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PREFACE

This Eeport waé'prepared by a Task Force convened un&er the direction
of Dr. John F. Finklea, Director, National Environmental Research Center
(NERC) in June, 1974. 1In a preliminary assessment of the environmental
brob]ems associated with - viny] chloride and polyvinyl chloride, an EPA
Task Force under the directiﬁghg;nthe Office of Toxic Substances deter-
mined that ewissions of vinyl chloride monomer was primarily an air
pollution problem. Accordingly, the Office of Air and Solid Waste was
given the responsibility for an in-depth evaluation of the problem. This
report was proposed as a part of this evaluation. The objective was to
review and evaluate the current knowledge of vinyl chloride and polyvinyl
chloride emissions into the environment as related to possible deleterous
effects upon human health and welfare.

The units of parts per million (ppm), in lieu of metric units, have
been used in this report to be consistent with other agencies currently
involved in the national &ssessment of the vinyl chloride problem.

The following members served~directly on or contributed to the fIERC
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1. SUMMARY AND CONCLUSIONS

1.1 SUMMARY

This report representshgﬁrfview and evaluation of the available current
scientific data relative to the-health and welfare implications of environ;
mental pollution resulting from the production and use of vinyl chloride
and polyvinyl chioride. New information about this compound has become
available and important new data may be forthcoming in the near

future.

Vinyl chloride monomer (VCM) was first synthesized in 1837. The
vinyl chioride monomer is a synthetic chemical derived from petrochemical
feedstock and chlorine. Its principal use is in the production of a wide
variety of useful plastic materials such as floor tile, phonegraph records,
pipes and electrical insulation, although it has also been used in other
ways, for example, as an aerosol propellant. The pro-
duction of vinyl chloride began in the United States in the 1930's, the first

important use was in the manufacture of synthetic rubber. Production X'/WG

levels increased rapidly after World War II--the beginning of the industrial
-chemical era which has produced over 20,000 new chemical products. Yyinyl
chloride production in the U.S. was less than 45 million kilograms (kg) in
1943 but exceeded 2.9 billion kg in 1973. The annual growth rate in $his
industry 1s expected to exceed 10 percent per year thrunh the 1989's.
In the United States vinyl chloride monomer {s produced at 15 plants and
polyvinyl chloride (PVC) 1s produced at 37 plants. -
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Approximately 1500 workers are engaged in the production of vinyl
ch1or1de. and approximately 5000 are engaged in the production of poly-
vingi éhloride. The demand for~prgggfts and components hanufactured from
polyvinyl chloride is extensive due t;xits widespread use,
thus the impact of control actions will be felt beyond the

VCM/PVC industry. Thousands of companies, large and small, and hundreds
of thousands of workers are engaged in the manufacture of and/or use of
plastic products made from PVC.

Only a very 1imited amount of VCM emission data from industrial
sources {s available. VCM loss estimates of approximately 6 percent nhave been
reported, based primarily on materiel balance studies. Losses to the
outdoor atmospheres from industria) sources may occur at a large number
of boints in the manufacturing processes and will vary depending upon the
manufacturing facility; '

Currently, emissions of vinyl chloride from VCM and PVC plants are
estimated to exceed 90 million kg annuaily. It is estimated that 90 percent
of all vinyl chloride atmosnﬁer{c emissions are believed to emanate from
nnlyvinvl chloride plants. Monomer plants emit less than 10 percent of the total.
Emissions of VCM from fabricating plants and from fabricated products may also
occur.-but at present there are no data to quantify what those emissions may
be. The concentration of residual monomer in PVC powder that is fabricated into

final products is an fmportant determinant of V™ amissians {n hoth these cases.

emissions contribute a significant fraction to total VCM emissions, parti-
cularly in PVC plants, and these emissions are an important limiting factor

in determining the degree of emissions control that can be achieved.

/-
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Technology may currently be available to reduce vinyl chloride emissions
from VCM plants by as much as 90 percent and from PVC nlants by as much as

75 percent. Control of emissions from PVC plants is a more difficult

‘problem which may require complex process changes. Means of controlling

emissions from PVC plants and .from fabrication processes are yet to be
determined.

Polyvinyl chloride plastics usually are not readily biodegradable.
Incineration (without scrubbing) of polyvinyl chloride plastics results in the
emission of hydrogen chloride gas, but not VCM. Experimental studies indicate
that vegetational injury symptoms for ethylene and vinyl chloride are
identical; however, no known information showing vegetational damage
around VCI4 manufacturing or processing plants exists.

Vinyl chloride is a chlorinated olefinic hydrocarbon monomer which
is a gas at ambient temperatures and atmospheric nressure. It is normally
shipped and stored as a liquid under pressure. It is flammable, explosive,
and only slightly soluble in water. VCM is about two times heavier than
air. Analysis of vinyl chloride usually reveals trace amounts of °'9§Qi£L\
impurities, such as acetylene, 1,3-butadiene, methyl chloride,(;}ﬁy1idiﬁf;; (7
and vinyl acetate. Polyvinyl chloride contains residual entrapped VCH

in the parts per million range. The entrapped concentration is dependent

o

"upon the production process and can range from 0.1 to several (5-8) e

thousand ppm, which can be liberated during fabrication, particularly
whén heated. The production of VCM/PVC involves the use of a wide variety
of chemicals other than VCi{ which also may contribute to adverse health

effects under occupational circumstances.

ucc
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There are few data on exposure levels of vinyl chloride in ambient
air. The work place peak exposures in the bast may at times have ex~
9eeded thousands of ppm; however, the average concentration would have
beenuless. Limited atmosnhéric*v#uy] chloride concentration measurements
have been made in the vicinity [0 to 8 kilometers (km)] of VCM/PVC pro-
duction sources. In over 90 percent of the cases the peak concentrations
have been below 1 ppm;however, one peak value (grab sample) of 33 ppm
has been observed. A few twenty-four-hour average vatues of 1 to 3 ppm,
at distances of 0.8 to 8 km from the source, have also been measured,
probably in the downwind plume, althoush over 90 percent of 24-hour
measurements were below 1 ppm.

Because of the sampling and analytical procedures used, the accuracy
of these measurements may be no better than + 100%.

Available atmospheric VCM data have been obtained using a variety
of sampling and analytical techniques with varying degrees of sensitivity

and accuracy. Consequently, the data are not directly comparable.

. Standard sampling and andlytical procedures have not been established

and practiced. Continuous monitoring methods suitable for field

use are not available, 'Measurement methodoloay is é"
adequate, but has not yet been applied to the problem of atmospheric

an& source sampling for VCM, The nature of VCM/PVC manufacturina
facilities,particularly the older plants, 1is such that

conventional source monitoring techniques may not be applicable — 52;23535*

due to the discontinuous nature of emissions. Using an atmosnheric
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dispersion model, estimates of VCM concentration in a downwind nlume ——— ¢
indicate that hourly integrated concentrations of 1 to 30 ppm might be

expected depending upon atmospheric wind and stability conditions.

. The measured values and the values predicted by the model are the sane ¢

‘-l-.,_,__‘__‘_

order of magnitude.

Only limited laboratory studies have been made reqarding photo-
chemical reactions of VCM. Vinyl chloride does undergo atmospheric
reactions in the presence of nitrogen oxides and solar radiation; althouqh
the reaction rate is slower than with other hydrocarbons known to be in e
the atmosphere. Reactions products of VCM photooxidation include CO,
formaldehyde, formic acid, formyl chloride and hydrogen chloride. In
addition, VC may indirectly contribute to the bujldup of ozone. The
extent to which VCM contributes to these other éomponents in shotochemical

smog is not known. The estimated half-life of VCM in the atmosphere is

~about 6 hours.

The principle route of human exposure to vinyl chloride is thought
to be through air inhalation, although exposure cﬁu]d occur from inaestion
of food and water, and from skin contact. There is no evidence to indicate
that vinyl chloride exists in normal drinking water, or in foods, except
possibly in special cases involving leaching of Vcn‘from wrapping and
storage materials. . Use of vinyl chloride as a nropellant in aerosol
products has also recen;ly been discontinued so that this source of
exposure, though significant in past years, jis nof. anticipated to represent
a problem in the future, ' . .

Acute animal toxicity to VCM was first reported in 1538. Toxic mani-
festations in experimental animals and man %ﬁc]udgd‘eye {rrffation,

increased motor activity leading to tremor gnd loss of muscul?r

5
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coordination, and finally narcosis, and cardiac irregularities. Exposure
concéntrations in these acute studies ranged up to 400,000 ppm for
periods extending from 30 minutes to daily exposure of several hours.
Short-term acute human experiments (intermittent 5 minute exposures

separated by 6 hours over-s“peniod of 3 days) with concentrations ‘
ranging up to 20,000 ppm produced acute toxic effects at levels above
8,000 ppm.

Chronic toxicity effects due to VCM in experimental animals include
cancer, damage to the liver, spleen, kidney, lungs, brain and nerve
bundles. Some of the pathological lesions observed in these
animal experiments were similar to those later observed in humans encaged in
the production and handling of vinyl chloride.

Qur present knowledge of undesirable health effects associated
with vinyl chloride exposure in man comes primarily from recent
occupational observations, complemented by additional animal data. Between 1949
and 1966 an increased incidence of excessive liver damane and acronsteolvsis,

a degenerative disease affecting bones and fingertips were reported among vinyl

chloride workers in Europe. Studies in Germany revealed evidence of Tiver
pathology in an abnormally high percentage of PVC production workers with
a history of employment ranging from 1.5 to 21 years, but exposure levels
responsible for this damage are not known. Since early occupational
health studies often reported acute toxic effects, similar
to those found in the human experiments previously mentioned (dizziness,
headéches. nausea, etc.), it can be assumed that peak exposure levels of
several thousand ppm were experienced at times.

Available air monitoring data in PVC plants during the period 1950-
1959 indicates that the highest time weighted average exposures in these
facilities were in the range 120-385 ppm. Studies in Europe

‘e L‘
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and the United States since 1966 tend to confirm the earlier findings in
Europe. These studies include observations of 1iver damage among workers (
not directly involved tn the actual production of PVC. The frequency and
severity of liver pathology among PVC workers has been related to the length
of exposure; i.e. being most common in workers with an exposure history
in excess of 10 years. In one study, the degree of damage did not appear

to decrease with increasing intervals of time between the last exposure

and taking of biopsies.

To date 15 cases of 1iver angiosarcoma have been reported among workers
with a history of exposure to vinyl chloride in the United States and 10
such cases have been reported from Europe. Most, but not all, of these
reported cases have been among workers involved directly in PVC production.
Cases of liver angiosarcoma have been reported in 1 U.S. and 3 European
workers exposed to VCH,  but not directly involved in PVC produation. AVQ
These cases suggest that exposure to vinyl chloride at lower levels than
usually encountered in PVC production plants may be capable of causing liver
angiosarcoma. Two community cases of liver angiosarcoma hive also been /4/5

reported in parsons whose residences were in the vicinity of industrial

' VCM emission sources, which raises the question as to whether or not

ambient air levels of VCM may, under certain circumstances, contribute
to this disease. Additiona) studies are, however, necessary

to confirm this possibility. Based upon the present reporting
methods, angiosarcoma is a rare form of liver cancer in the

for all practical purposes,’
general population, and/is invariably fatal. The latent period for liver
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angiosarcoma has been estimated at about 20 years, based upon medical

/\\ records on occupational exposure cases. The levels and durations of
\ exposure necessary to induce liver angiosarcoma in the occupational or the

yeneral population living in the vicinity of emissions sources are not
/k precisely known. T
Compared to the general population, the relative risk of liver
pooom dangiosarcoma among workers exposed in the past to high levels of vinyl
L*D chloride is estimated at approximately 3,000, Such a relative risk
\\ represents a striking statistically significant difference (p <<0.01)
in the frequency of liver angiosarcoma among.those exposed to high levels ?
of vinyl chloride compared to those in the general population not exposed

to VC, or exposed to much lower levels.

While the focus of attention has been on liver angiosarcoma, it should
be noted that a number of industrial studies indicate that the risk of
d\\“ developing other cancers besides liver anéiosarcoma, particularly lung and ?
\\\ brain cancer, is also related to exposure to vinyl chloride. The multiple
cancer risk associated with vinyl chloride also is supported by the available
animal studies.

Chronic toxic effects of VCM have been studied i a variety of animal
species. Angiosarcoma of the liver has been observed in rats, hamsters, gggdies'
wice exposed to vinyl chloride. Angiosarcoma was not observed in all animal /

qf) {n two of these, rats and mice, liver angiosarcoma has been produced by
xposures as low as 50 ppm. The frequency of liver angiosarcoma in experi-

mental animals appears to be dose-dependent above 50 ppm, but the shape of

the dose-response curve below 50 ppm is not known. Duration of exposure

has been shown to affect the tumor response in animals. Other damage,
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including tumors of the lung, spleen.and kidneys - has been observed

in animals exposed to vinyl chloride,

-'"‘--‘.___‘
—

VIM/PVC  workers are exposed fo a variety of chemicals which may be
carcinogens and/or liver toxins in addition to VCM. Such a complex exposure
pattern makes it difficult to draw final conclusions regarding the specific
role played by vinyl chloride in the development of liver cancer. However,
the results of animal experiments demonstrating liver angiosarcoma from
exposure to VCHM in 3 species, coupled with occupational data.

implies that vinyl chloride is
a causal factor in the development of liver angiosarcoma.

Although actual VCM exposure levels resdoﬁsib]e for liver angiosarcoma
and/or other cancers in man are not precise1y known, Iimitéd measurements
around VCM/PVC production facilities 1nd1caté thét contigﬁous populations
are being exposad to low levels of vinyl chloride, whicﬁ may
impose a health risk. | The
presence or importance of chemical co-factors besides vinyl chloride in the
etiology of liver angiosércoma is not well defined, though dther chemicals

thorotrast and -
besides VCIt; i.e.sarsenicals have been associated yith liver angiosarcoma

in man. Health 1mp11cations]§elat1ng to PVC dustlpart1c1és_containing
we y

residual VCH hgve not been/studied.
- Data 1in animals and man for the lower end, less than 50 "pr, of the
VCM dose response curve are not available. Attempts'to extrapolate animal

dose response curves to define a presumed ”no-efféét”'leQel are fraught

UceC
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with problems which impact upon the state-of-the art in cancer resedrch, and
the availability of resources required to conduct long time chronic stuties.

Stmilarly it is difficult to extrapolate data in experimental animals

‘directly to man who may be more or less sensitive than animals to given chen

s

structures. These broblems ref]ggt important gaps in our knowledge

concerning environmentally related cancers.

The mechanism for producing liver angiosarcoma by the inhalation of
VC has been postulated but has not been confirmed. It is also not
known whether the mechanism can be activated by intermittent peak
exposures or whether frequentsor essentially continuous.expoﬁure to

low concentrations is sufficient to cause cancers to develop;
1.2 CONCLUSIONS

Precise data that indicate the degree to which the general
population is exposed to vinyl chloride, and its consequent effects,
are not available. However, available data supports the following
tentative conclusions:

1. Vinyl chloride in the atmosphere in the vicinity of

emission sources is a potential beal

2. Occupational cases of angiosarcoma have been observed amona

PVC production workers‘predominantly with 1ong¥term exposure (greater

than 20 years) to VCM at unknown, but suspected high,concentrations.

cases of liver angiosarcoma h;ve been reported among workers ?
raising

However,

exposed to VCM but not directly involved in PVC production,

the question of effects at lower levels of exposure.

i i indicate
3. Observations among workers and in experimental animals ind

ide.
that there is a multiple cancer risk from exposure to vinyl chlori
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and liver angiosarcoma and other .1 r-.
4. The mechanism and dose-response relationships between vinyl chlaride/

at community exposure levels are not known.

-

§.. Persons 1iving in the immediate vicinity of VCM/PVC plants have
been exposed an unknown number of times to 24-hour average concentrations /?7
of VCM of at least 1 ppm with occasional peak exposures of 30 ppm, however, _~
over 90% of the observations have been less than 1 ppm.

6. Available monitoring data indicate that exposure to VCM around
VCM/PVC plants is a local problem confined to within about an 8 km radius.
Data in the vicinity of PVC product fabricating plants and other sources
are not available.

7. Interim methodology is available for monitoring VCM in the
atmosphere, but a standard monitoring system has not been developed.

8. Afr inhalation is the primary route of human exposure to VCM.

9. VCM is a primary pollutant, but is atmospherically active and
hence a precusor for other pollutants. Little is known about transforma-
tion, transport and removal processes. The half-life in sunlight is about
6 hours,

10. VCM in drinking water or food presently does not appear to be a
. problem.
11. There are no known natural sources of VCM.
* 12. The emissions data identifying specific point sources in PVC and
VCM plants is based on calculationsand estimates and is not sufficiently
accurate to serve as the basis for the formulation of a quantitative

emissions control strategy.

13. The practicality and effectiveness of carbon sorption systems,

surveillence-maintenance programs, and deep stripping of the polymer

UCC
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remain to be demonstrated as commercially visible control techniques.

14. There are no known studies of damage to vegetation in areas

surrounding VCM/PVC plants.
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2. I4TRODUCTION
Historically, national and international commerce. has established

markets for new products rarely with due consideration being given to

~ e

the environmental consequencés of the manufacture, use,-and.disposal

of the new products. Consequently, air, water, soil and biota have

been contaminated with a wide variety of natural and snythetic chemical
compounds that may threaten public hea[th and we]farg. The contributory
role of a number of chemicals in the production of cancer and other

chronic degenérative disease is well known. In the absence of appro-

priate pre-market testing, assessment of'enVirohménfallhea1th hazards
for many chemical compounds oFten depends unon retrospect1ve analyses
after these products have atta1ned broad mult1-med1a d1str1but1on _/JH
availability of a broad integrated data ba;e that 15 suff1c1ent]y
quantitative to permit appropriate risk and benefit aé;essments to be
made . | | S |

Until recently, the principal env1ronmental concerns associated
with the plastic industry has been waste-water effluents from industrial

facilities and the solid waste problems assoc1ated with accumulat1on and

disposal of various plastic materials.
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In 1971 the release of phthalate pltasticizers from flexible
plastic material not only aroused public health concern but served to
/'eljcidate a mechanism of‘tran§ggrting potentially hazardous material
in a wide-spread fashion. More ;;Eéht attention has focused upon
serious occupational health hazards associated with exposure to vinyl
chloride. The basis for this concern is evidence of vinyl chloride

carcinogenicity in experimental animals and man.

The nredominate commercial 1moortam_:e of

vinyl chloride lies in the manufacture of polyvinyY
chloride resins which are subsequently manufactured iﬁto a large ;

number of useful plastic products. Vinyl chloride may ;

be disseminated on a broad scale as an unreacted monomer entrapped in f""’

finished products Such as polyvinyl polymers ana cu-polymers simi]at’/

to that of the phthalate plasticizers. During the past thirty years, vinyl

chloride production has'increased from less than 45 million kg 1n
1943 to more than 2.4 billion kg in 1973. Estimated loss from
industrial facilities (both monomer and polymer production) have been
placed at over 90 million kg in 13973.

The primary purpose of this report is to provide an interpretive
and where possible, quantitative summary of available biomedical effects
of vinyl chloride. In this regard, attention is given to gaps in the

existing data base,

UcCcC
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Emphasis - ;has been placed upon

recent health effects developments, efforts have baen made to review

" and place into perspective the older literatufe as weli.
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3. CHEMICAL AND PHYSICAL PROPERTIES

3.1 Physical Properties

T e

—

Vinyl chloride (VC) is a chloroolefinic hydrocarbon with a density

of twice that of air having the structural formula shown below and a

malecular woight of 52.5.

/C
H H

ﬂ\ _ (:/,51
N\
since VC boils at -13.37°C, it is a gas at normal atmospheric tem-

perature and pressure. It melts at -160°C. and therefore is a solid only at
very low temperatures. Vinyl chloride is highly flammable having a
flash point of -108°F. The explosive limits are from 4 to22 percent VC
in air by volume. The presence of a chlorine_atom in the ethylene
molecule changes the dipole moment from 0 to 1.45 debye units. The
corresponding saturated hydrocarbon, cloroethane (ethylene chloride)
has a dioale moment of 2.05. Since yinyl chloride can be manufactured
starting with ethyle.e or ethylene chloride, some of the physical ™~
properties are changed from the parent compounds by the sresence of -
chlorine and the double bond. These properties and the phenomenon of
. resonance reduce the reactivity of VCM. VCM is soluble ir organic
solvents, but sparingly soluble in pure water. The quantity of

the VCM that dissolves in water will depend on the partial pressure

of the gas above the solution. VCM reacts minimally with pure
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water. If the partial pressure of the gas above the water is reduced
VCH  will escape into the gas phase. Therefore, water that contains
VCM would release;the gas to the ambjent,air
or chemical reaction§ occur with water impurities which might tend
to inhibit escape of vinyl‘éﬁfaﬁfde, Certain salts do.have the
ability to combine with VCM; soluble silver and copper
salts increase the solubility of VCM in H20 by forming complexes, for exampie.
Besides the previously mentioned salts, olefins will also complex with
FeCl,, Pt Cl,, IrCl,, lig,Cl, and a host of other salts. lience, the
residence time availability of VCM in wate} could be affected by the presence
of certain salts. The principal physical characteristics of vinyl chloride

are given in Table 3.1.

3.2 CHEMICAL PROPERTIES

The halogen atom attached to the carbon to carbon double bond is
generally inert. When forced to react, HCl is extracted from VC
with the resulting formation of acetylene. Similar]y. the hydrogen
atom attached to double bonded carbon atoms are highly stable in
substitution reactions. The order of reactivity of hydrogen atom
is allylic >3° >2° »1° >Cil, > vinylic.

The importence of vinyl chloride lies in its ability to
polymerize readily in the presence of ultraviolet 1ight or p:roxides.
The product is a highly useful plastic containing the basic

structure (CH2 - CC. H)n.
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The most important reactions of the olefinic hydrocarbons

are related to additions of various compounds to the double

- bond, ¢.8., hydrogen peroxide, halogens, haloacids, halohydrins,
oxides of nitrogen, sul;ﬁ;fé'acid and ozone, Only a few, namely,
hydrogen peroxide, oxides of nitrogen, sulfuric acid, and of coursc
ozone, should be of some importance in ambient air. Thc casc of
formation of free radicals of importance in photochemical
activity J§s allyl >3° »2° >1° > CHz.> vinyl. However, the

stability of the frue radical is in the reverse order.

e

uce
011667




Table 3.1.

Formula
.'Molecular weight

Vapor pressure 21.1°C BEaES

Specific volume 21.1%
Boiling point 1 atm
Freezing point 1 atm

Specific gravity, gas 15%.,
1 atm (air = 1

Density, liquid - 20°%¢
Critical temperature
Critical pressure

Critical density

Latent heat of vaporization b.p
Latent heat of fusion m.p
Specific heat

Liquid 20%

Gas 25°%C., 1 atm., Cp
Viscosity, liquid -20°C
Flammable 1imits in air
Autoignition temperature
Dielectric constant 17.2°C
Surface tension -20°C

Refractive index, n ;0

Solubility in water 25°c. 1 atm

PHYSICAL CHARACTERISTICS OF VINYL CHLORIDE

COAFT

|."T":;.,--- Falie B ol el
t. k [ A

b i

CH,CHCT
62.50

. 34 ps ig (2.4 kg/cm2 gauge)

6.2 cu ft/1b (387.0 m1/q)-
7.0% (-13.9%)
-255.5% (-159.7%)

2.15
0.9834
317.1%F (158.4%)

774.7 ps ia (52 7 atm.)
(54.4 kg/cm absolute)

0.370 g/ml
79.84 cal/g
18.14 cal/g

0.38 cal/(g) (°C)

0.205 cal/(g)(c)

0.278 centistoke (0.2734 centipoise)
4.0-22.0 percent (by volume)
881.6%F (472°%)

6.26

22.27 dynes/cm

1.4046
0.11 g 100 g water

VCM is soluble in alcohol, very soluble in ether and carbon tetrachloride.

Synonyms: cloroethene, ciloroethylene

Conversion factors at 25°C and 760 mm Hg.

1 ppm = 2,56 mg/m?
1 mg/liter = 391 ppm
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Table 4.1

PﬁSSIBLE IﬂTEREEEFSCES WITH VINYL CHLORIDE ANALYSIS 1

Cozpound Vinyl Chloride Analytical Eands
' . ten-hH
1526 TR wig iy
Aerylonicrile W
Allyl Chloride s
éhlorobronqaechanc W
Chlorefora
Ethylene H_ -]
Ethylene Dichloride : s
Freon=1l1l w
Poaen.12 v ‘8
Freon-113 s H ]
Hathacrylonitrila v w 3 W
Methyl cnlorotorn. 5 .
Methyl Chloride v M
Mathyl !lethacrylate L] J
Paerchloroethylene .8 .
S:yrcﬁ; | 4
Tgtrahydrofﬁ}an M
Trichloroathylene H
Tolucae L) W s
Vinyl Acetate M ' - ') W
Vinylidine Chloride s
Vinvlidine Fluoride ] 5
KEY: W = ULAN Hoe NODEIATIL $ = STRONG
. o5t AR
e '
b

UCC
311670




A
CC 10T 0t : SR
4. MEASUREMENT TECHNIQUES

4.1. ENVIRONMENTAL AIR

In selecting methods suitable for measuring VCM in ambient air,
| two factors must be coﬁsidered._ The method emplbyed must be capable
of measuring in the part per million to the bart perhbillion range, and,
because emissions are discontihuodé, the method must be capable of

responding to high concentration peaks as well as low level backgrounds.

4.1.1 Spectrophotometry

To design or describe a useful measurement technique or analytical
method for a particular purpose requires that three major criteria be
satisfied: sensitivity, accuracy and specifity. In addition practicality-
and economics are important considerations in the development of new
analytical methods. As a general rulé, it is most de;irable to measure
a pollutant or chemical specie directly in the matfix or phase--gas, liquid
or solid--in which the material is generally encountered. This rule pre-
cludes any logs or transformation of the anmalyte to a non-detectable form.
Whenever possible, .in the following descriptions of analytical techniques,
the above criteria will be addressed.

VCM absorbs infra red (IR) radiation in the qas phase The absorption

-1

bands at 941 or 917 cm ' have been commonly used to quantify VC. However,

the method is not entirely specific for VCM as interfering substances

! Multiband measurement and

(Table 4.1) are encountered in ambient air.
data processing techniques are available to correct for these interferences,
but additional instrumentation is required. The Fourier transformation

system is an excellent example of a refinement in this technique. The

cost, however, of this type of system would. be prohibitive for routine
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monitoring.‘ Infrared analyzers are not sufficiently sensitive for trace
quantities of VCM in air since effective optical patﬁs of 20 meters are
required to achieve a lower limit of detection of 1 ppm. Accuracies of
t 10 percent are attainable when properiy calibrated
'ywith standard qas mixture. Although the technique is adaptable to continuous
monitoring, 1t is 1mprac;;EET“as a multipoint detector of the type generally
required to characterize a problem area. Economics dictate this technique
for use as a research tool or as a laboratory instrument. Air samples,
either instantaneous or inteqrated, can be collected, concentrated if
necessary, and returned to a central jaboratory for analyses by IR.
4.1.2 Gas Chromatography
Gas chromatography (GC) is an analytical technique that separates
a complex mixture into its component parts by partitioning the chemical
material between a gas and a liquid or solid. The technique is highly
popular because of its versatility in solving analytical problems. A
wide variety of materials and conditions are available that can
be used to achieve separations effectively and 1nexpens1vely, even
for closely related compouﬁds.2 1
A list of column materials that have been used to separate
vinyl chloride and related compounds is shown in Table 4.2. This by
no means is a complete 1ist and there are other gystems that can
be designed.
It is difficult to select the best column material from the
available literature, because quantitative data on column efficiencies

and height equivalent to a theoretical plate are not generally

UCC
011672




T
\ e

130 NOT

L¥]

.

, . .
: [
- .

LS. -
.

Table 4.2 COLUMN MATERIALS AND LIQUID

SUBSTRATES SEPARATING VINYL CHLORIDE

Column materials and liquid substrates

i

References

Porabak, Q ~—
Silicone oil DC 550

Silver nitrate/ethylene glycol

30% silicone oil and polyethylene glycol
Disodecyl phthalate/carbowax
Carbowax 4000

25% 0-CgH, (COzBu)2

15 to 15% silicon rubber SE-30
Silicone grease

Porapak, -5

Poly (methyl phenyl siloxane)
Tricresyl phosphate

30% dioctyl sebacate

Carbowax 1500 or carbopack A

Forris (1960)
Levadie (1960)
Smith B. (1962)
Vyakhirev (1962)
Hannon (1963)
Newman (1963)
Martur (1966)
Hinshaw (1966)
Esposito (1967)
Koenig (1967)
Popova (1967)
Vlasov (1970)
Zalinyan (1972)

Interim procedure

12
.18
A7
.2
.19
.16
.5
.6
.7
.10
.10
.14
.15

Brown D. Reaion IV.23
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pﬁovided. nor are the objectives of the reported method always similar
to ours. Therefore, laboratory evaluation is required to ascertain
the best column material that effectively separates VCM from all
. possible interferences that may be encountered in ambient air. It is
‘particu!ﬁrly important that-VCM is separated from hydrocarbons and
Freons(B? Alternatively, more specific detectors must be used in
combinafion with GC.
Detectors that are used in combination with GC columns are also
varied. Highly selective and highly sensitive detectors are available

0-12 grams. Completely

which will detect quantities of material down to 1
automated GC are commercially available for environmental monitoring.

On some of these instruments all that needs to be changed are the column
materials and operational parameters. However, with rare exceptions,
measurements are not made continuously but are made by taking instan-
taneous samples at short periodic intervals.

4.1.2.1 Detectors--The flame ionization detector (FID) is a general
purpose detector which responds to most organic compounds, has a wide

1inear range of several orders of magnitude, and sensitivity down to

parts per billion. The response to a chemical compound generally varies

with the number of carbon atoms. However, certain carbon atoms have
reduced or no response when the carbon atom is attached to atoms other
~ than hydrogen; e.g., C1, 0,5. The detector is insensitive to almost
all organic gases and compounds. The minimum detectable concentration
f&r VCM using a 10 m) sample of gas is 0.01 ppm. When coupled to a GC
column té achieve separation, the FID has been the detector of choice

because of its sensitivity and minimal cost for the analysis of complex
(E) Trademark - E.T. duPont de Nemours & Co., Inc.
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organié mixtures. The combination of GC-FID has been used under field
conditions, but power requirements and the need for hydrogen gas reduce
the practicality of the instruments for routine monitoring. i

The thermal conductivity detection (TC) is mentioned only for
historical purposes. The detector-measures changes in heat capacity of
the carrier gas, usually nelium or hydrogen, when materials elute from
the column. The sensitivity is low when compared to other available
detectors. It is not suitable for trace analysis. In addition, TC
responds to water vapor; this causes problems in identifying and measuring
compounds of interest.

A third group of detectors fall under the general classification of
D.C. ion chambers. These include argon ionization, helium ionization,
micro-cross section detectors and, most important of all, electron capture
detectors. The arqon detector consists of 2 or 3 parallel, electrodes

90. which excites the argon carrier

and a radioactive source, usually Sr

gas. When chemical compounds elute from the column'they are ionized by

the excited argon. Under a voltage gradient up to 1,000 V these ions

produce an increase in current flow across the plates or electrodes

which is proportional to the concentration of the eluting material. The

sensitivity is m but it is non-specific and temperamental. K
The design of the helium detector is similar to the argon detector,

excépt that helium is used as the carrier gas. Voltage gradients as high

as Z,OQO V can be applied across the plates. Radioactive hydroggn, tritium,

is frequently used as the excitation source. This detector is also

temperamental, highly sensitive and non-specific, but is usually recom-

mended for traces of inorganic gases to be detected with gas-solid
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The‘electroh capture (EC) detector is of similar design as the other
DC-ion chambers. Nitrogen'or argon is used as the carrier gas and
tritium or N163 as thg radioaétive sources. Low voltages 5 to 25 volts
‘.are applied across the p]q}es usually in a pulsating mode to eliminate
polarization of the e]ectro&;;Th The detector is specific and highly
sensitive to halogenated materials and other materials that absorb
electrons. It has a smaller dynamic range and is more temperamental than
the FID. Sensitivities for VCM have been reported to be less than that
with the FID because of the presence of a single chlorine atom in the
molecule.4'2‘ 24

in Table 4.3.

ifore recent data indicates sensitivities tabulated

Table 4.3 SENSITIVITY OF SELECTED
DETECTOR USED IN GAS CHROMOTOGRAPHY

TC Argon D FID EC

Vinyl chloride |2 x 108 g h.9x10% | 2.2x10% 4

Trichloroethylene | 2.2 x 1078 h.0 x 1085 | 8.5 x 109 ¢ |2.0 x 1071'g

2.3 x107? g

The GC-EC has the-advantage of requiring only one gas cylinder of
nitrogen, and, because of its specificity, complete resolution of VCM
by the GC column is no longer mandatory. Battery operated GC-EC instruments
have been manufactured commercially.

The micro coulometer is a highly sensitive and electrochemical detector
of the chloride fon. The specificity of this detector is increased when
used with gas chromatography. Chlorinqted hydrqcarbons. such as VCM are

pyrolyzed as they elute from the column to form gaseous HCI which reacts
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regengrates Ag+‘ynt11 the electrical balance is restored. The detector
will also respond to any substance which preciﬁit&tes Ag. However, depending
on column and pyrolysis conditions, these potential interferences can be
,eIiminated. With electrocbgmical efficiency of close to 100 percent, the
coulbﬁﬁs‘generated to restore the | d

balance is proportional to the quantity of C1™ in accordance with
Faraday's law. The detector is highly accurate because the
coulomb is a primary standard, and hence standard reference materials
are not absolutely essential. The sensitivity of the detector for VCM
is of the order of a few nanograms. Power requirements make
this system impractical for field instrument use, but 1£ is excellent
in the laboratory technique.

Another electrochemical detector is the conductivity device
developed by Coulson for use with gas chromatography?a’zrhe
conductivity detector measures water soluble ions or gases that
produce soluble ions when they react with water. The-efflugnt
material is either oxidized or reduced in a small furnace prior to
reaching the detector. Depending on the mode of operation, the
detector response can be restricted to HCIl, 502 or 503.
High sensitivity is attainable because of the solubility of these
gases in water and the high mobility of the hydrogen ion produced.
Sensitivity of the order of a few nanograms is possible. The ultimate

sensitivity depends on the geometry or the cell constant. More recently

the conductivity cell has been designed by Hall to yield higher sensitivities

30 ‘
than the Coulson detector. Again, specific detectors reduce the demand on

the column to resolve compounds Qith elution times close to VCM. Power

requirements reduce the nracticality of this detector under field
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The Beilstein test is a classical flame test for detecting halogens

in the presence of‘copper. This test is the principle for a flame photo-

netric dotector that has heen uysed as a nas chromatoaraphic detector. It measures
the characteristic spectrum. produced by halogenated substances with a photo-
multipler tube. The sensitivity of this detector has been enhanced

by use of jridium metal.akt may be useful as a continuous monitor

for gaseous halogenated substances without gas chromatography. By use

of a filter to remove inorganic halogens, this measuring technique would

give an index of the total quantity of halogenated materials in a given

area. However, to achieve specificity for VCM @ GC  column would be

required. Practicality for field use is equivalent to other flame detectors.

N
AN

Chemiluminescence detectors are used in continuous monitors \
that measure the quantity and type of light that is produced by reacting |
certain compounds with ozone - the determination of ozone by reacting

‘with ethylene or the determination of NO by reacting with ozone ' 2
Recently the monitor has been adopted by EPA scientists to measure VLM.
However. to obtain specificity, a gas chronatographic column is required.
Current evaluation of the monitor indicates a sensitivity of a few parts

per billion is achievable.

The alkali flame ionization detector and stacked thermionic detectors have

also been used as GC detectors to measure halogenated compounds. the mass spec-
érometry when connected to GC column is particularly useful in jdentifyiqg

an unknown compound and for unequivocal confirmationof VCM. All of these

detectors have sensitivities within one or two orders of magnitude

Uce
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of each other. The necessity of one or more gas cylinders and power
requ}rements Timit their utility in the field instrument.
Some techniques are more selective than others, some are too expen-
/sjve for field application and some require more extensive'eva1uation
for the purpose of.measuring ¥§MLH

4.1.3 Other Methods of Analysis

Coulometry has been used to measure olefinic hydrocarbon by reaction
with electrogenerated Brz. This technique is not useful for measuring
VCM in ambient air because of the long reaction time required for the
bromination of olefins. In addition, reducing substances such as SO2 would
interfere by consuming bromine. Oxidant would cause a negative
interference. Wet chemical methodzsz’zr?ave also been developed based

on the bromination of VCMs. then titrating excess bromine. Tre sensitivity

is only 0.1 mq. Olefins. aromatic compounds that readily add hremine and

and reducing agents interfere with this wet chémica] method.
Vinyl chloride in air has been analyzed colorimetrically by

collection on activated carbon?9 The VLM was extracted and oxidized to

formaldehyde. The formaldehyde was determined in the usual manner by

reacting with chromotropic acid., however, ethylene and metnanol interfere.

Sensitivity is only a few micrograms, ‘
Polaroqradn;O’ZIhas been used to measure VCM by bromination at the

dropping mercury electrode. When this procedure was applied to

volatile VCM from plastics, it gave higher result than the analysis

of total chloride. Hence interfering volatile materials are present.

Sensitivity for VCM was anlv 70 ug/ml.

ucceC
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4.1.4 Sampling and Laboratory Analyses

\ The most inexpensive approach to monitoring VCM would be to collect
samples in a suitable manner and return them to a central laboratory
for analysis. Using this approach, samples could be collected through-
- out a suspected problem—argghrith a minimum of power, a minimum of
equipment, and with unskilled Eersonnel. Grab samples are collected,

as described in the interim procedure 23

in Tedlar bags or stainless
steel caristers. Varying degrees of instability from O to 10 percent
per day have been reported when VCM in air was stored in Tedlar bags.
It is possible leaky bags are responsible for losses. However, VCM in
pure air appears to be stable. In polluted air, particularly in the
presence of ozone, reactions are expected to continue. Direct photo-
excitation of VCM are not expected to occur because solar radiation
below 590 nm does not reach the lower atmosphere. Hence, this solar
energy is not absorbed by VCM in ambient air. However, in the presence
. of nitrogen dioxide which absorbs solar radiation about 2900 nm,
secondary reactions involving ozone (produced by the photolysis of NOZ)
and VCM occur. It may be possible to spike the air sample with a free
radical or ozone scavenger to stabilize the VCM in the sample. Tedlar
bags used for sampling create a storage and handling problem. Wall losses
and permeability of the VCM through the walls of the plastic bag do not

appear to be a problem with Tedlar at concentrations in the range of

10 ppm.
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' Evacuated stainless steel canisters have the advantages of

being more rugged, and more easily stored and transnorted than

Tedlar bags. These canisters need only a silicone septum through

. which a needle can be inserted to evacuate the system to a low

Xpressure. The needle is withdrawn and the septum seals itself
maintaining a vacuum until a sample is ready to be taken. At the
sampling site, a needle is again inserted and polluted-air allowed
to fill the canister. The needle is withdrawn and the
septum seals itself again. At the laboratory, an aliquot of the
sample is removed with a gas tight syringe and injected directly
into a gas chromatograph or other measuring device.

The above procedure yields @ short term concentration
and does not yield a total dosage s It
appears necessary - particularly because of the discontinuous
nature of the emissions that produce pockets of high concentration of
VCM-- that some accurate measure of the total or average dosage

over a prescribed period be obtained.

4,1,5 Liquid Scrubbers

Very little information is available concerning the use of liquid
scrubbers for the collection of ycM. The physical propert{es of VCM
are such thatlit is not easily trapped by liquid unless some
" complexation reactions can be produced. Certain salts have been
reported to complex VCM, but these salts have not been thoroughly
iﬁvestigated for this purpose. In addition, liquid scrubbers for
monitoring air pollutants, introduce collection, handling and stabiiity

problems that render the technique impractical.

UceC
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4.1.6 Salid Scrubbers pO NOT &!UU‘F-

Solid scrubbers. arc more casily handled,

transported and have fewer collection problems. Activated
charcoal has been extremely uscflul for the collection of gascs

and vapors including VCM. The cabuclty of charcoal for VMis

*“
Vimited. Hence, problems have been reported resulting

from the use of small tubes and large sampling volumes., It is
imperative that all newly purchased charcoal be reactivated under
nitrogen to maintuin its absorption capacity and to remove

-

impurties thac may interiere in the anaiyses. harcoal was
selected as the collection medium in the interim procedure in order to
to obtain time weighted averages. The use of ‘multiple sections

was specified to ascertain the quantity of charcoal required under

field conditfons. It 1s not yet known how the procedure will respond
under field conditions and relative humidities close to 100 percent to
determine the quantity of charcoal required to collect VCA under the
most adverse conditions. Other solid scrubbers may be more suitable for

collection of VCM.
Holli:53 reported long retention times of low molecular weight

hydrocarbons and halogecnated hydrocarbons on porous palyaromatic

: 32
polymer beads. Williams and Umstead deterwined a number of

halogenated hydrocarbons by concentrating the sample on Parapak Q & S.
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The materials were thermally dogorhcd at 100 oc for analysis.

They uscd the micro coulometer with the-silver cell to determine
25

vCM at the 10 parts per billion level. Lonneman used carbowax

L
undler crogenic¢ conditions to concentrate the sample and analyze

—

concentrations of 100 parts per trillion by gas chromatography.
More rccently, llollmzssuccossfully concentrated YCM from aqueous
solution by adsorbing on carbonsicve B. Quantitative recoverics
were obtnined from aqucous solution containing from 5 ng to 5
ng of you., All solid scrubbers shoulg3be evaluated under sim-
ulated field conditions. Permeation devices are available commerically
which will gencrate low levels of VLM in air and the resulting
mixturc diluted with humid air. In this manncr, collection and
racavary afficiencies can he more definitively established. The
stability of vq_q on storaqge in the presence of reactive pollutantsin the
atmosphere 1s not known, Some investigators have reported that

VC might be polymerizing on these scrubbers. It has been
demonstratced by Lajos and l’adu1y27that hydroquinone improved

recoverics of VCM from charcoal without reducing its adsorption capacity.

4.1.7 Sample Preparation

Grab samples present no problems :since

aliquots are injeccted directly into a gas chromatograph, if the

range ol interest is greater than 0.02 ppm. Air samples can be
concentrated as previously described, to detect levels of 0.2 ppb,

if a sufficient sample is ayai]%je. Good recoveries [rom charco:al

Live heen veported by Brown by extracting with CSZ’ This is an
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excellant so]ven; for gas chromatography when using the iID This detector
gives no response to CS under the usual operating conditfon and solvent
interferences are eliminated. Keenman,1 however, observed that appreciable

quan}i;ies of VCM evaporated into the head space above the Tiquid when 652

s B

was used as the extractant for VCM. Total recovery of VCM in both the liquid

TR

and the gas phase was only 80%. When VCM was extracted with tetrahydrofuran
(THF), he obtained a recovery of 88 percent with less diffusing into the head

space than was evident with CSZ.

4.1.8 Automated Monitoring

Completely automated monitoring

instruments, which arc commercially available, can be easily
modifiéd to measure vinyl chloride. For example, the carbon
monoxide - methane analyzer, wiich uses a precolumn, a gas
chromatographic column, and flame jonization detector may be ;sed as
a vinyl chloride instrument by simply changing the column packing
material and operational parameters. The precolumn removes most of the hinhér
molecular hydrocarbons and mainfains the inteqgrity ofithe main
column, Using these types of instruments 5 to 10 .samples can be
taken per hour during a 24-hour day.

Portable gas chromatograpls that arc less expcnsive than those

described ahove are commercially available for monitorina VCM, but yequire

an attendant. Both FID and ECD are available with these instruments

with + a reported sensitivity of 0.1 pom VCM.

The intcrim procedgic has been very useful in obtaining pre-

Timinarvy data and delining the magnitude of the problem , however.
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wall definéd studies should be undertaken to eliminate sources of

errors and refine the procedurcs prior to standardization,

UCe
011685




]0.

| o | URAFT
REFERENCES DO NOT QuoTE oR ¢i7E

Keenan, R. R. Private Communication. G. D. Clayton Assoc. Southfield, Mich.1974.
Vyakhirev, D.A, Z. S, Smolyan, L. E. Reshetnikova, N. D. Demina,

M. 1. Viasova, and A. A. Karnishin. Analysis of Vinyl Chloride

by Gas-Liquid Chromatography-._ Tr. Pa. Khim, i Khim. Tekhnol. 4: 490-497, 1962.
Hollis, 0.L and W. V. Hayes. Gas-Liquid Chromatographic Analysis of
Chlorinated Hydrocarbons with Capillary Columns and [onization Detectors.
Anal. Chem. 34:1223-1226, 1962.

Clemons, C.A. and A. P. Altshuller. Responses of Electron Capture

Detector to Halogenated Substances Ahal. Chem. 38 (1): 133-136, 19A6.
Martur, V.G. S. A. Antipova, and V. S. Kozlova. Analysis of Mixtures of
Fluoro and Chloro Derivatives of Elhane and Ethylene on the Khi-3 Laboratory
Chromatography. Ukr. Khim. Zh, 32(4):391-392, 1966.

Hindshaw, L.D. Gas-Chromatographic Determination of Chlorinated
Hydrocarbons in 1,2-dichloroethane. J. Gas. Chromatog. 4(8): 300-302, 1966.
Esposito, G.G. and M. H. Swann, Identification of Aerosol Propellants

in Paint Products by Gas Chromatography. J. Paint Technol. 39(509):338 -340,
1967.

Koenig, H. Separation, Detection, and Quantitative Determination of
Aerosol Propellants by Gas Chromatography. Fresenius Z.-Anal.

Chem. 232(6):427-432, 1967.

" Balandina, L.A. and A. I. Subbotin. Chromatographic Analysis of Products

of the High-temperature Chlorination of Ethylene'. Zavod. Lab. 34(2): 154.1968 -
Poﬁova, T. P., Kevyagina, K.I. Kevyagina and M.A. Mamedov. Gas-chroma-
tographic Analysis of a Vinyl Chloride Mixture: Aserb. Khim.

Zh. No. 5, 116-120, 1967 .

ucc

011686




. DRAFT
| DO NOT QUOTL OR CITE

11.  Maltese, Pi’ A. Mori, and S. Panizzi. Gas-chromatographic
Determination of Vinyl Chloride in Hydrochloric Acid. Chim.
Ind. (Milan) 50(6):667-668, 1968.

12. Foris, A., J.G. Lehman. Gas Chromatographic Separation of Halo-

carbons on Porapak Q Pongys Polymer Beads. Sepaf. Sci. 4(3):

—

225-241, 1960,

13. Karabanov, N.T., L.V. Isaicheva. Chromatographic Analysis of Vinyl
Chloride. Gasov. Khromategr. No. 12, 82-87, 1970.

14. Vlasov, S$.M., G.N. Bodyagin. Gas Chromatographic Analysis of
Trichloroethylgne. Tr. Khim. Khim. Tekhnol. 1:161-162, 1970.

15. Zalinyan, V.P., N.B. Znamenskaya. Chromatographic Analysis of '
Gas Mixtures in Vinyl Cnloride Production. Khim. Prom. Tsvet.
Metal. No. 45, 24-30, 1971. |

16. ewman, 1.5, et al. J. Org. Chem. 28:1851, 1963.

17. Smith, B. Acta Chem. Scand. 16:351, 1962.

18. Levadie, B. Amer. Ind. Hyg. Ass. J. 21:20, 1960.

19. Hannon, C.I. et al. J. Gas Chromatog. 1:27, 1963.

20. Ryabov, A.V., and G.D. Panova. Application of the Polarographic
Method in Analysis of Unsaturated Organic Compounds. Doklady Akad.
lauk.(S.5.S.R.), 99:547-549, 1954.

21. Meshkova, 0.V., V.H. Dmitrieva, V.D. Bezuglyi. Polarographic

. Analysis of Waste Waters from Poly-(vinyl chloride) Production. Khim.
Prom. (Moscow). 47(4): 271-273, 1971.

22. Tsendrovskaya, V.A., K.I. Stankevich, [.S. Reisig. Selection of

a Method for Determining Volatile Substances Separated from §ome

Primen. Polim. Mater. Izdelii Nikh. No. 1, 418-425, 1969.

Plastics.

uce
011687




2.
-
25,
26.
37.
28.

29.
30.

k)
32.

33.

~ DRAFT

£ N3T LU0t ¢ CITE
Brown, D. EAP Region IV, Athens, Ga., 1974. Personal Communication
with QAEML, WERC, RTP, N.C.
Boettner, E.A. and F.C. Dallos. Capture Detection of Chlorine and
Lead Substituted Compounds. J. Gas Chromatog. 3:190, 1965.
Lonneman, W.A. Measurements of Vinyl Chloride from Aerosol Sprays.
EPA-NERC, Research Triangle Park, N.C., Unpublished, Apr., 1974.
Bellar, T. MNational Institute of Occupational Heaith, Cincinnati,
Ohio. Personal Communication with B.W. Gay, CPL, NERC, Research
Triangle " Park, I.C.
Lajos and Raduly - Chemical Abstracts. 76:36690i, 1972.
Coulson, D.M. Colormetric Determination of Vinyl Chioride in Air.
J. Gas Chromatog. 4:285, 1966.
Gronsberg, E.S. Khim. Prom 7:30-31, 1966.
Hall, R.C. A Highly Sensitive and Selective Microelectrolytic
Conductivity Detector for Gas Chromatography. J. fias Chromatog. 1213)
1974.
Bowman, M.C. and M.J. Beroza. J. Gas Chromatog. 9(44), 1971.
Williams, F.W. and M.E. Umstead. Determination of Trace Contaminants
in Air by Concentration on Porous Polymer Beada. Anal. Chem. 40:2232,
1968.
0'Keeffe, A.E. and G.C. Ortman. Primary Standards for Trace Gas

Analysis. Anal. Chem. 38(6):760-763, 1966.

Ucc
011668




- e,
i b e e e
o At v I Don

A ) ul;l‘_
5. ENVIRONMENTAL APPRAISAL
5.1 SOURCES

P Current mpnomer processes are of four types:

1. acetylene plué'hydnoggn_chloride;

2. direct chlorination of ethylene and dehydrochlorination;

3. balanced direct and oxychlorination of ethylene and dehydrochlori-
nation;

4. oxychloriantion using oxygen instead of air,/ Current polymer
processes are categorized as: suspension, emulsion, bulk, and
solution. Thus eight basic processes are discussed.

This review is limited to existing commercial processes in the United
States. There are two general methods for the production of vinyl chloride
monomer. These are the acetylene hydrogen chloride reaction:

HC = CH + HCL ——> H,C = CHCL

and the thermal debydrechlorination of 1,2-dichlorecthane:

ciar, - ¢, ¢l —> H,¢ = wluct ~ HCl

2

Vinyl chloride monomer (VCM) plants are integrated with an ethylene

dichloride production unit in the second procedure. The overall processes

. differ primarily in the manner in which the ethylene dichloride is produced.
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Nine producers operate a balanced plant in which efhylene is
chlorinated by a mixture of hydrogen chloride (HC1) and air to produce
ethylene dichloride. Part of the lICI used for this process is in the form
of recycled products from tne thermal dehydrochlorination of ethylene

dichloride as shown above. ~—_

—~— -

—

Three producers use an integrated process in which the ethylene
dichloride is produced by the direct chlorination of ethylene. Hydroagen
chloride is recovered from the dehydrochlorination step, but is not re-
cycled into the process.

One producer uses the balanced oxychlorination process with the
exception that oxygen is used for the oxychlorination reaction sequence.
Two companies use acetylene as the starting material.

Polyvinyl chloride (PVC) is produced at thirty-sgven sites at a
total yearly rate of approximately 2.4 billion kg. There are four
processes used to manufacture PVC:

1. suspension polymerization (78 nercent of total oroduction);

2. emulsion polymerization (12 percent of total production);

3. bulk polymerization (6 percent of total production); and

4. solution (4 percent of tqta] production).

Emissions of gaseous vinyl chloride monomer (VCM) are known to
sccur at both VCM and PVC resin plants. This VCM is distributed into
the atmosphere surrounding the emissions source in patterns that depend
on the amount of VCM released, the nature of the plant area from which it
is reléased, and meteorological conditions. VCM air concentrations

which may occur as a result of such releases are of interest.
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Data accumulated for this study show that annual production

capacities are 2.42 billion kg of VCM and 2.15 billion kg of PVC resin

(Table 5.1). Manufacturers operated at full capacity in 1974,
On the basis of the analysis of the VCM emission data so far supnlied
* to EPA by VCM and PVC producers, total VCM escaping to the atmosphere
is on the order of 95 million kg-per year. However, approximately 90
percent of the total VCM emitted comes from PVC polymer production

facilities. This is shown in Table 5.1.

Table 5.1. U.S. VINYL CHLORIDE MONIMER AND
POLYMER PRODUCTION AND EMISSIONS (1973)

DO NGT i0TE O (7

Plant Production VCM Emitted VCM Emi tted
type Kg X 106/yr Kg X 106/yr | Percent of production
VCM 2432 6-7 0.2 -~ 0.4

PVC - 2159 65-86 3.4

It is also important to note that while monomer plants emit less

VCM per kq of product than polymer plants, this may partially be
offset by the tendency for monomer plants to have larger pro-

duction capacities than polymer plants. The net result is that the

absolute VCM emissions levels from polymer plants are usually in the

range of 2 to 5 times those of monomer plants.

-
=~
.
3
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Two additional features of the industry are significant in terms
of potential VCM concentration levels in the atmosphere near plants.
‘ VCM plants are clustered primarily in areas

Slong the Texas and Louﬁsiqu Gulf coast, and  PVC plants tend to

Th—
be located close to/or even adjacent to the VCM production site.

This "clustering" of plants is greatest on the Gulf coast in the

Pasadena-Deer Park, Texas region and in the Baton Rouge, Louisiana

area,

VCM monomer producing companies are listed in Table 5.2.1.Included
in this table are the companies and their geographical locations,
population figures for adjacent communities and calcu]ated VCM emissions
levels. PVC polymer producers are similarly 1isted in Table 5 2.2.Table

1 shows the location of geographical clusters of VCM and PVC plants.

-»
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5.2 OVERVIEW OF PROCESSES

The following tabulation of producers of vinyl chloride mnnom.er indicactes

published praduction capacity and viayl chlotide emissions by proeess and location.

Table 5.2.1 through 5.2.3) nm\.‘T

5.2 1MONOMER PLART 1MIS510% DATA

City Production b Type
Loppree o hetredan Repedatien g wldty Falssions LA
: ’ kgxluulyr f'kgwa/yr!
Alticd Chenmical Faton Ronge, La. 165,963 © l 136 0.4 B d
Amcerican Chenm, Long Beach, Ca. 158,613 ¢ | 77 ; 0.2 B
Continental 0il Lake Charles, La 77,998 I 273 i 0.8 B
Dow Chemical Frocpart, Tex, 11.997't. l 82 0.2 | pc
" Plaquenine, La. ! 7,739 : 155 . 0.5 ‘nc
" Oyster Crugh, Tc*. f 364 1.1 B
Ethyl Corp. Baton Rouge, La. 165,963 ¢ 123 : 0.4 ’ B
" Pasadena, Tex. 39.277.h 68 . 0.2 f jled t
B.F. Goodrich Calvert Cley, kyJ 6273 435 1.4 »
Monochem, Inc. Grismar, la, 7,719 136 0.4 A k'
P.P.GC. Industeics | Lake Charles, La. 77,998 136 i 0.4 B
" Guayantlla, P.R.| -— 261 ; 0.8 -
Shell Chemical | Doer Park, Tex, | 12,773 " 398 1.2 B
" Narco, la. -_— 318 0.9 B
Tenncco Chen, fagadena, Tex 89,277 h 114 - 0.4 A
‘TOTALS . p,096,984, : 3096 9.3

(a} 1970 Census data

{b) Extrapalated figares Bised os estimated atzispheric crtission loss of 0.3 per cent
of VCI procuved i monwser plones

(c) ‘Baron Rouge Farrish (Ceuacy) = 302,031 (bC)

(d) Balanced (2) - cophination of diveect chlorinn:hﬂ/and oxvchlariration process in

wiiich the kvéreven cshloride preduced fn eraciing 1s reeyeled to tke caychlovination

process.
(v) los Angeles County = 7,330,075
{{) GLrazoria L‘uﬁ:y - 19a,312
{g) Plaguezing Drrri-n (Couaty) - 25,225
(W) ifareis County - 1,721,912
(i) Direct Chlerination (iv)
(1) Population g i3 Tor M7, Ky,

via o davhyhears L2

00 1ol QUCTE CR CITE
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Table 5.2...pyC POLYMER PLANT VCY EMISSIONS DATA

DRAFT

Ethyl Corp.

vy

| Ve
Citv Type of PVC capgcity enissiogsc
Company Locatlon ropulation procees kg x 10%/vyr |kg X 10%/vr
Plastics Division Calvert City, Ky. 31,627 d Suspension I 59 2.2
Air Products § Chem., Inc. Ponsacola, Fla. 59.507 23 0.9
American Chem. Corp. Long Beach, Ca. 358,633 € Suspansion 57 2.3
(Joint Venture-Altlantic Rich-
field Co. § Stauifer Chem. Co.)
. £ £
Borden Chem. Jivision illiopoiis, Ili. 1,122 Suspc;slon & 129 5.2
Borden, Inc. Lecainster, Hass. 32,259 Emulsion
Conoco Plastics Division Aberdeen, Miss. 6,157 g Suspension & 100 4.0
Continental 0il Co. Okl ahwema City, 0kla. 366,481 Ezulsion 35 1.5
' £ £
Diamond Shamrock Chemical Co. Nelmaeare City, Dela. 2,024 h Suspenslon & 113 4.5
{Subsidiary Plastics Div}) Deer Park, Tex. 12,7¥3 Emulsion
Diamond Shamrock Corp.
S i Ty ryes
{Industrial Chemical Div.) Baten Rouge, La. 165,963 %““PL?“1°“ & 32 - 3.3
Ernulzion o
T -
Chem./Plastics Division Perryville, Md. 2,091 %u%¥f?5102’ 59 EEi .9
The Firestone Tire § Rubber Co. Pottstown, Pa. 25,355 Emilsion 54 — 2.5
Sulution 15 g - 6.8
Chemical/Plastics Division Ashtabula, Ohio 24,313 EEiEE:
The General Tire § Rubber Co. Y _
~ e -
B.F. Goodrick Chemical Co. Leng Beach, Ca. 358,633'j Suspansion, 37 2.3
The B.F: Goodrich Co. Henry, I11. ' 2,610 Emulsion, .37 2.3
’ Lonisville, Ky. 361,472 Bulk 27 125 5.0
sven Luie, Chio 12,261 & Sclution 17 37 2.3
. Pedricktown, X.J. - 39 2.4
1 >

-
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. T2ble 5.2.2 (Continued)
B2 NOT QUOTE ¢ £
A il SR Ve
City Type ol PVC cpaclty eoissicas
Carnany location perulation a Nroagees ke X i_[:f’/vr ke X 109/
“h-~-ical Division Plagquemine, La. 7,739 k Susupension, 45 1.8
The Goodyear Tire § Rubber Co. tlapra Falls, N.Y. 85,615 Emul=ion & 45 1.8
ball. 35
Great American Chemical Corp. Fitchburg, Mass. 43,343 Sunpeusion 18 0.7
Keysor-Century Corp. Saugus, Ca. -—- e Sunpension 16 0.6
Monsanto Polymers & Petro- Springfleld, Mass. 163,905 Suspens lon 68 2.7
Chemicals Company & Eoulsion
Monsanto Company
National Starch § Chemical Corp. Mercdosia, Ill. 1,178 Emulsion 5 0.2
: 1
llooker Chemical Corp. Burlington, X.J. 11,991 Suspension 82 3.3
(Subsidiary Ruco Div.) Nicksville, N.Y, 48,075 & Bulk 70 5 0.2
Occidental Petroleumeorp.
Thompson Plastics Cd. Div. Assonct, Mass. -—- Suspension 68 2.7
0lin Corp.
f f
Pantasoto Co. Pusuale, N.J. 55,124 Emulsion 120 — 2.2
Poiut Pleasant, W.Va. 6,122 =
Robintech, Inc. Painsville, Ohio 16,536 " Suspension 113 E% 4.5
Plastics Division De laware City, Dela. 2,024 Suspension 73 [g 2.9
. . C 3
Stauffer Chemical Co. c k2
1 — =

Tenneco Plastics Division Burlington, N.J. 11,971 Suspension & 75 T B 3.0
Tenneco Chemicals, Inc. Fleminpton, N.J. 3,917 Emulsion 27 1.1

) Pasadena, Texas £9,277 136 -% 5.4
Chemicals & Plasticvs Div. Texas Cliy, Tex. 38,903 Suspension & 91 F%i 3.6
Union Carbide Corp. So. Charleston, W.Va. 16,332 Sulution 50 54 2.2

UCGC
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Table 5.2.2 _EQEEi"“ed

Festnotes

£rotal for two plants

80k lahoma County - 526,805

hﬂnrris County - 1,741,912

iﬂatun Rouge Parrish (County) - 302,031
jHeury Coun£¥ - 53,217

kPlaquchnes Parrish (County) - 25.225

1Burlim;ton County - 323,132

311 ¥0 310nd 10N 0g
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L Table 5.2.2 continued URAFT
- b Q,E]TE on CITE o
City Tyvre of PVC Copaclty|enisilions
& .
Cenpony locaticn Pooulizion a ?roccas " kg .‘(‘10 fyz ,‘_‘L)‘ 10 fyr
. Suspensi >
Uniroyal Chemicals, Inc. Painsvilie, Ohio 16,536 u.-F_ ns1on
. . & f-ulsion 14 2.5
Unireyal, Inc.
Subtoral 3,156 86.3- .
LIIPNY GONSTRUCTION
Corccintrad Cerp. Lawe Charies, La. 77,978 {unknown) 90 4
Georgia Pacific Plaquemine, La. 7,73% " 90 4
Shiatech Oyster Creek, Tex. 11,997 " . 110 5
; Subtotal f 290 13
N !
! /
{
oy TOTAL 2,446 99
Low)
Feotnotes <
=
31970 Census Data - Office Air Quality Programs' computer file. —
) P L
‘:_"Fho. statcment on type of process is a preliminary one. Numbers in parenthcsis indicate — 3
estimated production by that process in millions of pounds per year. 9 2
m |
Futrapolated figures in millions of kg per year (industry total 100 million kg/yT) o
based on estimated emission of 4.0 percent VCH during polywer production and recovery. =3
=,
Population given is for Paducah, Ky. r'.'_;{‘
EC eLc:ua Angeles County - 7,032,675
o &
o
-~J
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Table 5.2.3  CLUSTERS OF VINYL CMLORINDE EMISSIONS ‘W/var ~ AFT
' h c '\.rr_ -

r— D) -~

v City l] "-",'FL-“
_Congony Location oL population © papacity | Fmissious preser
L ) . . kg X 10°/yr kg X 10%/yr
\Llied Choendeal Raton Romtge, ha. 165,963 136 0.4 B d
Yow Plaquemine, la. ~ 1739 154 0.5 De
“tiyl Corp. Baton Roupe, La. 165,963 122 0.4 B
‘thyl Corp. Biton Rouge, La. 165,963 82 3.3 Suspension
{Industrial Chem.
Jiv.)
Seorgia Pacific Plaquemine, la, 7,739 91 3.6 Unknewn
{uncer construction
The Gowmdyvar Tire | PPlaquemine, La. 7,739 45 1.8 Suspension
§ Rubbuer Co.
(Chadcal Biv,)
SJonochemn, The. Geismar, La. 7,739 136 0.4 A K

S
Area cemissions 0.4
Zontincntal 0Ll Lake Charles, La, 77,998 272 0.8 B
2. P.G, Industries Lake Charles, La. 77,998 136 0.4 B
shell Chenical Narco, La. —_—— 28 0.9 B
Jertainteed Corp. Lake Charles, La. 77,998 91 3.6 (unknown)
(under construction ]
Lot emissions 5.7
Yiamond Shanmreck | Deer Park, Tex. 12,773 113 9.5 Suspension
Jorp.y Dimond & Lmulsion
shamrock Chen.
a0, (Subnidiary
Plastics Div.)
Jthyl Corp. Pasadena, Tex. 89,277 A 68 0.2 pc
5 L.
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Table 5.2.3  (CONTINUED) ' Quor £ op CIr
3

A R 4 M A Rl AT e MR A —--'-:- ) - — --:--—.__b_...._r..._.._-
Gity Lapacity tmisslons™ | Uy
Company Location population I ko X luh/yr [kg X lﬂh/yr Procesy
e - . T w mmm g mmm & 4 o v w e o — —— A A it v w — it - e g s e op C T o -.[-.-__-,_- _ peiprigierenpuny exielidan
Shell Chemical 7| Deer Park, Tex. ]2,773 & 397 1.2 B
Tenneco Chem, Pasadena, Tex. l qh&89,277 g 113 0.4 A I
mion Carbide Texas City, Tex. 38,908 91 3.6 Suspu.
Corp., Chuemicals
& Plastics Div, . . —] —
Arca cmissions 9.9
!
Dow Chemical Freeport, Tex. 11,997 © 82 0.2 De
Dow Oyster Creck, Tex. 11,997 © 363 1.1 B
Shintech Oyster Creck, Tex. 11,997 © 113 45 Unkno,
Arca emissions ! 5.9
1 ! -

(a) 1970 Census data

~(b) Extrapulated figures bascd on estimated atmospheric emission loss of 0.3 per cent
of VCM produced in mouomer plants

Extrapolated figures in millions of kg per year (industry total 100 million kg/yr.
Yr~l) bascd on estimated emission of 4.0 percent VCM during polymer producticn
and recovery.

(c) Baton Rouge Parrish (County) - 302,031

(d) Balanced (B) - combination of direct chiorination and oxyehlorinacion process in
which the hydroguen chloride produced in cracking is recycled to the oxychlerinacic
process.

(e) ‘Brazurid County - 108,312

(f) Plaquesine Parrish (County) = 25,225

(y) Harrvis County = 1,741,912

(L) Direvt Girlorinacion (DC)

(i) Acowvione ()

uce
011699




2.

ORAFT

ReFERENCES DO NOT GUait on oITE

Burcau of Census data, Monitoring and Analysis Division, OAQPS computer

files, 1970,

\
A

barpcnter, B.4, Vinyl Chloridc‘:1An Assessment of Emissions, Control

Techniques and Cost.Research Triangle lnstitute Report for CSL, NERC,

RTP, July, 1974,

Personal Communications between Industry representatives responding

to OAQPS  Section 114 letters to EPA personncl, May 1974,

UceC
011700




MRAFT
5.3 CONCENTRATIONS DO NGT Luid ¢ Sifk

A paucity of data exists concerning the concentration of vinyl
éhloride in ambient air. In view of the potential health hazard
. associated with VCM, a preliminary field study was initiated to obtain
more extensive and reliable-data in the area of industrial emission
sources. The task of obtaining these data for air and water was assigned
to the EPA Regional Qffices. Interim procedures were established by EPA
to insure comparability of the data. The initial data from these
surveys will be reviewed in this section. Generally, it would appear that
the Regions had varying degrees of resources and expertise in the area
of air monitoring. In addition, the interim procedure was not followed
religiously in some cases, making comparisons of data between regions
difficult., Levels for residential areas are usually expressed in
parts per million (ppm) VCM, the concentration of VCM occurring in
residential areas not not known with certainty at the present time
but appear to be below 1 ppm - 90 percent of the time based upon the 1imited
data presently available.

5.3.1 Air .

Most of the available data are from instantaneous samples. Because
of the discontinuous nature of the chemical process and emiésions, the
values were expected to, and in fact did, range widely. Values were
as high as 33 and 3.4 ppm at distances of 0.3 to 3 miles respectively
from emission sources.
5.3.1.1 Plant I
5.3.1.1.1 Grab samples--Summary data from the samples are tabulated
in Table 3.3.1 The distance from the center of the plant to the

sites is shown in the second column. Samples taken at site

UCC
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Table .’5.3.1 CONCENTRATION OF VCM IN GRAB SAMPLES TAKEN AT PLANT

Plant 1 - Grab Samples

) Ma x imum -a
Site Digtanre km Nn. of Samples ppm pom N> Dnm.b
A 0.2 0.3 17 6.0 0.52 2
B 0.1 0.2 16 0.30 0.06 0
c 0.2 0.3 9. 0.22 0.06 0 o
D 0.1 0.2 9  T~—_ 0.9 015 o s
E 0.4 0.6 11 0.6 0.14 0 tal i
F 0.4 0.6 9 0.24 v.0y 0 fe
G 0.5 0.8 8 - 0.03 0o ==
H 0.5 0.8 10 - 0.03 0 :
I 0.7 1.1 12 0.40 0.05 0 -
J 1.0 1.6 8 - 0.03 0 =
K 1.2 1.9 7 0.24 0.06 0
L 3.0 9.8 8 - 0.03 0
M 0.6 1.0 6 - 0.03 0
N 0.6 1.0 4 - 0.03 0
0 v.7 1.1 5 - 0.U3 u
P 0.5 0.8 6 0.32 0.11 0
0.1 0.2 1 - 0.03 0
o ©0 2 0.24 0.22 0
0 o 1 - 0.03 0
0.1 0.2 3 2.6 1.48 2
0.2 0.3 1 0.16 0.17 0
0 0 1 5.7 6.15 1
0.2 0.3 1 - 0.03 0
%alues corrected to standard temperature of 25°C.

bFrequency of VCM measured concentrations above 1 ppm.
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A through P were collected at two hour intervals with Tedlar (R) bags
or syringes. The remaining sampling sites were those where detectable
odors existed. Columns 3, 4 and 5 list the number of samples
' éqllected and analyzed,.the maximum concentration of VCM found and
the average at each site. Thé™tast column was included to show the
frequency that the concentration of VC exceeded 1 ppm. Over 90 percent
of the values obtained were below minimum detectable values, 0.06 ppm.
Figure 5.3.1 is a histogram of the observed data above the detectable
level. In calculating the mean values, below detectable concentrations
were arbitrorily given values of 0.03 ppm, one-half the minimum
detectable level. Excluding the random samples, the individual values
range from below detectable to 6 ppm.

5.3.1.1.2 Twenty four hour samples- Table 5.3.c shows the averare vaiues u

VCM in a 24~hour period that were collected on charcoal scrubbers. All
data shown in the Table were corrected to ambient air standard conditions
of 25°C and 1 atmosphere. On May 10, the average value at site A
exceeded 1 ppm. The report indicates, however, that although site A
was 0.2 mile from the center of the plant, it may actually have been
closer to the major source of PVC emissions.

5.3.1.2 Plant IV--At the present time only the data from the

initial study and summary data are available. Table 5.3.3 shows the
?esult of the data collected in March. Only three values

exceeded 1 ppm, the highest was 2.2 ppm. The frequency distribution
of these values is shown in Figure5.3.2. The summary of data collected

in May around this plant are tabulated in Table 5.3.4. One
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011703




DRAFT

L HOT 0UOTE OR or7e

Table 5 3,2 CONCENTRATION OF VCM MEASURED {N INTEGRATED SAMPLES

COLLECTED BY LHARCOAL ABSORBER AT PLANT I, ppm

: Date
o f . . _—

Site 5/9/74 . 5/10 /74 8715, -
Site

A 0.021 1.15 0.165

B 0 0.005 0.020

C 0 0.009 0.029

D 0.141 0.010 0.090

e 4 e R RS =
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Table 5.3.3. CONCENTRATIONS OF VCM IN GRAB SAMPLES TAKEN AT PLANT IV

IN MARCH 1974

0

e

[

C2 o7 QUITL QR GITE

' ' - Max imum Mean,

Site | Distance, km Numher of Samnles (ppm) ppm No. 1 nom
A 0 6 2,2 0.84 2
B 0.6 3 0.58 0.40 ty
C 0.6 1 1.2 0.33 :
D 0.6 6 0.29 0.12 0
E c.8 3 0.24 0.16 f
F 0.8 15 0.39 <0,17 0
G 0.8 2 - <0.17 0
H 0.5 1 - <0.17 0
1 1.3 1 - <0.17 )
J 1.0 1 - <0.17 0
K 1.0 2 - <0.17 0
L 1.3 1 - <0,17 0
w1 4.8 z - 5.1t
N 1.0 1 - <0.17 "

ucce
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IGVIT e, I’\oUnw.NlMIJUH ur YuM i GKAB SAMPLE CULLECTED AT PLANT II IN

4 . - MAY 1974 A
Lt

Site Distance, kb - Number of Samples Maximum, nnm Mean, pp
A 0 , 6 1.7 0.33
B 0.6 21 5.6 1.6

C ' 0.6 e=21 5.8 0.71 .
D 0.6 19 - 2.8 0.34
E 0.8 2 0.10 0.07
H 0.5 3 1.2 0.50
1 1.3 2 1.6 1.00
L 1.3 2 BD BD
N 1.0 1 BD BD
P - 0.6 8 0.08 0.06
Q 0.8 12 1.7 0.34
R 0.5 83 33.0 3.15 .
> | 0.6 i i.2 i 1.6u
T 1.0 3 ' 0.57 0.21
U 1.0 3 BD BD
\'4 0.2 1 BD 8D
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instantaneous value of 33 ppm was observed at a distance of 0.5
km\frdm the plant, and one mean value at site B exceeded 1 ppm,
The data from the 24-hour integrated samples indicated the highest
value to be 0.55 ppm (Table 5.3.5.
5.2.1.3 Plant VI--Here again,.only summary data are available.

Table 5.3.6 ana kidure 5.3.3. }.show the observed values at various
distances from the plant, and the frequency distribution of these data.
Only three values exceeded 1 ppm. The range of concentration at the
property line was from below detectable levels to 7.8 ppm.
5.2.1.4 Plant IX--The most complete report was provided by Region IX
which was prepared in cooperation with the National Field
Investigating Center - Denver. However, the data (Table 5.3.7) providec
were from samples on charcoal and are 10 minute averages instead of
instantaneous samples; and hence this data is not comparable with
the preceding. Under these conditions, values as high as 3.4 ppm
were found at a distance of 4.8 km from the plant. Only 12 of the
180 determinations exceeded the 1 ppm level. The overall mean
value calculated was 0.24 + 0.44 ppm.

5.3.2 Summary

Since a great deal of latitude was excercised in implementing
the prescribed procedures, it is difficult to compare the data
from different plants. Based upon the available data, peak values
as high as 33 ppm might be expected in the vicinity of VCM emission

sou}ces. A1l values obtained are expected to be biased negatively.
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le 5.3.5- CONCENTRATION OF VCM IN 24-HOUR AVERAGE SAMPLES
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1.0 0.01

Sitc Distance, km ) , VCM, ppm
MSD . 0.6 , 0.16
NFL T - 0.07
SOP 0.3 0.55
DPT 0.2 0.10
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Tab]e‘5.3.6. CONCENTRATION OF VCM IN GRAB SAMPLES TAKEN AT PLANT VI, ppm

Date 0. 0.8 1.2 d 1.8 3.2 AN n_a
5/7/79 2.009 0.001 | - _BD® | 0.002 0.002 0.00
0.045 0.002 K 0,001
7.811" s -
5/8 3,218 0.003" 0.002 0.003
0.666 . 0.336 - :
0.003 BD ° |
5/9 0.095 - s '0.023 | BD* | 0.000
0.078 .| o.168. | | o.168
' 0.001 ‘ 0,181
Maximum | 7.8 0.3¢ | 0.47 - | 0.002 0.18 80 | 0.noo
\fﬂ‘ll_:g i

3Below deiection.

-3, 3 I‘.'
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PLANT IX - Integrated - 10 Mirute Average as Charcoal Samples

TABLE 5.3.7.

~or WL Y. Rk Sl s ST

Station Number

g, CXTMESImapTsm—__TE Ty

Run number Distance from source, km
1§ 174 18 19 i
5.0 5.0} 1.8 3.1
‘ |
0.06 | 0.05, o.osl.
. <0.05 0.2 0.40 !
. 0.33 0.031 0.10':
'l 0.29 | 2.7 i o.03 '| "
L 0.20 | 0.05} 0.04 | i
|34 | 023} 0.16 \ ! b 0.05 1 0.
0.06 | 0.03 | 0.06 | ! | 0.¢7 1 o0.
77 0.10 [0.19} 0.29| 0.1 0.55" 0.04 '0.53 | 0.98 {0.16 { 0.36 | 0.45 | 0.07 io.oc \e.:s IG
7 0.6¢ 0.24 | 0.03] ¢.32 |0.03 ' 1.4 ‘0.59 0.3 Jo.33 110 loos ‘1o loso HERE Lo
7 0.07 |o.10 | 0.85 | 0.18 0.26.| 0.17 |0.08 | 0.12 |0.05 | 0.02 | 0.24 0.8 10.03 !0.c2 fél.'oa
£ 0.03 |o0.11 | 0.05 | 0.08 }0.07 ‘ 0.03 {0.02 | 0.03 |0.05 !o.oz 0.03 0.7 l0.05 !go.cs | .07
; 0.c2 o.2s o.c6 | 0.2 1.2 ilo.oz !0.10 0.04 11.7 |0.06 |o.03 0.2 i0.15 lil.l is.n
! i 1 i ! ! : T |
fanrage 0.12 p.18 j0.16 |0.12 jo.26 0.25 :0.53 }o0.41 lo.26 10.36 014 ‘030 015 '0.33 ]C.IZ
sl 0.53 p.is |o.ss o3z b2 tia 3 Lo E’lm E_z.i _‘l_o.45 A 1050 1.3 -c.ae
PR e} ol o R i 1o e 0o .2 o 3 ¢
_ | ' . . .
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Figure 5.3.5. Histogram of Frequency Distribution of VCM Grab Sample Concentrations at Plant V1.

(X 0.5, 5~ 0.40)
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Grab sampies are expected to lose quantities of VCM due to

continuiﬁg reaction in the sampling container, wall loses,

leaks, etc. [Indication of VCM losses in these containers range

from O to 10 percent per day. Losses of VCM while using charcoal are
eipéqted to be larger than in the containers. Collection efficiency

and ;ecoveries have not been de;{afffvely established. Preliminary

data indicate recoveries of 71 to 76 percent when extraction by C52

is used to recover the VCM from charcoal. For 7 data points in which samples
were collected in parallel and analyzed by two different

laboratories, the values disagﬁéed markedly. The relative standard

deviation about the ﬁean ranged from 5 to 140 percent.
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Table 5.3.8. CONCENTRATION OF VCM MEASURED IN INTEGRATED 24-HOUR SAMPLES
COLLECTED BY CHARCOAL ABSORBER AT PLANT IX, ppm

. Distance, km 5/7774 ate 5/8/74 5/9/74
1.1 0.08% 0.07% 0.102
1.3 0.08 0.08 0.05
3.1 —-- 0.06 0.05
4.3 --- 0.06 0.05
4.5 0.27 0.65 0.27
5.3 0.07 0.04 0.05

312-Hour Samples
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5.4  ESTIMAIES OF AIR QUALITY CONCENTRATIONS
Estimates of vinyl chloride concentrations downwind of two

plant sites were made hsinq_available emission estimates and reasonahle

——

meteorological conditions. The estimates were made using Gaussian
dispersion techniques gfven in EPA's Workbook of Atmospheric Dispersion
Estimates} Concentration estimates are for 1-hour averaging times.
Considering possible errors in emissions and dispersion uncertainties,
the estimates may be expected to be within a factor of 3 or 4 of
concentrations that would be measured under the same meteorological
conditions at the same receptors with accurate sampling equipment.
Table b.14 shows the results of the estimates for four
diffgrent emission conditions. Wind speed was held

constant at 2 m/sec for all calculations. Since

A ]

concentration is inversely proportional to wind speed, a higher

wind speed would decrease the estimates; a lower wind speed would

increase the concentrstions estimates. Wind speeds lower than 2 m/sec occur
fairly ofteﬁ. on the order of 3 to 15 percent of the time, at most locations.
Three different gatmospheric stabilities were considered. 0, or neutral,
“stability occurs during day or night when cloudy skies prevail. This stabilitv
also occurs during the transition from unstable ddytime conditions

to stable nightime conditions and vice versa. E, slightly stable,

and F, moderately stable, both occur at night with clear skies and

light winds. These three meteorological conditions can be expected

to occur during quite a number of hours in a given year.
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\Réceptor locations in these model calculations were placed at
positions downwind of the approximate center of the sources and off
the plant property.

For plant A, a computation was made considering the emissions
from 5 point sources of varying heights and from one area source.
These sources are all located within 200 meters of each other. From
the top portion of Table 5.4.1,it is seen that the predicted maximum
hourly concentrations do not differ greatly for the three stabilities,
and are the highest, 4 ppm, for F stability (moderately stable).
Maximum 24-hour concentrations would be much lower.

Concentrations resulting from this plant were also estimated when
a reactor is aborted and over 2270 kg of VCM is vented to the atmosphere
in about 10 minutes. Venting such as this would occur approximately
20 times each year in a PVC plant. Other emissions were assumed to
remain the same as in the above calculation. Under these conditions a
maximum hourly concentration of 29 ppm was predicted‘to occur under D
stability at 400 meters. Since the other sources contribute less than
3 ppm at this point, the vented release contributes about 26 ppm at

this point. Since the release occurs over only a 10 minute neriod, a
much higher concentration with instantaneous neaks 5 to 10 times this
concentration, 130-260 ppm, might be expected, based on these calculations,

to occur at this receptor as the pollutant cloud passes. Concentrations

at least 5 times higher, 133 ppm, might occur over a 6 to 10 minute

averaging time at this receptor according to these estimates. Beyond

'5.0 km the impact of a spill would be minimal.” For both the spill and

non-spill situations, the populations most affected would be those

residing within about 2 km of the plant.
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Table 5.4.1. CALCULATED 1-HOUR AVERAGE CONCENTRATIONS OF VINYL CHLORIDE AT SELECTED DOWNWIND DISTANCES
FROM A PLANT WITH MULTIPLE -EMISSION SOURCES :

Concentration, ppmb

Distance from . Stability classS f______ﬁlibi]i d ¢ Stability class® f
plant, km _No spill | With spill No spill | ¥ith spill No spill | With spill -
P
L 0.25 3.5 18.2 3.8 3.8 4.0 4.0 .
<7, ~
=
pa 0.4 2.9 29.3 3.4 4.4 3.9 3.9
= 0.5 2.6 28.2 3.2 6.1 3.7 4.0
o 0.8 1.7 19.4 2.5 10.9 3.2 7.1
fan] )
1.0 1.4 14.9 2.1 1.8 3.0 9.5
" 2.0 0.6 6.0 1.1 8.2 1.9 1.8 /’
3.0 0.4 3.4 0.7 5.4 1.3 9.3 /
wn /
t. 5.0 0.2 1.6 0.3 3.0 0.8 5.9
aEmissign conditions: bA]] calculations assume 2.0 m/sec windspeed.
ource | Emission Height of c .
type rate,g/sec emission, m dNeutral conditions
] STlightly stable.
gg:ﬁz 13:23 %g:g . Mgpderately stable.
Point 6.3 1.6 fSpi]l of 2270 kg of vinyl chloride released in o
Point 8.8 ©30.5 10 minutes at a height of 15.2 meters at 338°K (65°C). o
:2;: 42'? 3291 YEmissions from a building 110 by 170 m through vents EE?
ol J o f and windows about 6 m from the ground. =~
Spill’ 13783.3 15.2 ooy
<o
O
——‘
™ ::J
EC o
28 =
=" =
‘1
m
<l
N
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Table 5.4.2. CALCULATED 1-HOUR AVERAGE CONCENTRATIONS
O0F VCM AT SELECTED DOWNWIND DISTANCES FROM A

PLANTS WITH MULTIPLE EMISSION SOURCES

Concentration, p m _ o
viscance [ Stability U. Stapility & _Stability F___—
downwind | Average Peak Average Peak Average . Peak
(“n)  lemissions™ | emissions emissions” |emissions emissions emissiony
0.2 2.2 2.8 2.8 3.3 3.1 3.6
0.3 1.8 2.4 2.5 3.0 3.1 3.7
0.4 1.6 2.2 2.2 2.7 2.9 3.5
0.5 1.4 2.1 1.9 2.4 2.7 3.2
0.8 1.0 1.7 1.5 2.1 2.2 2.7
1.0 0.8 1.5 1.3 2.0 2.0 2.4
2.0 0.4 0.8 0.7 1.3 1.2 1.9
3.0 0.3 0.5 0.5 0.9 0.9 1.5
4.0 0.2 0.3 0.3 0.7 0.7 1.3
5.0 0.1 0.3 . 0.3 0.5 0.5 i.0
10.0 <0.1 0.1 0.1 0.2 0.2 0.5
15.0 <0.1 <0.1 <0.1 0.2 0.2 0.3
20.0 <0.1 <0.1 <0.1 <0.1 0.1 0.2

AA11 calculacions assume 2.0 m/sec wind speed

bAverage emissions:

Point source -- 24.0 g/sec. at 33.5 m.

Area source 1 -- 21.4 g/sec from 150 by 150 meter
building. Assume emission at 6m.

Area source 2 -- 14.4 g/sec. from 180 by 15 meter building.
Assume emission at 6m.

Cpeak emissions:
Point source -- 90.5 g/sec. at 33.5m.
Area source 1 -- Same as under average emissions.
Area source 2 -- Same as under average emissions plus
a 2 minute spill of 24,000g. (2%009/sec).

UCe
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E For Plant B, one point source and two area sources were considered
under two differenct conditions, average emissions and peak emissions.
Three emission sources are assumed located within 300 meters of each
,other in this calculation. In this case the maximum concentrations
are not increased greafly“byL@ngﬁcrease of a factor of three in the
emissions from the elevated point and/or by a 2 minute spill from the -
area source. However, note that the concentrations a}e nearly doubled
at greater distances downwind. For Plant B the maximal
concentration, 3.7 ppm, is almost the same as that from Plant A under

normal conditions, 4 ppm.

c oo
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5.5 TRANSFORMATION, TRANSPORT, AND REMOVAL

No | results on the reactions and rates of disappearance
of vinyl chloride from the ambient atmosphere are availatle at present. Limited
Taboratory studies on the stability and persistence of vinyl chloride
“in air have, however, been.completed.

In addition measurements i

recently reported on vinyl chloride in water and sludge indicate that
vinyl chloride dumped into aqueous media are probably lost to the air
relatively rapidly.

Vinyl chloride vapor concentrations in containers of various
materials appear to be essentially constant over periods of many days.
The peak absorption of vinyl chloride in the ultraviolet region is
very far below the solar cutoff around 290 nm so VCM’
would not undergo reaction in sunlight in the absence of other reactive
chemical species. When irradiated with simulated solar radiation in
the presence of nitrogen oxides (nitric oxide and nitrogen dioxide),
vinyl chloride in the parts per million concentration range does react
to form a variety of products. The available results indicate a
rate of reaction of about 8 to 10 percent per hour for vinyl chleride.
The reaction products identified include ozone, nitrogen dioxide, carbon
monoxide, formaldehyde, formic acid, formyl chloride and hydrogen

chloride. Several of these products are very irritating.
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Although vinyl chloride would disappear significantly in traveling over
Tonger distances, the conversions anticipated within a few kilometers
downwind of vinyl chloride emission sources would be smail. No
néchanism is presently known‘foracgmqyal of vinyl chloride from the
air during the nighttime hours. Biological sinks such as micro-
biological removal in soil may be of significance in depletion of
vinyl chloride over long time periods, but such sinks would not be
expected to be important in terms of urban scale transport of vinyl
chloriqe. Thus, for a first approximation, vinyl chloride in the
immediate vicinity of vinyl chloride emission sources can be
considered a stable pollutant. The usual meteorological dispersion
equations could thus be applied to approximate concentratiohs in the
vicinity of emission sources. Because of strong radiation inversions
at night during the fall and winter build-up of vinyl chloride from
emission sources might be of particular concern during such perijods.
The noxious gases which are products of vinyl chloride reactions

(and cossibly also from other chlorinated chemicals in industrial
production) sh&u]d not be ignored. In areas with large

jndustrial activities involving large volume production of these

chemicals, such products may contribute appreciably to eye, nose,

throat and lung irritation, particularly on sunny days.
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6. ENVIRONMENTAL EXPOSURE AND RECEPTOR RISK

Human exposure to vinyl chloride may occur from air inhalation,
from'consumption of food, from intake of water containing vinyl
,ch]oride; and from skin contact. The data available suggest that the
airborne exposure route in ééﬁéﬁET*represents the greatest source of
vinyl chloride intake for the population. The highest exposures to vinyl
chloride occur in occupational situations where the vinyl chloride is
manufactured and where the vinyl chloride monomer, a gas at room tem-
perature and atmospheric pressure, is converted to a polymer. llorkers
involved in the polymerization process and in the fabrication of PVC
ingo end products may be exposed not only to vinyl chloride in the

gaseous-phase but may also inhale PVC dusts containing entrapped vinyl

chloride monomer. In this regard PVC particles containing vinyl chloride } Z?

1

may be deposited in tissues.’ To date there is not adequate informatior

on general or occupational population exposure to PVC particles in the
air,
Peak exposures to-vinyl chloride in occupational situations may at
times in the past have exceeded 1,000 ppm as for example during reactor
cleaning operations,2 although the highest time weighted average exposures /r
were probably in the 250-500 ppﬁ_:v:!traantge.3'4 The threshold 1imit value for j
vinyl chloride was at one time/500 ppm based upon its narcotic properties.
Affer reports of liver damage due to vinyl chloride at exposures below
500 ppm were available the TLV was reduced to a 200 ppm time weighted

average exposure for a forty-hour work week, with a 500 ppm ceiling for

Uce
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5,6 When it became evident from animal studies that

peak exposures.

vinyl chloride produced angiosarcoma of the liver at exposures as low
- as 250 ppm, and when cases of liver angiosarcoma were reported from
workers in PVC production p]gnts, an emergency ceiling TLV of 50 ppm
was established and a recommen&iiibn~toﬁset a permanent standard at a
no detectable 1imit based upon an analytical procedure capable of
detecting vinyl chloride at concentrations of 1 ppm was made by the

6 That recommendation has recently been modified

Department of Labor.
and a permanent standard promulgated which calls for a maximum 8-hour
worker exposure to vinyl chloride of 1 ppm with peak 15 minute exposures '
not to exceed 5 ppm. Since establishment of the 50 ppm emergency
standard additional animal studies have shown vinyl chloride to be
a carcinogen in experimental animals at 50 ppm exposure.levels.s'7
These data are reviewed more fully in the following sections.
Among the general population not involved directly in VC/PVC manu-
facture and product fabrication, the greatest sources of vinyl chloride
exposure are estimated to be or to have been from aerosol products containing
vinyl chioride propellants and from atmospheric emissions in the vicinity
of industrial sources. Studies on vinyl chloride aerosols used in home
situations indicate that peak exposures in excess of 100 ppm can occur.8
Time weighted average air exposures to vinyl chloride in aerosol products
would; of course, depend upon the frequency and conditions under which
these prgducts were used. To date over 100 aerosol products have been
identified which either contained or currently contain vinyl chloride.
For populations residing in the vicinity of industrial sources pre-
liminary date, described earlier, show peak exposure of 33 ppm and

24-hour samples as high as 1-2 ppm. Over 90% of samples, both peak and

24-hour measurements, were below 1 ppm.9 It should be noted that the

[
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risk to heaTth may be related Lo the exposure pattern to vinyl chlorido,

i.e. intermittent peaks, a 40-hour exposure each work week or a continuous

lTow level exposure.

.

Vié}THEhloride concentrations of 2-3 ppm
and at times higher have been recorded from manufacturing plant effluents,
although it is unlikely that such contamination would persist in water downstream
which might be used for drinking purposes, due to the tendency for vinyl

9

chloride to escape from water into the air.” Water contamination with 277

vinyl chloride from PVC piping may be a problem although available data

do not indicate this to be the case. To date, there is no ’
indication that drinking water contains detectable levels of vinyl

chloride.9 Food, either beverages or solids vackaged in PVC containers,

may contain vinyl chloride as a result of leaching, but © the fu{i:;] &;7
extent of such a potential problem is at present unknown. A World Health
Organization Report tentatively estimates that human intake of vinyl

chloride, based upon a Yimited range of food is on the order of 1 ug per

person per day.]]

For the general population, it is impossible to quantitate
the relative importance of various vinyl chloride exposure sources on an

individual basis based upon current data. However, if tne assumptions regarding

levels of contamination are correct, the relative importance of these sources
can be estimated. This estimate and the assumptions in these calculations are
shown in Table 6.1.1.Conclusfons drawn from this analysis are, of course,
dependent upon the assumptions which are made. These estimates assume

equal absorption of vinyl chloride from food and water in the gastrointesti-

nal tract compared to vinyl chloride absorbed by the lungs from the air.

-

F
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Table 6.1.1 RELATIVE IMPORTANCE OF VINYL CHLORIDE SOURCES
FOR THE GENERAL ADULT POPULATION (mg VCM)

Food Total

0.002 -- 3.0 3.002

!ASSume 2 Kg ingested daily containing an average of 0.007 ppm VCH by weight
resulting in an intake of 2 ug/day. A World Health Organization Report
estimates the levels of vinyl chloride in food may be on the order of 1
microgram per person, R§r day, based upon tentative calculations from a

limited range of foods.

2Assume 2 liters ingested daily containing no detectable levels of VCM. To
date there is no indication that drinking water contains detectable levels
of vinyl chloride.

3

3Assume inhalation of 20 m” per day containing 0.05 ppm vinyl chloride by

volume,

UCC
011727




. , DRAFT

- 00 NGT QUGTE OR CITE
This mdy or may not be true. Based upon these calculations, it is
evident that the airborne source, in general, can be considered the most
important route of exposure to this substénce among the population.

Specification of the risk to health among the general population

associated with the given airborne.exposure to vinyl chloride is ex-
tremely difficult in large part due to the lack of information regarding
responses to vinyl chloride at ambient dose levels in both animals and
man, Further, the data available, regarding adverse effects attributable
to vinyl chloride in man do not include adequate measures of exposure

which may have been responsible for such damage.

In considering the risk to human health from vinyl chloride exposure
in the population, it is important to keep in mind that angiosarcoma
of the liver, though ~an invariably fatal disease, is not necessarily
the most significant health effect associated with vinyl chloride.
Other cancers may also be involved and non-malignant damage to the liver
méy affect a far greater proportion of the exposed population than those who
develpp angiosarcoma. To date angiosarcoma of the liver has been con-
sidered an extremely rare disease among the general population. In a

survey by the American Cancer Society only one cise of angiosarcoma
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of the‘liver was recorded among 78,000 deaths.]2 However, the possi-
bility that the frequency of this disorder has been greatly under-
estimated must be considered. Shown in Table 6.1.2 are the results of
several studies examining the frequency of liver angiosarcoma among

_ workers exposed to vinyl chloride.

Table 6.1.2

FREQUENCY OF LIVER ANGIOSARCOMA
AMONG DECEASED VINYL CHLORIDE WORKERS'3-16)

Number of Deaths Reported Frequency of Liver Angiosarcoma
Number _Percent
al® 161 5 3.1
b’ 24 3 12.5
5 20 _ i g
' 109 6 5.5 .
Total 314 14 4.5 ‘

While it is likely that these reported cases of liver angiosarcoma occurred
among workers exposed to levels of vinyl chloride many times greater than
that normally found in the ambient air, it is also noteworthy that compared
to the general population (1 case in 78,000) the relative risk of developing
liver angiosarcoma among those exposed individuals by combining all these
data is estimatea to be approximately 3,000 times greater. Such a

relative risk represents a striking
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stat&stica]ly significant difference (p << 0.0]1) in the frequency of
Tiver angiosarcoma among those exposed to high levels of vinyl chloride
, compared to those in the general population exposed to much lower

levels. e

In attempting to éssess trends in incidence of liver angiosarcoma among
the population, it is important to recognize that other chemicals
besides vinyl chloride may be contributing to such a phenomenon. Included
in such a 1ist would be materials with similar chemical structures to vinyl

chloride as well as arsenicals and thorotrast, both of which have already
(17-18)

been associated with angiosarcoma of the 1iver.
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7.1 TOXICOLOGY
~ " 7.1.1 Introduction
| The effects associafiﬁ‘h&th.vinyl chloride exposure include narcosis -
associated with acute exposure, and liver and low grade kidney damage
similar to that associated with other halogenated aliphatic hydrocarbons.
Acroosteolysis has also been observed among workers exposed to vinyl
chloride. This disorder is characterized by degeneration of bones in
the fingers‘and has been associated primarily with direct contact with
polymerized materfal (PVC) and high levels of gaseous monomeric vinyl

chloride.l

This response is unique among the occupational hazards
resulting from exposure to the aliphatic chlorohydrocarbons. The recent
discovery that vinyl chloride induces carcinogenic changes in experi-

mental animals and the appearance of liver angiosarcoma among PVC workers

also appears to be a response to vinyl chloride exposure. 2-7

Although there has been no systematic quanitative assessment of the
toxicity of the many halogenated hydrocarbons, vinyl chloride has until
recently been considered one of the least toxic of the aliphatic chlorahydrocarbon
chemica}s. 8
Carcinogenic activity of vinyl chloride has been confirmed in
several species of e;perimental animals anq associated wi;h both acute
aﬁd chronic low level exposure when the experimental period was sufficient
in time to permit tumors to appear.z‘5 _ Thg appearance of hepatic angio-
sarcoma, malignant lesion in the liver of experimental

animals ,and the discovery that this equally rare lesion in man is associated
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with occupational exposure to vinyl chloride circumstances

Do

has served to underscore the

predictive value of experimental toxicology. Questions have also been
raised regarding the safety of-ather chemicals structurally related to
vinyl chloride that traditionally have been considered of low order

8 A literature review of the toxicology of vinyl chloride

toxicity.
has recently been presented by Marsteller et al, 1974? A
summary of this information is presented in Appendix B. Since vinyl
chloride is now a recognized chemical carcinogen that has been detected
in the ambient air near monomer and polymer production facilities in the
United States, its presence in the environment represents a potential

public health hazard.

7.1.2 Acute Effects

The early experimental toxicology of vinyl chloride was limited to
acute exposures. These early Studies employed a var{ety of experimental
animals and were limited to very short exposure periods. The results of
these studies have been reviewed by von Oettingen,]] Mastromatteo
et al-‘o and more recently by Marsteller et al. 9
In_general, these investigations suggested vinyl chloride was of low order
acute toxicity, anesthetic in action, and had little capacity to cause
injury‘to the liver or kidneys. The duration of tnese exposures rangeg Trom
minutes to hours. These observations led to consideration of vinyl chloride

for use as a general anesthetié{ Tﬁe anesthetic effects were uften

accompanied by
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cardiac 1rfegularities with some suggeétion of cardiac sensitization.

The effecfive narcotic level in mice éxposed to vinyl chloride for one

minute ranged from 86,000 .,  to 123,000 ppﬁ. Approximétely 170,000

ppm was required to indué;"EEFcosis in dogs and rabbits over the same

exposure period. Cardiac irregularities were observed in electrocardio-

grams of dogs exposed to 100,000 ppm for less than 4  nours.

In addition, the observation of other side-effects suggested further ‘

systemic disturbances associated with acute exposure. Guinea pigs

exposed o 5,000 ppm of vinyl chloride for @ 30 to 60 minute period

displayed pulmonary edema and hyperemia (excess blood) in the kidneys

and liver on autopsyrn Although all pathological parameters

appeared normal in rats exposed to vinyl chloride levels up to

100,000 ppm over a thirteen day period, advanced lymphocytic hyperplasia

of the spleen was observed!? f At lower exposure concentrations and extended
exposure periods (50,000 ppm; 19 days), 1ncreased‘ liver size was observed

: ‘ 12 - examinations
in these experimental animals (Sherman rats). Pathological / revealed con-

jestion at the cellular level in the liver of these experimental ,,imals;
however, parasitic cysts were also observed in the liver of these

animals which  confounds " conclusions regarding acute effects and
systemic damage associated specifically with vinyl cnloride exposure. Although
the results available suggést only marignal systemic effects, there are

some indications that vinyl chloride is not sihply absorbed and exchanged

in the lungs but distributed throughout the body with pathological

alterations observed in the liver kidneys and spleen. Therefore,

effects such as pulmonary edema, tracheal irritation, hyperemia of the
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livef'and kidneys. cardiac arrhythmia and hyperplastic chanaes in the
spléen énd liver may be subtle side effects of acute vinyl chloride
exposure that suggests functional interaction in various organs and
systems of the body. A summary of these and other experiments are

presented in Appendix B. - .

—

7.1.3 Chronic Inhalation Toxicology

While investigations of short duration with high exposures are
useful in determining lethality and gross toxicity, chronic effects
associated with continuous or repetitive exposure to lower levels of
vinyl chloride are more important in evaluating possible environmental
hazards. Several investigations designed to assess chronic effects
associated with repetitive exposures to vinyl'chloridg began in the
early sixty's. Torkelson, Oyen and RoQEareported results of studies
using several species of animals (dogs, Guinea pigs, rats and
rabbits) exposed to levels of vinyl chloride ranging from 50 to
500 ppm. The results of these studies noted that all species of
experimental animals exposed to vinyl chloride at 500 ppm
administered daily 7 hours/day over a four and a half month period,
were normal with respect to appearance,
growth and mortality. While several blood parameters (serum enzymes)
used to monitor functional disturbances of the liver were found to be
within normal limits, there was an increase in liver size observed in
male rats that was not apparent in female animals. In addition, central
Iobulér degeneratioa of the liver and renal tubular damage in the kidneys was

apparent upon microscopic examination of the various tissues €xcised
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from animals sacrificed at the end of. the experimental period. Since
considerable liver damage is required to alter serum enzyme levels used

! ' . 14-16

- to monitor liver function,’ histopathologic changes such as those abserved
- h‘-\“"\-\_‘_“-

in these gtydies may be an important parameter in evaluating beginning

liver damage which might not be detected by serum enzymes. Similar

effects were observed in the liver of male rabbits exposed to 200 ppm of vinyl

dail ,
chloride administered for 7 hours / %ver a six month period With

necrosis ana periportal cellular infiltration in the liver

was not observed in the females.  This observation suggests a
sexual difference in the response of male and female rabbits to vinyl
chloride and alludes to a possible hormonal influence. Other experiments suggests
that carcinogenic agentsvmay modulate the activity of stéroidal hormones ]7']9
While ' the liver of male and female rats remained .
increased in size at this dose levél (200 ppm). o apparent microscopic-

pathology was observed.There were no apparent kidney disturbances noted

among the various animals exposed to this dose level (200 ppm). .

Increased liver size was sustained even when exposure was reduced

to 100 ppm for 2 hours daily over the 6 month period of the experiment.
However, it is important to note that

Ucc
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Tiver to boay weignt ratios were not statistically ditferent from controls

at these lower dose levels. A furlher reduction in exposure to

,50 ppm  for 7 hours per day for & davs ner week

administered over a g -montfi'period produced no evidence of liver

. §ize
abnormalities 1N ; or microscopic appearance 1in these experimental

animals. Despite the lack of statistical® significarce,

these toxicologists placed sufficient weight on their
observations of subtle liver damage observed‘in several animal species to
recommend adjustments in the establisned inaustrial standards for
permissible exposure to vinyl chloride as early as 1961. .
The experimental protocols used in this investigation
were limited to a six month period and did not reserve treated animais
for Tongevity studies. It is coné¢eivdble that carcinogenicity of
vinyl chloride would have been known nearly fifteen years ago had the
effects of longevity been studied in these early studies.

Attempts by Viola et a{?’zp'zgo develop an animal model to
investigate the pathogenesis of acroosteolysis
revealed convincing evidence of systemic toxic effects in a wi&e
variety of organ systems. These subacute studies provide a more
coﬁp\ete description of systemic effects associated with exposure to high
conceqtrations of vinyl chloride monomer extended over a twelve month
period. While attention is focused upon the liver of these
experimental animals (Rats, Wistar strain) pathology was noted in the

kidneys, arteries, skin, bones, brain,and nerves. A fibrosclerotic
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reaction appears to be a common denominator in the biologically diverse
tissues of these various organs. A fibrotic lesion in the liver appears

to be important in evaluating the pre-cancer state of liver
- (22)

These observations ;;BVTdednevidence of the permeation of vinyl chioride

throughout the body and suggested interference with membrane structure
(e.g. 1ipid peroxidation) with a compensatory repair response
(endothelial proliferation). Carbon tetrachloride also produces a
peroxidative degradation of structural lipids partiéu1ar1y in the

23,
1{iver. 23,24

There have been other published reports in the Russian and European
literature that provide evidence of alterations in cardiac function,
hypertension???ncreased adrenalin and neural activity in the brain of
several animal species subjected to low chronic exposure levels of vinyl
chloride (Appendix B). These experiments suggest the possibility of

cardiac disturbances and behaviorial changes ggnmn exposed to

vinyl chloride vnder occwnational ¢jprcumstances.

UCe

011740



DRAFT
| £ 1OT QUOTE OR CITE
A\summary of chronic systemic effects from inhalation of vinyl
chloride observed in experimental animals include:

o Alteration in liver function. There may be sexual differences
in nature of the responggﬁgf the liver of male and female
animals. A fibrosclerotic ;eaction in necrotic areas of
the liver with evidence of a hepatic regenerative process
has been noted. Therefore, vinyl chloride may be considered

a chemical hepatotoxin.

o Disturbances observed in the circulatory system include
irregularities in cardiac function, endothelial fibrosis in
arteries and alteration circulating white blood
cell levels. Hypertension has also been observed and
may be related to induced adrenmalin activity éimi1ar

to other aliphatic chlorohydrocarbons.

¢ Exposure concentrations, duration of exposure
and frequency of exposure appears to be important aspects

that determine the nature and severity of toxic response.
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The significance of the evidence from chronic studies appear

1 to have been qn&erraté&“sin;gﬁgfny of these experiments have not

been repeated on a large scale unfil'recent discovery of

carcinogenic activity. Although attempts were made to establish a
dose-response relationship, there has been little or no data available to per-
wit quantitative analysis of the systemic response to vinyl chloride
exposure., Qualitatively, it is important to recognize the

significance of repetitive exposures and exposure durations that permit

observations of time-dependent response phenomena. 2-5.12,13
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7.1.4 -Carcinogenicity of Vinyl Chloride

There have been three investigations that deal with the

carcinogenicity of vinyl chloride, Viola et a]2

Maltoni and Lefemine,4 and Keplinger et al >

?he first evidence of carcinoggnjc effects associated with exposure to
2,21

vinyl chloride was reported by Viola-et al.

These investigations involved twenty-five Wistar (AR/IRE)

albino male rats (150 am body weight) exposed to 30,000 ppm of V(M

The tumors observed

7.1

for 4 hours a day, 5 days a week for 12 months.

under these subacute exposure conditions are presented in Table

Although these experiments apparently were not specifically

designed for investigating carcinogenicity, there was sufficient

evidence of a tumorogenic response to warrant further

investigation: Particular attention focused upon the following aspects

of tumorogenicity of vinyl chloride in Wistar rats subjected to

subacute exposure conditions:

o Tumor multiplicity with neoplastic lesions observed in

several tissues.

¢ The presence of Zymbal gland tumors. These sebaceous glands

located in the ear of rodents are particularly responsive to

other chemical carcinogens (e.g. acetyl-aminofluorine: AAF,

PNA such as 9,10-dimethyl-
4)

polynuclear aromatic hydrocarbons:

1,2 benzanthracene; urethan; 4 amino-stibenes, benzidine). (

UCC
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Since the majority of tumors observed were epidermoid carcinomas

of the skin, these investigators concluded that the cutaneous system
A (skin) was the system most susceptable to the oncogenic effects of

"vinyl chloride (Tab]e§”7:1rlhggg 7.1.2)

Ve

It is important to note, however, the absence of liver angiosarcoma
in these animals subjected to high levels of vinyl chloride
monomer for nearly half of their life-span.

Therefore, a more comprehensive, quantitativeand systematic
series of investigations were initiated {n Europe and the United States
to confirm the carcinogenicity of vinyl chloride with particular

emphasis placed upon the dose-response relationships in several studies

of experimental animals.
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Tables 7.1.1  TYPES OF TUMORS OBSERVED IN MALE WISTAR

. a
. RATS EXPOSED TO 30,000 ppm OF VINYL CHLORIDE
Wistar Tumors
Rats ;
number Skin Lungs Bones
1 M ucoc_pmcrmoid Adenvacanthoma  Osieochondroma
arcinoma
2,3 Epid:riond Nu fumor No tumor

carcinoma, ken-
tinizing ty pe
4 Epidermoid Adenocarcinoma No tumor
catcinoma, kera-
tinuzing fy pe

5 Papilloma, heratotic  No tumor Qsteochondtoma
M type
6 Eprdermoid No rumor Osteochondroma
carcinima
? " Epidennond No tumor No tumor
carcinoma /
8 v Mucoepidermond No wimor . O-trochondroma
Larcmama
14 v Epudzrinond Nu tumos No wumor
carcinorg
16,17 . Epidermoid Adenacarcinoma No tumor
catcmoma
b3 , Epwdermond No tumor No wmor
carcmoma
22 . Epdennond Adcauvcarciaoma Oslevchondtoma
arcinoma :
23 + Epidermoid No mmor No tumor
catvinoma
pl) Epidermwnid Mucus-producing No tumor
carcinoma adenocarainema
(alveolar cell
carcinoma?) ¢
25 Epidcrmaid No jumor Ny lpmop
catinomg ’
% Epderntond Squamous ool | No tumor
Carcmoma carcinoma

d1nhalation exposures were '
conducted 4 hours/day, 5 days/week over a 12 month period
From Viola. P.L. et al.2

7-4-.)
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Table 7.1.2 * TUMOR INCIDENCE IN MALE WISTAR RATS

T a
EXPOSED TO VINYL CHLORIDE

Tumors
Vinyl chloride Total
ppm Animals Skin Lung Bones

30,000 26 17
Controls 25 ——

a [nhalation c¢f 30,000 ppm vinyl

chloride, 4 ours/dav i 1avs/week over 12 months .
From Viola, Cet al ’
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In Europe, additional investigations began in late 1971 under the

auspecies of Maltoni and Lefemine. ?

A series of 14 correlated
and integrated experiments were designed to elucidate the relationship

of vinyl chloride carcinogenicity to route of administration,

expdsure concentratiun, Jength of exposure, species resﬁonse variation and
age dependent effects. The basic design of these studies placed
particular emphasis upon controlled exposure conditions and a compilation of a
tumor * incidence profile from observations over the entire life
span of the experimental animals in response to inhalation of vinyl
chloride of high purity (99.99percent). The preliminary results of this
initial study have been reported (Table 7.1.2, The percentage of
Sprague-Dawley rats with various types of tumors observed following
cessation of vinyl chloride exposure at various dose Tevels is

presented in Figure 7.1.1.The information available from these early
studies indicate that vinyl chloride carcinogenicity is dose-dependent.
Total tumor incidence appears to decrease with decreasing concentrations
of vinyl chloride and was also observed to be dependeﬁt upon duration

of exposure as well as concentration. Liver angiosarcoma and nephro-
blastoma of the kidneys of these Sprague-Dawley rats do not appear to

be as concentration-dependent as the generalized tumorogenic

response (Figure 7.1.1). These investigators suggest that liver angio-
sarcoma and nephroblastoma may be more dependent upon duration of
exposure than upon the concentration of vinyl chloride administered.

The basis for this suggestion stems from the observation that

UCC
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Table 7.1.3  VINYL CHLORIDE CARCINOGENICITY IN SPRAGUE-DAWLEY
RATS. PRELIMINARY RESULTS FROM MALTONI AND LEFEMINE °

v -
-

——

Preliminary Results After 131 Weeks Exposure: 4 hours/day, 5 days/week

Over a Twelve-Month Period *

il = -
il Ainuds with tunwurs
Epeggae -
awdey 1ats) Zy bl Angioaenmas Other ty pe
ghands  Neploobins. and v To-
Grovgm and Survi-  emicinomas® toneed Liverr Other sites site tal
fivatiment Tl vors Na N Na, No. Na. No=
I
VA 230 ppm . 1] . - - . - .
1
VO I0000 ppm 68 . 13 3 ¢ - > 2
11 '
VO NN ppin 72 : 3 k£ 11 14 1¢ 2
v )
V2500 ppm (L - 2 6 ] ki . v 21
v
VO A0 ppin o7 3 3 7 ¥ iv 18
Vi
V2SO ppin 47 L A 2 » P n
v
LA pyd 4 4
VI
N hrenbinent s 1 ' - - - v

Tatal 577 L B 20 43 b 10 L]

* Metustases 1o lung.

b Metastzees to liver aud or 1o g ol spleen.,

* Metastamw to Jung.

¢ Angiowarcoma in suberitaneons fibineing angioma

« Two intra-sbdeminal sagiosnreomns (1 contignos to splecn und 1 to ovary ); 1 ossifying angios
sarsoma of nock,

7 (e pulinnary angivearcoma; 1 angioeaeoonma of uteris,

¢ One intea-abdominal angiosareoma (near to spleen); 1 intrathoracie ossifving angiosareomma

*Two Zymbad gland adenomas; 1 nearilemmotin of the ear; 1 mammary carcitioma; 1 evsto-
adenoenrecinema of uvary.

* Bebacrous ghamd carcinoma of <kin.

# Zymbal gland adenoma,

¥ Minimal devintion hepatoma, '
TOne Zy mbal gland sdenoma: 1 <alivary glind earvinoma.
= Total N of tumounrs,
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Figure 7:1.1‘ The Concentration Deoendency of Sel
ected
Sprague-Dawley Rats.?a y Neoplasfa in
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2 perived from Maltoni C. and Lefemine, G., 1974.4 The incidence of

neoplasia determined at 131 weeks following the onset of exposure.
Animals were exposed to various concentrations of vinyl chloride for
4 hours per day, 5 days per week over a 52 week period. Control
animals were void of tumors.
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all of the tumors observed under reduced exposure conditions

were carcinomas of the Zymbal gland. There were no angiosarcomas or

nephroblastoma in the liver and kidneys observed under reduced durations

~ \of exposure to high leyels of vinyl chloride. However, information is

évajlab]e only at the hiéﬁEF‘exposure levels of vinyl chloride (10,000

and 6,000 ppm).

There have been five distinct types of tumors observed in the

investigations of Maltoni and Lefemine.4 Anaiosarcoma, narti-

cularly in the liver of mice and rats were found. This tumor type was

also observed in the subcutaneous tissue of offspring from vinyl chloride

exposed pregnant rats. Zymbal gland carcinomas and renal nephroblastomas in

rats as well as mammary carcinomas in mice as a consequence of

metastases from pulmonary adenomas were also observed. It is

important to note that Zymbal gland carcinomas, nephroblastomas and

liver angiosarcoma were never observed to occur spontaneously in the

4
strain of Sprague-Dawley rats used in these studies.

Selected early conclusions reported by Maltoni and Lefemine

from their preliminary studies are as follows; (note that

parenthetical material has been added fqr clarity.):

'"Vinyl chloride is oncogenic (carcinogenic) under the

experimental conditions employed. It induces, in rats,

carcinomas of the Zymbal glands (sebaceous glancs ¢ the

skin located in the ear), nephroblastomas ( kidneys)

and angiosarcomas in the.liver and other sites; in

mice, liver angiosarcomas, pulmonary adenomas (invthe

Jungs) and mammary carcinomas ( breast )."
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. %A direct relationship exists between dose (concentration)
and length of treatment (exposure duration) and the neoplastic

response (carcinogenicity)."

®'Blood vessel ectasis and endothelial hyperplasia,
associated or not with-cellular atypia, are often observed
in the liver and in other organs and tissues in treated
animals, with or without angiosarcomas. Therefore, the
effect of vinyl chloride on blood vessels and endothel lai

should be considered systemic."

The American investigation *  began after the onset of the
European studies and were designed to compliment the work of Maltoni
and Lefemine. 42 While the experimental design differs to some extent
from those of Maltoni and Lefemine, the early results’ from investigations
conducted by Keplinger et al. 5 confirm the capacity of vinyl
chloride to induce hepatic angiosarcoma in mice at an exposure level
of 50 ppm. Angiosarcoma was also identified in the liver of male rats
and hamsters exposed to 2500 ppm and one female rat eiposed to 200 ppm.5 Further-
tumors at other sites of the body were also observed in mice
and include those identified in lungs, mammary glands and skin. There-
fore, additioﬁal evidence of multifocal carcinogenicity of vinyl chloride
is consistent with that of Viola et al. 2 and Maltoni and Lefemine.
It is important to note the appearance of liver angiosarcoma in a third
species of experimental animals exposed to gaseous vinyl chloride; the
Golden Syrian hamster. There have been no tumors observed in
control animals at this time. Although there has been a high mortality

rate among experimental animals in these studies, it is important to note

UCC
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that angiosarcoma of the liver has been observed in mice exposed to
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50 ppm of vinyl chloride following periods of exposure of only 6 months
duration This  tends to confirm the 'observations of Maltoni
\]and Lefemine in rats at this 5_exposure level, and helps to clarify
.. some_questions raised regard1;;hwhether liver ang1osarcoma oceurs
within the 1ife span of experimental animals.
Maltoni experiments, liver angiosarcoma was observed at 50 ppm only
after 130 weeks of observation, suggesting that at dosages below 50 ppm,
effects might not occur within the lifetime of rats. The American

studies would suggest that,at least in mice, this is not so.

The preliminary results from the American and European investigations
provide convincing evidence that vinyl chloride is an active chemical
carcinogen. It has been shown to induce tumors in various organs in
three species of animals at exposure concentrations down to 50 ppm.
Angiosarcoma has also been observed in three species of animals;
Sprague-Dawley rats, Syrian golden hamsters and mice. Angiosarcoma
of the liver has also been observed in rats and mice in two research
laboratories at 50 ppm exposure concentrations. It is noteworthy
that Wistar strain rats display a multiple carcinogenic response following
inhalation of vinyl chloride with tumors appearing in several different organs

"(bone, kidneys and skin), but this strain of rats is apparently refractory in the

development 2.5

/ of liver angiosarcoma. Furthermore, recent evidence

suégests that the oncogenic response in the liver of experimental
animals is not restricted to angiosarcoma since hepatomas have also

been observed as well.26
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While two laboratorieé'gre investigating the dose-response
relationships of vinyl chloride carcinogenicity, only
ghe studfes of Maltoni and Lefemine are sufficiently advanced to
provide information in this regard. However, the published data
available are preliminary, largely qualitative in nature and of limited
value for statistical analysis and risk assessments (Appendix A).
Specific attention is drawn to the presentation of tumor incidence and
the absence of data regarding the precise number of animals bearing more than
tumor type ( Table7.3 ). Although total tumor incidence appears to
be more dependent upon exposure concentration, this dependency is not
readily apparent regarding liver angiosarcoma and is absent regarding
nephroblastoma of the kidneys(Figure 7.1).Liver angiosarcoma and
nephroblastoma appear to be more dependent upon exposure duration
than exposure concentration.4 It is important to recall the
preliminary nature of the data available and the nature of carcinogenicity.
Cancer is self replicating and  largely irreversible depending
upon the type and siZe of tumor development. Liver angiosarcoma

in man is largely an incurable,fatal disease. Therefore, exposure

to vinyl chloride at any concentration for any period of time may not be
withou{ risk.
Another important consideration from the early results of Maltoni

and Lefemine is the possibility of transplacental carcinogenicity.
Further attention is also drawn to the recent evidence of vinyl
chloride mutagenicity thatreauires piotransformation (metabolic

activation) by liver detoxification enzymes before effects are observed

UuccC
011753



 DRAFT
DO MOT GUDTE oR CITE

in bacterial test systems.(27)

While somatic mutations may provide

a basis for carcinogenicity in the immediate generation, dominant germinal
mutations could be expré§§éd~asﬁan_increase in spontaneous abortions.

In this regard, preliminary evidence suggests an elevated incidence

of spontaneous abortions among the families of polyvinyl chloride

workers. - These considerations underline the need to further
evaluate the effects of vinyl chloride upon reproductive compentency
including fertility, fecundity, and pre-peri-natal toxicology and
transplacental carcinogenicity» including possible transmission of

this hazardous material from the workplace to the home.
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7.1.5 Absorption, pistribution, Metabolism, and Excretion

In the review of aliphatic chlorinated hydrocarbons by von Qettingen, '

levels of vinyl chloride were determined in the blood of cats subjected

fﬁ acute exposure conditions. (See_Appendix B also}.Exposure to 100,000

ppm for less than 4  hours produced vinyl chloride concentrations of 15 to 17
. ‘mg/100 mg blood) in these animals. Respiratory and cardiac
arrest were observed as blood levels of vinyl chloride reached 27 to 30 mg per-
cent and exceeded 40 mg percent respactively. Approximately, 82 percent of the
VC was eliminated immediately frng the lungs in these experiments.

The observation of Viola et. al. 0 ‘in Wistar rats exposed to

10,000 ppm for 60 minutes tends to support conclusions regarding the

lungs as the principle excretory route of vinyl chloride. The con-
centration of vinyl chloride decreases rapidly in expired air, blood,

urine, brain, liver and kidneys during the first hour followiing exposure

in those experiments. There was essentially no

detectable levels of vinyl chloride in these animals at 3  hours

following exposure. Analysis of the distribution of vinyl chloride

among the formed elements and the fluid media of the blood indicates

that red blood cells appeared to have a greater affinity- for vinyl

chloride than serum. Although these observations are limited in scope

and detail, they provide qualitative evidence that vinyl chloride is
absorbed, distributed throughout the body,and eliminated by the pulhonary

and urinéry excretory routes. It would appear from these early studies

that vinyl chloride was not metabolized,was excreted essentially

unchanged and tended to support conclusions regarding its low order of

toxicity.
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However, with the evidence of the more recent studies on
carcinogenicity, investigations regardihg the metabolism and

pharmacodynamics of vinyl chloride under controlled conditions have
29,30

been undertaken by Hefnér‘et-allh Preliminary results of this
investigation indicate that vinyl chloride monomer apparentfy
metabolized to polar metabolites that are excreted primarily in the
urine of animals subjected to an initial 50 ppm exposure level.

There appears to be very little excreted in the expired air as unaltered

vinyl chloride at this exposure concentration.

The early conclusions drawn from these investigations by Hefner

et al. are as follows:

*There appears to be a metabolic threshold for metabolism
of vinyl chloride. Spraque-Dawley rats exposed to vinyl
chloride below 100 ppm appear to metabolize vinyl chloride
fairly readily. Exposure to vinyl chloride levels in
excess of 200 ppm reduces metabolism considerably. This
also suggests fhat the metabolic pathway available at

levels of vinyl chloride below 100 ppm can be saturated.

UCC
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'Vinyl chloride appears to be metabolized via alcohol

dehydrogenase since it can be inhibited by pyrazole (1,2

o pvrazole ahd ethanol. It is important to note that the

metabolism of vinyl chloride did not appear to be inhibited

by SkF-525-A that is used to block the activity of some

microsomal enzymes. Microsomal enzymes are important

in steroid metabolism and detoxification of foreign chemical

While these are preliminary

compounds {xenobiotics).

conclusions, it is important to recall the appearance

of hepatic angiosarcoma in two species of experimental

animals at 50 ppm exposure level (rats, mice) which

would argue against a metabolic carcinogenic threshold

at 50 ppm and higher exposure levels.

@ The evidence presented in these studies suggests

alternative metabolic pathways for vinyl chloride

resulting in metabolites of perhaps differing toxicity.

However, the saturation of the presumably safer pathway

by etheno},(and,conceivably bv other substances as well.

i.e. drugs) argues that the "distinction" between

pathways may not be well defined and that under certain

conditions even relatively low exposures might be

shunted through the more toxic pathway. Furthemiore

due to genetic variability, some individuals may
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metabolize vinyl chloride predominantly through the
more toxic pathways. In this regard, it would be
" premature to conclude, based upon current evidence,
that an éEEébtable.exposure to vinyl chloride can be

defined in terms of alternative metabolic pathways.

Vinyl chloride has been found to be excreted as :-hydroxycysteine,
suggesting metabolic transformation via an expoxide intermediate. The elimination of
xenobiotics by the formation of epoxide, followed by conjugation with

thiol containing compounds is found in the metabolism of a nurber of

carcinogenic compounds, as will be discussed helow.

Since viﬁy] chloride has is a rather simple chemical structure with lirited
capacity for metabolism by complex pathways, it appears to be a good

model compound for use in studies on the mechanism of chemical carcinogenesis,

P. L. Grover, P. Sims and their co-workers have tested a nurber of

carcinogens for in vivo and in vitro formation of epoxides, which have
3,Z9'33 .
been shown to be alkylating agents of nucleic acids and proteins.

They have presented evidence for formation of epoxides for a nurber of

- carcinogens including pyrene.34 benzo[alpyrene 34 phenanthrene, 35

(35)

benz[a]anthracene35 and dibenz[a,h]anthracene. Epoxides of

polycyclic hydrocarbons have been shown to be mutagenic to T2 bactericohage,

35
to bacteria.-37 to Drosophila Sp. and to rammalian cells. 39

They also produce malignant transformations of cells in culture. 10
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Another possible mechanism of cancer induction by chemicals is via

decreased protection against the deleterious effects of free radicals.

Non-protein thiols are known to afford protection against free radicals.
However, these thiol containing compounds can be

reduced by the formation of mercapturic acid conjugates of

epoxides from reaction with glutathione.

Hefner et.a];29 also reported a decrease in serum non-protein

thiol compounds after expasure of rats to vinyl chloride. This can be

related to the dangers of nuitiple exposure to compounds related to

vinyl chloride in the same manner as for the epoxide mechanism. Indeed,

this mechanism is only a variation of the epoxide mechanism, however,

in this case free radicals are the final cause of damage, whereas in

the epoxide mechanism, reaction of epoxide with DONA or protein is the

deleterious step. A large literature also deals with the

formation of mercapturic -acid derivatives of epoxides from reactions

uitn giutatnione. A review of postulated mechanisms of carcinogenicity

of vinyl chloride and structurally related compounds has been presented
]

by van Duuren.
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It would be ideal to suppose that a screening procedure for car-
cinogenic chemicals could be developed on the basis of analysis of
,tis;ue from experimentallx exposed animals for epoxides or mercapturic
acia derivatives. The conééﬁt?ation of these materials found at
various exposure levels could theoretically be used as a risk index.
However, discrepancies in the relationship of these derivatives to
carcinogenesis preclude any such simplistic approach. The data herein

alluded too does, however, indicate that such an approach may be possible

in the future if research pertinent to the basic mechanisms of chemical

41,22
carcinogenesis is supportes. 'Thls research should optimistically result

in answers that would allow evaluation of the carcinogenic hazard of a
large number of existing environmental pcllutants as well as analysis of

new synthetic chemical compounds prior to their ubiquitous distribution

in the environment,
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7.1.0 Adaitional Toxicological Concerns Vi CV]E‘

7.1.6.1 Toxicity of Polyvinyl Chloride

The free radical content and the level of residual vinyl chloride

-
—

monomer of PVC resins and plastic end products could affect their
toxicity including potential for carcinogenic activity. Vo]keime#B
reported particles of polyvinyl chloride up to 70 microns in diameter
transported and deposited throughout the tissues of experimental
animals. ' The combination of these two observations along

with the possibility for populationexposure to polyvinyl chloride
such as perhaps through erosion of PVC pipe and the wide use of
flexible plastic materials containing leachable materials indicate
the necessity for further study in this area. ‘

7.1.6.2 Toxicity of Pyrolytic Products of PVC

Another potential problem area related to vinyl chloride is
the composition and toxicity of products produced by incineration of
PVC. Again this is a potentially widespread opportunity for general
population exposure to other hazardous materials. Disposal of PVC by
incineration is a common practice, however, little data is available on

the toxicology of pyrolytic products.
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7.2 THRESHOLD LIMIT VALUES

Although occupational health studies began in 1930, there were
egsential1y no reports of possible systemic effects or serious health
adversities associated wifﬁbeTVVinyl chloride production and/or
exposure to vinyl chloride monomer (VCM) until 1949. Chronic
“epithelial" hepatitis was diagnosed in Russian resin fabricators
engaged in processing polyvinyl chloride re51ng?)The possible
etiological agents listed included primary ingredients used for
polymerization, cémpounds released from the resin during processing and
plastisizers. It is noteworthy that the possibility of potential health
hazards from exposure to residual materials released from
polymer resins was suggested more than twenty five years ago. In the
absence of chronic 1pvestigations during this period, the low

acute toxicity and the apparent lack of evidence of adverse health

effects from previous occupational experience,a threshold limit value of

500 ppm (1300 mg/m3) time-weighted average was established in 1959 by the
American conference of Governmental and Industrial Hygienists (ACGIH) as

the industrial hygiene standard for vinyl chloride in the United States.

The non governmental standard was apparently based solely upon fire and
explosive hazards that are possible at a minimal level of 2,5 nercent (25,000

pom) by weight of vinyl chloride in air.
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The results of acute tonicity studies, which were the order of
the dav in the early years of vinyl chloride and polyvinyl chloride
production, provided evidence of pulmonary congestion (edema) with
Jamage noted in the liver. hidneys.and tracheal epithelium
concomitent with narcotic effects dssociated with high exposure

levels of short duration. Advancements in toxicological protocols and the

stare-or-the-art of biomedical research along with the evidence of organ
Jarage ani'S)steric effects observed under acute exposure conditions led
to tre shronic (Tow level) inhalation studies of Torkelson, Oven and
Sowe in 1961.‘]5\ Fased on observations in several species of experi-
=~ental animals thar included evidence of liver and hidnev pathology at
tre Terginpld limit value (500 ppor) and the absence of these effects at
wing & rontns of investigation, these authors recommended

he . .
a crange in ingustrial nyaiene standard. Those recommendations made in

o,

8¢l sucgested li~iting occupational vinyl chloride exposures to less
tnarn 100 opr with 2 tirme-weighted averaae not to exceed 50 ppm in air
oF trg PV workroer environment.
The subacute studies of Lester, Greenberg and AdaAJZQed the authors to
isms <haz ware essertially contradictory to those of Torkelson,
daa. C2spite increased liver weight and slight liver
rigToraieotes. chsermvel in their eaperirental animals. On the
S =r2g2 zps otrar Chservations 2t higher dosages
az—irfgtansas s.3r srIrTer exdeosure ceriods, these authors recommended

~3im=zirirs gea anvigtirz 307 0pr thrashold lirit value.
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The Comnittee on the Threshold Lim1t£Values o -the 'Amiican
Conference of Governmental and Industrial Hygienists (ACGIH) considered
the evidence presented in these two conflicting reports and chose to
change the industrial hygiene standard for vinyl chloride from a 500
ppm maximum time-weighted averagé}cggue to a 500 ppm ceiling level for

-.._‘_‘_‘_‘h

industrial exposure.

Along with growth and expansion in production and use of polyvinyl
chloride resins, tg; workforce in this industry increased accordingly.
In time a unique occupational health problem appeared 1nvo1ving those
workers engaged in cleaning polymer reactor Vessels. Vinyl chloride
disease or acroosteolysis was first reported in
1966. 9 This disease involved a progressive skeletal deterioration
of the fingers accompanied by interference in peripheral nerve response

and diminished blood-circulation (Raynaud - like syndrome). While other

reports have appeared in subsequent years, occupational acroosteolysis

in PVC reactor cleaners has been well documented by large scale
epidemiological studies conducted between 1969 and 1972. 1.9 Since
this adversity was apparently restricted to those individuals exposed to

exceptionally high levels of gaseous vinyl chloride and the response
wit? PVC resins
associated more with direct dermal contact{ it appeared that the

processing of PVC resins did not involve a health hazard of sufficient
severity to warrant adjustment of the industrial hygiene standard.

Furthermore, available standard textbooks and review articles have stressed the
C of _
safety / polymer processing and noted only a minimal risk of narcosis associated

with inhalation of vinyl chloride vapors. 47-90
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Impbrtant studies regarding occupational exposure to vinyl chloride
that were influential in adjusting permissible exposure levels were
those of Baretta, Steward and Mutch1e#6

and Kramer and Mutchl_er-,44 | | These investigations
fnvolved determining levels of vinyl chloride in the air of the work
area and correlating them with results of a Ssystematic myitiphasic
screening of employees using a variety of clinical parameters. The mean
concentration of vinyl chloride in the work-place air in these studies
was found to be 160 ppm with a range of 30 to 170 ppm. Vinylidine

chloride was noted as a co-contaminant at a level of 5 ppm. While no

difference was observed in blood pressure, hemoglobin levels, electrccardio-

grams nor was there evidence of morphological anomalies

(acroosteolysis), there was adequate indication of somé’degree of liver

damage among PVC employees at TWA exposures of 300 ppm.  These observations

led the investigator to conclude that there was a definite risk of liver
damage at vinyl chloride levels of 300 ppm time-weighted average (in
the presence of 5 ppm of vinylidine chygride) J
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The second adjustment of the industrial hygiene standard to a TWA
_of 200 ppm was apparent1y influenced by evidence of human liver dysfunction

aﬁd the availability of monito:jggHQata regarding levels of vinyl chloride
in air of at least one PVC productfén facility. 44,46 Although Torkelson
et al. had reported slight liver damage in experimental animals exposed
to 200 ppm of vinyl chloride in 1961, 13, these observations were
apparently not fully considered until a decade later.

Due to the increasing incidence and concern regarding
acroosteolysis, experimental studies had been undertaken to develop an
animal model for elucidating the pathogenesis of this'and other adverse
effects observed in humans exposed to high levels of vinyl chloride by Viola

2,20,

et al. in 1970 and 1971. * In the course of these acute studies

carcinogenic effects Were observed and

7-2-5
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presented in 1970 with a later full detailed publication

of the observations in 1971.

Although .. deficiencies in experimental design were noted
with regard to those suitable‘fﬁ?‘carcjnogenic investigations, there was
sufficient evidence presented that warranted further study. Subsequent
investigations were initiated in Europe;?glin the United States using
lower exposure levels and purer compounds. Preliminary results from these
efforts confirmed the carcinogenicity of vinyl chloride in several
species of experimental animals, a dose-response dependency of tumor
incidence was observed, and positive effects detected at exposure

levels down to 250 ppm. 3.4

While carcinogenic effects of vinyl chloride were noted at dosages
close to permissible industrial exposure levels (TLV: 200 ppm), there

was equal concern regarding the type of tumors identified and not observed
2

at hiqher exposure levels in the earlier studies of Viola et al. in
pue  Due to the history of liver dysfunction in PVC employees and

in chronic experimental animals observed earlier particular concern was
3’4

aroused by the appearance of liver angiosarcoma in experimental animals.

Increasing interest in vinyl chloride followed the findings that
4 employees at
this a PVC plant had died of either liver angiosarcoma, a
rare form of human liver cancer, or other liver cancers of unknown types

from 1968 to 197§§ A fifth individual died in late 1973 of cirrhosis of
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the livsri Investigation of the exposure history of these
individuals revealed that the deceased employees had an average exposure
of 19'years to vinyl chloride and ten years to vinylidene chloride.

These workers had been engaged in operations where vinyl chloride

Liy . ‘
F~concentrations may have greatly exceeded the 1972 Threshold Limit Value
S : :

égi-(ZOO ppm).
» \
3

\

In view of these consideérations and results from on-going toxicological -
studies, government officials pursuant to the statuatorv recuirements nf the

“~vupational safety and health legisiation of 1970 promulgated an

emergency standard for

industrial exposure at 50 ppm in early 1974 as efforts to determine the
scope of the o;cubational problem were accelerated. ! Results of the
American and European toxicology studies soon revealed the induction of
liver angiosarcoma and other tumors at a 50 ppm exposure level of vinyl

ch]oride.3'5

Industrial epidemiological investigations identified
additional cases of liver angiosarcoma among American apd European
PVC workers. An occupational standard of 1.0 ppm (or detectable
levels) was then proposed by the Occupational Safety and Health
Agency, U. S. Department of Labor as an industrial éxposure standard

for vinyl chloride in American industrial facilities. h?
Subsequently, a permanent 1 ppm time-weighted average occupational
standard (8 hours per day; 5 days per week) with a peak 5 minute
excursion not to exceed 5 ppm has been promulgated.

Angiosarcoma of the liver is an extremely rare tumor in the
general population of the United States. The incidence of angiosarcoma
among employees involved in the manufacture of monomeric vinvl chinride
and polyvinyl chloride resins substantially exceeds the estimated
national incidence level. During the course of retrospective analysis
of various tumor registries, several community cases of liver

angiosarcoma were discovered. Although the general public has been expose

S _
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to vinyl chloride thorugh other exposure routes (e.g. aerosol sprays),
particular concern has been expressed regarding community cases of

liver angiosarcoma among those with residence situated near VC/PVC

’6rodpction plants and resin fapricating facilities. Questions have been

—
raised regarding exposure of the more than 700,000 workers employed

in fabricating PVC resins containing residual monomeric vinyl chloride
as well as the degree of community exposure surrounding these
plants. It is noteworthy that the first reported occupational health
problems assaciated with polymer processing invalved workers engaged
in fabricating resins into plastic products. (93 Vinyl chloride
has been detected in the ambient air near vinyl chloride and
polyvinyl chloride production sites.

The appearance of liver angiosarcoma in experimental animals serves
to underscore the predictive value of well designed and executed toxicoloaical
studies in identifying potential health hazards to man. While it
is always a curiosity to ponder speculations on a retrospective basis,
had adequate studies been Per:ﬂ;ﬁ:ﬁr%t an earlier date, the problems

associated with vinyl chloride/may well have been identified before

human cases of liver angiosarcoma among PVC workers had occurréd.

o
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| To date most of our knowledge of undesirable effects associated with
viny} chloride exposure {n man comes from occupational situations. These
effects include an increased risk of cancer at multiple organ sites includ-

ing angiosarcnmaof the liver, an almost invariably fatal form of liver cancer.
Liver angiosarcoma is extremely rare among the general population but has

been observed among workers with exposure to vinyl chloride.
It is recognized that

angiosarcoma observed today in workers exposed to vinyl chloride was generally,
though not exclusively, the result of very high occupational exposures received
many yeara ago. The latent period for angiosarcoma of the liver has
been estimated at between 15-20 years following onset of exposure although
individual cases may occur after shorter or longer latent periods.l’2
This long latent period suggests that the full impact from past vinyl

chloride exposure among workers may not be realized until many years

from now since the greatest number of workers have had onset of exposure in the
last decade. For example, of the 25 known occupationally reported cases of live
angiosarcoma, information as to date of diagnosis or death, where available,

indicates that only 2 of 22 cases died prior to 1965 and that 14 of 22 cases had
died or were diagnosed in 1970 or 1ater.2 Accordingly estimates of cancer risk
from vinyl chloride based upon data available today may well understate the
magnitude of this problem. In this regard, increased awareness and improved
‘diagnostic procedures may in part also contribute to future increases in reported
cases of liver angiosarcoma.

To date surveys have uncovered 15 cases of occupationally reported liver

angiosarcoma in this country.2 Of these cases. 14 have been among workers

in PVC polymerization plants and one case involved an accountant employed at

7, ;
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a vinyl qldth plant. At Jeast 13 of these cases have been
comfirmed as angiosarcoma of the liver by pathologists at the National Cancer
‘Inst1tute? In addition to these 15 U.S. cases, 10 occupational cases of liver
angiosarcoma have been rehorted from European countries, 7 among workers in
the PVC\polymerization industry-gﬁa*3hamong non-polymerization workers, A
summary of these reported occupational liver angiosarcoma cases is shown in
Tables 7.3.1 and 7.3.2.

As indicated in these tables, the latent period from onset of initial
exposure to age at diagnosis or death in all known instances is 10 years or
greater. Similarly the years of exposure among these individuals preceding
development of c¢linical disease is with one exception also in excess of
10 years. This one exception may, however, be important and involves a case
in which there was an established occupational exposure history of only 4
years' duration. This case suggests that disease may, in certain instances,
develop after relatively brief durations of occupational exposure to vinyl
chloride or, alternatively, that other factors besides vinyl chloride may
have been involved. These cases represent all currently known occupationally
reported liver angiosarcomas. . R reported case of liver
angiosarcoma in an employee at an electrical insulation plant in Connecticut

upon re-examination by pathologists at thé National Cancer Institute,

was not considered to be liver angiosarcoma.4’5’6

w{th respect to the general population, at one time tﬁere wére believed
to be 3 reported cases of liver angiosarcoma among individuals who had
resided in the vicinity of industrial vinyl chloride emission sources. A
review of these cases by pathologists at the National Cancer Institute has

confirmed the diagnosis of liver angiosarcoma in two of the three instances. Une

73 -2-
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Table 7.3.1
LIVER ANGIOSARCOMA CASES AMONG
'VC POLYMERIZATION NORKERSZ
Date-of___ Years after Years of Age at .
Case No. Country Death ‘First Exposure Exposure Diagnosis

1 West Germany 1969 1 11 39
2 United States Alive 12 12 45
3 United States 1971 14 13 37
4 West Germany 1971 14 14 40
5 United States 1968 15. 15 44
6 United States 1961 15 15 4]
7 United States 1968 17 17 54
8 United States 1969 18 4 41
9 Sweden 1970 19 18 43
10 United States 1969 20 15 50
1 United States 1964 20 18 52
12 United States 1973 22 16 51
13 Norway 1972 22 21 56
14 United States 1970 23 23 60
15 United States 1968 24 18 45
16 United Kingdom 1972 26 20 7
17 United States 1973 28 28 59
18 United States Alive 29 17 - 43
19 United States 1974 30 30 52

20 Czechoslovakia Awaiting Details

21 Czechoslovakia Awaiting Details

73 -3-
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Table 7.3.2 .
LIVER ANGIOSARCOMA CASES AMONG
; NON-VC POLYMERIZATION WORKERS
Date of Years after Years of . Age at
Country Death First Exposure Exposure Diagnosis Notes
United States 1973 - - 47 Accountant at -
vinyl cloth
plant
West Germany ——— 14 -—- 43 Filled pesti-
cide cans
with VC
propellant
United Kingdom 1970 24 1 55 Vinyl cloth
plant
Sweden 1972 27 23 61 VC monomer
production
plant
7.3-4-
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case of a woman in Buffalo, New York that was originally believed to he

. . 7 . .
liver angiosarcoma’ has now been rediagnosed as an anaplastic carcinoma

rather than a sarcoma.8 The two other casesP??gbm Connecticut, represent

confirmed angiosarcomasﬁ’s'9 but these cases_are not identical in all

respects to the pathology which has been observed among PVC polymerization
3,9,10

workers. The implications of -these dissimilarities between community ~

and occupational cases are not fully understood. Angiosarcomas of the liver

resulting at lower exposure doses may not be charac-

terized by all the pathologic findings seen in the PVC workers who in general were -

exposed to high doses of vinyl chlorida. On the other hand, the possibility
must also be considered that these two Connecticut community cases were un-
related to vinyl chloride exposures. The fact that Connecticut has one of

the finest tumor registries in this country may be important since other
states with less adequate followup procedures would not be able to readily
identify suspect community cases of liver angiosarcoma. Further the clustering
of these 2 community cases and the above mentioned accountant around VCM emission
sources in Connecticut raises the possibility of a causal relationship.

ut these community cases, one was a 73-year old man who had 1ived

his entire life within 2 miles of an electrical products factory which pro-
cessed electrical insulation made of PVC. The other was an 83-year old woman,
a housewife and retired cook, who resided for 35 years within % mile of the

vinyl products plant at which the above-mentioned accountant was employed.4

It should also be noted that both community cases lived in excess of 70 years.

In contrast, over half of the 25 reported occupational cases mostly at high fevels
were

of exposure/either diagnosed or had died at ages 50 years or younger and only one
case lived in excess of 70 years. These community cases may reflect an increase in
latent period at low levels of exposure as has been suggested in animals stud_ies.9
As a result of the reported cases of liver angiosarcoma among vinyl chlaride
workers, a number of studies have been conducted examining the mortality experience

of t?e e workers and contrasting this experience with that observed in the general
popu SEon.
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Tabershaw/Cooper Associates conducted a mortality study of workers

in the vinyl chloride 1'ndu<.;t:ry.w'n

, The objectives of this study were
threefold: (1) To contrasé the morta]j&x experience of individuals

| employed in vinyl chloride plants with tﬁai of the general population;

(2) To examine mortality patterns among vinyl chloride workers in relation
to estimated occupational exposure; and (3) To compare mortality patterns
among viny! chloride workers with those for other occupational groups.

The study population was composed of 8,384 individuals from 33
domestic plants with at least one year of occupational exposure to vinyl
chloride, including retired and terminated as well as currently emplioyed
workers. The vital status of these workers was ascertained as of December
31, 1972 and cause of death was determined based upon available death
certificates. Observed mortality was then compared to expected mortality
based upon the United States male population accounting for age and time
of death and Standardized Mortality Ratios were computed for total mortality
and specific causes of death.

Exposure categories were defined subjectively by industrial hygiene
and safety personnel at each plant who identified those jobs and work
lcoations with the highest exposures to vinyl chloride and classified other
job categories as medium or low relative to those jobs with the greatest
exposures. This procedure was reasonable for estimating relative exposure
within a gfven plant but could not assure comparable exposure categories
across all plants or over time since a low exposure in past years might
be numerically equivalent to a relatively high exposure inlrecent years.

An exposure index was calculated for each worker as a time weighted average

7.1 -6-
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allowing an overall

of exposure categories over the period of employment

low and a high exposure category to be defined.

. \‘F011owup procedures were adequate to define the vital status for

—

85% of the study population as of December 31, 1372. Among the 352 workers

known to have died, death certificates were obtained for 328 workers. The

mortality calculations considered only those workers who had been success-

fully traced which assumes that the mortality experience of these workers

was equivalent to those who were not successfully traced. The median birth

year for those successfully traced was 1931 compared to 1920 for those

not traced. The median year in which exposure began was 1962 among those

successfully traced compared to 1353 among those not traced. The median

duration of employment for those successfully followed was 80 months in

Thus, while those

contrast to 44 months for those who were not traced.

successfully traced had about twice the duration of employment as those

not traced, those who were not traced began their employment about 10 years

prior to those for whom followup was complete. Accordingly, the mortality

experience among those not traced might have been different from that in

the study population considering the increased latent period since onset

of exposure in this group. !ore than half (about 60%) of the study popu-

lation entered employment in 1960 or later indicating that the majority

of workers in this study were not followed for an adequate length of time

aTier exposure began to assure observation of all potential lono term efferte,

Included among the 7,128 workers successfully traced, however, were 854

workers with 20 or more years' exposure and 1,640 workers with exposures

of 15 years or greater, The discovery of 1,500 workers with exposures

3 7
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occurring up to 35 years ago -- too late to be included in the study group--

should- also be noted since these workers would have provided information

as to the effect of very long expdEhremand long latency upon mortality,

areas in which the present study was relatively weak.

The effects of exposure index (low vs high) and duration of exposure

(1ess than or greater than 5 years) upon mortality as well as interaction

effects between level and duration of exposure were examined.

Based upon these calculations, the following observations were made:
-= Compared to the general male U.S. population

the overall mortality of the study population

was approximately 75% of what would have been

expected. This favorable overall mortality

frequently occurs in occupational groups even if

an industrial hazard increases the risk of death

from a qarticu]ar'cause since occupatonal groups are usually younger,
and healthier than the average general population.

-- No specific cause of death was increased to a statistically

significant extent above what would have been expected in

a comparable U.S. male population.

SHR's (Standardized Mortality Ratios) for malianant neonlasms

as a whole increased .
with increasing exposure, measured by level, duration or both.

For example, 36 malignancies were observed in the high

exposure group with 5 years or more exposure compared to

26.11 expected cases. Among those with greatest exposure,

cancers of the liver (primarily angiosarcoma), respiratory

7.2 -8-
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system, brain, cancers of unknown primary site and
lymphosarcoma occurred more frequently than expected.

Though these findings were not statistically significant, the authors

of the Tabersnaw-Couper stuuy cunsidered Lhese findaings suguestive
of ‘a relationship between exposure

to vinyl chloride and increased cancer risk at multiple

sites, since the number of deaths for many cancer ¢auses in inis
study is quite small. Accordingly, even relatively high SMR's

may not be statistically significant.

The results of a long-term mortality study of 594 chemical workers
exposed to vinyl chloride between the years 1942-1960 at the Dow Chemical
Company were r‘epor‘t‘.ed.]2 The study population was defined as production
workers at one manufacturing facility who worked in areas with potential
vinyl ch]oriae exposure., FEach job classification was assigned an expo-
sure rating of low, intermediate, or high depending upon the existing
dindustrial hygiene data. This is the only available mortality study in
which viny]l chloride exposures could be reconstructed u;ing actual
air measurements. Three categories of exposure were defined based
upon estimated time-weighted average concentrations for an 8-hour day.

The low-exposure group consisted of those with TWA concentrations below

25 ppm vinyl chloride, the intermediate group had TWA exposures ranging

from 25-200 ppm, and the high group was characterized by TWA exposures

of 200-300+ ppm. Also included in the high group were those with TWA
exposures in the intermediate range but who were also exposed to frequent
unpredictable excursions above 1,000 ppm. A fourth category of indeterminate
exposure was defined for individuals working in areas where insufficient

air monitoring data were available. A sybjective evaluation suggested that
for these individuals, exposures were mostly in the low to intermediate

range. e

7.3 -9- uce
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Assignment to exposure groups was determined by the highest exposure

experienced for one or more months. By this procedure, the lowest

exposure category contained only 1nd1v1duals with Tow exposure whereas

"x

~ the highest exposure group included SO@e ‘individuals with predominantly

lower exposures. Duratfon of exposure was considered based upon two

Accordingly,

categories--less than one year, and one year or longer.

effects of longer durations of exposure well above one year were not adequately

examined, although the impact of latent period since onset of exposure
A number of members in this study (72)

was considered in the analysis.
had histories of exposure to both vinyl chloride and arsenicals. In view

of the cancer risk associated with arsenicals, the employees with arsenic

exposure were excluded from dose-response relationships related to vinyl

chioride.
Expected deaths in this cohort were determined from United States

white male mortality rates. Death certificates were obtained for 86
Of the 148 individuals who

of the 88 individuals known to have deceased.
had left the company, 131 individuals were successfully traced. Among

the individuals who had worked with arsenicals and vinyl chloride, 7 of 10 deaths
No lung:cancer

due to neoplasms compared to 1.9 cancer deaths expected.
was noted in this group. ;Among workers exposed to VCM but not arsenicals, observed

deaths were 91% of the expected deaths based upon the U.S. white male

population, suggesting a possible increase compared to other chemical

production workers at the same site who experience mortality rates 15-20%
Wo deaths due to angiosarcoma of the liver

below the U.S. white male population.
or other liver cancers were noted in the _aqroup exposed to vinyl chloride

7! 3 "]0'
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but not arsenicals. For this group as a whole, total malignancies
were less than expected; 13 observed compared to 15.4 expected.

The effect of exposure groupipgugpon malignancy rate was examined
for this cohort exclusive of arsenical workers. Of 163 individuals in
the high exposure group, only 27 had 20 or more years at low to high
exposure and only 19 had 10 or more years of only high exposure. Of
the 13 malignancies observed in this cohort, 9 occurred in the high-
exposure group, compared to 5.1 expected. Due to the small number of
deaths involved, this difference was not tested for statistical sig-
nificance. To examine for possible latent effects, the mortality
experience of workers with 15 or more years since onset of exposure
was studied. [In this group, 9 malignancies were observed, 8 of which
occurred in the high-exposure group. Accordingly, 8 of the 9 malignan-
¢ies observed in the high~exposure gfoup occurred 15 or more years after
onset of exposure. Shown in Table 7.3.3 are summaries of the results.

Based upon this study, the authors concluded that workers exposed
to vinyl chloride 2t levels above 200 ppm experience an “apparent
increase in overall malignancy rate." When exposures were kept below
200 ppm a decrease in the malignancy rate was found. Angiosarcomas of
the liver were not found at any level of exposure. Among the workers
exposed above 200 ppm TWA, the increase in overall malignancy was not
statistica]ly significant. The authors also commented as to possible
cocarcinogenic effects of other exposures with vinyl chloride, particularly

benzene, cigarette smoking and arsenic.

7.2 -11-
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Table 7.3.3
SUMMARY OF DOW MORTALITY STuDY'2

rd

—

Study Population T
a) Years exposed: 1 year or more
b) Onset since first exposure: No restriction
c) Size of cohort: 594, total;522 with VC exposure only
d) Number successfully followed up: 577

*
SMR's {excluding arsenic workers) _O/E_ MR
A1l causes 78/85.7 91
A1l cancers
a; A1l VC exposed 13/15.4 84
b) Only high exposure group 9/5.1 176
-- Less than one year exposure 3/2.2 136
--One year or more exposure 6/2.9 209
c¢) High exposure group with 15 years
: after onset of exposure 8/3.2 250
-- Less than one year exposure N3 231
-- One year or more exposure 5/1.9 263

*SMR = standardized Mortality Ratio.

72 -12-
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In reviewing these data, certain strengths in this study are evident,
expecially the availability of measured vinyl chloride exposures and the
successful followup of over 95% of the cohort. Several weaknesses must,
however, also be mentioned. The high exposure group was composed pre-

o TR LRSS L TR N o
to high levels for periods of 10 years or more. Accordingly, though all
members in this group experiencad some vinyl chloride exposures in the
range of 200-300+ ppm TWA, it is likely that this group as a whole had
TWA exposures which were, in fact, below 200 ppm when averaged over the
work histories of all members in this group. Further, the frequency
of high exposure in this group is also not known and this may be impor-
tant with respect to repair mechanisms. On this basis, increased
malignancies might _ have occurred among individuals with lifetime
average exposures below 200 ppm. Another weakness is that duration of
exposure to vinyl chloride was not adequately considered in this analysis.

For example, 7 of the 9 individuals in the high exposure group with
malignancies had been exposed to vinyl chloride for more than 10 years,
but only 66 of 163 individuals in the high expaosure group had 10 years
or more exposure to vinyl chloride. In this regard, reanalysis of the
datavfor those with only 10 years or more exposure might have re-
sulted in greater increases in observed compared to expected malignancy
rates. ‘

Monson et. al. conducted a proportional mortality study among workers in a
vinyl chloride monomer plant in Calvert City, Kentucky and among workers

in a vinyl chloride polymerization plant in Louisville, Kentucky. 13,14

Death certificates were used as a source of cause of deaths and certificates

72 -13- uce
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were obtained for 142/161 white males employed at these plants who were

known to have died. When death certificates were not available, cause

= of death as recorded in company abstracts were used.
trac

Causes of deaths for these 161 individuals were tabulated covering

the period 1947 through 1973 and these were compared with the expected

distribution of deaths as calculated from proportional mortality ratios

for United States white males accounting for age and time of death.

Since mortality patterns among workers in both plants were similar,

these groups were combined for purposes of data analysis. Overall, a

statistically significant 50% excess in deaths due to cancer was observed.

Five cases of liver angfosarcoma were jdentified in this study in addition

to cancers (one each) of the gall bladder, common bile duct and an

unspecified case of liver cancer. A1l told,a 900% excess in cancers of

the liver and bilary tract was observed. If the cases of angiosarcoma

were excluded from this analysis, a 275% excess in these cancers was

observed. Five cases of brain tumors were also found as were 13 cases of

lung cancer. These represented 320 and 60% excesses above

the expected frequency of these cancers, respectively. A 100% excess in

deaths due to suicides was also noted.

In addition to these overall cancer excesses, an increasing trend of

cancer deaths with time was observed. No excess deaths due to cancer were

observed prior to 1965. However, in the period 1965-69 about a 50% excess

in total cancers was observed and in the period from 1970 and later a 100%

excess in total cancer deaths was found.

UccC
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This trend is generally consistent with the clustering in recent

_,i tines of reported dccupational cases of liver angiosarcoma,

- These data infer that at-least two other forms of cancer, lung and
brain, in addition to liver cancer, are increased among vinyl chloride
workers., The present analysis did not examine the absolute risk of
death in the study population, which conceivably could be less than in
the general population. However, the observed excesses in specific

was considered by the authors to

cancers combined with the time trend for all cancer¢ suggest a relation-
ship between exposure to vinyl chloride in the work environment and
cancer at muyltiple sites.

Nicholson et al. utilized Union and Company records to identify a
cohort of 257 individuals each with a history of occupational exposure
to vinyl chloride in a polymerization plant for at least 5 years
subsequent to l':)46.]s This cohort included all individuals employed
in this plant during the period 1946-1963. The mortality status of these
individuals was evaluated from the tenth anniversary of their employment
through April, 1974. The minimum 5-year exposure criterion was established
to focus upon the effects of significant durations of exposure. Beginning

observations after only 10 years or more since onset of first exposure

was meant to emphasize the possible long term effects of vinyl chloride.

The majority of individuals in this cohort, however, were exposed to

vinyl chloride for a period of 20 years or under.

This cohort represents a relatively young group since over half of
the men were under age 37 when they entered the cohort. Over half of the
men are presently employed in the PVC production facility though not all
in locations with vinyl chloride exposure.

7.2 -15-
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0f the 257 individuals in this cohort, 255 or 997 were successfully
| trgch and their current health status cvaluated. The majority of these
men were directly emplbyed in pro@gg&ion although maintenance men and non-
production workers were also included.- Thus exposures varied
considerably among study subjects. Unfortunately no measurements of actual
exposures were available and no effort to consider exposure in the data
analysis was made except for the exclusion from this cohort of those
individuals employed exclusively as plant'guards or outside the reactor
and dryer buildings. Over half of the workers, however, reported experien-
cing symptoms of dizzinéss, headache or euphoria durin§ work periods and
14 had experienced episodes of loss of consciousness. Accordingly, the autnors

conclude? that peak
vinyl chloride exposures may often have exceeded 1,000 ppm and may have

occasionally approached 10,000 ppm in this production facility. ”‘"'ﬂr#ﬂﬂri%
Included among the 24 deaths identified in this cohort were 3 confirmed

cases of angiosarcoma of the liver. Despite the limited observations,

the excess in total mortality and in deaths from cancer in this group

(presumably compared to the white male U.S. population) is unusual in view

of the relatively short period of followup. These preliminary findings

suggest an excess in all deaths of 25% and a 131% excess in all cancer

deatfis though in neither case did these excesses reach sfgtistical signifi-

cance. In addition to liver angiosarcoma, one brain cancer and 2 1ymphomas
Lance.

were observed causing the authors of this study to consider, in view of the
rarity of these cancers, a pussible relaiionsnip petween VCM exposure and effect.

A study of mortality and morbidity among current and past employees

at two vinyl chloride polymerization facilities was conducted by the

73 -16-

UCC
011792




DRAFT

BA 10T QUUTE SR o7

National Institute of Occupational Safety and Hea]th.2 The criteria for
selection of these study facilities were in order of decreasing priority:

(1) involvement in the polymerization of vinyl chloride for at Teast 15

years; (2) existence of a sizable work force; (3) location in a state
where vital status ascertainment would be facilitated; and (4) existence
of an inhouse medical program.

Since cancer often takes many years to become clinically evident,
the study population was restricted to individua]s with 5 or more years
employment and at least 10 years since onset of employment in depart-
ments directly involved in polymerization of vinyl chloride. The study
population consisted of 930 white males. Followup of study members
was endeavored from the time of employment termination to December 31,
1973. Unfortunately, 285 individuals (31%) were not successfully followed
up, and it is unknown how the mortality experience of these people com-
pared to those who were successfully traced. All individuals not
successfully traced were considered to be alive and were included in
the analysis, thereby making any findings of increased mortality in this
study cohort a conservative estimate of risk. Comparisons between observed
risk of death in the study population and expected risk based upon mortality
.rates for the general white male population of the United States were made.
Measurements or estimates of previous exposure levels to Vrm were not included

in -this study--an important limitation.
A total of 109 deaths were observed among these polymerization workers

compared to 105 which would have been expected. Though this difference
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is not statistically significant, it is still noteworthy since most
occupational groups have a favorable mortality experience compared to

the general population. Any déathsuin_thg 31% lost to followup would,

of course, have increased the observad number of deaths even more. An
evaluation of specific causes of death indicated that, except for cancer,
causes of death in the study group did not differ from those expected

in the general population. However, a statistically significant (P <0.01)
57% excess in cancer deaths above that which would have been expected was
observed. This excess could increase as the status of those lost to
followup is ascertained. Within this cancer category, excess deaths were

not limited to any single organ system, excesses being observed for

cancers of the respiratory system, blood forming tissues, and the brain

and central nervous system. Deaths due to liver cancer in this population

were almost 12 times above the expected number, and brain cancer

deaths were increased fivefold. These latter contrasts-were statis-

tically significant (P <0.01 and P <0.05, respectively). It is not

stated whether excesses in liver cancer besides angiosarcomas were observed.

The majority (25/31) of observed cancer deaths in this study poﬁulation

did not occur until at least 15 years following first exposure to vinyl chloride.
Shown in Table ;.3;4; comparison of the NIOSH mortality study with other

mortality studies conducted by Tabershaw/Cooper Associates, the Mount Sinai

School of Medicine, the Dow Chemical Company and Harvard Universfty. It

is evident that the reSu]ts of all studies are reasonably consistent and

together suggest an overall excess in cancer mortality among workers

exposed to vinyl chloride for long durations. Both the NIOSH and Mt. Sinai

7.1 -18-
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Table 7.3.4 A COMPARISON OF MORTALITY STUDIES AMONG VINYL CHLORIDE WORKERS

o Study .
abershaw .
Comparison Cooper 40’]] l]ow]2 NIOSH2 Mt Sinal5 Harvardla’14
Number of Plants 33 1 2 1 2

Study Population
a) Yrs. exposed

b} Onset since
first exposure

1 yr or more 1 yr or more 5 yrs or more S yrs or more No Restriction

No restriction No restriction At least 10 yrs At least 10 yrs No Restriction

S6LLLD
20N

c) Size of cohort 8,384 : 522 930 257;’ -
d) No. successfully 7,128 505 645 255/
followed up (85%) (972} (692) {99%) --
e) No. of deaths 352 88 109 24 161
SMR's or Relative Risk
A1l causes of death 75 9 103 126 --
All cancers 110 (total) 84 (total) 1574* 23 150*
114 (only 250 (only those
those with 5 with high expo-
yrs or more sure with at o
exposure) least 15 yrs o
after onset of =
exposure ca
Multiple cancer sites D
suggested Yes Yes Yes Yes Yes ¢~ =
O U
Angiosarcoma of the F;::jj
tiver found Yes No Yes (7) Yes Yes -, A

Statistically significatn at p <0.05
Statistically significant at p <0.01
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studies which employed the same study criteria also suggest a disfavorable
overall mortality experience among these workers, but neither comparison
Shoys ;tatistically significant differences in this regard. It is note-
'woffhy that in each study, workers_giposed for 5 or more years to vinyl
chloride had greater than expected fré;uéncies for all cancers ranging
from 41-150% excesses; however, in only two studies were these excesses
statistically significant at the 0.05 level or lower. The close similarity
of these studies to the animal toxicqlogy data also showing multiple
organ involvement in carcinogenicity is worthy of note.9

In evaluating these observed mortality effects among vinyl chloride
workers it must be recognized that the workplace situation.may include
exposures to other carcinogens and/or liver toxins in addition to vinyl
chloride and thai any one of these may have contributed to the observed
effects. While this situation makes it difficult to draw final conclusions
with regard to the role played by vinyl chloride in the development of
liver cancer it is noteworthy that toxicologic studies in mice, rats ancd hamsters
have observed liver angiosarcoma following inhalation exposures to vinyl
chloride at concentrations of 50 ppm and higher.9’16’17 The iiver angio-
sarcoma lesions observed in these animal studies combined with the observations
in industry stronaly implv that vinyl chloride is related to 1iver angiosarcoma
{n man.

Most, but not all, cases of liver angiosarcoma to date have been
detected among workers involved in the production of polyvinyl chloride
" from the vinyl chloride monomer. These workers may have been exposed to
concentrations of vinyl chloride monomer in excess of the old threshold
limit value (200 ppm TWA, 500 ppm ceiling) at some time in the past and it

could be argued from these data that vinyl chloride does not produce Yiver

-
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angiosarcoma in man except at these higher (> 200 ppm TWA) exposires.

In support of this position is the fact that liver angiosarcoma
has not been reported to occqghjn workers employed in Southern and
Southwestern United States VCMﬁ;nd PVC production plants. These
facilities are frequently located outdoors and hence would result in
lower levels of exposure to VCM than found in indoor plants. Further,
the possibility must be considered that additional chemicals other than
vinyl chloride, such as perhaps other halogenated hydrocarbons or trace metals,
may have contributed to liver angiosarcoma in some workers.

On the other hand, a relatively small number of workers were employed
in the VC/PVC production industry in the 1940's and consequently a
sufficiently large number of individuals at all p]énts may not have
been exposed for adequate durations to allow detection of effects in
a disease with a_long latent period. An adequate period of time may also
not have elapsed since the onset of exposure to permit the emergence of

effects among workers from all plants making VC or PVC at this point in time.

Most plants in which liver angiosarcoma has not been observed began
18 '

production of VCM or PVC in 1950 or later.
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period of observation 'following onset of exposure among most vinyl

chloride workers combined with the long latent period generally required
before clinical evidence of disease 1s considered the most 1ikely expla-
nat{gn for failure to observe 1iver angiosarcoma in workers emp]oyed;aé
all plants particularly those fn‘them§g!thern and Southwestern United"
States. Of 12 Southern or Southwestern VCM plants for which data are
“available, only one was in operation prior to 1950.18 0f 8 Southern or
Southwest PVC plants currently in operation for which there are available
data, only one was in operation prior to 1950."8
With respect to levels of vinyl chloride exposure required to produce
liver angiosarcoma, most, but not all, occupational cases reportedito data
have occurred among PVC workers and consequently may generally have involved
TWd. exposures in excess of 200 ppm with peak excursions in excess of 1,000
ppm. The most definitive evidence for past exposures among. these workers
comes from actual 8-hour average air measurements ranging from 120-385 ppm
and excursions of 2,000 - 4,000 ppm among highly exposed PVC workers at the
Dow Chemical Company from 1950-1959.19 Evidence . of peak exposure
excursions in excess of 1,000 ppm among PVC workers in past years is also
derived from the frequent reports of neurological symptoms among such workers.
Existence of odors attributed to VCM for much or part of the workday at these
plants would tend to support these observations since the odor threshold fgzﬂﬂ;;7
vinyl chloride is believed to be 250 ppm or higher.?0

Reports of liver angiosarcoma among workers €xposad-to VCM but not

involved in the production of PVC, however, including that of an
accountant in a U.S. vinyl cloth plant would tend to araue that at
least for some individuals, liver angiosarcoma may occur at much Tower ex-

posures than encountered among PVC workers. Cases of Tiver angiosarcoma

are reported in a worker employed at
7.3 . 2+
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a VC monomer plant in Sweden and in a worker from England employed at
a vinyl cloth p]ant.2 Data from the Dow Chemical Company]9 show THA
exposures at monomer plantsﬁip the years 1973-1974 to generally be under
10 ppm although short-term exp;;Qres in excess of 100 ppm have been re-
ported. A survey by the National Institute of Occupational Safety and

Health has shown VCM levels in fabricating plants to range from 1-12
21
ppm * In the case of workers at fabricating plants, vinyl

chloride exposures may result in part from release of trapped monomer in

the PVC during processing and/or from inhalation of PVC dust containing
entrapped monomer. While it is difficult to reconstruct exposures to

vinyl chloride in these instances, it is likely that exposures for the
workers involved in the fabrication process are considerably less than those
for workers involved directly in the production of the monomer or the

polymer,

In addition to the carcinogenic effects of vinyl chloride, a consider-

able body of evidence has become available related to non-malignant, effects

in man including reactions of the liver to vinyl chloride. The vast
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majority of evidence in this regard comes from observations among in-

| dustrially exposed individuals. In reviewihg these studies of non-
ma11gnéqt effects among -individuals exposed to viny) chloride, several
criterfa for evaluation were established. Included among these criteria
were the following:

-- Were control group comparisons made ejther with workers not
occupationally exposed to vinyl chloride or with members of the general
population? If control group comparisons were included, how closely were
these groups matched to exposed individuals?

-- Were important covariates considered among exposed and control
groups such as age, sex, race, alcohol intake, ‘drug intake, exposure to
other toxic chemicals either in previous or present occupations or in the

non-work environment, age at time of first exposure, latent period since

onset of exposure and duration of exposure?

-~ Adequacy of physical examinations and laboratory tests. Were
physical exams performed? What laboratory tests were employed? Are
laboratory test specific for injury caused by vinyl chloride? Were bio-

chemical tests performed in the same laboratory and at the same period in

time? How adequate were quality control procedures in-and among ﬁerform1ng

laboratories? What were the cutoffs between normal and abnormal laboratory

findings? And were these consistent? Were duplicate tests run?
-- Adequacy of exposure estimations. Was exposure actually measured

or was it estimated? If exposure was estimated, how? If exposure was

based upon, job categories, were factors such as age of the plant, and type of

plant (process and whether indoor or outdoor) considered?

/.3 -28-
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It s recognized in establishing evaluation criteria such as listed
above that no single study could possibly consider every important factor,
This is particularly true with respect to many of the recent studies
which were performed in an effort to abtain as much possible information
in the shortest period of time. These criteria are useful
in examining conclusions drawn from existing studies and in identifying
gaps in knowledge that might appropriately be addressed in future studies.
A1l of the studies discussed in this regard are lacking in at least one

important area.

Evaluation of the acute effects from vinyl chloride were carried out
by Lester et. al in 1963, who reported on animal and human acute toxicity

experiments with VCM.22

Three men and three women were exposed for 5

minute periods twice each day, separated by a 6-hour interval, for three
successfve days to vinyl chloride cancentrations up to 20,000 ppm. Acute
toxic effects were observed at concentrations above 8000 ppm (dizziness,
nausea, dulling of visual and auditory cues, headaches, etc.). Follow-up
examinations of these subjects have not been performed to determine

whether or not such exposures produced any conceivable long-term, irreversible
effects.

23 correlated clinical and environmental measures

Kramer and Mutcher
for workers exposed to vinyl chloride for periods up to 25 years. The study
bopulation consisted of 98 healthy male workers. Exposure indices for these
men were based upon actual air measurements at Dow since 1950 and expressed
as cumulative dosage (ppm-years) and career time weighted averages con-
sidering the time each worker spent in critical job classifications. Ninety-
five parameters of history, physical examination and laboratory tests were

studied among exposed individuals and comparisons were made with workers

7% -25-
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in other departments who had examinations during the same period of
time. O0f 21 clinical parameters under study, 6 showed significant
correigtions (P <0.05) with exposure variables, cumulative TWA and
- cumulaf1ve dose. These s1gn1f1£55€“barameters were systolic and
diastolic blood pressure, BSP retention, icterus index, hemoglobin
and beta-protein. The best correlation was between exposure and BSP
retention (coefficient of multiple determination, 0.4). Based upon
these observations the authors considered the possibility that "....
repeated exposure to vinyl chloride at TWA 1eveis of 300 ppm or above for
a working 1ifetime together with a very low level of vinylidene chloride
may result in slight changes in certain physiologic and clinical labora-
tory parameters. The possibility of some impairment in-liver function
tests must be considered even though no overt clinical disease was
evident in any of the individuals studied."”

It is noteworthy that a good dose-response relationship between
BSP retention and career TWA exposure was observed over the entire range
of exposure examined. Based upon the derived regression equation BSP
retentfons of 12.5% were expected among those with TWA's of 300 ppm and
5.6% among those with TWA's of 100 ppm. A BSP rentention in excess of
5%, .1s considered to be abnormal in clinical medicine and sug-
gests that substantial damage to liver cells may have occurred.24 Judging

from the data as presented, a small fraction of individuals with career

TWA's of 50 ppm had abnormal BSP retention tests
suggesting that 1iver damage had occurréd. Exposure to other liver

toxins such as alcohol was not adequately considered in this study.

7,1 -26-
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| - Observations of Yiver damage, among workers who fabricate PVC plastic
into finished products as well as among workers who convert VC monomers
into the polymer indicate that injury to the liver among exposed workers
is important and that such damage may occur at lower levels of exposure
than is usually encounteréd‘Tﬁ“the production of PVC. In studies from
Germany, enlarged livers and spleens as well as abnormal tests of liver

25,26 Liver histology

function were found in PVC production workers.
from specimens obtained during laparoscopy revealed evidence of liver
pathology in a high percentage of cases. These workers had a history
of employment ranging from 1% to 21 years but no measures of past vinyl

chloride exposure were available and it is not known whether adequate comparisons
were made with control groups.
Following these initial reports of liver damage in PVC production

workers from Germany, additional studies were carried out in 50 individuals
with varying durations of exposure to vinyl chloride during the production
of pvc.%’ These studies indicated that there was a relation between the
duration of exposure to vinyl chloride and the severity of liver damage

as determined by histologic examination of biopsy specimens. The most
severe evidence of liver pathology was observed for workers with an

exposure history in excess of 10 years.

Two cases of liver angiosarcoma were observed

among these 16 German workers with a history of exposure to vinyl chloride

7.1 -27-
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of 10 years or more and all workers in this category exhibited evidence of

1iver abnormality. Among workers with exposure duratfons of three years
and under, all were found to have some form of'11ver damage, though the
severity of damage was generally less than found in workers with greater
‘duratioﬁé of exposure. Of note is"that all 5 workers examined who were
not directly involved in the polymerization of vinyl chloride showed signs
of minimal damage to the liver parenchymal cells. These observations
coupled with reports of hepatomas in animals exposed Eo vinyl chloride

suggests that liver parenchymal cells may be damaged by vinyl chlom’de.]7

Although these studies do indicate a relationship between exposure
duration and histologic evidence of liver damage, the lack of exposure
data on these workers makes it difficult to determine what levels of |
exposure may have been responsible for such damage. Failure to compare
exposed workers with a guitable control group not exposed to vinyl chloride
and failure to consider the effect of alcohol intake are other limitations
which deserve mention. -

Examinations of 70 out of 128 workers in a PVC production plant re-
vealed evidence of extensive abnormalities based on biochemical indicators
and other tests.28 These workers ‘were employed an average of 7.7 years in
the industry (range 6 months to 21 3/4 years). Upper abdominal complaints
were pfesent in 42 of 70 workers and symptoms such as tiredness, dizziness,
parasthesias and ﬁfthfalgié were frequently reported. Thrombocytopenia,
increased BSP retention, and splenomegaly were present in a\majority of cases,
81,67 and 57% respectively. Reticuloc}tosis was also common (41 %) and
abnormal liver enzymes,ssophaqeal varices and leucopehia wefe also observed.
Unfortunately, effects of exposure, both level and duration were not evaluated

in this study. Further, the frequency of abnormal findings among workers

71 -28-
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not'exposed to vinyl chloride was not studied so that it is difficult to
accuratély Judge the effects of such exposure. Findings such as splenomeqaly,
_ thromborytopenia and increased BSP retention in the majority of instances

does, however, suggest that damage in excess of the expected

frequency among the general population had occurred in these workers though these

changes were not necessarily specific for vinyl chloride.
To assess the possible implications of these findings, additional

studies were carried out among workers in Germany employed in PVC processing
plants. Such workers would have had a somewhat lower exposure than those
involved in the direct polymerization of PVC from the monomer though they
would be exposed to vinyl chloride as for example during rolling and shaping
operations particularly when heat was required. Medical examinations were
conducted among 15 such workers who were employed an average of 5 years,

ranging from 1% to 13 years.29

Seven of these workers complained of
pressure and/or pain in the upper abdomen. Thrombocytopenia and increased
BSP retention (a test indicating abnormal functioning of the liver) were
found in 7 of 15 workers though not necessarily concommitantly. One
worker was observed to have an enlarged spleen. Of 4 workers in this group
who underwent laparoscopy and liver biopsy, one showed histologic evidence
of l1iver damage similar to, though less severe than, that observed
in PVC production workers.

Though comparable control groups were not examined, the similar histo-
logic damage in one worker to that found in PVC production workers suggests

that lower level exposures to vinyl chloride (unfortunately not measured)

may also cause liver damage.

72 -29-
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Some, but not all, investigations carried out in the United States

also observed liver damage among workers exposed to vinyl chloride. At

the B.F. Goodrich plant at Louisville, Kentucky, for example, 1183 em-

-ployees had blood tests to screen fEF"évidence of Tiver damage. These

" workers included individuals involved in other than the direct production

of PVC such as maintenance personnel, administrators and secretaries. On

an initial screening test (SMA-12), 315 of 1183 or 26.6% showed at least

one abnormal blood test and 41 or 3.5% had 2 or more abnormal tests.

Among the 315 tested for a second time, 75 had a persistent abnormality.

The most common observed abnormality in this test was an elevated alkaline

phosphatase although increased bilirubins and SGOT's were also observed.

Based upon this initial battery of screening tests, 116 individuals

were given more extensive blood tests which indicated the presence of some

abnormalities in 59 or about 50% of those examined. Seven of these indi-

viduals had major abnormalities which required additional procedures.

The highest percentage of abnormal batteries (10.9%) occurred among PVC

production workers, although abnormal batteries were also found in other

production workers, in maintenance workers and in non-production workers

such as clerical personnel.
Depending upon results from the battery of tests, more elaborate

diagnostic procedures such as liver scans, hepatic arteriograms and liver

biopsies were initiated. Of 17 individuals undergoing such testé, 11 cases

~ of portal fibrosis, indicating severe damage to the liver were uncovered,

Two of these cases occurred amona workers NOt directly involved in the production

of PVC raising the possibility of damage at relativelv 1ow levels of exposure.

In 2 of these 11 workers, both involved in PVC production,
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angiosarcoma of the liver was found.

While this study in Louisville did document
evidence of damage related to vinyl chloride; i.e. liver angiosarcoma,
it is not at all clear from this study, the extent to which less severe
liver damage may or may not be reléfed to vinyl chloride. Although there
is suggestive evidence that less severe damage may also have occurred,
adequate comparisons were not made with matched control groups,
and méasgrements of vinyl chloride exposure were not made. Accordingly,
level of exposure could not be related to observed effects. Failure to
correlate abnormal tests with duration of exposure or with latent period
since onset of exposure, and lack of consideration of alcohol intake are
additional limitations in this study.
Studies carried out in a PVC ﬁroduction plant in

Niagara Falls diq consider several of the factors not examined‘in Louisville;
j.e. duration of exposure and alcohol intake but unfortunatley did not measure
exposure directly. In this instance, a total of 354 workers were examined,
267 of whom were curreptly employed in a vinyl chloride polymerization plant
encompassing nearly the entire work force. Also examined were 87 former
workers. Hepatosplenomegaly was observed in a high percentége of current and former-
ly exposea workers (15.0 and 3.4% respectively) with the most frequent
bccurrence in each category among workers exposed for 20 or more years.
Though hepatosplenomegaly was generally less frequent among former workers,
in present workers hepatosplenomegaly was observed among 6% of workers with

a history of exposure not greater than 2 years' duration and there was a

71 2 -3.""
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sharp increase in this abnormality among workers exposed for more than

5 years. Nearly one-third of current workers exposed for 20 or more years
showed ép]arged livers or spleeng. Though hepatosplenomogaly was generally
higher in each exposure category é%&;ﬁ“those with a history of significant
alcohol intake compared to those with no significant intake, in each group,
the frequency of hepatosplenomegaly was related to duration of work ex-
posure. Abnormal tests of liver enzymes were also present even amonq those
with exposures of not more than 2 years' duration and these abnormalities
were generally more frequent with increasing duration of exposure. It is
of note that elevated alkaline phosphatase, the most frequently observed
biochemical abnormality, did not correlate well with ethanol intake but

did correlate significantly with duration of exposure to vinyl chloride.

in addition to finding evidence of liver involvement in these workers, ab-
normal tests of pulmonary function and abnormal chest X-rays were also
associated with increasing aurations of exposure to vinyl chloride.

While the relation of abnormal findings with dyration of exposure
suggests an effect related to vinyl chloride, failure to compare these
results with the frequency of abnormalities in a matched control qroup
not exposed to vinyl chloride is an important limitation. "Without such
information it is difficult to evaluate the true significance of these
findings.

As noted above, not all U.S. studies observed effects among workers
~ exposed to vinyl chloride. One such "negative" study involved an evaluation

of health surveillance data on 335 workers with industrial exposures to

7.1 -32-
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vinyl‘chloride at the Dow Chemical Company.32 This survey was based upon

a multiphase screening program that had been available to employees at

Dow since 1967. The study population was comprised of production employces
who had worked for at least one year between 1942 and January 1972 in areas
w{th potential vinyl chloride &sposure who were also employees of the

Dow Midland Division between February 1967 and March 1974, the period of
the multiphasic health screening program.

Exposure categories were based upon industrial hygiene data that had
been compiled from 1950 and later using estimated time weighted average
concentrations for an 8-hour day. The high exposure group was defined as
those with exposures above 200 ppm for a duration of one month or longer;
the intermediate group had exposures from 25 to 200 ppm; and the low group
had exposures under 25 ppm. A fourth exposure category, undefined, was
established for those individuals for whom sufficient industrial hygiene
data was not available. A subjective evaluation indicated that most
individuals in this latter group were exposed in the low to intermediate
range. The participation rate in the multiphasic screening program was
about 80% in all exposure groups. i

The availability of measured exposure data for most of these workers
provides a much more objective evaluation of past exposure levels than is
available from most other industrial studies. However, it should be noted
tﬁat by giving precedence to a period of one month’s high exposure in
defining the highest exposure group, this category may have included

individuals with predominantly low level exposures throughout the majority
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of their work experience. On the other hand, the lowest exposure category
would not have included workers with a history of high level exposure to

viny1/cﬁ]or1de.

e
-—

Because of revisions in the muft{aﬁésic screening program in 1970, the
~ data obtained before and after this date were analyzed separately. A
control group of matched pairs for sex, age, smoking history and month of
exam and where possible date of hire was included in the analysis. The -
parameters studied prior to 1970 included tests of pulmonary function,
blood pressure, white bfood count, total bilirubin, SGPT and alkaline
phosphatase. The only statistically significant difference (P <0.05)
between exposed and matched pair control groups was for decreased diastolic
biood pressure in the high exposure group. HNo differences between exposed
and control groups were noted in terms of pertinent historical questions
including shortness of breath, chronic cough, jaundice, gastrointestinal
trouble, ﬁumbness in hands or feet,icancer, anemia or blooq problems.

The health surveys conducted from January, 1971, included similar
historical information and laboratory tests for pulmonary function, hemoglobin,
white blood count, SGOT, LDH, total protein, protein albumin and protein
globulin. Statistical analysis of alkaline phosphatase was not performed
due to changes in laboratory procedures. Ho statistically significant

differences between exposed and control groups were found.

The availability of measured exposure data and the comparability of
laboratory results with the inclusion of matched pair controls for

each exposure category in this investigation overcomes many of the important
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shortcomings in other available studies. Lakk of information as to possible
toxic chemical exposure in the matched pair controls and failure to consider
the impact of duration of exposure to vinyl chloride are, however, important

shortcomings in this study. 3y defining the study population as those who

had been exposed to vinyl chlordie for at least one year without further
considering the impact of duration of exposure, the exposed groups may

not have included a sufficient number of individuals with longer durations

of contact with vinyl chloride to necessarily be manifest in effects. A
major addition to this study would have been the inclusion of clinical

data based upon physical exams and additional laboratory studies both of
which, however, are planned for the future. Based upon the available date
the author concluded “....below 200 ppm nothing of statistical significance
has been observed." It is, however, considered unlikely that the hiqh

exposure gqroup was really exposed to TWA exposures of 200 ppm over the lifetime uf

their employment since high exposures of only one month's duration were

sufficient to plase an individual into this category. As noted above, an
earlier study at Dow suggested that liver damage may have occurred among some
workers with TWA exposurés of 50 ppm.23'

Kotin reported the results of a study of currently employed workers
exposed to vinyl chloride at Air Products and Chemicals, Inc. facilities
as well as the results of a death certificate survey of PVC employees who had
left the company or died while employed at the company. Plants at Calvert
City, Kentucky, and at Pace. Florida were included in this surQey. A
detailed medical history was taken on each employee examined and physical

exams with X-Rays and laboratory procedures were performed including tests

of liver function.
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At Pace, Florida, 13 of 201 employees examined were found to have ah-
norwgleindings. Persistent minor abnormalities were found on retesting of
3 eﬁployees but these were not considered sufficient to justify further
immediate retesting although retesting 90 days later was scheduled. The
remaining 6 employees were given liver scans, all of which were normal. One
case of acroosteolysis was found at Pace, Florida.

At Calvert City, Kentucky, tests were performed on 291 employees, 97
of whom showed an abnormality on initial testing, partly due to equipment
malfunction. Following retest, 29 employees showed persistent abnormalities,
16 of which were considered equivocal, not justifying further immediate
additional testing but indicating retesting 90 days later.‘ Amonag the 13
employees who were immediately retested, 6 showed findings indicating the
need for further labor@tory and physical exams. Of these,2 cases of
Gilbert's disease, and 2 cases of gallbladder disease were found,
including one with coexistent hepatitis. An additional case of chronic
persistent hepatitis without'gall bladder disease was found.

Examinations of the death certificates did not indicate any re]ation-
ship between exposure to vinyl chloride and cause of death. -
the aiﬁnllghéoﬁilﬁ gaetngiults, except for the one case of aeroosteolysis
/there was no evidence to identify vinyl chloride as a causative agent in
disease. No cases of angiosarcoma were identified in this survey.

In presenting these data no indications are given as to how age, level and
duration of exposure may have varied among these who were testgd. No

definition of what constituted an abnormal test was given and no effort
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wa§ made to contrast exposed workers to a comparable control group.
Measurements of vinyl chloride exposure were not made nor is there any

- indication as to what percentage of workers examined were suspected to
have high vinyl chloride exposures. The adequacy of‘fol1owup among workers
who had left the plants with respect to the death certificate survey is
similarly not indicated, and no data are presented as to the frequency of
abnormal findings on physical exams, particularly enlarged livers and
spleens. While it is encouraging to note that no cases of angiosarcoma

were observed, careful followup of these workers would appear indicated,

particularly since both plants under study were opened in the late 1950'5.]8

Accordingly an adequate latent period following onset of first ex-
posure may not have been present to allow effects such as liver angiosar-

coma to be evident.

A survey of 36 PVC plants was conducted to determine if there were
factories in which no cases of liver angiosarcoma were observed despite
the presence of adequate exposure to vinyl chloride to have caused disease

as defined by time and concentration.20

Plants in which angiosarcoma had
occurred were not included in the analysis. Similarly plants with operating
experiences of 10 years or less were also discarded from the analysis.

The remaining 16 plants included 2,372 persons currently employed and 1,471
previously employed, not all of whom had durations of exposure long enough
to bg manifest in angiosarcoma. Included among these individuals, however,

were 787 persons who had worked more than 10 years and 104 persons who

had worked more than 20 years with vinyl chloride. Also included were
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1,402 persons with a time Tapse since first vinyl chloride exposure uf more

than 19 years and 416 persons with a time lapse of 20 years or more.

’ 0} these 16 plants only 2 had conducted measurements of vinyl chloride
concentrations prior to 1970, Accordingly, the presence of vinyl chloride
odors was used to estimate past exposures. The odor threshold for vinyl
chloride is in the vicinity of 250 ppm though it may be much higher. On this
basis 4 companies indicated that vinyl chloride odors were detectable for
most of the work day prior to 1960; only 2 of 16 plants reported odors
most of the day between 1960 and 1970 and no plants reported odors this

frequently after 1970. However, all 16 plants reported the occasional
presence of vinyl chloride odors at some time in the past although this

was never considered to be a rare event, particularly prior to 1960. In
view of these observations, exposure to time weighted average concentrations
of vinyl chloride were considered to have exceeded 50 ppm in recent years
and 250 ppm prior to 1960.

Since January 1, 1974,_3,285 examinations were conducted on employees
in these companies including 872 retirees. This constitutes a follow-up
rate of nearly 90% of all employees, but only 60% of those who were
previously employed. Of these men, 3,249 were given liver profile tests
as included in the SMA-12, i.e. bilirubin, SGOT, LDH and alkaline phosphatase.
An abnormality in one of these four tests was reported in 15% of those
examined,'but this fell within the levels of abnormality observed among
900 Union Carbide employees not exposed to vinyl chloride and 400 office

personnal with no known occupational chemical exposure. Similarly, the
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occurrence of abnormalities in 2 tests (2.7%) and in 3 tests (1.3%) were
comparable to those found in control groups. No mention is made of reports
of findings on abnormal physical exams. In making these comparisons, no
information is gi;en as toutpghgakeup of vinyl chloride exposed compared to
control groups particularly with respect to covariates that may have
affected test resuits. Similarly no definition of an abnormal test is given
and there is no information as to quality control efforts among the various
laboratories participating in these tests.

Based upon these observations the author concluded that "Examinations
of these men have failed to show the existence of abnormal liver function
tests in greater proportion than would be found in a control population.
There is no case of angiosarcoma of the }iver among these 1,402 men even
though their exposure time is sufficient for disease to have occurred...."
In drawing this conclusion, however, it should be noted that only 104
individuals had worked more than 20 years with vinyl chloride and 416
individuals had a time lapse since first exposure of 20 years or more.

This would seem important since, of the 19 worldwide reported cases of
angiosarcoma among PVC workers for which details are available, 15 had
a time lapse since first exposure of 15 years or more and 14 had 15

years or greater exposure to vinyl ch]oride.2
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Considering the lack of information on control and exposed
" groups and the many laboratories participating in these analyses, it
aﬁgéa;s difficult to draw any cogglusions with regard to the frequency
of abnormal liver function tests a;SREchese vinyl chloride workers. The
fact that only 60%‘of former workers wﬁo may have had the greatest durations
of exposure were included in these examinations of liver function tests

is a serious shortcoming, as is failure to examine the influence of duration

of VC exposure upon abnormal liver function tests.

A summary of the data showing non-malignant effects of vinyl chloride is
shown in Table 7.3.5. The results of these studies and their 1imitations
have been discussed above.

These obse}vations of liver injury among PVC workefs and particularly
among workers not directly involved in PVC production, have potentially
tmportant implications with respect to the health of the general population
exposed to vinyl chloride. In reviewing these findings .it is, however,
important to recognize that other toxic agents either work or non-work
related such as liver toxic drﬁgs or alcohol could have contributed to
many of these abnormal findings. Further, some of the biochemical screening
tests are not specific for liver injury, though others such as BSP are.
Idealty, one would like to know the prevalence of liver injury among com-
parable non-industrially exposed populations before drawing final con-
clusions regarding the effect of exposure to vinyl chloride uoon the liver
from the above studies. Most studies were lacking in this regard. In

spite of difficulties with the present studies such as noted above, there
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SUMMARY OF OCCUPATIONAL FINDINGS RELATING
NON-MALIGNANT LIVER DAMAGE TO VINYL CHLORIDE EXPOSURE

——

—— e — .

Enlarged livers and

Abnormal BSP retention
Biopsy of Tiver showed

Biopsy showed mild liver
damage in all workers
Relation between duration
of exposure and severity
of damage with most severe
Tiver pathology observed
in workers with 10 or
more years of exposure

A1l 5 workers examined
showed evidence of mild

Upper abdominal complaint. .
lethargy and parres-
thesias common complaints
Thrombrytopenia, increased

splenemegaly found in

7/15 workers complained

Study Group Level of Duration of
(Number studied) Exposure Exposure Observed Effects
PVC Production Unspecified 1, to 21 years
workers 25,26 spleens
portal fibrosis
PVC Production Unspecified a) 3 ﬁears and 1)
45 under
workers b) 10 years and b)
liver biopsy more
study27
Post - PVC Unspecified Unspecified but
, . likely exposed to
polymer;zation lower levels of VC = damage to liver
workers” -- than workers in- parenchyma based on
: volved in polymeris liver biopsy
l1ver23iopsy zation process
study
PVC Production Unspecified 6 mos to 21 3/4
70,28 years
workers -- "7 (average 7.7 years)
BSP retention and
majority of workers
PVC Processing Unspecified 1% to 13 years

workers 15,29

not involved in

PVC polymerization
but exposed to

PVC as a finished
product and hence
by inference exposed
to lower levels of
vinyl chloride

than PVC production
workers

of pressure or pain in
upper abdomen
Thrombrytopenia in 7/15
workers

Increased BSP retention
in 7/15 workers

Biopsy showed mild liver
damage similar to that in
PVC production workers
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Table 7.3.5 (Continued)

Observed Effects

——— e — - - e

116/1183 or about 10%
ahowed significant bio-
chemical abnormalities;
abnormal liver function
tests found in non-PVC
production workers

11 cases of portal fibrosis
found on liver biopsy, 2
of which were in workers
not directly involved in
PVC production

Hepatasplonomegaly observed
in 6% of workers exposed
not more than 2 years

Sharp increase in
hepatasplonomegaly in
workers exposed qreater

Nearly one-third of workers
exposed 20 years or more

had hepatosplenomeqgaly
Elevated alkaline phosphatase
correlated with duration of

Abnormal lung function

Abnormal liver function
(BSP retention) correlated
with TWA exposures --
Evidence of abnormal BSP
retention at TWA exposures
of 300 ppm and suggestive
evidence of BSP retention
in some workers exposed to

No adverse effects related
to angiosarcoma

One case of acro-osteolysis
only evidence of injury
attributable to VC

No increased abnormalities
above levels in control

Study Group Level of Durafion of
(Number studies) Exposure Exposure
PVC Production Unspecified Unspecified
workers, and
non-PVC e
production T
workers (1183
total) 3
Current and former Unspecified a) < 2 years a)
PVC production
workers (354
total) 3 b) 5-10 years b)
than 5 years
c) 20 years c)
or more
exposure
tests found
PVC Production TWA expo- Up to 25 years
23 sures up
workers (98) to 300
ppm
TWA of 50 ppm
PVC and non- TWA 1 year and
PVvC production32 exposures greater
workers (335) of 25-200+
ppm
PVC workers Unspecified Unspecified
(492)33
?§°8:§§5 rs Estimated as Includes
’ greater exposed 20
than 250 years and qroups
ppm prior - more
to 1960
r-5 .=
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is shggéstive evidence presented for at least minimal liver damage associated

with .
vinyl chloride which may be observed with durations of exposure under
2 &ears. Though there is reason.to believe that cessation of exposure to
vinyl chloride would cause a reversal in some of this damage; there is
also evidence that in some people, this damage is not fully reversible
and may even progress further. For example, one vinyl chloride production
worker examined by liver biopsy at the National Institute of Health showed
persistent and perhaps progressive liver pathology 2% years after the
cessation of exposure despite an absence of abnormalities in hiochemical
tests of hepatocellular function.34 There is also concern that the his-
tologic changes in the liver observed in PVC workers may represent pre-
malignant changes that would increase the risk of developing angiosarcoma
in future years,

Any final conclusions regarding the implications of these findings
for the general population who are exposed to levels of vinyl chloride
in the air generally much lower than in occupational situations must await
completion of additional studies. However, several observations do suggest

that exposure to vinyl chloride in the air may pose some risk to health at

these lower levels.
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7.4  Ecology
) The potential problems associated with release of vinyl chloride into
the environment are just coﬁiﬁb”under scrutiny. For sometime it has

been known that the plastic, polyvinyl chloride is not bjodegradable.
Microorganisms are not able to utilize the plastic or are able to do so

only after an extended period of weathering. Althbugh acetylene and ethylene
are both capable of being reduced by microbial activity‘,]’2 their
chlorination seems to make them less amenable to attack

by microorganisms. Available evidence does indicated that alkenes may be
oxidized by heptone grown pseudomonas species.3 Very little is known
regarding the biological metabolism of alkynes.4

The fact that polyvinyl chloride is not readily biodegradable has led to

the difficulties attendant with the disposal of this form of plastic .
Incineration has been the chief means of disposal; however, this method

is not without its problems. Hydrogen chloride is geﬁerated in the

normal burning of refuse even when plastics are not present? During
burning, most of the chloride present in refuse and in the polyurethane

and polyvinyl chloride materials, which were added to the base refuse in

the test work, was evolved as hydrogen chloride. No free chlorine gas

or ﬁhosgene was detected. Though h)drogen chloride is evolved when burn-

ing refuse, the amounts released do not compare to those released when
polyvinyl chloride and polyvinylidene chloride plastics are incinerated.
Addition of polyethylene and polystyrene plastics to normal base refuse

containing no plastics had no effect on chloride jon emissions because

74 UcceC
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these plastics contain no chlorine. Addition of polyurethane foam

CC NoT

resu}ted in slight increases up to 689 parts per million (0.0689%) when

a’é%\qdd1tion was made to the base refuse and 751 parts per million

.

—

(0.075%) when 4% was added. Adding polyvinyl chloride to the normal
refuse increased chloride fon emission to-1990 parts per million
(0.1990%) for the 2% addition and to 3030 parts per million (0.3030%)
for the 4% addition.5

The effects of hydrogen chloride gas on vegetation have been known
since the mid-nineteenth century when damage was noted in the vicinity of
alkali plants in Europe and Great Britain.6 The concentration of hydrogen
chloride in stack gases was limited to 0.45 mg/m3 in 1874. No further
reports of crop damage due to this gas occurred after the passage of
the ATkali Act of 1906 in Great Britain. Damage due to hydrogen chloride
gas has been reported in the United States by weilerz Hindamf3 and wood.9
Antipovl(Leported hydrogen chloride gas damage to ornamental plants near
a chemical factory in the USSR which released fumes once or twice a month.
Species which were affected included oriental pogry, daisy, belleflower,
columbine, bluets, and pylox. The study by Wood is the on]y one which
specifically reported the combustion of polyvinyl chloride as the source of
the hydrogen chloride gas. The smoke from the combusion of polyvinyl
chloride insulatfon at a wire salvage operation in northern Pennsylvania
caused extensive damage to several northern hardwﬁod species.

Bohne ]1reported hydrogen chloride gas damage to shfubs. trees and

flowers near a hospital incinerator.
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Not all plants are sensitive to hydrogen chloride gas. Means and
Lacasse ntested the sensitivity of 12 coniferous and broad-leaf tree
‘species to hydrogen chloride gas. The fumjgations were conducted under
’controlled conditions at a tempenq;grg of 27 C, relative humidity between

4 ergs/cm2 sec, Under these

78 and 85%, and a 1ight intensity of 1.4 x 10
conditions the only symptom noted on conifer needles was a tip necrosis

on white pine at 8 ppm, on Douglas fir at 12 ppm, and on Norway spruce

at 19 ppm. Austrian pine and arborvitae were not injured at concentrations
of 18 and 43 ppm respectively. Symptoms on broadleaf species included
marginal and interveinal necrosis and necrotfc flecking. Tulip poplar

was injured at 3 ppm, European black alder and black cherry were injured

at 6 ppm, and sugar maple and Norway maple were injured at 7 ppm. Red

oak was not injured at concentrations up to 13 ppm. These fumigations were
also of four hours duration.

The effects of hydrogen chloride gas on vegetation has not been studied
in any detail. This probably reflects its unimportance as a phytotoxicant.
Hydrogen chloride gas is easily scrubbed from flue gases and the major
sources are point sources; therefore, it has not been emitted into the
atmosphere in large amounts. The incineration of chlorine-containing
plastics in large amounts could change this picture.

" Studies showing the effects of vinyl chloride in the environment

13
are extremely scarce. A study by Heck and Pires ~1n 1962 indicates that

vinyl 6hlor1de can cause significant injury to plants. An analysis of the

results using five different fumigants at three different levels
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ranked them in the following order. ethylene > acety]ene > propylene »
1

ethylene oxide > vinyl chloride. Table 7.4*compares tne f1ve compounds

and indicates the levels at whtch. they were most toxic.

The injury symptoms shown for acetylene, propylene and vinyl chloride
were identical to that shown by ethylene. 'Ethylene 1s usually considered
as a physicologically active gas rather than a toxic gas, e.g. sulfur
dioxide. Ethylene affects a great number of physiological phenomena in
plants, such as ripening of fruits, abscission of plant parts, prolifera-
tion of tissue, inhibition of growth and variations in cellular metabo]ism;]
Ethylene is a product of plant metabolism, but vinyl chloride has not been
reported from natural sources.

The effects of vinyl chloride upon microorganisms have not been

studied. As mentioned previously, there has been little work done
to determine whether alkynes can be metabolized by microorganismsﬁ
Ethylene is taken up by 5011;15 vinyl chloride may be also.

A by-product of vinyl chloride production, EDC-tar, has been disposed
of by dumping into the North Sea. EDC-tar is a mixture of short-chained
aliphatic hydrocarbons. When it is dumped into the ocean, ‘it gradually
sinks toward the bottom. As the tar sinks, the components gradually
dissolve in the water. Therefore, its sedimentation rate is low. It
also has a tendency to adhere to a large variety of substances and form a
film or layer around the particles. Plankton are among those particles to
which the tar adheres.

Studies by Jernelov, Rosenberg and Jensen]ﬁ indicate that marine
animals rapidly accumulate EDC-tars from contaminated sea water. An

for
accumulation factor of 2900 was estimated/shrimp (Leander adspersus) exposed

to 0.01 ppm EDC-tar for 48 hours. The accumulation of low molecular weight
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Taole 7.4.) conramison OF THE TONICITY LEVELS Qur TE OR
OF TIHE THREL CONCENTRATIONS OF FIVE FUME VN CITE
GANTS ON AL PLANT SPECHES '

13:‘," Fumigant ‘M:;”p:';m
1 Ethylene ondde 1000
3 Eflylewe 14, 190, 1009
Propylovie~ 1008
Arctylene 1000 .
3 Aretylene 100 :
Vinyl chlmide 1000 : '
4 Actlylene 10
L Propylene 100
Fthylenc oxide 100
Vingl chlaride 108
¢ Propylene ¢
7 Ethylenc exide 10
Vinyl rhlocide 10
1Plants were umigaied for 7 dayt In each fumigant at each
cencentration.
*A qualitative comparisen with § cansing the death of all plants
snd 7 showing ne offect.
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compounds of EDC-tar is highest via water, whereas the high molecular
compounds show the greatest accumulation through the food chain. These

conclusions are in agreement with the results of studies dealing with

C1-C compounds such as DDT seawatef. bie]drin has also been shown to
accumulate rapidly through solution and much less slowly through the
food chain.]6 When compared to DDT, PCB and other C1-C aromatic
substances, the biological half-time is short (1 day to 3 weeks). This
fact may mean that the‘effects of ECD-components might not be as savere
~ as those of DDT, PCB's and other chlorinated hydrocarbons.

Studies made to determine the effects of EDC-tars on different

17
stages in the life cycle of the barnacle Balanus balanoides L. showed

that the stage II nauplii were ten times more sensitive than the
older stage V and VI larvae. Age, therefore, seems to make the
barnacles more tolerant to the EDC-tars.

In an attempt to determine some physiological aspects of EDC-tars
at the cellular level, the microorganism, Escherichia coli wvas

18
studied. The death of the intact cells was shown to be due to the

breakdown of the permeability of the cytoplasmic membrane. The authors

suggest that since most known biological membranes are formed according
| to similar principles, the action of EDC-tar on the cell membranes of
higher organisms would be similar,
7;;k2 Summary

Polyvinyl chloride plastics are not readily biologically degradable. This

has led to incineration as a means of disposal. Incineration of
polyvinyl chloride plastics results in the emission of hydrogen chloride

gas. Hydrogen chloride gas is injurious to plants, but emissions can be readily

, Uce
7. 011830




DRAFT
DO NOT QUOTE GR CITE
controlled.

Vinyl chloride is damaging to plants. Injury to plants from
vinyl chloride is similar to that caused by ethylene; however, no
*extensive studies have been made.

The effects of vinyl chlorid;h6n~microorganisms has not been
studied nor have the capability of microorganisms to metabolize it.
Ethylene is taken up by soil; vinyl chloride may be also.

EDC-tars, a mixture of short-chained aliphatic hydrocarbons,
are a by-product of vinyl chloride production. When dumped into
sea water, they show a tendency to be rapidily accumulated by marine
animals. The Tow molecular weight compounds have the greatest
accumulation. |

In Escherichia coli the death of intact cells was shown to be

due to the breakdown of cytoplasmic membrane permeability. It is
suggested that because all biological membranes are formed according
to similar principles, the action of EDC-tar on the cell membranes of

higher organisms would be similar.

7 d. 7
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7.5  VINYL CHLORIDE IN PERSPECTIVE

The comoelUna evidence for the carcinonaenicitv of vinvl chlaride from
both an epidemiological and toxicological standpoint raises the question of the
possible carcinogenicity of other related chemicals in the ambient air. The
possibility exists of multiple exposure to a host of compounds that may

/act‘additively or synergistically to produce a hazardous health effect.

-

Available data do not allaahquantitative evaluation of the hazard of

multiple exposures. Published data, however, suggests that compounds similar
in metabolism to vinyl chloride which may appear of minor importance when
only low dosaages of individual suhstances are considered, could become
more important from a health standnoint whan tntal multi-compound 1o§aqe is

evaluated.
779.1 1ndustrial Production and Use of Chemicals Related to Vinyl Chloride
and Polyvipyl Chloride

Structures, production figures and major uses for chemicals of

industrial importance with structure similar to vinyl chloride and polyvinyl

' S
chloride are summarized in Table 7.}.1.

5 .
7.X.2 Carcinogenicity of Chemicals Related to Vinyl Chloride and Polyvinyl
Chloride ' ‘

The publication "Survey of Compounds which have been tested for
Carcinogenic Activity"3 was used as the primary source of information on
the following chemicals:

1. 1,1-Dichloroethyiene (vinylidine):

No data has h~en published.

2. 1,2-Dichlor: chylene:

No dat has Lien published.
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TABLE 7.3.1

PRODUCTION AND USE IN THE UNITED STATES OF CHEMICALS
RELATED TO VINYL CHLORIDE AND POLYVINYL CHLORIOE

Chemical ’ Structure
cl M
},1-dichloroethylene £=c
(Vinylidine Chloride) cl H
cl <l
Trichloroethylene =0
cl H
g !
Tetrachlorgethylene £= C
>} (Perchloroethylene ) cl cl
?
I
v+ Vinyl Acetate c3z-c-Q M
cC =
H  “H
0
0-"c-cH
Polyvinyl Acetate . - € 3

Other Vinyl Polymers
(Alcohol, Butyral and Formal)}

SEBLID
a0N

Production
(Million Pounds)

438(1972)!

745(1972)1

729(1969)2

422(1970)}

- 219{1970)!

Major Uses

Monomer for Vinyl Chloride Copoly-
mer and Polyvinylidine Chloride

Metal Degreasing, Manufacturing
Solvent

Dry Cleaning Metal Degreasing.
Chemical Intermedia;g

/
Palymer Production

Textile Sizing, Adhesives, Paper
Coating, Polymerization Aid




- DRAFT
'3, Trichlo;'oethylene“ DO NOT QUOTE OR C,TE

Several animal species have been exposed to levels from 200 to 3000
ppm for up to six months with follow-up observations up to nine months. No
’ tﬁmors were observed in ény—animg}s.

4. Tetrachloroethylene (Perchiéroethylene)s

Various animal species were exposed for seven hours a day to 100-2500
ppm for up to 250 days with no tumors discovered,

5. Polyvinyl Chloride®

Film was implanted in various locations in rats for up to eighteen months.
Several tumors were observed, but all were in the arca of the implant.

6. 1,1,2-Trichloropropene’ |

Rabbits were dosed orally with compound in 0il at 0.1 LDsg for 6 months.
There was e&idence of changes in lymph nodes after 18 months.

7. Vinyl Alcohol Polymer®

Implants of polymer sponges at various jocations in rats for the life
span of the rats gave many sarcomas at the site of implantation and a few
tumors at other locations.. |

8. Vinyl Chloride Aietate Copolymer?

Implants in rats gave formation of tumors only at the site of
implantétion. | ‘

For the most part, toxicological studies of chemicals related to vinyl
chloride have been limited to acute studies with only minor emphasis on long term
or ca}cinogenic effects. When carcinogenic studies were undertaken they were,
in qeneral, of insufficient exposure duration or invo?ved tooslimited a

number of animals to provide conclusive negative results in this regard.
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3
;j;f Other Carcinogens in Polluted Community Air

-"The array of contaminants identified in polluted community air in-
cludes éther chemical and physic;;_ﬁﬁénts which are either proven or highly
suspect carcinogenic hazards such as polycxclic aromatic hydrocarbons,
azaheterocyclic hydrocarbons, certain metal compounds, asbestos and certain
radionuclides.. 10,1 However, very few definitive studies have been con-
ducted to determine the contribution of these ambient pollutants to human
carcinogenesis. One of the observed epidemio]oéic characteristics of the world-
wide increase in lung cancer is the higher incidence in urban residents.
Although there are other factors which may contribute to urban and rural
differences such as population density and occupational differences, an
urban-rural difference in lung cancer rates persists even after correction for
these factors. Additional support for a probable etiological role for
ambient chemical carcinogens in lung cancer can be gained from several studies

12-14
undertaken to measure the effects of population migration on lung cancer risk.

These studies in migrants have shown that either increases or decreases in lung
cancer are compatible with changes in environment. The chanaes in rates
parallel the general population concentrations in the areas under study and
persist after correction for cigarette smoking,although at a reduced level.
Moves from high po%lutibn to low pollution regions reduced lung cancer death
rates and vice versa (Table 7% 2)  Within the United States and the United
Kingdom studies show a gradient of risk to lung cancer from low in rural to

high in urban areas. Migrants from rural to urban areas in the United States

appear to increase their lung cancer rates.




In a recent article,

Paul Koten draws attention to certain observations on the nature of car-

¢inogens which should be cons{gered when initiating studies of carcinogenesis

associated with air po])utantsfhm

1.

|

Cancer induction most frequently requires prolonged periods of
exposure ta carcinogenic agents.

Cancer can be caused by several carcinogenic agents acting in
combination either in an additive, synergistic or inhibitory
relation to one another. This is particularly relevant to lung
cancer where a variety of ubiquitous environmental exposures to
carcinogenic agents exist.

The action of a carcinogenic agent in lung cancer induction may
be determined by the competency of the host's defenses at the
anatomic, physiological and biochemical levels. Polluted com-
munity air contains a large variety of chemical and physical
irritants, which though unable to cause cancer, facilitate the
action of carcinogenic agents by attenuating or destroying the
effectiveness of muco-~ciliary apparatus of the lining of the lung.
This facilitates deposition and retention of particles carrying
carcinogenic agents. In addition, these irritants can induce

changes in the epithelium (metaplasia) which may enhance the

. progression of changes to cancer. These irritants may alter the

metabolic handling of carcinogenic agents and thereby enhance their
cancer inducing potency.

There is evidence that at the cellular level, envirommental chemical
co-factors of a highly non-specific nature may work together with
chemical carcinogens'to increase their effectiveness,

-
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AGE ADJUSTED DEATH RATES FROM LUNG CANCER IN
GREAT BRITAIN, KORWAY, AMD THE UNITED STATES

Population Group

Great Britain residents

Great Britain born U, S. residents
Norway residents

Horway born U, $. residents

Native U. S. residents

Ltung Cancer Death Rate
(Per 100,000 Persons)

Males Fenales
151.2 19.3
93.7 11.5
30.5 5.6
47.5 10.7
72.2 9.8
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It would be wrong to consider vinyl chloride as an isolated situation,
but rather it should be viewed as an example of just ane of many potential
chem1ca1 carc1nogens which may be present but as yet unidentified as carcino-
gens This suggests that more-attention be given to the detection of other
chemical carcinogens in the myriad of industrial chemicals to which the genera)

population is exposed either as individual compounds or as multiple exposures.
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~ 8 CONTROL TECIINOLOGY AND REMEDIAL ACTIONS

8.1 INTRODUCTION

Most of the presently used or available technoloeies are a hasic nart of the

processing system and Serve to recover reactant or product. These controls
are appraised herein using performance data from the manufacturing plants,
or by comparing emission levels for plants with apd without controls.
Controls so appraisced for VCM production include:

recycling of vent strcams, condensation with refrigeration, adsorption with
carbon, incineration, oxidation with ozone, absorption (scrubbing), and
venting to flares. Monomer loading and unloading involves special addi-
tional controls: vapor collection adapters with recycling, thermal level
detectors with recycling, and magnetic gages. Polymer production can
possibly benefit from consideration of controls indicated for the monomer
production, plus vacuum stripping, steam stripping, and the recycling of

carrier air streams,

A qualitative assessment of the potential applications of sclected
controls has been made based upon information presented to date by U.S.
industrial firms. The results of this assessment are Qummarized for each
process in the following paragraphs. All percent reductions of emissions
ire estimates,

8.2 MONOMER PRODUCTION
The relatively scarce data seem to polﬁt to a present total emission of
about 90 kg/million kg of VCM produced. To this amount should be added a

smaller, intermittent loss of VCM in the loading area.
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A 90 vercent reduction can be obtainel-

by rqfrigerntion and/or absorption of vinyl

)
chloride in the vents by appropriate solvents (EDC for instance) and by

.
—

combustion of the organics In other vent streams, followed by removal of HCH
produced. A Y0 percent reduction is about ut
the limit of present-day technology. For such a reduction the loading

area  must be policed for vent losses.

8.2.1 !E! From Acetyvlene and HCI

The reactor vent is the main emissions source, accounting for 60 percent
'of total emissions. Condensation at 44 YC (40 “F) and 0.29 X 10“N/m>(35 Psig) is now uscd
of refrigeration would decrease emissions by about 50 percent. If an ;| scrubber
were also used, the combined controls should achieve 85 percent reduction.

(Ehpse. combined with carbon adsorption, should reduce émtsaions 99 ;vrrvnt. ——
Recyeling, inclineration, oxidation with ozone, and venting to flares do
not npbcur to be applicable.

Fugitive emissions equal about 25 percent of total emissions. Use of ){
diaphragm valves, replacement of packed pump seals with pressurized mechuan- -
ical seals, use of vapor collectors on samplers, and preventive mainfcnance
can be cxpected to teduce these cmissions by 50 to U5 percent. -

?ank~car loading accounts for‘an eatimated 15 percent of emissions.

[ncineration, with HCl recovery should .reduce condenser vent loses 99 percent.

Thermal level detectors combined with vent gas refrigeration and/or recycling woglij-—
reduce slip gage emissions by 95 percent. Replacing the slip gages with magnecié
gages could reduce the emissions nearly 100 nercent. Vapor collector adapters with
recycling would reduce purge losses 50 to 90 percent. Incineration should reducc

loading air emissions about 90 percent.

Ucce
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8.2.2 VCM From Addition Reaction of Chlorine to Ethylene
‘ id Air Atmospheres Followed by Dehydrochlorination

Major emission sources are of VCM from the EDC light ends column vent
(3-20 percent) the heavy ends tar removal column vent (18 percent), the VCM
light ends column vent (10~137pg£9gnt), and tank car loading (10-20 percent).

EDC light ends column emissions could he reduced about 50 percent using

refrigerated condensers and ncarly 100 percent with carbon adsorption. Re- -

cycling to a post chlorination unit would be almost 100 percent cffective.
Heavy ends column emissions are believed to be controllable by incinera-
tion (50 percent reduction), and by adsorption (close to 100 percent reduction).
VCM light ends would require adsorption or oxidation with ozone, both
capable of nearly 100 percent reduction.
Tank car loading controls given in Section 8.2.1 would apply here also.

8.2.3 VCM From Addition Reaction of Chlorine to Ethylene in Oxygen
Atmosphere should be Followed by Dehydrochlorination

Major emission sources of VCM and their controls arc believed to he
essentially the same as described in 8.2.2., The use of oxygen would rcduce
the quantitatiﬁe amounts of vent streams from the EDC product processing,
and thus would of itself reduce emissions somewhat.

8.2.4 VCM From Direct Chlorination and Dehydrochlorination of Ethylene

The controls are essentially the same as described in Section 8.2.2 and
would have about the same range of efficiency. This process must avoid {ICl
emissions by recovering it for other usage. Incineration with IlICl-recovery
by scrubbing is about 90 percent cfficient for this purpose.

8.3 POLYMER PRODUCTION

In the production of polyvinyléhloride, present monomer losses in kg/kg

of product are at least an order of magnitude higher than in the production

of VCM. Most producers report about a 3 to 4 percent lower PVC production
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than'monopéf intake. Fr m some data submitted by manufacturers. 1 to 1.5

percent of PVC made is lost, A portion of this IS‘ emitted as fine parti-

gulutcd to the atmosphere. ‘Thc actunl wonomer emission is

the;efbru in the order of 2 to 3 percent. These losses result from the

batch ﬁature of the polymerizaggsﬁabperation and in the filtration and in the
drying of the polymer, if practiced. Reduction of these losses poses a more difficult

if not an impossible problem. To indicate the severity of the problem, a

direct reduction to 50 percent of the present level of losses seem§ possible, but a

90 percent reduction of the emissions in some of the existing polymer plants without

process changes might be beyond present techniques at acceptable costs. However,

if intensive stripping of the suspension at the end of the reaction is allowable,

the 90 percent reduction might be feasible at acceptable costs.

One development should be noted, namely the move to progressively bigger
3

reaction vessels, One company has studied and is proposing use of a 45.4 m
(120,000 gal.) polymerization reactor compared to the present typical size
reactor of 19 to 38 m (3,000 to 10,000 gal.) A possible emergency blowing of

_ ' emissions.
uch a reactor might, however, lead to very high peak values of vinyl chloride /
This report has not considered the influence of VCM remain-
ing in the polymer. This residual monomer, sometimes present to about 1000 ppm, is

mostly released during further processing and might thus create emission pro-

blems during tabr cation -ro.esscs, artizulaclv tno<e involvine heoat,

8.3.1., Suspension Polymerization

Fugitive-emissions throughout the process account for an estimated 45
percent of VCM emissions. The emission sources must be better defined
before specific controls can be discussed. However, a good maintenance
program and minor equipment modifications should reduce [ygitive emissions

by about 50 percent. ‘ ‘-

x
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Vacuum stripping of the crude product would be 50-80 percent

efficient for reducing emissions from the blend tank which-accounts- for___ __

about ll1 percent of the total emissions.'Ca;bon adsorption would reduce this
T ¥

-

'source 50 to 99 percent; condensation with refrigeration, 50 to 70 percent:
—
incfneration, 50 to 99 percont; uhso;ﬁtidﬁ, 50 to 80 percent,
Collectively, vents from the dryer, the air conveyor, the storage
site, and wash water provide 35 percent of the total emissions. Vacuum
\Oﬁ ' stripping and absorption are expected to give 50 to 80 percent reduction and recycles te

compressors, 40 to 60 percent reduction in emissions from these sources.

8.3.2 Fmulsion Ponlvmarization

The dryer vent, air conveyor vent, site storage vent, and waste water
vent appear to account collectively for about 85 percent of total emissions.

Carbon adsorption, oxidation with ozone, and steam stripping could reduce thesc
emissions by 50 to 99 percent. The recycle of air strcams could be 4u to su pereent
efficicent. Fugitivé losses contribute 7 percent of the emissions; blend

surge tank vents contribute ano;her 7 percent. Vacuu@ stripping, if

practiced would effect 50 to 80 reduction; carbon adsorption, S0 to 99 percent.
Condensation with refrigeration would reduce either source about 40 to 60 percent.
Absorption is expected to reduce both losses 50 to 80 percent. Preventive

maintenance would reduce fugitive losses 25 to 50 percent. The surge tank vents

could be recycléd iving 40 to 60 percent reduction, or they could be oxidized with )
ozone to provide 55 to 99 percent reduction.

8.3.3 Bulk Polymerization

The VCM reactor vent (25 percent) fugitive emissions (35 percent), and the
combined resin receiver, collector, and storage (20 percent) are the major
emission sources. For the reactor vent, adsorption (50 to 90 percent reduction),

oxidation with ozone (90 percent reduction), and incineration (50 to 90 percent

reduction) are indicated for control purposes. Intensive maintenancc is belicved to be

capable of “iving

J s UGG
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50 to 75 percent reduction of the diverse and ill-defined fugative emissisns which
nced further study. The product collection systems vents could be water-

washed, then adsorbed (50 to 90 percent reduction), oxidized with ozone (90 percent

. l . . H“H-“"’""‘—-—u_
reduction), or incinerated (50 to 90 percent reduction).

8.3.4 Solution Polymerization

While no data arc at present available for this process, it is cxpected
to have the emission characteristics of the suspension process  (section 8.3,1)

and to respond roughly to the same controls.

8.4 RESEARCII AND DEVELOPMENT UNDERWAY

Allied Chemical is developing

a technique for controlling hydrocarbon emissions from the oxychlorination
process. Control of vinyl chloride is expected to be a side benefit of
this work.

Industgial R&D groups are investigating the use of carbon sorption and
solvent scrubbing as gas stream cleaning techniques., They are also trying

to develop a more porous polymer form which will facilitate stripping of the

monomer from the polymer.
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APPENDIX A
ESTIMATES OF RISK FROM LOW LEVEL EXPOSURE TO CARCINOGENIC CHEMICALS

Several statisticél'mode]s_have been developed for extending
observed response associated with several exposure levels (dose-response
curves) determined in experimental animals to undetermined response
dosages below those used experimentally and extrapolating these
theoretical consideratipns to estimate risk to human health with
regard to low level exposures to carcinogenic agents.

The estimated risk associated with exposure to vinyl chloride based
upon animal experiments has been presented using several of these
1

models and the available toxicologic dose-response data.

Mathematical Models

Models available for estimating risk associated with exposure to
carcinogenic agents fall into two main categories, i.e.those that deal
with tumor incidence as a function of dose and those that deal with
latent period modification as a function of dose (exposure level).
Several models designed to predict response beyond the limits of
available experimental data have recently been reviewed.z'8

Strategies for assessing risk range from those that place emphasis on

“safetv factors and hest scieptific judcement te those that involve
4-7
statistical extensions beyond the limits of observed response data.

Amohg the important factors to be considered in the use of these

models are the following:
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Ahy-éxposure to a carcinogen may be associated with a certain
degree of risk. This risk is expressed with regard to a

particular carcinogen. However, multiple exposures to several
carcinogens and non-carcinogenic synergistic agents in general

—

- - ---\_H-"
are not considered in these models.

None of the available models have been adequately confirmed
by direct experimental studies at the very low end of the
dose-response relationship. Since these models represent
extrapolations beyond the limits of available scientific
data, they should not be construed as “scientific dogma."
Linear models of a quantal biological response (all-or-none)
are useful for selection of a mean effective dose. In
estimating risk to the population, the slope of the extra-
polation curve and the confidence level selected for
estimating risk are extremely important parameters. The
intrinsic reliability of these models depends upon proper
experimental design with appropriate attention given to
biologic factors that may modulate response. It is extremely
ihportant to note that linear models assume a no-threshold
effect level, and the level of risk determinéd by the slope
of the dose-response curve can be influenced greatly by the

experimental design and the selection of the model used.

2 .
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- These models are as valid as the assumptions made in
their design; e.g. it is assumed that the distribution
of sensitive, cancer prone individuals in the population

is represented by a normal (Gaussian) distribution.

A committee of scientists under“the direction of the National
Academy of Sciences, Advisory Center for Toxicology have recently
reviewed biological and statistical considerations in assessment of
risk. This review soon to be published (January, 1975) is presented

here for those who desire a more in-depth discussion of these matters.8
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SOHE BIOLOGICAL AND STATTSTLCAL CONSIDERATIONS

IN THE ASSESSHENT OF RISK

Applying the results of toxicological investigations conducted in

-the laboratory to the population of interest gemcrally involves two kinds

of extrapolations. The first;hwﬂzah“is more difficult to deal with and more.
important with respect to human exposure, involves predicting the probable
effects on one species from the results of experiments performed on another.
The gecond kind of extrapolation is that of extending dose-response curves

beyond the limited range of observation to determine the dose corresbonding

to an extremely low incidence of adverse effects on the organism tested.

A. THE ROLE OF TUE TOXICOLOGIST IN THE ASSESSMERT OF RISK

This report concerns itgelf primarily with the task of developing
objective technical information needed to make decisions on the course of
action to be followed to insure the safe use of chemicals. It does not, except
for a general statement of principles, go into the socio~political aspects of

decision-saking.

Terms such as "toxicological insignificance,” "safe," "zero tolerance,"
Yno effact lavel,” and negligible risk" have been in rather common use. All
of thesa contain in one way ot another value judgments or technical impli-
cations vhich have no place in an objective assessmant of risk. There is
no substance which, undor certain eircunatances,cannot be dangerous and unsafa.
Thare il no battery of tests, however elaborate, which can prove bayond chale
lenge the complets safety of a chamical. For the toxicologist to apply the
terms “toxicologically insignificant” or "negligible risk” to a set of obser-
vations makes a premature judgment in the wrong arena by tha wrong paraon as
to insignificance or scceptability. An lttﬂmpt Fll becn made to eliminate such

terus from this report. r\() i. “ee :'n- ~ vy, f
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Another common term of wide usage is the "no effect level." This
is statistically meaningless and therefore of limited value since it merely
means that. no effect was observed in studies using a group of animals of
particular si;e. Such an observation i;HEBEpletely compatible with the pre~
sence of an adverse effect, which in further studies with larger sample sizes
or with different types of observation might lead to a positive outcome. We
pref r the usage of the term "no observed effect," which should always carry

with it a qualifying statement as to size of the group in which no adverse

effect was obaserved.

. In most inatances it will be imperative to develop a dose~response
relationship, and because many toxicological rechniques are relatively insen-
sitive, higp doses (which produce high incidence of effects) aré frequently
required. These can be and have been called "unrcalistic" or "inappropriate.”

Such exposures may be well above, sometimes many orders of magnitude above,

likely levels of exposures to human or wildlife systems. Nevertheless, they

are often an cssential part of practicable laboratory studies which necessarily

‘use limited numbersz of animals. The uhderlying challenge to the toxicologist
is to use these points on the dose-response curve as a means of quantifying
réuponsea. and to devigse, with suitable margins of safety, appropriate means
for extrapolating to realistic, actual exposure conditions. The biological
aspects of this extrapolation will be discussed first, and the statistical

considerations will be developed later.

B. BIOLOGICAL CONSIDERATIONS

For clariry in the following, it will be assumed that we are con-

cerned with extrapolation from the laboratory situation to human populations.

ry vee ot e
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Except in the case of lifesaving drugs, only very low risks will normally be

06 NgT

accepted in chemical usage. The acceptable risk will, however, vary with the
beqefit)anticipa:ed. In the case of risk of death from a chemical of trivial
ﬁtiiicy, the acceptable risk wqgigmgf essentially zero. Put in explicit terms,
this might mean 1 death in 100 million persons. As noted in the section on
astatistics below,‘extrapolation to such risk levels from experjiments on small
numbers of animals is extremely uncertain. Again, and as noted repeatedly in
this report, the gravity of the effect 18 a major determinant in an overall
asseassment of riak._ At one extreme lies a fatal outcome, and at the other, a
temporary functional alteration producing no disability or discomfort and lying
fully within the range of physiological compensation. The gusceptibility of
human populations varies widely since genetic background, age, prior or co~
existent disease are all important determinants, and pirt of the toxicologist'a
task is to identify susceptible groups in the population as the basis for estab-
1ishing limita of exposure.

Another and vital factgr constantly facing the toxicologist is the
often striking biological differences between the effects of chemicals on labora-
tory species and on man. It has been repeatedly shown that no one species
(including non-human primates) has responses parallel to the human over a wide
range of the effectl’of chemicals. The choice of species must then be based on
a determination of the biological similarity in the responses to the chemical
under study,

In extrapolating from animals to man the transfer is often made on a
dose per unit weight (milligram per kilogram) basis. This practice overlooks
the vell demonstrated (Freireich et al., 1966) observation that dose per unit

gurface area (mg/nz) is generally a better tranafer parameter.
A-n
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There‘haa been much loose talk about "thresholds." The term threshold
means "the entrance or beginning point of something.” This implies (and is
norualiy sq'used) a discontinuity in the slope of the dose-response curve. True
diaconcinulties in biological phenomena are rare. However, they do occur. One
example is the threshold for glucose excretion by the kidney. Most biological
dose-response relationships appear to be smooth functions and in absence of con-
crete evidence dose-response curves should probably be assumed to be smooth,

Many dose-response curves have an "S" shape with a much lower slope at the low end
of the curve than in the mid-range. This could be regarded as a "quasi" thres-
hold. The steepness of the dose-response curve is an important consideration

for predictive purposes. A steep dose-vresponse curve implies a sharp cutoff

(again, a “quasi" threshold) with decreasing dosage.

Some dose-response curves appear to be linear, especially when atten- —
tion is limited to ralatively.lov incidence rates. One example of this is
¢igarecte smoking and lung cancer (Doll, 1967); there are many experimental
situation where this appears to be the cass.

Despite the above comnlnt;. there are some biological
reasons for anticipating that with some chemical agents there may be soﬁgihiug
approximating a true threshold. The biological basis for this 1s twofold:

(1) the possibility of a relatively greater effectiveness of repair mechanisms
at low dose levels; and (2) the possible presence of competing biochemical
processes which could convert the chemical to harmless products at low dose
levels. It is difficult to generalize on these mechanisms since they can be
expected to depend on the chemical and the species. Unfortunately, investiga-

tion of these questions has rarely been undertaken.

?1__9 B
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In the past, these complex conslderations have been dealt with prag-
matically by the use of arbitrary "safety factors."

v

C. . STATISTICAL CONSIDERATIONS _

The need for a proper consideration of statistics in the design of
toxicological experiments and in the interpretation of the results cannot be
overemphasized. TFirst, before meaningful results can be obtained, attention
must be given to identifying and reckoning with possible sources of error.
Second, statistical techniques are available which can give meaningful esti-
mates of the level of exposure to chemicals corresponding to the level of risk

which the decision-maker considers acceptable.

1. Experimental Error and Sampling Error

The outcome of an experiment is normally dependent upon innumerable
factdrs, only some of which are known and even fewer of which are controllable.
In dose~response experiments with animals, for example, some identifiable
factors inflﬁencing the outcome include (1) the composition of the particular
batch of test preparation, which typically represents a significant source of

variation in independent repetitions of the experimenc, (2) animal variabilicy,

(3) technician reliability, and (4) the precision of laboratorv techniques

such as dilution techniques or dose preparation. Since such factors influence
the dose-response relationship, they represent sources of experimental error,

and hence independent replications which randomly sample the levels of these

factors are necessary in order

1
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to estimate their contributions in the measure of experimental error. If
major sources of variations are not considered in such replication, then sta-
tistical érecision as reflected in the width of confidence intervals, for

example, may be grossly misleading.

When several major sources of experimental error can be identified,
a conceptually simple experimental design would consist of independent repli-
cates at each target dose level randomly sampled with respect to all sources
of variation. If batches from the chemical manufacturer represent a source
of variation, for example, then this design might assign each animal at each
dose level to a different batch of chemical from the manufacturer. If dilution
errors are non-negligible, then dilutions to target dose should be independent,
not nly among dose levels but also among animals within dose levels. When
several such sources of errors exist, this conceptually simple, completely ‘ \‘,
randomized experimental désign clearly becomes impracticable, and blocking .
becomes a more feasible means of conducting the experiment. Thﬁs, each batch
of the chemical from the msnufacturer might be administered to a group of -
animals at every test dose to produce, in effect, a separate dose-response
curve for each batch, For any one batch, the proportion of animals responding
at a given test dose is subject to sampling error due to such factors as animal
differences aﬁd possible efroru in dilution which would result in each animal
r celving a slighFly different test dose. At any given dose level, the pro-
portion respoﬁding also varies among batches; thus, the average proportion
responding at a dose level is subject to both sources of error, namely, the
sampling error within batches and the variability among batches, which together
comprise expeti;cntal error. A valid statistical analysis should utilize the
appropriate experimental error and not merely its sampling error component, \i'
A-10
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Since standard statistical methods of biloassay often are addressed only to the

r

analysis of sampling error, there is need for caution in applying these methods,

/.

2.  Estimating Low Effcct Levels

Estimation of low cffect levels poscs a difficult problem. Direct
experimental estimation of the level affecting one percent of the population
may require several hundred animals to obtain adequate statistical precision.

For many reasons, particularly in human populations, much lower rilsks than

one percent are desired. A true no-effect level cannot be observed experimentally.

Any observed level has meaning only for a particular sample size.

The observation of no-effect for a group of animals wmay arise from

one of two reasons: (1) the dosage level may indeed be below the theoretical
(-\‘ no~effect level; or (2) the number of animals tested may have been inadequate
to give a high enough probability of detecting a bilologically important change.

For example, a test on 20 animals may show no deleterious effect, but a test

on 100 animals, tested under the same conditions, may show one or more animals

exhibiting deleterious effects. Similarly, for a graded response, a small

sample may fail to providae cnough statistical precision to detect a change

from baseline, whereas a larger sample may.

Thus, an observed "no effect level"
has no absolute meaning since it depends on sample size and poorly eatimates

the theoretical "no-effect level”; a better term would be the "no observed

;ffect level."

However, data from experiments in which no effects are observed are

useful in placing limits on the probable incidence of effects. For example,
(F\ if no animals out of 100 animals displayed a deleterious effect, it can be gtated

with 99% confidence that fewer than 4,5% of animals tested under these conditious
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would exhibit deleterious effects. If this level of risk is too high, more
animala'can be tested. For example, observance of zero animals alfected out
of 1000 tested results in an upper 99% confidence limit of only 0.467%. To
reach an vxlrum\y low acceptable risk leQJT“tnxthis manner generally requires
a prohibitively large number of animals.

The past practice of scelecting some arblirary fraction of "no effect
level” as a limit [or exposure leaves one with no estimate of risk. Howuver,
a falrly ;;ns;rvative esclhate of the risk can be made by employing the
one-hit (one-particle) theory (Food and Drug Administration Advisory Committee
on Protocols for Safety Evaluation, 1971). This theory states that for low
dosages, if an experimental dosage is divided by a factor f, then its upper
confidence level of the_rtsk is also divided by the factor f. Such an approach
will often result in near-zero dosages for extremly small acceptable riwks,
For example, Lf zero deleterious responses were observed {n 450 antmalsy
at a dose d, {t -can be stated with 99% confidence that the truc response
rate is less than 1% (one out of 100). The predicted dose for risk of
one out of 1,000,000 would then be 10™%d.

An alternate means of estimating low risk exposure levels involves
extrapolation from parametric dose-response curves. Many different empirical
mathematical models may be fitted to a set of experimental data (Finney, 1964 ).
The probit and logistic curves have been commonly used in biology, for example,
and both curves may fit equally well in the region of experimental observationa
(2% to 98% resbonée range) but give widely different esatimates for extapolated
responses. For example, the probit curve will predict a dosage level
approximately 140 times higher than the logistic curve for extrapolation ~

.to a dosage expected to elicit ome response in 1,000,000 animals. In some instances
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(Doll, 1967) linear dose-response curves have been reported; often, however,

these cover only a relatively limited response range,
rd

There 18 no assurance that the dose-response curve observed in the
experimental range of dosages will apply .at extremely low response levels.
Mantel and Bryan (1961) suggest the use of a presumably conservative slope
of one probit for each factor of 10 in dosage level for extrapolating to low

levels of carcinogenic risk.

A more receant approach to the extrapolation of laboratory findings to
the establishment of standards or limits for human populations (Albert and
Altshuler, 1973) has taken into account age at the time of the appearance of
the adverse effects as well as the frequency of its occurrence, 1In the case of
cancer from external sources, for example, it has been shown, both experimentally
and in humans, that with lower doses cancer appears later, that is, at increasing
ages. Under this concept, and assuming the availability of reliable data, it
should be possible to establish 11mits vhich would place the eatlicst occurrence
of nalignancy at an advanced age, e.g., no more than 10% 1ncremental likelihood

of cancer at age 95.

D. SUMMARY

" In the past, toxicologists have not only made the laboratory assessments
of toxicity, but in many instances they have made the final judgment as to the soclal
course to be taken on the basis of a particular.set of findings. Instead,
the technical experts should be charged with securing an objective independent
determination of the extent, nature, and‘frequcncy of adverse effects. They
should be asked to explain the relative gravity of these effects for the target

o L Riid Uee
011862



T . NRATT

r (XY, maye - -~ r-l. i..
. n -(-.'T i .-‘.-"[ AR '\‘-!‘E

e
»pl

J

system, be it humans or wildlife. Similarly, other qualified teclinical expertu
should be requested to make an objective assessment of the benefits of use and
of altetﬁ;tive materials or procesees, However, the final judgmen: as to a
trade-off between an adverse health effe;:ﬁ:;a\i desired benmefit is a socilal
decision and should be made with the participation of those who are affected.
This is not to say that technical experts using their technical expertise will

not participate, but it does state that they should not be the sole judges of

determining the balance between the benefit and the risk,

The dose~response curve is a valuabla toocl for asseasing the safety of
a chemical compound, Egtimates of low effect levels are part of the information
leading to the ultimate designation of safe and acceptable levels., The statis-
tical problems of extrapolation from experimental dose levels to very low levels
and the estimation of appropriate errors are particularly troublesome but can ' \"
b handlad if care is taken in the design and analysis of the experiments and

the interpretation of results,

Wichout supporting cxpcrinnnfal evidence, however, statistical analysis
will never be capable of making the critical extrapolation from laboratory animals

to man.
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' Rics N K1 ala. t 856,000 to & %o 65 This 15 the marcotic concentration
o e 123,cc0 )
I Dogs N3 KD <@ 3 108,5c0 < 12,023 Cardfsc frregularities, ECS abrorcalities
. Legs W W 3 'l‘ 10,608 4715 Mo major charje in Yiver or kidrey
e ) or
- .. sever-
* ¥ whs .
. B .
~, . L Bogs Lo B B | 7 for 200,020 9,520 Marked salivation, vcaitleg, resplratery arrest
. - sever-
2 . ot wks
* g Rice 0w M, 1Wein. 1 245,000 to 1,7€3 to This 1s the Tethal range for 10 airutes exposure
¢ . ] j 295,000 2,683 . . s
B 6.Plgs N M) stort 1 20,CC0te A3 AL At1ted . .
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Continued 6. Pigs WD ND 0.5-) 1 100,020 v 2,020 B2 Carzerous to Jife
4,000 .
§. Pigy X3 AD  0.5-7 1. 5,000 100 to Higher corcentrsticns than this Ciuse severe ' Y
. 260 Turg eleca ard hyzere=ia of liver and kic-ey
6. Pigs N N? O 0.5-1 L Oreer of tanlcity 15: cavtan tebrachleride o . L .
. »VCwethyl chlgrice i -
Fastroratien Mice NO 5 0.5 1 16,00 2,083 Sacuential effscise were: 1, [rritatica, Rice: Uignt Tu~g : . )
Fisher 2. increased rolor activity, 3. beltchirg, enzars-ent, kicrey !
Christie 4. trecar, fnccordinatios, S, wnconscieus, fuetling fats ard L vy
ﬂiﬂ!lgtr 6. dee rarcasis, All ani=als recovered in §. Pigs: sace Igs; i -
frsso § mfaytes, picture. !
Fisner Rats M 5 0.5 1 i
; Onristte G.Pigs M@ § 0.5 ] r -~
¢ Qanzicer {
(séa] _ _ i
t
A~ter of anlrals a2 ¢iration 230,622 4,160 175 mice dfed after 31 minutes, sa-e Lung ergargerent, no .
of exjosure s1~¢ 4% Ahave symptics a3 absee But az;eared goorer, ede=y in all specles, -
R Buinea plgs enstezdy for-2d min, aftar Gne rat had fatty Viver.
axzosure. . b
" . L
Mu-ta= of ani~als and du=iticn * 300,060 §.250 §/5 mice and §/5 rats dled; 175 guines Tiver ard dicrey was lf -
o of 3)05are ¥aTe A3 atve pigs ¢ied, 445 guinea pigs recosered in gorgestes, trazteal
5 mingtes, spitheliy: dem35ed "
KerSer of anizsls and duretten 400,020 8,232 /5 guirea pigs died Sare syoprz-s, core ' .
of expcsure 3a-e as alave tavare H .
Tortelson (1) fass 1w 7 S¢/uk 500 WL Growth ard §ross asrearance were norsl, Centrsl Tciular Yiyer '
Oyenq F 0 7 $.54% Liver/iady weight ratio ard atsolute Fiver . degereratian. '
Acws weight larger than cocntrol in males. Kidrey tutular Ca=ise.
{1941) * Liver/fbsdy welgart and adsolute Uwar . i
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Anthory Srexfas Sex N3 Hesfdaw darg  en L D==el).y £3sz2s277003 PAT=DLGY r 4
. Terkelsen ) s 7 ) 0 o . Control ani-als '
LR :g::: FOUIRE P SR S B N U0 I T S v, o od wFe S L _‘._".';;i_‘,- E.; o ;
(19€1) ' ’
continged 1- ‘
(2} Rats 12 7 ALY greups weee rcreal in appesrance, Gross patholcyy '
F 12 7 138 seriality a4 g-zath, wis ror=al, R
. to Weretsizzy {Mioiptavie, R2-3tqzrit, Picrescogile patestesy
. S.Mss & 10 7 expIsures eeils} wis rormai, was norcal fn ail species o=
. F 8 7. in 204 Liver function tests (SU%, $GIT, SGPT, . eageat Uwer of ¥ ard t.
dayy Slraltre phcscratvse) mere normyul, ratbits: Central lobylar .
. Rablits N 3 -7 {6.5 fanthsl : AN organftady weight ratios marmal - granular degenerstion and
] 1 7 exceat M and F rats, skere liver/body - . Aecrosis. ]
weight ratlo wis lrcreasel, ¢ : L
begs N : ; + 200 8,050 ‘ :
. ] te
¢ 8,4c0 Lo o F o~
Matched controls, tor : . .
o oAl Both exposed and non- Sd/wk - . S .
" aaposed groups . . . 4
. {2b) Seme proteeols ] 4,000 All ari=3ls were noreal An azpearance, , 8rcss and microscepic : -
E to sorzality ard griaty, +  appearance of tissues
s H : N 4,200 Keratology { ha-ojlobin, heatocrit, calls) - were egreal. w oo
-~ - ‘ - N - . . - T -
by , wis norsal. i
. Liver functior tests {SU%, SGOT, SGPT, ' K -
.. - . alsatine phossatase) were rarral. | N t
' Liver/bcdy wefght ratfo of M and F rats : . H
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MCEALS EXFISLRE
i , i Conz, Tosal Case
2. thars Soazlag Tax A3 Megldyy diyg  one Bo-2aug C3383va"rcns
. - ¥ Torkelsen i Rats ) 5 4 Sd/wk ] ZAETT T Liwer/bcdy melght ratio larzer than cortrols, mot sZattsttcally significant,
- M 5 2 for o) 2.1 - . 2 LI . . . . .
RLawe {2c) L] 5 1 6.5 00 .19 Ltsgritzdy -eii"t ratio s:~e a3 cortrols
{1551} H 5 0.5 ronths iCD §'3 * - . . = bd
cortinued " S 4 [1 [xr] 2,222 Livarstzd ight ratino highe v .
S u . 3 % e :':5 T fvaritody melght ratio hig r-thsn cunu’-els. r_t snlllEtcnlr signlrlccnt
N ] 5 00 575 Nar—al in all rescacts
L] § 0.5 10 63 . . - - .
{3) Rats Mmoo 7 A1 pirereters norzal in a1l s;ecfes. .
: F oo 1 130 g » ’ "
axposure .
G Pigs ® 12 7 fn .
F 12 7 189 '
. . "”
. i Rabbits M 1 7
= LA T
AR Bogs ® 1 7
F 1 1
Patcted controls, evzosed
e ard urexzosed grouss. . :
< Lester " %taran 43 2 0.2 1 53,07 0-3.1{3 Waiemyte fetsxicition, »{chiing reﬂexthlt. 1
¢ " Gresnberg s N 1 02 ] 60.629 0-5,%:3 =32 fnteatgasise, righsing reflex presant,
o Azvs (1) 8 2 8-2 1 70,622 =52 {r2sxicaticn, rizating reflex lost.
{1563} N 2 02 1 160,823 0-8,222  (z--e2l refiex disapzears, no gross pathalesr.
T N ot § ein. 1 153,.0C2 8§52  Ce2z 2resthesta.
™~ i 42 min. 1 4,383 Respiratory fatlure of sa-2 ni-al,
) s 1 2 1 150,53 12,5C)  Ci22p aresthesta, co-alele recovery after exposure.
. . %o pathology otserved,
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¢ SUMMARY OF TOXICOLCGICAL DATA . 3 ‘
Ani-3] Baty . :
EXenguls : . n.
Frs., Tola] ] \ .
aar |- Cencd fose ° | - '
vars Seecies Sax  Ne ) Sav VPaysi oo | pz=-Maysf €bservaticns Pathalegy
ster {2) [Shar—an b 9 8 2 {160,029 Varfabld aster anic2) deaths, replace~2nls were made fn ’ ’
2prbarg rats than cha~ters. Twa —ales survis2d a'l 15 exposures. " \
s 13 | 80,02 ERemainirg 2ni-2ls and reclace-ents survivad an - PRS- P
353}  averaze ot eight aacssures. : - RN
1t'd. F g 8 Same aspasi-2s as “fre diad -"=— Y~2 2rozsurss at 102,029, i .
adava. Cre 2is2 3¥tar 43 xzs.res at 102,223 and three | v
at :.C’::-. . I
- Cne died 2%2r t.3 excosures at 1€9,023 and thlh‘! . :
at 83.5'.‘0 : LT -
Six/nins sorsivas 2l) fiftaen exposures, - -
: N g 8 0 Contrsl ani-2ls
' F |9 8 0 Contral a=ir2ls *
. Growth s.a::e: ciring excosuras arnd resured at Lungs k22 fceal snz.-snia which
- normy] rate afisr exzascras, kealed af%2r t.z -~z3:3 of recovery
* External a;pzaranis ear-al. fron ex-ciure. )
v Hur color, &rsaarance, c*wslstnncy. degres of Cre-third gf a-i-2"3 rad pa-2sitic '
7 ngesticn was s='- &s conirals, . cysts in Tiver.
. Liver pathslogy sa-2 as contrals, but
; rore varfaticn in a-cont 2f fatsy
- infiitration. --
pleen had r'e"ced 1y—phocytic
. yperplasia. !
* - 1dney pathoizzy s2~e as controls,
AN srerman| B |15 |8 5 ¢ay3/21,C70 £313,03¢,
. rats F 15 8 week | 20,000 435,000 1720 dfzd. 1Y organs hai =272l gress -
P for 3 M Externz] 2praarance of all anirals rorral. ppearance.
. months Liver larger, splzen smaller than contrals. {ver p'rasitic zxs25 in 211 ani=als.
- ; white blccd c2lls lewer, lr'-"a'"‘-s highsr,
' : nreutraphlis 1cn2r than centrols, -
+ / Body waight anZ he~g3ledin were sa-e as contrals. E..-l esti~r anz sw2iling greatc= in
M 15/ 18 Sarat O 0 Central ani-als, iver than esrimils.
F 15 8 Sare| O ¢ 4730 died. el arazsticr 2-4 =--“fv-~ Tess iu
’ 1dney thaa g2-1-27s.
ongesticn a2 s~211ip; same In
/ pleen as ccntrc's.
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Sherman
rats

19
19

!C

2,020
0,C6o

AN7,L850 ;5 rortalisy,

hon days 1-5, ari-21s Tost weizht, showed
317,000 'neusrclocical sy—zez-s. ’

+Cn days §-3173 3

Serun transa-irass,

tizes were ror-zl,
White ard rad cell ccunts ware lca2r than controls,
Hair: all 5 ralas had thia hair and scaly tatls;
fermales and contrals we2rz narral,
Liver/tody walsht ratlorwas hig-ar than controls,
Control ani-ais. -
Control anizals.

Gross organ agp24riice m15 S2-e aS
controls.

Liver pathology shca2? c2ngested
cells.

Liver parasitic cysts seen in all
animals.
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SUMSWY OF TNXICALOAICAL DATA T -
* M‘.‘] fata .
. .
EXPOSURE
Hrs. . b Total . .
per | Conc] Nose :
2thors fcecies  Ser "o, 1 Pav lDavs| oot | pon-Pays? fibservatigns Patholoay
uehler Rats KD Mn 4 2 100 | 5. 41,6004 Ho effect at 5,000 and 150,000 ppr. Ro histological damage
1964) Mice MO MO | 2 100 (15,0000 V2s,0coll’ae s¢.ona, ant-als were hyperactive, but returned .
astract - G.Pigs o W 5 2 300 | 50,00 416,000, to norral after exposure. -
Mice KO { NO p.5 minutes :istanc KD {l Anfrals sorayed with a shellac-based- hatr spray No change in Jung histology
0-25¢n
1ztn Rabbits | KO | HD ] "chrogic" 3,500 ND Braln electrical activity changes: Appearance of .
*okhava 3,900 heta waves (32 Hertz) in anterior and paosterior
1968a) hypothairus along with circulatory changes.
istract : :
.zin Rabbits | KD 10 4 167 | 3,500 “ND Mecreased hairt rate, arrhytkmia Altered PhiVES in EEG from posterfor
‘okhova {5.5 | to Decreases! ECH voltage hypothalrus. Potentlals from anterior
:88b) s.)| 3,900 Decreased dyration of systole and posterior hypothalmus {ncreased by
swract : L ) Reduced biood flow. Increased arterial pressure. 18-302 and 70-85% respectively.
:zin Chin- KO 8 4 150 to 1} 200 After 29 days, bicod adreraline rose from 3.5 qgn. )
“okhova chilla to to 6.15 i o~"; at 49 and mora days, it was 6.5 pgn?
969a) rabbits k {1} Posterfor hyootralimus elertrical zctivlty also
‘stract changed. This 1s the direct cause of hypertansion.
zin Rats ND KD 150 Disruoted cardiac work rhythm. Bradycardfa and .
oktova (5 months) arrhytkria., Reduced relative duration of I-If and
96%b) T-1T sound Intervals. -
itract Relative duration of MRS complex did aot change, .
* After 15 days recovery: cardlac activity rhythn : i
. ! 1 returned to normal, tut the duration of the sound )
™ -3 i : ' Interval remained below initial levels for another Lh
. "i . | 15 days. .
- , ! Therefore, rax. permissible ¥C concentration fs sign|fi-
w / cantly less than .03 mg/t (12 ppm]. .
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SUMARY OF TOAICALOGICAL BATA
* An 2

imal Nat &I s .
EXPOSI?E
. i Totai .
| Concl nese : . :
Juthcrs Soscfes  Sax Days | prm | pem-Daest Cbservations Pathcloay
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ENVIRONMENTAL ASPECTS OF VINYL/POLYVINYL CHLORIDE “#/
, ,
‘US EPA” NATIONAL ENVIRONMENTAL RESEARCH CENTER %y

QCTOBER 15, 1974 5/,

%

COMMENTS
General

1,1 Summary

2nd par. The first important use of vinyl chloride was in the manufacture of

rubber substitutes; not in the manufacture of synthetic rubber.

Analysis of vinyl chloride usually reveals trace amounts of organic
impurities such as acetylene, 1,3 butadiens, methyl chloride, and
ethylene dichloride, Vinylidene(?) and vinyl acetate are introduced
in the polymerization process. Polyvinyl chloride contains

residual entrapped VCM in the parts per million range. The ean-
trapped VCM concentration is dependent upon the production process

and can range from nil to 1,000 to 2, 000 ppm which may be

liberated during storage or fabrication.

The paragraph infers that vinyl chloride is the only cause of

angiosarcoma in man. The number of angiosarcoma cases in the

United States has been variously estimated as 25 to 75 per year.

The fifteen cases related to VCM exposure have occurred since
1961. The primary fact is that a significant number occurred in

one plant in one geographical area. In the high population density
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ENVIRONMENTAL ASPECTS OF VINYL/PQLYVINYL CHLORIDE
USEPA NATIONAL ENVIRONMENTAL RESEARCH CENTER
OCTOBER 15, 1974

COMMENTS
General

) The report was obviously written by several groups without over-
all control of direction or concludions. There is a great deal of overlap betw en
the various sections.
1.1 Summary

2nd par, The first important use of vinyl chloride was in the manufacture of

rubber substitutes; not in the manufacture of synthetic rubber.

7th par, Analysis of vinyl chloride usually reveals trace amounts of organic
impurities such as acetylene, 1,3 butadiene, methyl chloride, and
ethylene dichloride, Vinylidene(?) and vinyl acetate are introduced
in the polymerization process. Polyvinyl chloride contains residual
entrapped VCM in the parts per million range. The entrapped VCM
concentration is dependent upon the production process and can
range from nil to 1, 000 to 2, 000 ppm which may be liberated dur-

ing storage or fabrication.

17th par. The paragraph infers that vinyl chloride is the only cause of
angiosarcoma in man, The number of angiosarcoma cases in the
United States has been variocusly estimated as 25 to 75 per year.
The fifteen cases related to VCM exposure have occurred sinc
1961, The primary fact is that a significant number occurred in

one plant in one geographical area. In the high population density
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northeast, every case of angiosarcoma could be a community

case if nearness to PVC resin is a criteria.

/I
19th par. The conclusion in.tl}i_g paragraph is based on limited studies in the
Louisville, Kentucky area and is not supported by the broader
epidemiological survey done by Tabershaw/Cooper Associates.
1,2 Conclysions

1/

2. cersea
However, cases of liver angiosarcoma have been reported
among workers exposed to VCM but not directly involved in PVC
production, raising the question of effects at lower levels of

exposure.

This conclusion ignores the fact that angiosarcoma
occurs in man for other reasons than VCM exposure. The
presence of VCM in these cases is an assumption not supported

by facts.

3. Observations among workers and in experimental animals

indicate there is a multiple cancer risk from exposure

to vinyl chloride.
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1,2 -Conclysions (cont'd. )

The conclusion that human data exists indicating a multiple

cancer risk is based on studies done in small worker popu-

lations without uae of control groups. Such work lacks credence.

4.

" 5. The EPA studies showed one sample out of many that
reached 33 ppm. In normal good analytical practice
where 90% of the samples were less than 1 ppm, the existence
of one sample at 39 ppm would be viewed as an accident or an
error in technique. The one 33 ppm result is given weight

far beyond its value in the conclusion.
6.

7. Interim methodology is available for monitoring VCM
in the atmosphere, but its precision and accuracy

have not been demonstrated in low VCM concentrations ( <10 ppb).
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1,2 Conclusions (cont'd. )

11,

iz, The emissions data ...... is not sufficiently accurate
to serve as a basis for the formulation of a quantitative
emissions control strategy. This conelusion is very true:

Only plants with continuous monitors can obtain this data.

13, The practicality and effectiveness of carbon adsorption
systems, surveillance -maintenance programs, and
deep stripping of the polymer remain to be demonstrated as

commercially visible control techniques, This true statement

also applies to ozone axidation and incineration.

Introdyction

veesss In-the absence of appropriate premarket testing +.....

appropriate premarket testing is only revealed by retrospective

analyses.

++s 0 Vinyl chloride may be disseminated on a broad scale

as an unreacted monomer entrapped in finished products ......
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2..

4,1, 1

4. 1.2

4,13

4.1. 4

4, 1,5

4, 1.6

4. 1.7

Introductign (cont'd, ) 5,

This statement implies a hazard to finished plastic
products based on no data. If all PVC resin produced contained
1,000 ppm of free VCM (which all do not), the health hazard

contribution from this area would still be insignificant as com-

pared to VCM and PVC resin plants.

) T met
At lease one installation of infrared spectrometry, using
the Fourier transformation, has been installed in a plant with

multipoint detectors. Sensitivity of less than 1 ppm is claimed.

Sample collection.
Liquid scrubbers.
Solid scrubbers.

Sample preparation.
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< 5.2

Table
5.2.2

5.2.3

5.3.2

Environmental appraisal, 6,

B Pol r Plant Emissions Data

The process data for the Firestone Tire and Rubber
Company and the B, F, Goodrich Company is in error. Neither
operateé a solution polymerization process. Both manufacture
suspension resin for solution application; i.e:, lacquer-type

coatings.

Union Carbide Corporation produces vinyl resins by

suspension, emulsion, and solution polymerization.

Summary
In all the monitoring data, only one sample shows 33 ppm
or even near it. A more scientific approach would be to discount

this sample as an error. Errors must occur as frequently in

EPA's lJaboratories as they do elsewhere,

This is substantiated by the discussion of duplicate
samples which were analyzed in two different laboratores. These

duplicate analyses disagreed markedly.
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5.4

5.5

Estimates of Air Quality Concentrations

Estimates made by diffusion equations have not been
substantiated by actual test data. This estimate is nothing more
than a mathematical exercise, Union Carbide Corporation's
actual monitoring has been factorially less than diffusion calcu-

lations.

Transformation, Transport, and Removal

Envir ntal Expgsure and Receptor Risk

The presumption that respirable PVC dust contains
measurable amounts of VCM is in error. Resin dust in the range
of .3 micron to 10 microns contains no detectable VCM, Only
large resin particles, 50 to 150 microns, contain VCM, and

these are neither dust nor respirable.

Peak exposures to vinyl chloride in occupational situations
may, at times in the past, have exceeded 1,000 ppm ......
although the highest weighted average exposures were probably
in the 250-500 ppm range.

This statement is in error since it was based on the

presumption that the threshold odor limit for VCM was 250 ppm.

Data submitted by Union Carbide Corporation showed the threshold
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Table
6. 1.1

Table
6.1,2

Environmental Exposure and Receptor Risk (cont'd.) 8.

odor limit was nearly 2, 000 ppm; thus, the concentrations

quoted could be higher by a factor of 8.

For populations residing in the vicinity of industrial

soutrces preliminary data, described earlier, show peak exposure

of 33 ppm and 24 -hour samples as high as 1-2 ppm.

The statement of 33 ppm peak is based on one un-
substantiated sample; thus, again undue weight is given potentially

poor data.

Relative Importance of Vinyl Chloride Sources for the

G ral Adult Population (mg VCM

The correct unit is pg; not mg.

Fr cy of Liver Angiosarcoma A ceagsed

Vinyl Chloride Workers

The mortality data from the Tabershaw/Cooper
Associates study is conspicuous by its absence. This data has

been published and subjected to critical review.




7.1.6.1

7.1.6.2

7.3.22

Toxicity of Polyvinyl Chloride
The free radical content and the level of residual vinyl
chloride monomer of PVC resins and plastic end products could

effect their toxicity, imncluding potential for carcinogenic activity.

This observation is based on no facts. PVC contains very
little, if any, free radicals. The nature of the polymerization
chain termination precludes this situation. The residual monomer
problem occurs only with suspensipn and bulk polymerized resins
and is a temporary situation. PVC will not give off monomer
through depolymerization; thus, the emission is limited to th
amount left in the manufactured resin. Resin particles of
10 microns or less usually contain no monomer within 24 hours of

manufacture.

el rolytic Prodycts PVC
Pyrolytic products of PVC have been well identified in a
number of published studies. The presence of known carcinogens
has not been confirmed., The primary producté of pyrolysis are

hydrogen chloride, carbon, and some light hydrocarbons.

The odor threshold for vinyl chloride in air is approximat ly
2, 000 ppm; not 250 ppm, per Union Carbide Corporation testimony.

The estimated historical exposure of workers, where odor was
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7.3.22

7.3.23

7. 3.24

(cont'd.) 10,

used as means of estimation is 8 to 10 times that reported with
peaks to 10, 000 ppm,

The comments _régarding fabricating plants do not
distinguish between types of resin used and the fabricating
technique. Plants based on plastisol technology generally have nil

VCM concentration.

As noted in a previous cormment, Union Carbide Corporation
data indicates that respirable PVC dust contains no measurable
amounts of monomer; thus, employee exposure via this route is

negligible.

The questions regarding health studies are very well taken.
While there are no published reports, data from control groups tend
to duplicate that of the VCM exposed workers. The sirnilarity of
exposed workers and control groups is disparaged since control
groups come from the same plant or area. When control groups
are chosen from outside the area, then uniformity of evaluation

becomes a problem.

There is a great deal of health study work to be done on a

scientific basis as opposed to an emotional basis.




7.3.38

7.4

7.5

Table
7.5.1

Th odor thr shold of vinyl chloride monomers 1.

Ecology

Vinyl Chloride in Perspective

Table 7.5.1 is confused. Polyvinyl acetate, polyvinyl
alcohol, polyvinyl butyral, and polyvinyl formal have no
relationship to vinyl chloride unless one is concerned about the
vinyl group (C = C)., If this is the case, then ethylene, propylene,

styrene, acrylates, etc. should have been included.

When carcinogenic studies were undertaken, they were of ~
insufficient exposure duration or involved too limited a number of

animals to provide conclusive negative results.

Within the emotional framework of the carcinogen problem
and the desire for zero cases, there are no facilities in the world
large enough to hold all the animals required to provide conclusive
negative results. The author!s statement sounds good but it infers

that the impossible is possible; i.e., prove a negative result.

Control chnol and dial Actio

UGG
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12,
8.1 Introduction
Controls for VCM production do not include activated
carbon adsorption or ozone oxidation. The introduction implies

these exist.

The discussion of emission control would be more
meaningful if finite numbers were used. The citing of percentage
reductions without the base number leads to misunderstanding.

In repeated reference to carbon adsorption and ozone oxidation
leads one to assume these are established technology. Carbon
adsorption is being tested on a limited scale, and ozone oxidation

is not being tested at all.

8.3.4 Solution polymerization is a proprietary process of
Union Carbide Corporation that in no way resembles the emission

characteristics of the suspension process or the emulsion process.

RNWheelerJr/ra

February 10, 1975
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