAR, LA No Data Produce; For on-site p
= use/processing; For sale/ 2
. distribution; As a reactant hd
7 PPG IND. INC. " LAKE CHARLES, LA No Data Produce; For E
sale/distribution; As a P
by-product; As an impurity; As a g
’ reactant
CERTAINTEED CORP. SULPHUR, LA 1,000,000-9,999,999 As a reactant
VISTA CHEMICAL CO. WESTLAKE, LA No Data Produce; For sale/distribution
FORMOSA PLASTICS CORP. BATON ROUGE, LA 1,000,000-9,999,999 Produce; For on-site

use/processing; For
sale/distribution; As a
by-product; As a reactant

RHONE POULENC BASIC CHEMICALS BATON ROUGE, LA 10,000-99,999 ° Ancillary uses

DOW CHEMICAL CO. PLAQUEMINE, LA No Data Produce; For sale/distribution; as
a reactant; As a manufacturing
aid; Ancillary uses
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Table 4-1. Facilities That Manufacture or Process Vinyl Chleride (continued)

Facility

Location®

Range of
maximum amounts
on site in pounds

Activities and uses

BF GOODRICH CO.

PLAQUEMINE, LA

100,000-999,999

As a reactant

GEORGIA GULF CORP. PLAQUEMINE, LA No Data Produce; For on-site
use/processing; For
sale/distribution; As a reactant

UNION CARBIDE CORP. HAHNVILLE, LA No Data As a by-product

MARINE SHALE PROCESSORS INC. AMELIA, LA 1,000-9,999 As a reactant

OCCIDENTAL CHEMICAL CORP. ADDIS, LA 100,000-999,999 As a reactant

DOW CHEMICAL USA MIDLAND, MI 100,000-999,999 AB a reactant; Ancillary uses

MILES INC. KANSAS CITY, MO 100, 000-999,999 A8 a reactant

VISTA CHEMICAL CO. ABERDEEN, MS No Data A8 a reactant

OCCIDENTAL CHEMICAL CORP. BURLINGTON, NJ 1,000,000-9,999,999 AS a reactant

BF GOODRICH CO. PEDRICKTOWN, NJ 1,000,000-9,999,999 As a reactant

GOODYEAR TIRE & RUBBER CO. NIAGARA FALLS, NY 100, 000-999,999 AS a reactant

VYGEN CORP. ASHTABULA, OH 100,000-999,999 AS a. reactant

BF GOCDRICH AVON LAKE AVON LAKE, OH 1,000,000-9,999,999 AS a reactant

VISTA CHEMICAL CO. OKLAHOMA CITY, OK 1,000,000-9,999,999 As a reactant

OCCIDENTAL CHEMICAL COCRP. POTTSTOWN, PA 1.000,000-9,999,999 As a reactant

GREENWOOD PLATING -GREENWOOD, SC 1,000,000-9,999,999 As a product component

DOW CHEMICAL CO. FREEPORT, TX No Data Produce; As a by-product; As an
impurity; As a reactant; As a
chemical processing aid

SHINTECH INC. FREEPORT, TX No Data Import; For on-site

) use/processing; As a reactant

FORMOSA PLASTICS CORP. POINT COMFORT, TX No Data Produce; For on-site

UNION CARBIDE CHEMICALS &
UNION CARBIDE CHEMICALS
OCCIDENTAL CHEMICAL CORP.

RHONE-POULENC BASIC CHEMICALS

GARLAND, TX
TEXAS CITY, TX
LA PORTE, TX
HOUSTON, TX

100,000-999,999
1,000,000-9,999,999
1,000,000-9,999,999

10,000-99,999

use/processing; As a by-product;

As a reactant
AS a reactant
AS a reactant
Ancillary uses
Ancillary uses
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Table 4-1. Facilities That Manufacture or Process Vinyl Chloride {(continued)

Facility

OCCIDENTAL CHEMICAL CORP.
BF GOODRICH CO.
OCCIDENTAL CHEMICAL CORP.
GEON CO. _
OCCIDENTAL CHEMICAL CORP.
BONDCOTE CORP.

Location®

Range of

maximum amounts
on site in pounds

Activities and uses

PASADENA, TX
DEER PARK, TX
DEER PARK, TX
LA PORTE, TX
GREGORY, TX
PULASKI, VA

No Data

1,000,000-9,999,999

Source: TRI92 1994

* Post office state abbreviation used

S

No Data
No Data
No Data
100,000-999,999

As a reactant

As a reactant

Produce; For sale/distribution
Preduce; For sale/distribution
Produce; For sale/distribution
As a formulation component
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4. PRODUCTION, IMPORT, USE. AND DISPOSAL

(550-550°C). This causes the 1,2-dichloroethane to undergo pyrolysis, or thermal cracking. which
forms the vinyl chloride monomer and hydrogen chloride. The vinyl chlonde monomer 1s then
isolated (Cowfer and Magistro 1985). The technical grade product is available in 99.9% purity (HSDB

1994). Effonts are being made to minimize by-product formation in 1,2-dichloroethane pyrolysis

(Cowfer and Magistro 1985).

4.2 IMPORT/EXPORT

Imports of vinyl chloride totaled 119 million pounds in 1992 and 164 million pounds in 1991 (CPS
1993). Imports have been steadily declining from a high of 302 million pounds in 1989, prior to
which they had been increasing (CPS 1993). Exports of vinyl chloride were 1.63 billion pounds in
1992, down from the all time high of 1.78 billion pounds in 1991. Over the past 20 years, exports of
vinyl chloride have fluctuated fairly widely, but have been generally increasing an average of about

17% per year since 1975.
4.3 USE

Vinyl chloride is an important industrial chemical because of its wide variety of end-use products and
the low cost of producing polymers from it. Furthermore, polyvinyl chioride (PVC) is one of the most
efficient construction materials available when analyzed on an energy-equivalent basis (Cowfer and
Magistro 1985). Major end-use products include PVC produ‘cts. such as automotive parts and
accessories, furniture, packaging materials. pipes, wall coverings, and wire coatings. as well as viny|
chloride-viny] acetate copolymer products, such as films and resins (Cowfer and Magistro 1985;
Eveleth et al. 1990). End-use data for 1992 indicate that 98% of vinyl chloride monomer production
is for making polyviny) chloride and various polyvinyl chloride copolymers; the other 2% is for

miscellaneous uses (CPS 1993).

Vinyl chloride has been used in the past as a refrigerant, as an extraction solvent for heat-sensitive
materials, and in the production of chloroacetaldehyde and methyl chloroform (IARC 1979). In the
United States, limited quantities of viny! chloride were used as an aerosol propellant and as an

ingredient of drug ‘and cosmetic products; however, these practices were banned by the EPA in 1974
(IARC 1979; HSDB 1994).
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4. PRODUCTION, IMPORT, USE, AND DISPOSAL

4.4 DISPOSAL

Since vinyl chloride has been identified by EPA as a hazardous material. its disposal is regulated
under the Federal Resource Conservation and Recovery Act (RCRA) (EPA 1993d). The transportation
of hazardous materials for disposal is regulated by the Department of Transportation in compliance
with this act (DOT 1993). The recommended method of disposal is total destruction by incineration.
The temperature of the incinerator must be sufficient to ensure the complete combustion of the vinyl
chloride in order to prevent the formation of phosgene. The recommended témperature range for
incineration is 450-1,600°C, with residence times of seconds for gases and liquids, and hours for
solids (HSDB 1994). If in solution, the vinyl chloride product may need to be adsorbed onto a
combustible material prior to incineration. Recommended materials include vermiculite. sawdust, or a
sand-soda ash mixture (90/10) covered with wood and paper (OHM/TADS 1985). The vinyl chloride
can also be dissolved in a flammable solvent prior to incineration. An acid scrubber should be used in
conjunction with the incinerator in order to remove any hydrogen chloride that is produced by the
combustion process (HSDB 1994; OHM/TADS 1985). Alternatively, chemical destruction may be
used, especially with small quantities. One-to-two days is generally sufficient for complete destruction
(HSDB 1994).

Aqueous by-product solutions from the production of vinyl chloride are usually steam-stripped to
remove volatile organic compounds, neutralized, and then treated in an activated. sludge system to

remove nonvolatile organic compounds rémaining in the waste water (Cowfer and Magistro 1983).
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