T
Aéf/b\C/
’ \I \4"
D
RECEIVE ) PB-239 110

PRELIMINARY ASSESSMENT OF THE ENVIRONMENTAL PROELENS
ASSOCIATED WITH VINYL CHLORIDE AND POLYVINYL CHLORID™:

EnVIRONMENTAL PrROTECTION AGENCY

SepTerBeER 1974

DISTRIBUTED BY:

NS

National Technical Infermation Service

U. S. DEPARTMENT OF COMMERCE .

Sal. 0O0eno1eY




B Y .

i

BIBLIOGRAPHIC DATA  j1. Report N, 2.
SHEET EPA-560/3-74-001 . PB 239 110

4, Uit and sybtle 5. Leport hote

Preliminary Assesswent of the Environmental i'roblems Associated September 1974

with Vinvl Chloride and Folyvinyl Chloci-ie 6.

| See Title Paoe of Report for Members of Task Force Ne.

7. Autheiiss 8. Vertormin, 'irpaa. anion fopt,

Environmental Protection Agency

9. Pertoranne Osgaazation Name and AdJress 10, Project "Task Aok Unu No.

401 "M" Street, 5.W.
Washingtor, D. C. 20400

Office of Toxic Substances 1}, Contract vraar No.

Same as #9

12, »ponsornng Urganization Name and Address 13, Type o0 Reporr & Pertod
Covered

Interim Peport

14,

15, “upplementaes Notes
Report on the Activities and Findings of the Vinyl Chloride Task Force

activities. The second fection discusses previous and planned act

industry. The Report concludes with a Section setting forth the s

of EPA ecjalists,

16. Ahwiracts Thig Report summarizes the activities and findings of the Vask Force
established by the Administrator ecn February 14, 1974, to assess the
character and extent of the problems associated with the production, dis-
tribution, use, and disposal of vinyl chleoride and polyvinyl chloride.

The Report is organized into #n Executlve Summary, tnree Sections,
and Appendices. lhe first Scction discusses the nature and magnitude
of the problems associated with vinyl chloride and polyvinyl chloride

ivities

within the Federal Government of particular significance and tha role of

pecific

recommendations of the Task Force. The Appendices present a considerable
body of original data developed hy the Task Force with the assistance

[77. Key Vords and Document Analysis. 170, Desenptors

Vinyl Chloride
Poluvinyl Chloride
Health Effects
Ecological rffects
Economics

Producers

Materials Balance
Sampling and Analysis

17b. ldentifiers/Open-Ended Terms

kepro duted by

NATIONAL TECHNICAL
INFORMATION SERVICE

US Department of Commerce
Spnnpheid, VA, 2:54

POROEGLEE

17c. COSAT! Field Group PRICES SUBJECT T0 CHANG

18. Availability Statemenr 19, Sceurty Class (This 2L Na of Pages
P Report) .
Release Unlimited ‘WeLasaryp .
. 20. ir.‘-lcF:ri:y Class (This 2,2_‘_{‘:,;{-“ ]
i, UNCLASSIFIFD !

FORMA MTIS-38% (REV 10-7H  ENDOHKSED BY ANSE AND UNLSCU. THIS FORM MAY BE REPRODUCED

UECOMM-DC B205-P7a




PRELIMINARY ASSESSMENT OF THE ERNVIRONMENTAL PROBLEMS
ASSOCIATED WITH
VINYL CHLORIDE AND »2OLYVINYL CHLORIDZ
A Report on the Activities & Findings of the-
Vinyl Chloride Task Force

Compiled by the Office of Toxic Substances
Environmental Protection Agency
Washington, DC
! Septomber 1974

With Contributions from the Followi:y Tesk Force Members

QFFICE OF WATER AND HAZARDOUS MATERIALS
Mr. Glenn E. Schweitzer, Oifice of Toxic Substances (Chairman)
Dr. Nancy Beach, Office of Toxic Substances (Coordinator)
Mr. John B, Ritch, Office of Pesticide Prozrans
Mr. David Becker, Office of Water Quality Planning & Standards
Mr. John Nardella, Office of Water Quality Planning & Standards
Dr. Richard Rhoden, Office of Watar Quality Flanning & Standards
Mr. William T. Musser, Office of Vater Program Operations
Mr. Benjamin H. Pringle, Office of Water Program Operations

OFFICE OF AIR AND WASTE MANAGEMENT
Mr. Mike H. Jones, Office of Air Quality Planning & Standards
Mr. Alessi D. Otte, Office of Solid Waste Management

- QFFICE OF ENFORCEMENT AND CENERAL COQUNSEL
Dr., William M. Reid, Office of Technical Analysis

‘ OFF1CE OF PLANNING AND MANAGEMENT
) . Dr. Joel Jacknow, Office c¢f Planning and Evaluation

QOFFICE OF RESEARCH AND DEVELOPMENT
Dr. Lawrance A. Plumlee, Office of Program Integration
Dr. Henry F. Enos, Office of Moniroring Systems
Dr. Robert YMcGaughey, Office of Environmental Sciences
Dr. Andrew J. McErlean, Office of Eavivonmental Scivnces
Mr. Paul E. des Rosiers, Office of Envirnnmeatral Engineering
Dr. Dale A. Denny, NERU-Research Triangle Park
Mr. Frank P. Scaringelli, NERC-Research Triangle Park

STAFF QFFICES
Mr. George Marienthal, Office of Regional Liaison
Ms. leslye Arsht, Office of Public Affairs
Mr. Pope A. Lawrence, Office of Federal Activities
Mr. Bryan F. LaPlante, Office of Legislation

REGIONAL CFFICES
Mr. George J. Moein, Region IV, Atlanta, Georgia
Dr. Oscar Ramirez, Jr., Region V, Dallas, Texas

(1




PRETPACE

This Report summarivzes the activities and lindings of the Task Force
esiablished by the Administrator on Februarey 11, 1074, 1o assess the
character and exwent of the probleirs associated with the production, dis-
tribution, use, and disposal of vinyl chloride and polyvinyl chloride. The
discussion and conclusions -presented in the Report should be considered
preliminary since the Tagk Foree has only scratched the surface of a
complicated subject and analyses within the Agency are continuing. The
Report is not a statement of Agency policy cven though many of the
recommendations are already being implemented.

During the lifetime of the Task Force the Agency ook several regula-
tory steps concerning vinyl c¢hloride. These were directed to banning
nesticidal sprays containing vinyl chloride as a propellant and requesting
information {om industry pursuant to Scction 114 of the Clearn Air Act
concerning vinyl chloride air emissions and related control techiologics.
Since .these uctivities have been or are being documecented in detail in
other reports, they are mentioned only brieily in this Report.

Similarly, in recent months the Occupational Safety and Health Ad-
ministration, the'ood and Drug Administration, and the Consumer Product
Safetv Commission took & scries of regulatory actions directed to vinyl
cnloride. While recognizing many of the problems facing other Government
sgensies and the impiications jor kA of their regulatory steps, the Report
dwells primarily on those activities of direct 1 esponsibility to EPA, and
problems such as worker exposure (o chemnicals, use of polyvinyl chilovide
in food packaging, and consumer products containing vinyi chloride have
not been a major concern,

The Report is organized into an Executive Summary, three Sections,
and Appendices. The first Zection discusses the nature and magnitude
of the problems associated with vinyl chloride and polyvinyl chloride
activities. The second Section discusses provious and planned activities
within the Federal Government of particular significance and the role of
industry. The Report concludes with a Section setting forth the specific
recommendations of the Task FForce. The Appendiczs present a consider-
able body of original data developed by the Task Force with the assistance
of a large number of EPA specialists,
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EXECUTIVE SUMMARY
Backeround

EPAts recent conce:rn over vinvl chloride (VC) and palyvinvl chloride
(PVC) was triggered by reports in January 1974 ot (1) deaths of four PVC
workers beliesed tobe attributable to exposurcto VC, and (b) an estimated
matermal loss of VCand PVC of six percent during the PVC polyvmerization
process, The investigations of the Task Morce coufirm that in the United
States substantial amounts of VC --probably excr~eding 200 million pounds
annunlly -- and large quantities of PV C -- probably exceeding 50 million
pounds -- are being discharged into the environment during the PVC pro-
duction proccss, Aleanwhile, additional epidemiological and toxicological
evidence supports the linkape between worker deaths and VO exposure.

The VC/PVC industry has experienced rapid growth at home and
abroad in recent vears with PVC products currently permeating our entire
cconomy. This multi-bhillion dollar industry involves not ealy several
dozen large manufacturers of VC and PVC resin bur also thousands of
fabricators producing a varicty of products based on PVC and probably
employing more ihan 300,000 workers. There are readiiy available sub-
stitutes for PVC in some of these products; more expensive substitutes
for others; and no substitutes for still others, A principal constraint
on near-term production increascs has been availab lity of ethylene, a
petroleum derivative, A new constraint is the unceriainty over Govern-
mental regulatory actions affecting VC/PVC activities.

VC has induced angiosarcoma of the liver in rats and mice exposed to
concentrations of 50 ppm at intervals simulating occupational exposure,.
and this same rare and fatal tumor has been identified in at least 15
former workers in U, S, PVC facilities. Cancers uat other sites,
non-malignant liver disecase, and a unique occupational disease --
acroosteolysis -- have also been attributed to VC exposure. There
is no direct evidence that VC contributes to adverse health effects at
the lower levels of exposurc cncounicred outside the workplace; how-
ever, two recently reported cases of angiosarcoma of the liver in
non-workers who had lived ncar PVC fabrication plants suggest the
possibility of such a correlation, At the same time there has been
little effort to search for adverse effects at these lower levels. Since
carcinogens are generilly considered not to have a ''no effects’” threshold
level, there should be concern with passible risks to health at even
the lowest levels of exposure to VC which are encountered in the ambient
air, and possibly in water.

Preliminary monitoring results at seven industrial complexes involv-
ing 10 PVC resin and 2 VC plants indicate that the levels of VC in the
ambientair near the plants fluctuate sharply, apparently due to the periodic
opening of reactor kettles in the PVC plants, accidental plant discharges,
variations in the production process, and mecteorological conditions.
While almost all of the sampies collected contained detectable levels
of VC, morethan90 percent of the instantancous observations and 97
percent of the 24-hour samples showed amounts less than l ppm. At
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several of the chemical complexes, a number of individual air samples
showed more than 1 ppm., At _oae PVC plunt a high of 33 ppm vas
obtained ar_one. site; howcver, repeated sampling  indjcated  that
“thislevel was an unusually high excuesion with 1he average at this site
less than 1 ppm._ Most of the air sampling was donc within one-half
mile or the property lines of the plants. In one case a level of 3.4
ppm was recorded ai a distance of three miles from the plant, but the
average of several readings at this site was approximately 0.5 ppm.

Water cffluents were also monitored, and levels varied considerably
depending on the in-plant handling of wastes and treatment of wastewater.
The highest level for wastewater leaving the plant site was 20ppm.  More
typically, levels of 2 to 3 ppin were found, Not uncexpectedly, the levels of
VC entrapped in sludge and other solid wastes [rom the reactor kettles
ranged from 106 ppm  to, in one ¢ase, 3,000 ppm.

EPA Concerns

The principal ncer-term issues facing the Agency include (a) an
assessment of the risks associated with exposure to VC, with such
an assessment hampered by inadequate data concerning hecalth effects
at the levels likelv to be e¢ncountered in the environment and only very
preliminary monitoring results, (b) the costs to industry to reduce the
levels of VC entering the environment, keeping in mind that much
ol the cost will be passed on te society as a whole, and (¢) regulaiory
and related steps which will contribute to reducing the risks at an
appropriate cost. Two closely rcelaled areas of interest are (a) the
amount of Agency rcsources to be directed to VC/PVC in the months
and years ahead, and (b) lessons that have been learned in addressing
VC/PVC thateansave time and resources in addressing other chemicals.

VC air emissions from PVC polymerization plants -- and to a lesser
extent from VC plants and possibly PVC fabrication plants -- cre the
most immecdiate concern to the Agency. The carlier problems related

. to the use of VC as a propellant in pesticidal sprays have been largely
resolved with the banning of such sprays. Other current concerns
related to VC includc the Agency's capability to provide sound advice
in the event of transportation accidents involving the release of VC;
the fate and effects, if any, of \C trapped in water effluents, and
particularly VC that might thereby appear in drinking water; and the
migration ofunreacted VC from PVC products into drinking water or into
the ambient air.

There arc of coursc a host of other chemicals involved in VC/PVC
activities that should be of concern. Impurities in the VC, PVC as
inhaled or ingested narticulate, additives introduced to alter the proper-
ties of PVC, copolymers used in conjunction with PVC, and chlorinated
hydrocarbon wastes from VC production all nced further investigation.
The by-products associated with PVC incincration and the leaching of
additives, and particularly plas.ucizers an ! toxic metals, from PVC
products which come into contact with the aquatic environment need
additional study.
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Further Steps

Development of an air emission standard for VC is currently under-
wayv, wilh additional monitoring activitics being planned in the immediate
future to improve the basis for the standard, While additional epidemio-
logical and toxicological data are slowly becoming available, it is unlikely
that there will be & good technical basis within the next few months or
perhaps even wiluin several ycars for establishing an appropriate ambient
level 1o protect public health. Therciore, a performance standard may
be iar casicr 0 develop and implement than a standard based upon
achieving a sgpecific air quality level. Initial estimates indicate that
available control technology when installed can reduce VC emissions
by about 75 percent from PVC resin plants and 90 percent from VC
plants with a concomitant increase in the cost of TVC of about four
percent. Currently available information indicates that such reductions
should result in ambient air levels which present no established risk
to health or welfare. DMeanwhile, close liaison with the Department of
Labor is important to insure that the regulatory approach to protect the
worker is compatible with EPA regulatory activities.

The Agency should monitor for VC in drinking water suppl.es.
Monitoring is also necded in the ambient air -- indoors and outdoors --
distant from chemical complexes to determine whether concentrations
of PVC producis release quantities of unreacted VC that should be
of concern, Turther refinement of monitoring methodologies is needed
in support of these efforts. The limitad toxicolegical and epidemiological
studies that are planned should be fully supported,

The Agency should continue ite leadership role in bringing together
other Agencies to exchange views on regululory actions, supporting acti-
viwes, and research projects related 1o VC and PVC, Industry should be
strongly encouraged to accelerate its cfforts to reduce VC discharges
and its very limited research, testing, and monitoring activities to
clarifv further the problems associated with VC and PVC,

Finally, we have been alcrted in a rather dramatic fashion to the
need for greater attention to an important segiment of our industrial base
which will surely continue to expand in the years ahead. Many of the
considerations and uncertainties that have punctuated the VC/PVC
deliberations undoubtedly characterize a far broader swath of concerns
over high volume industrial chemicals in gcaeral, and plastics in
particular. Hopefully, we can extrapolate from current experiences with
VC and PVC in identifying problems with other potentially important
commercial chemicals early in their embryonic stage and thus minimize
health and environmental hazards and also the economic dislocations
attendant to corrective actions. In this regard the Agency should continue
its efforts to seek early enactment of the Toxic Substances Control Act
which can provide a muchneeded broader basis for addressing these types
of pro%leins.
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CHARACTER AND SCOPE OF PROBLEMS BEYOND THE WORKPLACE

Emergence of the \'C Problem

On January 22, 1974, the B, F. Geodrich Company, the largest U. 5.
nroducer of PVC resin, nctificd the National Institute of Occupational
Safety and Health (NIOSIH) that four workers from its PVC polymerization
plant in Lecuisville, Kentucky, apparently had died from a rare cancer,
angiosarcoma ol the liver. All four workers had been closely associated
for many vcars with the production of PVC resins, The rarity of the
turaor and the clustering of veaths at a single plant raised suspicions that
an occupational diseuas~ related to VC- exposure had been found. Since
that time, 10 additional cases of this tumor, which developed in U, 5.
PVC polymerization workers since 1961, have been confirmed. This tumor
has also been reported in scven workers at European polymerization
planrtis, one worker at a U.S. PVC fubrication plant, two workers at Eurc-
[ ean [abrication plants, one worker at a European VC plant, and two resi-
dents 1n the general population near U, 5. fabrication plants.

Concurrently, toxicologicul data from animal studics became available
which further strengthened the suspicion of VC as the etiological agent
in the formation of the liver cancer. A broad spectrum of cancers was
reported by Professor Cesare Maltoni of [taly in different animal species
at various exposura levels. His inhalation studies of rats cxposed to
30 ppm at repeated intervals approximating occupational exposures have
produced angiosarcomas of the liver, and abdomen as well as tumors of
the kidney and skin, In mice exposed to VC the same tumors have been
observed, wilh the addition of lung tumors. Animal studies sponsored by
U. 8. industry have confirmed Maltoni's observations at 50 ppm. Rezent
epidemiological studies also suggest the possibility ¢ multiple cancers
attributable to VC exposure.

Meanwhile, statements by industry and Government officials indicated
that the material loss to the ervironment during the PVC polymerization
process may be about six percent, with more than 75 percent of the losses
being VC air emissions, Alsc, it soon came to light that VC was being
used as a propellant in pesticidal sprays, and the EfA Regional Offices
were becoming more aware of railroad accidents involving VC tank cars.

Until this series of events the Agency had not heen particularly con-
cerned with VC ¢s an urgent problem. PVC plants had been on the list
of industries to be examined as candidates for new source perform-
ance standards to limit air emissions. Also, limited studies of PVC
disposal were underway, and VC and PVC resin manufacturing activities
have been addressed in the Effluent Guidelines promulgated under the
Federal Water Pollution Control Act. However, only since January
have VC/PVC activities been eclevated to the level of priority Agency
attention.

% Vinyl chloride (CHZCHCZ) is a colorless, faintly sweet smelling gas at room
temperature. As a gas it is readily flammable ad explosive but is usually
handled industrially as a liquid wnder pressure. Polyvinyl chloride resin
18 a fine powder which is produced by polyrmerizirg vinyl chloride. The re-
sin is the base ingredient for a wide variety of plastices.
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Exposure to VC of Special Importance to EFA

Pesticidal Spravs

Spurred bv the active interest of a consurncr protection organiza -
don, the llezlth Hescarch Group, one of the ear'inrst EPA concerns this
year was the use of VC as a propellant in a lerge numbaece of pesticidal
sprays. After the scarching of EDIA pesticide registration files more
than 50 different sprays containing VC -- inciuding a large number uesed
indoors -- were identified. 1t has been estimated that in addition to the
cans in the possession of consumers, up t9 100,000 cans werce in the
channels of trade.

Preliminary tests at EPA rescarch facilities showed that 'a 30 second
releasce of an aerosol containing VC could result in a concentration as high
as 400 ppm inthe air. Ilelated tesis showed that in closed rooms VC
will persist for many hours, and even when diluted by entilation, will
probably result in some VC exposure within the houschold for ar least
several hours., (Sece Appendix VI).

Discharges from VC/PVC Plants: Materials Balance and Monitoring

Duta'

Industrial reports and analytical studies (see Appendix III) confirm
that gzenerally the material loss during the PVC polymerization process
ranges from 4.5 to 7.5 percent. During recent months industry has taken
a variety of steps to reduce the losses, and these lossces may be now
declining, The losses will vary with the type of process, the age of the
plant, the level of technology that is cmployed, and manufacturing
prartices. H-owever there is no doubt that in the United States substantial
amournts of VC -- probably exceeding 200 million pounds anaually -- and
large quantities of PVC -~ probably excceding 50 million pounds -- are
being discharged into the environment during the PVC polymerization
process. Most of the VC escapes directly into the atmosphere, with
lesser amounts dissolved in water cffluent strecams and entrapped in sludge
and solidwastes. PVC losses vccur as particulate in air emissions, sus-
pended solids in water effluents, and components of solid wastes.

A principal area of VC leakage is associated with the operation of
the polymerization kettles, including losses when they are opened or vhen
they are recharged or sampled. Other ‘osses occur during the transfer of
VC from tank cars to storage, during the PVC drying process, and from
leaks at a variety of valves, flanges, and pump scals throughout the
process. Polymer losses are similariy distributed among a variety of
activities including dust collector los:es, disposal of oversize particles,
and sampling losses. In *his regard two aspects are particularly signifi-~
cant: therc are a variety of PVC processes with differing problems and
control possibilities, and in every case the number of potential leakage
points is very large.
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Losses at VC plants occur during the loading process, as the resul:
of venting of gases, from leaks in pumps, and at other pointg. Thesc losaes
are considerably less than one perceat but still may be environmentally
cignificant, As in the case of PVC polvmerization activilies, curren:
industrial efforts should reduce these losses., No mass balance data are
availahle concerring losses at PVC compounding and fabrication plants,
However, the only source of VC at these facilities is the unreacted monomer
in tlie PVC resin which suggests that environmental discharges are less
than at the VC and PVC polymerization plants.

To obtain more direct evidence on VC discharges from VC/PVC acti-
vities, ambient air, waste water effluents, and solid wastes {rom seven
chemical complexes were monitorcd during May. The 2 VC and 10 PVC

production facilitics located at these seven complexes are listed in the table
below:

Vinyl Chloride and Polyvinyl Chloride Manufacturing Complexes
Monitored by ZPA Regional Offices

Louisville, Ky, PVC Plant  The B, F. Goodrich Co.

B. ¥. Goodrich Chemical Co.
Leominster, Alass. PVC Plant Borden, Inc.

Borden Chemical Divisicn
Plaquemine, La. PVC. Plant The Goodyear Tire & Rubber Co.

Chermical Divigion
VC Plant Dow Chemical, U, S.A.
Long Beach, Calif. PVC Plant The B. F. Goodrich Co,
B. F. Goodrich Chemical Co,
PVC Plant American Chemical Corporation
VC Plant American Chemical Corporation
Painesville, Ohio PVC Plant  Uniroyal, Iac.
Uniroval Chemical Division
PVC Plant Robintech, Inc.
Delaware City, Del. PVC Plant Stauifer Chemical Co,
Plastics Livision
PVC Plant Diamond Shamrock Corporation
Diamond Snamrock Chem. Co.
IFlemington, N, J. PVC Plant Tenneco, Inc,
Tenneca Chemiecals, Inc.

The preliminary monitoring resulis indicate that the levels of VC in the
ambient air near plants fivctuate sharply, apparently due to the periodic
opening of polyvinyl chloride reactor keitles, accidental plant discharges,
variations in the production process, and meweorological conditions. A
summary of the monitoring results at each complex can be found in Appendix
V. The monitoring methsd developed for this activity, and subsequently
refined, is presented in Apperdix [V. Since the samples were limited in
number, time, and duration, additional monitoring is in order to obtain a
more definitive assessment of VC discharges.
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Most of the air sampling was done up to three miles bevond the prop-
erty lines of the plants although in two rcgions the EPA sampling teams
were able to conduct part of the study v.ithin the plant property. Almost
all air samples contained detectable levels of VC, However, more than
90 percent of the instantancous samples and 97 percent of the 24-hour
samples showed less than 1 ppm. In onc case a level of 3.4 ppm was
recorded at a distance-of three miles from the plant. ' The average of
several readings at this site was about 9.5 ppm. A high value of 33 ppm
was observedaroundone complex ata distance of 0.3 miles {rom the fence-
line although the average at this site was less than 1 ppm.

The levels of VC in water effluents varied considerably depending on
the in-plant handling of wastes and treatment of wastewater. The highest
level for wastewater leaving the plant site was 20 ppm. TJlore typically,
levels of 2 to 3 ppm were found. Not unexpectedly, the levels of VC
cnirapped in cludge and other solid wastes from the reacter kettles ranged
from 100 ppm to 3, 000 ppm.

Transportation Accidents

It is estimated that more than two-thirds of the produced VC is
transported from the production site to another location, {requcently
located hundrels of miles away. More than 95 percent of the ship-
ments travel by rail tank car, with a small amount keing shipped by
water. During the past three .years there have been 16 reported rail
accidents involving VC tank cars. The immediate concern has been pre-
vention of fire and explosion and only recently has attention been directed
to the long-term effects, if any, that might be associated with a one-time
masgive exposure to VC. 1/

Unreacted Monomer Entrapped in PVC Products

Industry has reported to EPA that PVC resin contains in very unusual
cases.as iiigh as 8,000 ppm of unreacted VC monomer although the levels
are usvally beiween 50 and 1,000 ppm. Presumably these levels are
substantially reduced a3 the resin is processed further, with much lower
levels (e.g. 5 to 20 ppm) present in finished products containing PVC.

Nevertheless, the eventual fate of the unreacted monomer in PVC
products is of concern. Conceivably, it could be contributing to a
general environmental background level of VC, and detectable levels
of VC may be present where there is a heavy concentraiion of products
containing PVC, and particularly new products.

In view of EPA's responsibilitics concerning drinking water, a prob-
lem of special significance is the possible migration of unreacted
monomer into the water from PVC pipe or liners used in drinking water
systems. At present liitle is known about such migration.
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Health Effects of Vinvl Chlaride

There is no direct evidence about the health effects on man of VC
at the levels of exposure that have been or are lizely to be encoun-
tered outside the workplace; however, the two recently reported non-
occupational cascs of angiosarcoma of the liver in neighborhoods near
PVC fabrication plants suggest the possibility that there may be a
correlation between the incidence of angiosarcoma ‘and low levels of
exposure. There are also recent reporis of angiosarcoma among workers
at fabrication and VC plants who presumably were exposed to relatively
low levels of VC. At the same time cpidemiological and toxicological
studies have clearly linked VC to angiosarcoma of the liver and other
adverse ecffects at the higher levels of exposure that have been cncoun-
tered in the workplace. Given the previous lack of effort to search for
effects at low doses, it scems prudent to assume that there probably
is not a no-effects threshold for VC, and there should be concern about
the possible health effects at any level of exposure.

Extrapolation of cffects from animals to man, from inlermittent to
sustained or peak exposures, and from high to low dnse levels is {raught
with uncertainty. Nevertholess, such extrapolations can be uselul in
helping set the basis for the necessarily subjective judgements that
must bc made as to health risks, With regard to the toxicological da‘a,
studies are currently underway at the National Cancer Institute and wish-
in EPA using statistical mcthods to extranolate from the cifects at 50 ppm
to likely cffecrs at 1 ppm and lower, Such statistical techniques must be
viewed with caution but can be helpful in providing a sense of perspective
in assessing risk., The relative sensitivites of rats, mice, and men to VC
are not known, nor is there good information on the relative sensitivities
within a hwman population. Another difficulty is interjected in attcempting
to deal with the extrapolation from worker exposure (i.e. 40 hours per
week) to neighborhood exposure (i.e. up to 168 hours per weck), even
assuming that time weighted averages arc the dctermmant in ambient air
rather than peak levels,

The risks, if any, associated with ingestion of VC, via drinking water,
food, or other routes arc totally unknown. It is prudent to assume that
ingestion is no less worrisome than inhalation although the likelihood of
sustained ingestion at even low levels scems remote.

Summarized below are somce of the most important known health
effects of VC. A more detailed presentation of health data is set forth
in Appendix VII, recognizing that additional information is continuously
becoming available. Ongoiug Agency studics are taking this information
into account.

Anesthcetic Effects of Acute Ezposures: These effects have occurred in

PVC workers exposed to high concentrations of VC as the result of acci-
dents or inadequalely ventilated reactor vesscls, A dizziness, nausea,
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and loss of consciousness occeur which are reversible upon cxposure w
fresh air. Human volunteers have reacted in o similar way o high levels
ol VC inhaled for briel periods. These subjects reported feceling dizzy
or ineb-iated, experienced loss of  certain rveflexes, and encountered
feelings of impoending unconsciousness. The cffects were proportional o
concentrations and duration of exposurec.

Axroosteoiyelc: A small proportion (from 1 to 3 percent) of workers
involved in manual cleaning of PVC reactor vessels have experienced a
combination of svmptoms known as acroosteolysis. This is character-
ized by a sorcness and thickening of tha skin at the fingertips, a graduoal
dissolution of bone calcium ar fingertips and toesg, skin sores, and fre-
quently heightened sensitivity of the hands to cold (blanching of the skiv
and pain). These symptoms were first deseribed in 1967, and apparenily
occur only afier several years of high levels of exposure,

Liver Funarion dbnormifitis: Changes in blood chemistry attributed to
alterations in liver lunction have beon observed in PVC workers whose
8-hour cxposures to VC averaged 300 ppin. At levels below 300 ppm,
the noted functional changes were minimal, suggesting a dose-response
relationship with respect to liver function. There has been no overt
liver discase noted, From Curope, there are reports that liver damage
was found in Russian workers, and discase of the liver, skin, and other
organs has been discovered in workers in Rumania and France, Other
chemicals are invariably present in the occupational setiing, and may have
interfered with the elffect often attributed to VC alone.

Liver Aniicswrcoma: A fourth coffect related to occupational exposure
is angiosarcoma of the liver, a rare form of liver cancer which is a pro-
gressive and invariably fatal discase. It has recently been reported inl1d
workers in PVC faciiiiies inthe United States. The exposure time of these
workers inthe factory settinghas ranged {rom 1l to 30 years, ilany of these
workers were engaged in cleaning polymerization reactor vessels in an area
where exposurc levels were the highest.

The ctiological role of VC in the induction of liver angiosarcoma is not
certain because of possible confounding factors. The occupational expo-
sure of the workersto other chemicals precludes identifving this substance
as the sole causefor cancer. Ilowever, taking into account the effect of VC
on animals in the absence of ather chemicals, the implication of VC as the
possible etiological agent is very strong, and unless another carcino-
genic agent is identified, VC must clearly remain the prime suspect.

The reported casecs of angiosarcoma of the liver have in the past been
extraordinarily rare. For example, in the Third Naiional Cancer Survey
(1962-1071), a population of 21 million persons residing in nine geographic
arcas was sampled for incidence and type of cancer., In this perioa, only
cight cases of liver angiosarcoma had been newly diagnosed among that ten
percent of the U.S. population.
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Cosgoer 210 d ."‘,’.L","Of;.‘{]'n'.‘f '."j' Aoirnglon v VO Cn lab()putopy mammals VvC con-
centrations of 5 o S0 percent have narceotic ¢ffects which are not unlike
the human anesthwctic effects noted above. The acroostenlysis syndrome
has never beeyn produced n animals, although disturbunces in peripheral
blood cir-.ixtion, abnormal curtilage formation in the toes, snd abnormal
skin 17 tons have occurred in rats., Liver enlargement in rats has been
scen with inhaluticn exposure as low as 100 ppm [or 6 mohths, but little is
known about fra”. liver discasc caused by VC exposure.

Among the several animal inhalation experiments employing repeated
exposurecs of over six months duration, two have disclosed liver aagio-
sarcoma at 50 ppm and higher in mice and rats. It remains to be acter-
mined whether the liver angiosarcoma observed in animals are precisely
the samec as those reported for occupationally exposed workers and for non-
workers. Nevertheless, the similarities observed between the animals and
man strongly suggest that the animal carcinogenic rcaction is like that
reported for PVC workers.,

Persistence of VC

As discussed in Appendix VI, very preliminary investigations at EPA
laboratories suggest that in the ambient air near the emission source VC
can be considered as 2 stable pollutant whereas VC rather quickly escapes
from agitated o1 aerated water.

The available results indicate a rate ol reaction of about 8 to 10 per-
cent per hour for VC in air. The direct and indirect reaction products
identified include ozone, nitrogen dioxide, carbon monoxide, formaldehyde,
formic acid, and formylchloride. Uigh e¢ye irritation levels found with
human exposure levels are consistent with these products. Although VC
would disappear significantly over longer travel distances, the conversions
anticipated within a few miles downwind of VC cemission sources indicate
that “/C can be considered a stable pollutant near emission sources. The
usual meterological dispersion equations for gases could be applied to
approximaty: concentrations, Because of strong inversions at night during
the fall and winter period, buildup of VC necar cmission sources might
be of particular concern during such periods,

Ecological Effects of VC

As indicated above, preliminary studies concerning the volatility of VC
from aqueous solutions as well as analyses of hydrolysis and photolysis
suggest that the impact of VC in the aquatic cnvironment may not be
significant. However, if there is a continued input or VC into water,
it is possible that a stcady state concentration of VC could be reached.
Bioaccumulation and/or biotransformation might then become of con-
siderable concern,

Potential terrestrial ccouystem effects, as well as transport pathways
from source to plant or auimal receptors, of VC are unknown. low-
ever, the suspected volatilitv ~7 VO ay tesalt ina large dilution factor
which might reduce the ioxicological or bicaccumulation h2zard tc an
insignificant level.
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Given the lack of past attention to the ecolugical effects of VC,
some inferences drawn from the behavior of other low molecular weight
chlorinated hyvdrocarbons may be helpful in anticipating the fate and
efiects of VC. In particular, 1, 1, 2 trichlorocthane and 1, 2 dichklory=
ethane comprise a portion of the waste products -- often referred to as
tars -~ from the production of VC and are of conrern in themselves s
well as possibly suggesting VC behavioral patterns. Other' potentially
hazardous compounds, such as hexachlorobenzene and hexachlorobutadienc,
arc also found in these tars. Therefore, tars are discussed below.

Other Chemicals of Concern in PVC Activities

Immediately following the Jjanuary report of worker deathe related to
VC exposure, questions arose as to whether oither chemicals, such as
vinyiidene chloride, might also contribute to angiosarcoma either indepen-
dently or in conjunction with VC, Little work has been done to date o
clarify this concern. Also, the toxicity of PVC particulate has become a
significant interest. There have been some inhalation toxicology studies
conducted on PVC, THowever, there are no readily available data to indi-
cate whether any substantial risk is involved at the levels of exposure that
might be/ encountered via inhalation or ingestion of PVC outside the work-
place. 2

As pointed out in Appendix VIH, a large number of chemicals are used
in PVC products as antioxidants, antistatics, coloraatis, lillers, plasti-
cizers, and stabilizers, and many ol them can reach man through a variety
of routes, The health effects of some of these chemicals are reasonably
well known; the effects of others have yet to be explored. Several of them
are particularly good candidates lor further investigaiion, e.g. cadinium,
barium. However, the Task Force has not attemnied to assess in any
detail the known health risks nor sori out the priorities for further investi-
gation.

A special concern of the Task Force has been disposal of products con-
taining PYC and disposal of the by-products of PVC/VC plants. As
discussed in Appendix VIII incineration of PVC produces HCl and possibly
metallic vapors. As the volume of PVC and other plastic products enter-
ing municipal waste systems continues to grow, the possibility of problems
resulting from incineration and land disposal -~ particularly leachates --
will increase. In addition, toxic leachates from PVC used in the
lining of fish tanks are known to have caused damage to aquatic
organisms. 3/

The adverse effect of the tars from VC plants on aquatic organisms
has been of special concern since ‘they are known to affert at least some
marine species at concentrations of 2.5 ppm. Worms and barnacles are
also affected at levels below 5 ppm. Eiocaccumulation of the tars appears
possible through the food chain, and these materials also adhere to
particles in water. However, relatively short biological half lives and
rapid excretion rates may prevent serious accumulation of the tars. :4__/
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Size and Character of the PVC Industry

During 1973 VO production in the United Siates wasz at the 5.35 bil-
lion pound level with PVC ond its copolvmers at the 4.56 billion pound
Level, CThe ndustery has been operating fur abow {orty years, and »vor
the pust live years has shown an annually compounded growth rate of 14
percent -- a rate of growth that is ¢xpected to taper off only moderately
in the next few years, A few of the most significant characteristics of the
industry are summarized below with additional details presented in Appen-
dices T and II. 5/

PVC has become o very imporiant polymer as evidenced by the broad
dependence of nearly cvery branch of industrial and cominercial activity
upon products and components fabricated from this plastic, Markets include
the appurel, building, construction, eleetrical, home packaging, recreation,
and transportation mncusiries.  The wholesale value of the annual output «f
fabricated products is at least several billion dollars.

The synthesis of VO is conducted in fifteen U, S. plants, and thirty-
seven plants are engaged in polymerization with almost all of these plants
currently operating at or near capacity, Five new PVC resin plants arc
unde s eanstruction and together with expansions at {ive others will yield an
additional annual capacity of 1.378 billion pounds, Additional plants are in-
volved in manufacturing copolymers using VC. Approximately 7500 plants
arc en .ced in tabricating products from PVC, [t is estimated that 1000
to 1500 workers are employved in monomer synthesis, an additional 5000 are
engaged in PVC polymerization operations, and approxirnately 350,000 are
associated with the 7500 PVC labricalion plants,

More than 97% of the monomer is used for the manufacture of homopoly-
mer and copolymer resins, with the remainder utilized primarily for (a) the
production of methyl chlornform, (b) additives in specialty coatings, and
(c) until recently, aerosol propellants., Over 90% of the VC produced in the
United States is manufactured by cthylene-based processes; the remaining
10% is synthesized by the acetylene-based process. In both processes VC
is made by a continuous rather than a batch process.

PVC resins are manufactured by four polymerization processes: suspen-
sion - 795 of total; emulsion - 13%; bulk - 6%; and solution ~ 2%. These
are all batch processes.

The number of PVC fabrication plants is at least several thousand
but no complete compilation by company, location, and capacity is known
to exist, For example, the B. F. Goodrich Company alone supplies finished
resins and compounds to about 2200 U, S. customer plants. Some of the
more important products are set forth in Appendix II. 4
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Appendix | discusses the opportunitics for I’VC substitutes at com-
parable and at higher price. In many cases there arce substitutes; in
some cases there are no substlitutes. At the present time worldwide
shortages of cthylene and the uncertainty of regulatory actlions concerning
VC are creating more intensive secarches for alternatives to PVC resins
in a vaviety of applications,

l.essons Learned [rom VC/PVC Expericnces Relevant to Other Chemical
Problems

Except for continuing concern over spills and accidents, Government
and industry have been rather coinplacent with regard to the potential
environmental threat from the high volume industrial chemicals (e.g. the
top fifty in terms of production levels). This complacency is in large
measure atiributable to the 1elative absence of visible and uncontrolled
dangers f{rom exposure to the chemicals during their long histories. In
addition, since each of these chemicals is manufactured by a number of

companicsg, firms may lack mcentive to invest individual company
resources  to clarify the saflety aspects of their usage. Clearly, the
expevience with VC -- the twenty-second leading chemical in terms of

production -- underscores the problems that can result from such com-
placency. Despite the continuing commercial importance of these high
volume chemicals, it cannot be assumed that adequate research, testing,
and related safety measures will be taken by industry, and vigorous
governmental leadership in this area scems essential,

The Agency's experience in addressing VC dischurges from PVC plants
has highlighted the need for three key types of inforrmation for decision-
making and the difficulty of such decisions in the absencs of adeguate
information:

-- The levels of exposure to populaiions beyond the fenceline, with
monitoring data being the key ingredient in estimating such levels.

-- The health and environmental effects of the levels of exposure
that are encountered, drawing on available epidemiological, toxi-
cological, and ecological data from all sources.

-- The feasibility -- in terms of technology, cost, and time -- of
introducing controls to reduce discharges.

In all of these areas, ccncerted short-range efforts enhanced signi-
cantly the existing data base and provided critical inpiis into the deci-
sion-ma .ing process.

Reliable techniques for sampling and analysis of VC were not available
and had to be developed in a short period of time, Similarly, monitoring
personnel gained their experience during the actual operations. While
each chemical problem that arises will undoubtedly have unique charac-
teristics, EPA should be able to improve its anticipatory monitoring
capability by such steps as limited stockpiling of equipment (e.g. Tedlar
bags), clarification of organizational and funding responsibilities, and
development of immediately available contracto: support services.
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In the pesticides arca, the usc of VC in acrosol propellants has
emphasized the nced for greater attention to the many inert ingredients
in pesticides. With regard to water pollution and to drinking water con-
tamination, EPA must extend its cmphasis beyond the traditional con-
cerns with gross pollution coff-ets und with toxic mewls and pesticide
contaminants to include a wide range of other organic chermnicals,  Suni-
larly, intheareaofairpollution, VC has awakcned the entire environmental
community to the broad problem of uncontrolled und unmonitotred chemical
discharges reaching neighborhoods adjacent to chemical complexes,
Also, the potential problems associated with the incineration and burial
of PVC products may be common to a variety of plastics.

Even at this late date all the commerceial products using VC have pro-
bYably not been identified by EPA and other Government agencies, pointing
out the need for a better means of acquiring information concerning the
uses of toxic chemicals. [Finally, the problem of unreacted monomer in
PVC products has opened a broad vista of possible new concerns associ-
ated with contaminants in polymers in gencral.
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RELERENCES

The material presented in this Section is based largely on originul
investigations and analyses conducted within the Agency.  Most of
these activities are claborated in the Appendices which also cite many
of the relevant scientific publicatinons. [lowever, the Appendices do
not cover the entire range ol the activities of the Task l'oree, and
a few additional references concerning this Section are set forth below.

1. Estimates based inter alia on informal communications with the
Department of Transportation and Manufacturing Chemists Associ-
ation,

2. A small sampling of the available literature on the effects ¢f PVC
inhalation follows:;

Cylwik, B., 'listological and Ilistochemical Changes of the Liver
in Experimental Polyvinyl Chloride IPneumonoconiosis,' Rocz.
Akad. Med. im,. J, Marchlewskiego w Bialymstoku 17; 93-111,
1972. (Translation).

Popow, J., "Influence of Polyvinyl Chloride (PVC) Dust on the
Respiratory Syvstem in the Rat,” Roczniki Akacemii Med. im.
Juliana Marchlewskiego w Bialymstoku 24: 5-48, 1969 (Trans-
lation).

Szende B. ¢t al, '""Pneumoconiosis Developing after Inhalation of
Polyvinyl Chloride, " Orv. Hetil, 112: 85-6, January 10, 1971.

Wooley, W. D., "Toxic Products from IPPlastics Materials in
Fires.' Plastics & Polymers 41 {No. 156), 280-286, December
1973.

3. Bernhard, M. and A. Zattera, '"The Importance of Avoiding
Chemical Contamination for Successful Cultivation of Niarine
Organisms,' 1970. Helgolander Wiss. Mecresunters, 20:655-
675. Also, informal communications with Bureau of Sport Fish
and Wildlife, Department of Interior.

4., Jernelov, A., R. Rosenterg, and S. Jensen, ''Biological Effects
and Physical Properties in the Marine Environment of Aliphatic
"Chlorinated By-products from Vinyl Chloride Production,' Water
Research 6: 1181-1191. I

5. See also:

Frey, H. E., "Polyvinyl Chloride Resins,' Chemical Economics
Handbook, Stanford Research Institute, September 1973,

Modern Plastics, May 1974, pp. 44-46.
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INTERESTS AND ACTIVITIES OIF GOVERNMENT AGIENCIES AND INDUSTRY

EPA Regulatorv Authorities

Pesticide Registration

On April 26, 1974, the Agency determined that the potential risk
associated with continued use of VC in pesticidal spray: was unjustified,
given the acceptable substitutes which were available. Thorefore, on that
date Notice was given of the emergency suspension, and intent to cancel
the registrations, of all spray products containing VC for usc in the
home, food handling establishments, hospitals, or other enclosed areas.
At the same time EPA requested that all existent stocks of such products
be recalled by the manuiacturers (39 FR 14753).+ In addition, EDPA
will no longer register pesticides containing VC for indoor or outdoor
uses, and all existing registrations have now been withdrawn or amended
to substitute another propcllant.

At present a few implementing details of this determination remain.
Perhaps the most important action is to insure prompt removal of the
cans containing VC from commercial channels and environmentally sound
disposal of these products, i.e. proper land disposal. EPA Regional
Offices have been actively pursuing Lh1s problem and should complete their
efforts within sever:l months.

Air Pollution

The results of the initial monitoring efforts clearly document the fact
that neighborhoods adjacent to PVC resin manufacturing complexes .are
being exposed to some level of VC air emissions. At present there is
no scientific evidence to indicate that these emissions pose an imminent
hazard to people living near these planis. However, because of the severe
health effects associated with occupational exposure to VC and the lack of
data regarding the levels at which effects begin to occur, prudence
dictates that steps should be promptly taken to reduce the emissions to
the lowest practical level. Indced, . E’A, together with state and local air
pollution authorities, has an immecdiate responsibility to insure that these
levels are reduced.

The key questions revolve around (a) the levels of VC concentration
that should be achieved outside the plant area, and (b) the regulatory
approach that is most appropriate, e.g. ambient air standard, pe:-
formance standard for new sources, or cmission standard for hazardous
air pollutants. Several factors becar on such determinations in addition to
the uncertainties inherent in the health risks involved, namely: the effect
of regulations which are to be promulgated in ecarly October by the
Department of Labor on VC levels in the workplace; the technical feasi-
bility, costs, and timing of control technologies and other approaches to
reducing emissions; and compliance gchedules for the industry as a whole
and for individual plants.

The FR citatiwng identi’y the Volwme and Fuse of the appropriate Federal
Pc JLETEr annouacement.
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Depending on the air emission Jevel and/or the level of technology to
be achieved, the costs of compliance could have scveral effects: The
price of PVC could increase, thus opening the way for substitutes in
some products. Some of the older plants might find it more attractive
economically to closc or to replace the old technology with new. New
plants preswumably would cmphasiz.n even more than at present larger
reactors with fewer requirements for entry and other innovations to re-
ducing leakage rates.

On May 31, EPA requested the manufacturers of VC and PVC resin to
provide detailed technical and cconomic information concerning steps
that have been and could he taken to reduce VC emissions. The in-
formation was sought under Section 114 of the Clean Air Act,

The Task Force believes that a standard bhased upon achieving a
specific air qual.tv level will be very difficult to develop using currently
available data. ©On the other hand a performance or emission
standard, which is designed to drive down the ecmissions as low as
practical, and in the longer run drive technology toward more envi-
ronmentally acceptable approaches, would scce.n consistent with the
desirability of recucing risks from carcinogens to the minimum possible
level.

Present preliminary estimates are that emissions can be reduced by
15 percent in PVC plants and 90 percent in VC plants. Such reductions
can be achieved by emploving best available control technology which
includes a varicty of control measures that could be in place from with-
in several months to two years after promulgation of regulations. Each
plant would likely use different combinations of such measures to achieve
the necessary reductions. Currently available information indicates that
such reductions should result in ambient air levels which present no
established risk o health or welfare. The cumulative costs of the
control technology are estimated to increase the cost of PVC resin b}
about four percent,

An expanded monitoring program to gain additional data at selected
plants to assist in setting an air standard is needed. Twenty-four hour
integrated samples taken during a period of several days or longer at
a number of sites around rcpresentative complexes are desirable. To
the extent possible in-plant activities should be corrclated with externzl
readings. Since no previous monitoring was done at fabrication or co-
polymer plants, they should also be included,

Water Pollution

In view of its low solubility and volatility from water, VC is not
currently a candidate for the hazardous substances list under Section 311
(spills) of the Federal Water Pollution Control Act. Similarly, VC in
water has not been shown to present a threat to aquatic life, and there-
fore there is no basis at present to develop water quality criteria under
Section 304(a) or to consider designating VC as a toxic effluent. At the
same time, in view of the monitoring data indicating discharges up toa
level of 20 ppm of VC from at least two DPVC resin plants, f{urther
investigations of its effect, if any, on the aquatic environment seem in
order,
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The Effiuent Guidelines for the Plastics Industry promulgated by EPA
cover only PVC polymerization activitics and not compcunding orfabrica-
tion activitics. However, some of the potcnually most troublesome
water effluent problems relute to the toxic materials used in the com-
pounding process.,

Also, as previously mentioned, the possibility of toxic additives
in PVC pr>lucts leaching into the aguatic environment is of concern.
IF'urther clarification of these prollems is needed prior to considering
regulatory action.

Solid Waste Disposal

Problems associated with disposal of PVC products through incinera-
tion and buarial are discussed in detail in Appendix VIII. The emission
of HC1 is the only clearly identified incineration problem at present
although there are many uncertaintics concerning the fate of PVC addi-
tives during the incineration process. There are well accepted environ-
mentally sound landfill techniques that should adequately contain PVC
products, At the same time theve are sufficient uncertainties -- par-
ticularly with regard to additives -~ in both of these areas to warrant
more detailed investigations in the months ahcad. There is no evideure
at present that PVC will revert to VC during incineration or as the
result of riologicul orchemical activity during environmental exposure.

Disposal of the solid and semi-solid wastes from VC/PV(C plants
pescs many probloms encountered with hazardous wastes in general. One
particular concern is the disposal ol lars -- a concern that was height-
cned last yvear when a large number of cattle were contaminated due
to pocor hwzndling and disposal practices involving hexachlorobenzene
wastes.1/ Another problem is the possible e:posure of personnel at
landfills to sludges containing up to 32000 ppm of entrapped VC which
might be escaping. Given the widespread concern at the local level
over VC/PVC activities, EPA guidance on handling such hazardous
wastes would be welcomed. In the longer term the steps called for in the
proposed Hazardous Waste DManagement Act might be particularly
appropriate,

Ocean Dumping

The October 1973 criteria for evaluating ocean dumping permit ap-
plications prohibit dumping of organohalogen compounds, except for
narrowly defined trace amounts, and compounds which may combine with
other substances to form organchalogens in the marine environment.
These criteria cover the principal earlier concerns over ocean disposail
of the by-products of VC/PVC manufacturing activities which were
triggere:! by reports of [ish kills in the North Sea from disposal of
tars and ot the b.ildup of organohalogen compounds near Puerto Rico.
Unfartunately, earlier ocean disposal practices for tars in the Car-
ibbean also have had adverse effects on marine life. 2/
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PDrinking Water

Currently there are no data on VO conceatrations in community water
supplies, primarily because no one has ever ook < tor VO, Conccivably,
it could be present in drinking water.,  Possible sovrves are PVC poly-
merization plants just upstream rom water intakes and frorm PVC prod-
ucis used in the distribution system such as 1’VC pipe and storage tank
liners,

Monitoring a few sclected water supplics should provide a basis for
assessing VC concentrations that may be found in water supplies from
both industrial pollution and product contamination. Adequate sampling
and analytical procedures will of course be required to insure the
soundness of the results.,  The results should be used {o determine the
neced for additional sampling and possible rescarch requirements,

Proposed Toxic Substunces Control Act

An important authority which is curirently missing is the Toxic Sub-
stances Control Act., The reouirements for reporting of industrial pro-
duction data evisaged in the Act would enhance knowledge of the types
and extent of different vses of VC. The testing provision woald be the
basis to obtain much ncedea data -- and particularcly data on toxicity and
persistence -- for assessing the risks associated with low coneentration
levels of VO, including those levels thut are likely to persist beyond
the workplace, The proposced regulatorv provisions would provide a
mechuanism 1 addressing those products using VConot now subject to
regulatinn under other laws.  Also, 1f censidered appropriate, stleps
might be tal en to limit the amount of anrcacted VC in certain PVC
products which could eventuall' migrate out of ‘*hese products to pose an
unnceessary risk.

Supporting Research Activities

Ag a component of the naticnal effort to clarify the health risks
assocaated with VC, the Agency plans o supnport a toxicoloyical effort
at the University of Cincinnati. These studies are designed to determine
the elfects of VC on the developing !ctus, to determine changes of VC
toxicity caused by nutritional imbalance and interactions with other
common chemicals, and to develop cell cuitare techniques for rapid
screening of  the oncogenic potential® of VO and related compounds.
Also, cpidemiological studies of neighborhoods near PVC activities
are scheduled to complement related cfforts of other Government agen-
C1es.

Repulatory Interests of Other Agencices

Acrosol Sprays

Early this ycar evidence indicated tha* some supplics of hair sprays
containing VC were still on the market, and the Food and Drug Adminiz-
tration (}'DA) reguested that ali known manufacturrrs recall these
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supplies. In early April, threec manufacturers initiated recalls for hair
spray and other drug and cosmetic aerosol products. On April 22, FDA
published a notice of proposed amendments to the VWederal Food, Drug
and Cosmetic Act concerning the use of VC as an ingredient, including
propellant, of (a) acrosol drug products, and (b) cosmetic aercsol prod-
ucts (39 'R 14215). At the same time, but in a separatc notice, FDA
requeried a list of all marketed drug products containing V)C as an ingre-
dient or packuged in containers of or lined with PVC (39 FR 14238), On
August 26, I'DA published regulations which (a) banned the use of VC in
cosmetic aerosol products, and (b) required a new drug application as
a condition or marketing drug aerosol products when VC is used as an
ingredient (39 FR 20830).

The Consumer Proauct Safety Commission has undertaken two steps.
An information gathering process was initiated in May to determine the
specific acrosolproducts containing VC which are being or have been used
(39 FR 16511), The Commission has identified more than 25 aerosol
products containing VC and is currently centinuing its analvses. On
August 21, the Commission promulgated a regulation, effective {rom
October 7, banning as hazardous substances ''self-pressurized products
intended or suitable for housechold use that contain VCM as an ingredient
or in the propellant' (39 'R 30114).

Worker Protection

The Occupational Safety and IHcalth Administration (OSFA) of the De-
partment of Labor, rcsponsible for worker safety, determined that VC
levels exceeding 50 ppm in the workplace present a hazard and on Apvil 5
set an emergency temporary standard at that level (39 FR 12342). To
initiate the process for setting a permanent standard, on May 10, OSHA
propnsed lewering the standard to the level of detecticn, defined at 1 ppm
plus or minus 0.5 ppm (39 'R 16896). Public hearings to gather infor-
mation for a permanent standard and to assist OSHA in making a final
judgement as to the adverse effects of VC and the appropriate levels of
exposure to workers were held in June and July. The final standard is to
be set by October 5, 1974,

Much of the information being developed by OSHA is of direct rele-
vance to EPA concerns, and particularly concerns over an air standard.
Evenmore importantly the regulatory action taken by OSHA within the next
several months canhave a profound cffect un the need for and character of
action by EPA. If OSHA usecs health data as the basis for its standard,
it is important that the interpretation of the data not be inconsistent
among agencies, Also, OSHA should be encouraged io recommend conirol
techniques which will not simply vent VC to the environment external to
the workplace.

Unreacted VC Monomer in PVC Products

Early last year reports were received of possible migration of VC to
distilled spirits and wincs packaged in PVC bottles underan experimental
program authorized by the Department of Treasury. Subsequent inves-
tigations by FDA confirmed that residual VC had migrated from the PVC
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into various distilled spirits and wines. Since therc were no available
toxicological studies supporting a safe level of VC in food, I'DA published
a proposal wiich ir essence would preclude the use of PVC recin in con-
tact with aleoholic food (39 I"'I} 12031). At the same time, the Depavtment
of Treasury withdrew the approvalof the experimental use of PVC bottles
to contain distilled spirits, Since there was no indication, at that time,
that VC mi6gration occurred from PVC in contact with non-alcoholic fonds,
FDA proposed a regulati »n which identified criteria for safe use under
tne prior sanction (38 FR 12931). Recently, however, I'DA has received
data confirming VC migration from PVC packaging into a variety of foods
and currently is considering iimitations on the use of PVC in food packag-
ing.

The Counsumer Product Safety Commission has not taken a position on
unrcacted monomer in consumer products,

Transnortation Handling

The problems associated with VC have heightened the concern of the
Department of Transportation (DOT) as to witether any changes in its
regulations are warranted since sorae commerc.ally important chemicals
have been identified as carcinogens. A major question is whether a single
exposure to these chemicals can cause cancer. At present, DOT is con-
sidering the desirahlity of changes in labeling requirements and/or
packaging requiremeaents lor carcinogens but has not yet reached a con-
clusion,

In July 1074, DOT published (a) proposals to amend the bulk dan-
gerous cargoes regulations for the carriage of VC (39 FR 28752), and (b)
a requirement Jor protective head shields on uninsulated tank cars carry-
ing liquefied flammable compressed gases such as VC (39 FR 27572)., In
a related action in August, DOT proposed amending the requirements for
handling frelght cars carryvm: hazardous materials to include those pla-
cards as '"'Dangerous'’ (39 FR 29197),

1iclated Research Activities

The Center for Discase Control (CDC) and the National Institute of
Occupational Safetyv and Ilcalth (NIOSII) are maintaining a nationwide
surveillance network of all cases of angiosarcoma of the liver which have
been rcported since 1965. For ecach case identified, the health history
of the individual will be reviewed and analyzed to determine il there was
any connection with VC or PVC plants. CDC/NIOSH are also conducting
studies to determine if other cancers and other mortality causes arc
associated with exposure to VC, In these studies, pathological informa-
tion will be obtained from hospitals. A CDC survey among meat wrappers
in Houston, Texas, should determine 1. chemmalb produced upon combus-
tion of PVC film may be implicated in "mcat wrappers asthma. "
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CDC/NIOSH are conducting a ¢comprehensive epidemiological survey
of workers icom 11 polymerization and iobricaung plants,  Emplovee
medical records are being subjected (o intense sereening 1o determine
the scope and magnitude of VC effects.  Hospital data obtained in this
study are being sent to the angiosarcoma network. NIOSII is also
planning studies to determine the levels of exposure at fabricating
plants and to determine if cosmeticians exposea to -VC (rom aernsol
hair sprays have had any cases of liver angiosarcoma,

The Consuincr Product Safety Commission plans to support rodent
experiments to determine the effects over a lifetime of single dose and/or
intermittent exposures of VO at several dose levels. Reproductive,
mutagenic, and terategenic effects may be considered.

The National Institute of Environmental Health Sciences (NIEIIS) has
taken an active role in bringing together interested Government agencies,
industry, and the academic community to begin to assess the public nealth
implications ot a broad range of chemicals used in the plastics "ndustry.
An initial mevcting in Pinchurst, North Carnlina, from July 29 to 31 was
designed to set the stage for a coatinuing cffort to sort out research pri-
orities within Government and industry, as well as to highlight \he tvpes
of considerations that should surround regulatory actions in this field,

The National Cancer Institute is providing pathology services (human
and expcrimental animal) anil in collaboration with the Armed Forces
Institute of Pathology is ecstwablishing a case registry for VC associated
discases.

The National Burcau of Standards (NBS) is conducting research on ‘he
development of calibration methods for EPA, This includes preparation
of standard VC air mixtures in the ppm range and of charcoal sampling
tubes with known VC loadings. NBS is also doing reszarch to develop
more sensitive lechniques for the detection of VC in the atmosphere.

Role of Industry

During the past several months industry has cooperated extensively
with the Task Force and with individual Agency offices in the assessment
of problems associated with VC/PVC activitiecs. Summarized below are
some of the arcas of greatest concern involving major industrial commit-
ments,

Reducing Disharges of VC and Other Toxic Chemicals

There is no doubt that industry has taken and can continue to take a
variety of immediate steps at relatively little cost to reduce the VC
losses at VC and PVC polymerization facilities. During the past few
months many plants have already started to tighten maintenance and
operating procedures; other plants arc installing improved pumps, seals,
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and disconnect devices; while still other plants are introducing more
significant process changes. One company s reportedly spending 33
million to tighten the processcs at a single PVC facility; another company
reports that it has 100 engineers working to introduce modifications that
will dramatically cut VC losses at several plan:s.

In tlie longer run significantly different anproaches to the polymeri-
zation process may be in order. Clearly, the opening of the reactor
ketiles is a major source of discharges, and a continuous rather than
batch process should be considered as an examiple of 2 design change to
reduce VC losses. In the batch process the trend toward larger ket-
tles will probably accelerate. At the same :ime some companies may
elect to mark time with regard to major modifications or significant new
departures until the initial OSHA and EPA reguiatlory approaches become
clearer,

A number of other toxic chemicals are also associated with VC/PVC
activities. As previously mentioned the disrosal of tars and the dis-
charges of toxic metals at PVC compounding plants are of particular
concern., A number of the troublesome chemicals may be better known to
industry than Government, and industry should not delay in taking correc«
tive actions even though these chemicals have not vet been designated for
control by the Government.

Medical Surveillance .

Clearly, VC concerns have triggered extensive medical surveillance
programs of VC and PVC workers throughout :he industry. These pro-
grams should become routine 10 cover a far broader swath of chemicals
at VC/PVC and other chemical complexes. Published analyses of the
results of such programs would be very valuable to EPA and other
agencies.

In addition, industry has a responsibility to support medical surveil-
lance programs for residents in neighborhoods adjacent to VC/PVC
complexes and other types of plants releasing chemicals into these neigh-
borhoods. The character of such surveillance will obviously depend ¢n
the type of chemicals involved and the arrangements that can be worked
out by industry with local health authorities.

Fencelire Monitoring for Chemical Discharges

Traditionally, the chemical industry has ccaducted very little fence-
line monitoring not required by Federal, state, or local agencies to de-
termine the chemical discharges leaving vlant property. During the past
several months, however, monitoring for VC has become a concern, and
hepefully this concern will rapidly spread to other chemicals, Clearly,
a plant manager should know the chemical mix of the air emissions
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drifting over the plant fence into nearby ncighborhoods. Similarly, he
should be rully aware of the chemical cross section of his liquid and solid
waste sireams. Thus, a far more intensive physical monitoring effort on
the part of industry is needed -~ monitoring not only for gross pollution
(e.g., biological oxvgen demand, chemical oxygen demand, total suspend-
cd solids) but tor individual chemicals as well, including VO and related
chlorinated hydrocarbons.

Toxicological Testing of VT

Until the recent revelations concerning the relationship of VC to
angiosarcoma of the liver, the efforts of U,S. industry to clarify the
chronic toxicity of VC were nearly negligible, despite the commercial
importance of VC. The industrial studies of the early sixties and the
recent Manufacturing Chemists Association ( MCA) ioxicological study on
behalf of a number of companies have not been adequate, in terms of
direction, scope, or guality. Even the additional toxicnlogical studies
whirh have been proposed by MCA calling for animal exposures down to
1 ppm of VC may not be sufficient if the objective is to understand in
some detail the biological effects from the types of dose levels likely
to be found in the workplace andg bevond. This proposcd effort, while
important, is but a small step toward a very complicated p:oblem. Also,
a number of experts have expressed concern over the design and statis-
tical significance of the studies as current'y planned,

Testing for Persistence and 'Invironmental I'ate and Effects of VC
and PVC

A related arca is industryv's responsibility to clarify the environmental
fate and effects of the chemicals it manufactures, and in this casc the
behavior of VC in water and air (inc’uding degradation products) and the
fate and effects of products containing PVC in soil and water, This is
a new area which has not attracted sufficient attention from industry but
which is of crucial importance in assessing environmental impacts of
chemical activities, Governmental leadership will probably be essen-
tial in helping to point the way as to ‘he types of tests and analyses that
are the most appropriate.

Testing for Levels of Unrecacted AMonomer in PVC Resing and PVC
Products

In view of .. likelihood that I'DA will limit the levels of unrecacted VC
allowed in PVC food packaging, industry has recently accelerated efforts
to analyze the levels of VC that are present in PVC resin used for food
packaging and in the packaging itself. This relatively inexpensive pro-
cedure should be extended to other types of products as well, It is par-
ticularly important that the manulacfurers of resin, who in general are
well equipped to carry out the necessary sampling and analysis, advise
their customers (i.e., the fabricaters) of the quality of the resin in
terms of unreacted monomer in addition to the usual quality criteria. The
fabricators in turn have a responsibility to be aware of the levels of
unreacted monomer that persist in the products that eventually reach
the marketplace.
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2, Aubert, M., "Effect on the Marine Environment of the Combustion
at Sea of Some Industrial Waste'", Cenier of Biological Studies and
Research and of Oceanographic Medicine (C.E.R,B.0O.M.), Nice,
France, Januaryv 1974,
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RECOMMENDATIONS

This Scction sets  forth the recommendations of the Task Force
concerning steps  that should be taken by the Agency and steps that
the Ageney should encourage wdustry to take in the near term to (a)
help clarify and reduce the risks associated with VC/DPVC activities, and
(b) take full advantage of vur expericncees with thesce chemicals in ad-
dressing other chemicals.

Reculatory and Directly Supportive Actions bv EPPA

Recommendation #l;

An air standard for VC should be establinnced as soon as practical
under the Clean Air Act for VC and PVC polymerization plants
and, if warranted by further investigations, for PVC fabrication
plants. The Agcncey should determine the minbient levels that are
likely to be achiceved and, to the extent possible, the health risks
assocjated with such levels

Recommendation #2:

Additional ambient air monitoring should be carried zut to support
regulatory action under the Clean Air Act.,  Thuese efforts should
include sampling at a number of carefully selected sites around a
few VC, PPVC polymerization, and PVC f{abrication plants. The moni-
toring measurements made at these facilities should be correlated
with specific in-plant activities such as reactor venting.,

Recommendation #3:

More detailed material bal.nce studies should be conducted, in
cooperation with andustry, at a fiw VC and PVC polymerization
plants, Specific VC leakage points should be more clearly identified,
and attempts should be madce to correlate the magnitude and timing
of the estimated lusses with the levels of VC detected in a monitoring
program,

Recommendation #4:

A program should be initiated to determine whether and to what
extent background lovels of VC are present in the ambient air --
indoors, and outdoors--due to the presence of PVC products.
Recommendation #5:

A limited VC monitoring program should be undertaken of drinking
water supplies which might be contaminated from VC discharges
from nearby PVC plants. Prior to undertaking the program sampling

and analysis proccdures should be carcfully reviewed and refined as
necessary,
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Recommendation #6:

A study should be conducted to determine the amount of VC migra-
ting out of PVC products used in water distribution systems--such
as PVC pipe or storage tank liners. Prior to undertaking the pro-
gram sampling and analysis procedures should be carefully reviewed
and refined as necessary.,

Recommendation #7:

To insure comparability of results between laboratories EPA should
further develop its interim method into a standardized method for
monitoring levels of VC. Concurrently, the Agency should also
investigate the feasibility c¢f devecloping continuous air monitoring
devices.

Recommendation #8:

Monitoring and bench-scale studies should be conducted around
industrial storuge and disposal sites and municipal disposal sites
to determine the types and quantities of toxic substances leached
or dischurged out of (a) semi-solid and solid wastes generated by
VC/PVC facilities, or (b} PVC products discarded by consumers.
If these studies indicate that there could be a health or environ-
mental hazard, guidelines sheculd be developed to contraol the storage
and disposal of these wastes,

Recommendation #9:

The responsible Office should continue to support currently planned
VC toxicological studizs. .

Recommendation #10:

The respongible Office should continue to support currently planned
VC epidemiological studies.

Recommendation #11:

More intensive studies should be conducted on the behavior of VC in
the atmosphere and in the aquatic environment, andparticularly on its
degradation products and rclated chemicol reactions. These studies
should be supported by both industry and sovernment.

-

Recommendation #12:

The industries covered by the Effluent Guidelines for the Plastics
Industry promulgated under the Federal Water Pollution Control
Act should be expanded beyond the production of resins to include
the compounding and directly associated activities that result in
discharges into the water of toxic metals and other chemicals of par-
ticular concern, ’
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Recommendation 513:

Enforcement cfforts, including spot checks of menufacturers,
distributors, and rctail outlets, should continue to be pursued
vigorously to msure that pesticidal sprays containing VC as a
propellunt are removed rrom the channels of trade as rapidly
as possible,

.

Recommendation #14:

Regional, State, and locval authoritiecs should be kept tully
informed of Ageney ciforts under the Clean Air Act and other
authoritics. As the Federal approach Pecoma:s clearer, they
should be encouraged to undertake supportive actions as appro-
priate,

Recomir.enda ion #15;

The Agency shovld build on the experience gained in respond-
ing to the problems associated with VC in strengthening its
organizational, manpower, andcontractor resources L9 anticipate
and respond tu sir-ilar situations involving other chemicals.
Readily available information ovn the handling of VC should be
made available tu the Regional Oifices to assist them in vespond-
ing to rail or barge accidentis resulting in the release of VC,

Recommendation #16:

Laboratory procedures for safe handling of VC shouid be developed
and distribuicd 1o all EPA ilaboratories. J<onsideration should be
promptly given to how such procedures can most effectively be
developed for a number of carcinogens thatare likely to be of con-
cern to the Agency.

Recommendation #17:

Should the Toxic Substances Control Act be enacted, prompt
consideration should be given to the need for and feasibility of
(a) requirements for industrial testing of the toxicity of VC at
low ambient levels and the persistence of VC i different media,
and (b) limitations on the levels ol unrcacted VC monomer in
selected PVC producis.

Recommendation #18:

The Agency should continue its lcadership role inbringing together
the interesied Federal agencies to exthange views on regulatory
actions. supporting activities, and rescarch projects directed to
Ei1oblems asscciatedwith VC and PVC. In addition, an appropriate
interagency mechanism should be developed to address a broader
spectrum of potertial problems associated with the plastics
industry.
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Recommendation #19;

EDP’A\ should excercise leadership in stimulating Governmental and
industrial cffyrts to analvze in depth the other high volume
chemirals (ec.g., top 50 in terms of pounds of production) to
identify those which deserve additional testing or controlis to
clarity or reduce potential environmental problems.

.

Steps by Industry

Recommendation #20;

All possible steps to tighten up operating and maintenance pro-
cedures to reduce VC and PVC losses at VC, PVC polvmeri-

" zation, and PVC fabricution facilitics should he taken promptly
without waiting for further Governmcntal regulatory actions,
R&D efforts should be expanded to develop new approaches to
reduce losses during polymerization, such as continuous flow
systems,

Recommendation #21:

Each VC and PVC resin facility, and indced chemical complexes
in gencral, should have up-to-date information on the character
and extent of the chemical pollutants thet are leaving the plant
property as air, water, or solid waste diischarges or degradation
products. A systematic monitoring program operated by industry
at the fence line and beyond will in many cases be essential to
asceriain the nature of the pollutants rcaching nearby neighbor-
honds.

Recommendsztion #22:

The levels of unrecacied VC monomer in all grades of PVC resin
should be routinely ascertained and purchascrs of the resin should
be advised accordingly. Also, analyses of the rates of release
of VC monormer from PVC products should be expanded.

Recommendation #23:

The Manufacturing Chemists Association should, in consultation
with intcrested Government agencies, carcfully reevaluate its
plarned VC toxicological experimenis at low doses to insure
that the design is (a) statistically recliable, and (b) relevant to the
ambient air concerns of EPA.
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APPENDIX [

SELECTED ECONOMIC CONSIDERATIONS

Production Levels

During 1973, VC production was at the 5.3 billion pcund level
with PVC and its copolymers at the 4.6 billion pound level. PVC
has become a very important polymer as evidenced by the broad
dependence of nearly every branch of industrial and commercial
activity upon products and components fabricated from this plastic.
In Table 1, major PVC products manufactured during 1973 are iden-
tified,

The U.S5. VC/PVC industry has been operating for more than
forty yezrs, anaover the past five years has shown an average anpual
growth rate of 14 percent -- a rate of growth that had been expected
to taper off only moderately in the next few years.

The size of this industry can be appreciated bv considering that
the synthesis of the monomer is conducted in fifteenU. S. plants, and
forty-three facilities are engaged in polymerization of PVC (including
its use as a copolymer) with almost all of these plants currently
operating at or near capacity. At least7,500 plants are engaged in
fabricating products from PVC. About 1,500 workers are employed
in monomer synthesis and an additional 5,000 in polymerization
operations. Estimates have suggested that up to 350, 000 workers
may be associated with the fabrication plants.

The wholesale value of the annual output of fabricated products
based on PVC is at least several billion doliars,

Corhpetitive Substitution

Should requirements for worker safety or environmental controls
drive the price of PVC resin upward, it seems likely that some PVC
products would be displaced by products using other plastics sr other
materials. Other products dependent on PVC might disappear alto-
gether from the marketplace. Probably one-fourth to one-third of
current PVC products by value are marginally competitive with other
plastic products. At significantly higher prices a lesser number
probably would find substitutes in other materials at higher costs.
Identified in Tahle 2 are a few of the substitute materials that might
be considered. For some uses, there are no apparent substitutes.

aa<
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Market Category

1. Apparel

Building and
Construction

Electrical

Home

Packagin:

Recreation

Transpcrtation

Miscellancous

Table 1
MAJOR PVC PRODUCTS

1973
Products 1000 metric tons

Baby pants 12
Footwear . 66
Outerwear 31

Extruded foam moldings 26
Flooring 211
Lighting 5
Panels and siding 39
Pipe and conduit
Pipe fittings 44
Rainwater systems, soffits,

facias
Swimming pool liners
Weatherstripping
Windows

Wire and cable

Applia.ices

Furnitare

Garden hose

Housewares

Wall coverings and wood
surfacing films

Blow molded bottles
Closure liners and gaskets
Coatings

Film

Sheet

Phonograph records
Sporting goods
Toys

Auto mats
Auto tops
Upnolstery and seat covers

Agriculture (incl. pipe)
Credit cards
Laminates

Medical tibing
Novelties

Stationery supplies
Tools and hardware
Other

Total d=<
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Table 2

SUBSTITLTE MATERIALS FOR PVC PRGDUCTS

PVC PRODLCT

Pipe & Tubing

Flooring

Electrical insulation

1 ecords

Film & Sheet Products

Coatings

Household Goods

Packaging

SAME
SUBSTITUTES PRICE RANGE

HIGHER PRICE

Polvethylene
Polypropylene
Metals

ABS resins

.
¥

>

>

Asphalt
Wood
ABS resins

Polycthvlene x
Polypropylene X
EPDAL rubbers

SBR rubbers

TFE plastics

ABS resins
Acrylics

Polyvinylidene chloride
Polyethylene
Polypropylene
Cellulosics

Vi

Acrylics
Polvurethanes
Cellulosics

Styrene
Polycthylene
Polypropylene
Wood

Metals
Acrylics

>

Polyethvlene X
Polypropylene x
Polyvinylidene chloride
Cellulocics

Acrylics

Polyurethanes

Glass

o=
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International Aspects

U. S, based manufacturers currently prcduce about one-third of the
western world's supply of resins, with the U, S. market also consuming
about one-third of the totul, In 1973, 3.7 percent of PVC and 7.8 percent
of VC manufactured in the United States were exported. Prior to the
recent U. S, concern over worker and environmental controls at VC and
PVC facilities, there was no reason to anticipate a major change in the
U, 8. share of production or market during the next few years. Recent
increases in demand for PVC resins -- and concurrently for VC -- at
attractive prices have been of worldwide dimensions with expansion plans
for PVC manufacturing being considered by a number of companies at
home and abroad.

There is presently an import duty on PVC resin from countries with
status as Most Favored Nations of 1 1/4 cents per pound plus six percent
ad valorem and from other nations of four cents per pound plus 30 per-
cent ad valorem. Given the current U. S. market price of 18 to 24 cents
per pound for the general purpose uncompounded resin, there has been
little incentive to import PVC resin, Also, there currently is little
export incentive because ol short U. S. supply and unattractive foreign
prices. However, higher prices as a result of more stringent worker
or environmental controls in PVC resin plants in the United States than
abroad might well stimulate significantly increased imports.

Control Technolcgy

[

While there appear to be a number of general approaches for reducing
the discharge of VC into the environment at VC and PVC resin plants
and thedischarge of PVCatresin plants, in many respects the approrches
must be tailored to the individual plants. All VC plants and some PVC
resin plants are outdoors while other PVC plants are at least partially
enclosed. A variety of production processes are used, and different
kinds of technology are employed. However, there are some comron
measures that would reduce VC emissions.

FOR VC PLANTS:

1. Reducing the escape intothe atmosphere of VC when venting the tank
car gauge tube, disconnecting the feeding line, and closing the
valves during rail tank car loading. Mg2ochanical disconnect de-
vices and double block and bleed piping are available to ease this
problem.

2, Improving the quality of pumps to reduce the possibility of leakage
due to railure of seals. Pumps are available today which could
minimize this problem,

(9]

Venting unintentional leaks and spills into a system which is flared
and, preferably, scrubbed.

o E A
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FCOR PVC RESIN PLANTS:

1. Collection and destruction of purge gases from the reaction kettles
prior to opening for cleaning, sampling, or recharging.

2. Centralized collection and filtering of VC vapor discharges {rom
dryers and centrifuges.

With rcgard to PVC particulate in air and water discharges, improved
housekeeping and relatively simple ventilation filtering systems are usu-
ally technically fcasible and cfifective.

Laboratory data have shown that VC can be adsorbed on activated
carbon. Concentrated \'C vapor streams have produced a recovery work-
ing capacity oncarbon equivalent to about ten percentof the carbon weight.
Ambient air con' “minated with low levels of VC produces significantly
lower adsorbent .rking capacities. Control of dilute V'C is therefore
possible but may not be practical using activated carbon. Carbon regenc-
ration using steam or pressure swing appears possible, with recovery
of degorbed VC for recycle,

Clearly, these approaches will not eliminate losses but should mate-
rially reduce them, In the longer run, the development of continuous
flow processes, the use of larger kettles, better housekeeping, and/or
reductions in the number of feed lines might result in more dramatic
reductions of VC leakage.

REFERENCES

1. Modern Plastics, Jan 1974, p. 43

2, The 1972 Census of Manufacturers shows 7,574 plants manufacturing
miscellaneous plastics products (SIC 3079), a substantial number of
which use PVC, SIC 3079 probably covers most, but nat all, PVC
fabricators,

3. Discussions with representatives of the Department of Commerce,
Manufacturing Chemists Association, and Society of Plastics Industry,
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APPENDIX 1[I

PRODUCERS OF VINYL CILORIDE AND POLYVINYL CHLORIDE

The major producers of VC, PVC, and PVC copolymers are listed in this
scouen with the plant location and availablie capacity data.

\'C Producers

Allied Chemical Corporation
American Chemical Corporation
Continental Oil Company

Dow Chemical, U.S. A,

Ethyl Corporation

B. F. Goodrich Chemical Company
Monochem, Inc,.

PFG Industries, Inc.

Shell Chemical Company

Tenneco, Inc.

PVC Producers

Air Products and Chemicals, Inc.

American Chemical Corporation

Borden, Inc.

Continental Qil Company

38<

Location

Baton Rouge, La.
Long Beach, Calif.
Westlake, l.a,
Freeport, Tex.
QOyster Creck, Tex.

Plaquemine, La.

Baton Rouge, La.
Pasadena, Tex.

Calvert City, Ky.
Geismar, La.

Lake Charles, l.a.
Guayanilla, P.R.

Deer Park, Tex.
Norco, Tex.

Houstor:, Tex.

Calvert City, Ky.
Pensacola, Fla,

Long Beach, Calif,

Nliopolis, I1l.
Leominster, Mass.

Aberdeen, Nliss.

Oklahoma City, Okla.

Gl

Annua) Capacity
(hillions of Pounds)

300
175
650
200
700
390

300
150

1000
300

400
500

840
700

225

150
50

150

140
180

285
240
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ComEanv

Diamond Shamrock Chemical Company

Ethyl Covrporation

The Firestone Tire & Rubber Company

The General Tire & Rubber Company

B. I'. Goodrich Chemical Company

The Goodyear Tire & Rubber Company

Grzat American Chemical Corporation

Hooker Chemical Corporation

Keysor-Century Corporation

Monsanto Company
National Starch & Chemical Corporation
Olin Corporation

The Pantasote Co. of New York, Inc.

Robintech, Inc,
Stauffer Chemical Company

Tenneco Chemicals, Inc.

Union Carbide Covporation

Uniroyal, Inc.

. q
e

TL.ocations

Annual Capacity

(Millions of Pounds)

Deer Park, Tex.
Delaware City, Del,

Baton Rouge, La,

Perryville, Nd.
Porttstown, Pa.

Ashtabula, Ohio

Pleasants County, W.Va.

Avon L:ike, Ohio
Henry, INl.

Long Beach, Calif.
Louisville, Ky.
Pedricxtown, N..J.

Niagara IFalls, N.Y,
Plaquemine, La.

Iitchburg, Mass.

Burlington, N.J.
Iicksville, N.Y.

Saupus, Calif.
Delaware City, Del.

Springfield, Mass.
Meredesia, 1.
Assonet, Mass.

Passiac, N.J.
Point Pleasant, W.Va.

Painesville, Ohio
Delaware City, Del,

Burlington, N.J.
Flemington, N.J.

South Charleston, W, Va.
Texas City, Tex.

Painesville, Ohio

290

100
130

230
270

125

50
140
140
140
340
170

100
100

40

180
15

35
35

70
10
150

60
90

250
175

165
70

160
240

140
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PVC Copolymer Producers

Company

A. Polvvinyl Chloride-Propvlone Copolymer Reging

Air Products and Chemicals, Inc.

Locations

Calvert City, Ky.

B. Poliv:inyl Chloride-Vinyl Acetatc Copolymer Resins

Air Products and Chemicals, Inc.
American Chemical Corporation
Atlantic Tubing & Rubber Company

Borden, Inc,

The Firestone Tire & Rubber Comany

B.¥. Goodrich Chemical Company

IHooker Chemical Corporation
Keysor-Century Corporation

National Starch and Chemical Corporation
Olin Corporation

The Pantasote Company of New York, Inc.

Calvert City, Ky.
Lonyg Beach, Calif.
Cranston, R.I,
Bainbridze, N. Y.
Compton, Calif.
Demonolis, Ala.
liliopolis, B1.
Leominster, Mass.
Pottstown, Pa.

Avon Lake, Ohio
Louisville, Ky.

Hicksville, N.Y.
Saugus, Calif.
Meredosia, Li.
Assonet, Mass.

Passaic, N.J,

Point Pleasant, W.Va,

C. Polvvin:l Chloride-Vinylidene Chloride Copolymer Resins

BASF Wyandotte Corporation

Borden, Inc.

30<

South Kearny, N.J.

Bainbridge, N. Y.
Compton, Calif.
Demopolis, Ala,
Nliopolis, Ill.
Leominster, Mass.
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Dow Chemical, U.S.A.
B.F. Goodrich Chemical Company

W.R, Grace & Company

Morton-Norwich Products, Inc,
National Starch and Chemical Corporation
SCM Corporation

Tenneco, Inc.

Union Carbide Corporation

REFERENCES

1. 1974 Directory of Chemical Producers, USA, Chemical Information Ser-

Midland, Mich,
Louisville, Ky.

Owensboro, Ky,
South Acton, Mass.

Ringwood, 1l.
Meredosia, Ill.
Huron, Ohio

Burlington, N.J.
Flemington, N,J.

Institute and South
Charleston, W. Va.
Texas City, Texas

vices, Stanford Research Institute, alemo Park, California, 1974,

2, Chemical Marketing Reportexr, May 20, 1974,
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APPENL(X [l

THE MATERIALS BALANCI AT VINYL CHILORIDE AND
POLYVINYL CHLORIDE FACILITIES

Vinyl Chloride Production 1Pacilities

Detailed, reliable data for estimating material losses at VC facilities
with precision are not readily available. Therefore, only generalized
estimates have been attempted.

A simplified block diagram for production of VC from ethylene and
chlorine is shown in Figurel. Some VC complexes ulilize oxychlorination
units; others produce ethyl chloride from the by-prodvct hydrogen chloride
(HC1) and ethylene,  However, the production of dichloroethane {EDC)
allows for many approaches to recycling of light and heavy materials such
that the losses of VC are reduced. Even vent streams of inerts can be
scrubbed with EDC for maximum removal of VC before venting. Light
ends such as methane arve usually flared and VC is converted to water
and small amounts of HCI1,

VC losses have come primarily from vent streams, the storage and
transportation loading systems, andseepages {rom pumps, [fvent streams
are not scrubbed or flared, the amount of VC reaching the atmosphere
increases considerably. This in turn is influenced by the purity of the
ethylene and the chlovine being fed into the units. Usually, these inerts
come out in the EDC unit but may be carried on depending upon the pro-
ducer'sphilosophy regarding the purity of the EDC tobe fed to the cracker,
Experience has been that the higher the purity of EDC both with regard
to light and heavy material, the greater the efficiency of the cracking.

It is frequently difficult to pinpoint the arecas and quantities of VC
losses. lowever, some genecralizations can be made for, as an example,
a plant producing 500 million pounds per year of VC. (The industry
is heading toward plants of this size and larger.) Tank car loading
losses may be several hundred pounds per day. Vent stream losses
could reach another 100 pounds per d y while losses of VC entrapped
in the water effluent might be a few pounds per day. in addition to these
very small operating losses, there are undcubtedly unintentional losses
from leaking pumps, flanges, and rontairment vessels, with total plant
losses probably less than 0.1% or iess than 500,000 pounds per year.

FFrom an environment:l standpoint, the disposal of the heavy chlori-
nated hydrocarbons may also presenta problem. Some are sold to solvent
scrap dealers for salvage. In the past much of the material has been
dumped at sea or put into landfills or deep wells. More recently, incin-
cration has hzen used, which is known to produce HCl emissions.

ql<
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Polvvinvl Chloride Polvmerization Facilities

Reasonably reliable data are available for estimating material loss.=
at PVC facilities, However, pencralizations applicable to the ontire
industry must be surroundcd with mnany caveats. It must be emphasized
that there are a number of PVC processes, and cach plant has its own
idiosynorasies,

VC losses will fluctuate depending on the care exercised in operating
the PVC plant, cypes of products produced, irequency of product change,
method of 'VC chipment, and emergency situations, Estimates of losses
have varied widcly in the industry, indicating the complexity of ¢stablish-
ing precise losses for a given facility and overall losscs on a nationwide
basis,

In general, older PVC plants are smaller than those being iuilt today
and are equipped with smaller sized reactors., With small reactors, the
number of batches required to produce a given amount of PVC is greater,
and thusthe number of process steps are increased with a greater poten-
tial forloss of tothVCand PVC, Further, a small plant has the disadvan-
tage of having to make frequent resin changes to mect customer demands.
During these changeovers a certain amountof off-grade resin is produced,

in azddition, older plants have the added burden of higher maintenance
than new plants, but this tends to stabilize after a few yvears. The handl-
ing of VC and the production of thehigh quality resing which are demanded
by the marketplace require a reasonable maintenance program. Mainte-
nance consists primarily of the care of agitator seals, pump seals, and
valves and the removal of polymer which slowly builds up in VC lines --
primarily in the recovery system. Although many older facilities have

beer in operation for years, they are usually not the same as when first
installed. Some of the operators have continuslly dated the plants for
many reasons including labor savings systems, new product require-
men:s, t<placement of wornout equipment, addition of new product lines,
ard safety,

When VC was cheap and there was little concern about its toxicity,
the eriphasis was almost exclusively on productivity. Oftcn this resulted
in high losses of VC to the environment as recovery cycles were reduced.
Today, the picture is changing. Not only are th. producers trying to
reduce the direct VC losses, but they are also trying i{o minimize PVC
losses by scheduling longer production runs between product changes.
As an example, the newer large plants are setup with multiple production
lines. This allows the dedication of one line to a given product which
results in very low resin loss due to product change.
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The traditional method of stating vield ot VC in PVC plants has
been based upon pounds of prime resin in the bag as compared w0 VC
invoiced.  This often has led to a misunderstaading about VC losses
with the inlerpretation that a 949 vield means 6¢% VC loss to the envi-
ronment. In fact some VC may never actually be received because of
the inability to measure the weight of tank cars accurately, some of the
losses are in the form of PVC scrap, and some losses escape as PVC
particles,

A properly run and maintained suspension plant using technology that
is ten years old should be capable of obtaining a 95% or higher yield
unless some especially esoteric resin is being produced along with large
amounts of scrap or off-grade resin. For the otder plants, the losses
will probably L¢ significantly higher. Other than overall sloppy operation,
the recovery system isthe single most important part of the plant govern-
ing VC loszes. If insufficient time is allowed or vacuum is not applied,
then the VC content in the PVC/water slurry will be greater than neces-
sary. As a result, V'C losses will occur in the centrifuge effluent water,
drier/ productcollector ventair, the venting of the reactor, and the slurry
tank.

The magnitude of VC and PVC losses in a typical PVC plant is
described in Figure . These losscs are expressed as a range of losses
depending on the feed rate, reactor size, reactor clcaning procedures,
batch sizes, level of technology, and general housekeeping and operating

procedures,

The rollowing comments on maaufacturing practices may help put
thesc losses into perspective:

1. VC Feed - This is shipped as virtually 100% VC and does not
normally contain an inhibitor.

2. VC Unloading - Considering normal losses in disconnecting the
piping, sampling, tank pgauging, pump and compressor seals to the tank
cars, losses to the atrnosphere should not be greater than 100 pounds
per car.

3. VCChargins - A 0.05% loss between storage and polymerization
should ¢over Josses from flanges and seals throughout ali VC handling
equipment.

4. Polymerization - The loss fromn build-up of PVC on the walls of
the reactor 1s split between rcactor wash-out and the slurry strainer.

5. Reactor Venting - Before the reactor can be cleancd, residual VC
is vented,” Affer recoverv and emptying the PV{ resin, tne reactor is
full of a mixture of air, moisture, and V'C at ambient conditions,

q4aA=
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6. Recovery - Processing schemes will vary, but one of the most
widely used is the direct recovery of unrcacted VC from the reactor,
While the reaction can be carried out further, economically it is essen-
tially complete at 90% conversion or even less depending on the type of
resin, At this point the residual VC is recovered by means of corapres-
sors which evacuate VC from the reactur, The recovered VC is con-
densed and distilled before recycling to the reactor.

7. Dr%mg - Unreacted VC is collected in the recovery system but
there are losses of polymer in the drier due to cualescence of the resin
and periodic clean-out, This is almost entirely scrap,

8. Product Collector - Most plants use bag collectors so that the loss
of resin 1s less than one pound per hour, but there are losses due to
product changes which raise the total.

9. Screening - Oversize resin is removed from the final product.
This material consists of scrap and off-grade resin, With the cirrrent
PVC shortage much of this off-grade resin is used as prime resin by
special customers.

10, Miscellaneous - In addition to the above losses, others occur as
scrap or oll-grade polymer and as quality control samples,

a. Bad Batches - Most plants experience batches which are off
specilication. These range from ''just slightly off" to solid
batches, with losses at 2 to 3 batches per month or about 0.4%
or 40 pounds per hour average, Salvage value depends upon
the degree of "off-grade’’ and marxet conditions,

b. Sa.mqles - Probably about 0.05% or 5 pounds per hour and is
usually destroyed in testing.

c. Polvmer Build-up - VC slowly polymerizes in the pipe lines,
particularly the recovery system, and must be removed peri-
odically. No quantitative value is available for this loss,

d. Spillage - Some of the product is shipped in bulk and some
is bagged. While some spillage occurs in bulk handling, more
occurs in bag filling and in bag breakage.

e. Centrifuge Effluent - Some PVC enters the effluent water.

11, Product Change-Over - As indicated previously there are losses in
the drier and collector due to cleaning for changes from one product to
another, In addition one must segregate the first product that comes
through this system. The amount can vary widely depending upon the
number of changes and the sensitivity of the product to contamination from
the previous product.
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The foregoing analysis, together with estimates provided by industry,
suggests that the losses of VC at PVC polymerization facilities currently
range from about 3.0 to 6.3% while PVC losses are on the order of 1, 3%.
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PRODUCTION OF V¢ FROM CTHYLENE ARD CniORINE
SIMPLIFIED BLOCK DIAGRAM
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APPENDIX IV

INTERIM METHOD FOR SAMPLING AND ANALYSIS OFF VINYL,
CHLORIDE IN WASTE WATER EFIFFLUENTS AND AIR EMISSIONS

Scope and Application

The initial basis for this method was developed during the moni-
toring program carried out by EPA Region IV in March and
April, The techniques used by Region IV provided guidance for
the monitoring activities of other Regions, and the experiences
of all Regions were then incorporated into this refined version of
the original Region [V approach.

This method is applicable to VC determinations in water effluents,
sludges and scums, and atmospheric emissions. The limit of
detection is approximately 0.06 mg/l inwater and 0.06 ppm (v/v)
in air samples,

Summarv of Analvtical Procedures

Water composite samples, air continuous composite bag samples,
and air and watec grab samples are analyzed without cleanup by
gas chromatography (GC). Secparations are effected by selection
cf one of two types of columns depending upon the nature of the
sample, Detection is by means of the flame ionization detector
(FID). Tetrahydrofuran extracts of sludges and scums are used
for injection into the GC, Air continuous samples on actiivated
carbon are extracted with carbon disulfide, and the extract is
analyzed by direct injection into the GC.

Calibration curves are developed using gravimetrically prepared
calibration solutions, orby using known dilutions of VC in carrier
gas.

o

VC confirmation should be made by mass spectrometric analysis
of the GC eluent if possible. Indepcendent confirmation may also
be made inthe eventof extraordinarily high VC concentration sam-
ples by using long path Fourier transform IR spectrophotometry.
This IR technique requires special equipment and about 20 cubic
feet of air samples.

Interferences

Certain volatile hydrocarbons such as neopentane, butadiene, and
freon 12 have elution characteristics similar to VC. However, on
the GC column substrates specified in these procedures, these
have not usually presented problems of resolution of the VC peak.
When column substrates other than those specified have been useu,
impurities from solvents and carbon adsorbents have been

39<
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found to interfere with the VC elution peak. Under certain condi-
tions a peak is assnciated with the injection and subsequent with-
drawal of the microsyringe into and from the GC scptum. These
peaks can also give interferences with the \'C peak. Withdrawal
should be timed to avoid overlap of thig peak with the VC peak.

Apparatus and Materials

Gas Chromatograph
Flame lonization Detector
Recorder - any potentiometric strip chart recorder which is
compatible with the detector system. An integrator is also
desirable to estimate peak areas,
B Column Materials for Waste Water, Sludge, or Scum Samples
Borosilicate glass tube or stainless steel tube - 6' x 2.5
mm ID preferred. When GC configuration renuiies columns
of other dimensions, these should be used.
Solid support - 6C to 80 mesh Gas Chrom Q
Liquid Phase - 4% FFAP on specified solid support (weight
- percent). Liquid phase on solid support can be purchased
. directly from commercial distributors.
B '
© Column Materials for Air Samples
Borosilicate glass tubing or stainless steel tubing - 8' x 2.5
/. mm ID preferred, When GC configuration requires columns
J of ot'.~r dimensions, these should be used,
Soil.- ‘pport - Carbopak A
Liquic phase - 0,4% Carbowax 1500 on solid support (weight
percent).  Liquid support on solid phasr can be purchased
directly from commercial distributors.
Continuous Air Menitoring Materials - Carbon Adsorption Option
Adsorption Tube - pyrex glass, 18" x 3/8° OD

P Activated coconut charcoal, 8-16 mesh. Anygood commer-
cial grade, e.g. Fischer Scientific Company can be used.

Becton-Dickson 27 gage 3/8'' hypodermic needle flow control
: Vacuum pump

Air flow meter

50<
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Continuous Air Monitoring Alaterials and Zquipment - Bag Sampling

Option
Environmental Measurements, Inc., Programmeable Bag Sampler
Tedlar bags (or equivalent)
Gas Pressure Regualator (0-5 PSIG)
Microsyringes ~ 10, 25, 50, and 100 micr:liter (graduated)
Gas-tight sample syringes - 1 and 50 ml (graduated)
Vacuum Sampling Cans - 370 ml steel Vzcu-Samplers, or glass
sampling bottles. Cans and boiides shouid be flushed with clean
air or nitrogen and evacuated prior to use. Evacuated containers
should be protected from rough handling o prevent implosion or

IV vollapze,

T Samplilg Bags (Tedlar or cquivalent) - 12" x 12", 36" x 36",
equipped with sambling valves and speta for GC samyple withdrawal

Automatic water sampler - compositor (manual sampling is
optional) equipped with sample reirigeration capabilities, and a
a means to prevent loss of vinyl chloride from open bottles

Glass sampling bottles with teflen lined screw type caps - 50 ml
capacity or other sizes depending upon samipler requirements

Septum-sealed vials - 1 to 10 ml capacity
Volumetric Flagk, Glass stoppered. 25 ml
.’ Medicine droppers
Dedicated GC/M. S. for confirmazory tests (preferable)
Barometer
Thermormeter
N ‘ Anemometer

- Reagents, Solvents, and Standards

oo Carrier gases ~ zero nitrogen or helium
FID gases - zero hydrogen, oxygen

Tetrahydrofuran, reagent grade, peroxide-free

51«
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Sampling
A,

Carbon tetracnloride (reagent srade)
Carhon disulfide (reagent grade)
Standards

V'C in zero air, 50 ppm (+ 2%) v/v

VC, analyzed reagent grade (lecture bottle)

Water Samples -

All waste water discharge points identified in NPDES permits

_ should be sa.npled for VC. A minimum of three successive

24-hour composite samples of each site should be taken, Com-
positing interval should be one hour (manual or automatic
sampling is optional). Compositing interval of 20 minutes may
be used if the automatic sampler has this capability. Samples
should be taken at waste treatment units such as clarifiers and
scum and sludge separators. ‘Two 8-hour composiies should
be taken from the effluents from each of these points, and one

8-hour composite should be taken of scum and sludge from each .

scparatc r unit,

Compositing interval should be one hour. Three grab samples
of clean process water ‘(city or private well) should be taken
as blanks.

Samples should be taken in 50 ml bottles with gas-tight, teflon-
sealed, screw cap closures, »r in equivalent containers re-
quired by the characteristics of automatic samplers. All
water, sludge, and scum samples should be refrigerated dur-
ing collection and storage, Compositing volumes should be
selected to assure head space above the sample is absent or
minimized to avoid loss of VC by its partitioning into the gas
phase when samples are sealed. Provisions should be made
to avoid such losses during continuous monitoring operations.

Estimates of discharge flows should be made using any appro-
priate measuring device (venturi, weir, magnetic meter, etc.).

Samples should be preserved by refrigerationand protected from
sunlight until they are ready for analysis.

Air Samples
Sampling sites should e sclected whichare downwind and in the
plume of the atmospheric emissions from the plant. Samples

should be collected only in areas where local residents or
ncighboring industries would be expose-i, At a minimum,
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s snpling should be conductedover a peened o five davs, Bites
sirondyg b relected in the tollowang arean s one sire anuncediately
upe e CAY Lo one immedintedy aownwnad (82) 8 the plant sie
tons st abont 004 oeites Do e plar soe, one Tuterally
Lot (0 Lond one Loeraly vigha (00 o0 the plant site ona line
eouctbe oorpenaiculue o the coeov e waned dir ccteon and twa
(L, Uy wrwandd tron the play sates tw mamplin, sptes (G, D
aptrenanoaitely O, miles downwnd; single samohing sites, each
wtlistances appronpnatelv o, g (1), tLd GH, 10 KD, and 4.0 (L)
mdes Jowvnwind from ibe olant site. 10 wind s fish-wiling
severely, move samplhine sites Gand Hoapproxumately 0,5 nile
upwind of the Oshi-taling wind areection from  the nlam. The
sites specthed are mnimum, Additional sites may be sclecred
contingent on overriding micrometearological congiderations,
These should be determined in consultation with the Hegional
meteoroleprst, These may be at ground ne some elevated level,
as deterriuned by the plume survev or as estimated by release
of mecoralomenl bulloons, anemometer, and wind direction
indicawors, vte.

SAMDPUING SUTES

Prevarlie Wind
13it e 1100 Mimmum Samntine Schedule

Miles trom

t g =1ty
A oy ey s .

0.0
0,3
0.0
e,
0.3
0.6
0,8
1.0
3.0

=ite Svmbod Vit Alon Weed l___
A
¢ " TTam 18] IRY4TY AN AL, DB A, A D
W 1000 D, ¢, D C.D.D
L, I 1200 AL ALG,G A E
[§ [§] 1400 I, B F 13,1 B, B3.G
I 1600 ¢,G 1, K 1,
N} 1500 i1 - L, L
3 2000 - . i L, L -
I. (Note: AN tiner are 0 munutes for manual

grab samples, or + Tminutes for avtomatic,
programinable bay samplers).

Grab samples should be taken in 50 ml ras-tigat svringes, a0
o 100 ml pluss sampling bortdes, 570 mb "Vacu-Samplor”
metal cans, or 127 x0 127 Capaciey edlar-tepe bags. Both
the Vacu-Samplers and the plass samphing bottles should be
cvacuated prior to uce. (Coatyo; These may imploade or
collipze vhen under vaoutm, 1 =e due care in thoe handling),
The pertect pas luws should be Gscomed to estimate gas vol-
umes, Gas-tight symnves are flushed! several times with am-
bient air bifore a sample is wken, Aitee the sample is taken,
the gas-tipht svringe 1s lovked and =cnled until 11 1s ready  for
analysis,
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The Tedlar-type bag samplers may be f{illed by pulling the
walls of the bag apart manually, oir betrer, by placing tne
bag in an enclosure and pulling a vacuum o the outside sur-
faces of the bhag, The bag is scaled until 1t 1s ready to be
analvzed. Tedlar-type bags are preferred for grab sampling.

All samples should be protected from sunlhight,
Contizwous Sampling - Carbon Adsorption Option:

Continuous samples wre taken in pyrex tubes (approximatelv
3/6" O.D. x 18" long) packed with a good grade of activated
coconut shell charcoal. The charcoal is added to the tube
in three segments, each 3-inches long, and cach separated by
a glass wool plug. The two ends of the tube are also plugged
with glass wool, Both ends of the pack adsorption tube arc
plugged with serum caps during transport and for storage pur-
poses.

Flow rate through the vibe is controlled by inserting a Becton-
Dickson 27 gage, 3/8" nypodermic necdle through one of the
serum caps intn the end glass wool plug., Air is sucked
through the tube by connecting it to a conventional vacuum
pump. The arrangement is similar tn that used in the National
Air Surveillance Network. Flow rate stiould be about 200 ml
per minute. For each adsorption tube, the flow rate should
be calibrated in the laboratory before the sample is taken and
should be verified again in the laboratory after the sample is
taken. Clean needles (requently 10 prevent plugging.

The adsorption efficiency of th. carbon in the adsorption tube
shouid be verified in the laboaratory by preparing a 5 ppm v/v
VC 1nixture in the 36' x 36" Tedlar-type bag and drawing this
throughn tiie adsorption tube. Flow rates should be verified
before and after the experiment, It is important to note that
all collections shouvld be made with the adsoerption tubes held in
an upright position to minimize channeling. Adsorption tubes
should he protected from sunlight cither by wrapping with foil
or by enclosing them in a box.

Each segmentof the adsorption tube is worked up separatcly by
ctching the tube in the middle of a 3" section with a file,
successively breaking cach segment and spilling ite contents
into measurcd volumes of carbon disulfide in glass stoppered
test tubes. The additions should be effected cautiously and with
cooling in an icc bath since the interaction of activated carbon
with carbon disulfide is quite oxothermic, A 2 microliter
aliquot of the =upcrnatant solution should bLe injecred on the
carbowax 1500 column for estirmation of the adsorped VC. Sua-
cessive analysis of the three adsorption tube segments will
indicate the amonunt of break -through of VC through the adsorb-
ent.
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The same procedure should be used {er taking samples in
the field.

Tontinuous Sampling - Programmable Bag  Sampler Option: The
sampler is programmed to take twentv-four consecutive one-hour
composite samples, Fach one-hour sample is’analvzed scparately
for \V'C content, Sampling rate of the individual pursps =hould be
verificad before and after use of the sampling device. Record the
temperature and atmospheric pressure at which the samples are
taken. All gas volumes and concentrations should be corrected
to 25°C and one atmosphere (760 mm lig). At a minimum, con-
tinuous samples should be taken at sites A, B, C, and D at
ground level, unless otherwise indicated by micrometcorological
conditions.

Calibration
A. Gas Analysis - Gas Dilution Option:
Record ambient temperature and atmospheric pressure,

Evaluate the 36" x 36" Tedlar-type bag. Add 1 liter of the
standard V'C gas mixture (0 ppm, v/v) to the bag. Thigs addi-
ton may be made witha flow meter or withz gas-tight syringe,
Dilute with nine liters of zero nitrogen or helium carrier gas,
This gives a cencentration of 3, 0ppm (v/v) of VC, (13 ng/ml
at 259C and onc¢ atmosphere, )

Evacuate a 12" x 12" Tedlar-type tog and add 0.5 1 of the 5,0
ppm (v/v) concentration mixture. Dilute with 2 liters of zero
nitrogen or helium carricr gas. This gives a concentration
of 1.0 ppm (v/v) VC, (2.6 ng/ml at 259C and onc atmosphere),

Evaucate a 12" x 12" Tedlar-type bag and add 0.5 1 of the 1.0
ppm (v/v) VC calibration mixture. Dilute with 2 liters of zero
nitrogen or helium carrier gas. This gives a concentration
of 0.2 ppm (v/v) VC (about 0.52 ag/ml at 25°C and one
atmosphere),

Evacuate a 12''x 12" Tedlar-type bag and add 0.75 | of the 0.2
ppm (v/v) VC calibration mixture. Dilute with 1.75 liters of
zero nitrogen or helium carricer gas., This gives a concentra-
tion of 0,08 ppm (v/v) VC (about 0,16 ng/ml at 25°C and
one atmosphere). This is about the limit >f detection for direct
injection into the GC,

With a gas-tight syringe, inject 1 ml aliquots of the 3.0,
1.0, 0.20 and 0.06 ppm (v/v) VC calibration mixtures into a
GC cquipped with a Carbowax 1500 or Carbopak column and
an FID detector. Use zero nitrogen or helium as carvrier
gas ata flow rate of 60 ml/min, Operate the inlet and the
column isothermally at room temperature.

HHE
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Prepare a calibration curve. Repeat until the calibration
curve 18 reproducible,

Gas or Water Analysis - Gravimetric option:
Stock solation of VC,

Pipet 40.0 ml of carbon tetrachloride into a {arad 30 ml
glass stoppered volumetric flask and accurately weigh to 0.1
mg.

Attach a tygon delivery tube to the VC lecture beotile valve,
Attach the end of the delivery tube to a piece of gl: - tubing
which has been constricted at one end, flush o © v tube
with VC, and slowly bubble VC into the CCl, c..uaining.
volumetric flask until about 5.0 mg of VC has ' een added,
Precautions should be exercised to prevent loss ol rcarbon
tetrachloride during this operation. Reweigh the volumetric
flask to determine the weight of added VC. Fill the volume-
tric flagk to the 50 ml mark (approximately 100 ppm wt/vol).
(Thesc operations should be carricd out in a hood).

Transfer ! ml of the stock solution of VC to a 25 ml volume-
tric flask and dilute to the 25 ml mark with carbon tetrachlo-
ride (approximately 4 ppm w/v)."

Transfer 5 ml of the 4 ppm VC solution to a 10 ml volume-
tric flask and dilute to the 10 ml mark (approximately 2 ppm,
w/v). Repeat dilution for a solution approximately 1 ppm, and
0.2 ppm.

Transfer the stock solution to a teflon-lined screw capped
bottle. This solution can be kept for extended periods of time
Transfer the diluted solutions to serum vials and cap them
with teflon-lined serum cap septa.

Inject 1 ml aliquots of the calibration solutions in the GC
equipped with Carbowax 1300 on Carbopak A packed columns
and an I'ID detector, Use Zervo nitrogen or helium carrier
gas at a flow rate of 60 ml/min. Operate the inlet at 1500C
and the column at 60°C. After the VC peak has been eluted,
program the column temperature to 150°¢ C to elute solvent,
Cool column back to 60°C for follow-on concentrations.

Repeat procedure using a GC cquipped with a 4% FFAP on
Gas Chrom Q packed column and FID detector. Operate under
the same conditions., Prepare a calibration curve to be used
be used with water samples.
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Procedure
Water Sample Analysis

Untreated wrier samples (1-5 microliter aliquats) are injected
directly into the GC.

A 4% F AP on "Gas Chrem Q7 packed column is used. Nitro-
gen zero gas or helium 1s used as the carrier gas-at a flow
rate of 60 ml/min, Inlet temperature is setat 1509C, The
column is operated isothermaliy at 629C, Dctection is by FID,

Report concentration of VC in sample in mg/l.
Sludge and Scum Samples

Extract 5 grams of sludge or scum sample with 100 ml of
tetrahydrofuran (TIIF). Analyze THF extract in the same
manner used for water samples. If VC concent:rations are
too high, make approprizte cilutions of the THF extracts.,
Report concentration of VC in sample in mg /g of sample.
Air Sample Analysis
Grab samples.
Use a 0.4Y% Carbowax 1500 on Carbopak A packed column, Use
nitrogen zero gas or helium as the carrier gas with a flow
rate of 60 ml/min. Operate the column and inlet at room
temperature. Use a flame ionization detector.

Untreated air samples (1l ml) are injected directly inte tiie GC.
VC contamination of syringes requires attention.

Report concentration of V'C in gas samples in ppm (v/v).
Continuous Samples

Use same procedure as previously discussed for calibration
of adsorption tube efficiency.

Quality Control

Duplicate sample analyses are recommended as a quality con-
trol check.

1
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APPENDIX V

SUMMARY OF REGIONAL ACTIVITIES

'This Appendix briefly summarizes the results of the preliminary
VC monijtoring activities conducted bv EPA Regional Offices during the
Spring of 1974 at the 1 cques: of the Task Force, More detailed reports
are available from the Regional Ofiices,

The sampling and analyses were carried out in a very short period
of time using new methods, bascd onthe Agency's best scientific judge-
ment, They represent, in the Agencey's opinion, the best methods
then available. In large moasure, the sampling and analysis methods
were based on previous analviical studies in which similar chemicals
were evaluated. However, thev had not been thoroughly tested for
accuracy and precision under field conditions,

Prior to 2nd during the samnbling and m-asurement only limited
qualitv control and standardization of procedures could be applied in
the time available, The methods utilized were interim procedures
which have already been subjected o Jurther mouification.

The nature o! the PVC manuiaciuring process results in the escape
of VC pulses which could lead ‘o widelv [Iuctuating levels of VC in the
ambient air, 5o, too, changes in air movement may influence concen-
trations at a given station at anv one time. Therefore, the VC data
reported arve prelimirary in nature and are sabject to change as addi-
tiona: moanitoring is periormed. Individual 'acasurements probably
underestimate the VC levels due to the possibility of VC leakages and
other inaccuracies in the miniwring system. )

Region I: Lcominster, Massachusctis: Borden Chemical Company
(PVC); Adlay 9, 10, 13,

1, One hundred and fifty-seven discrete {(grab) ambient air sam-
ples were collected on plant property and within a 3.0 mile radius of
the plant. The VC concentrations ranged from less than the detectable
limit of 0.06 ppm to 6.0 ppm. The samples e¢xceeding 1 ppm were
obtained on plant property near the fenceline,

2. Twelve ?4-h .ur integrated ambient air samples were collected
at tne fenceline on plriatproperty. The VCvalues ranged from less than
the detectable limit <! 0,06 ppm t> 1 ppm.

3. VC ronceatrations in three 24-hour composite waste water
samples taken from the japoorn efiluent ranged from 0.15 to 0,29 ppm.

1, VC concentrations intwo sludge samplestaken from the lagoon
near the outlyt measured at ihe 0.05 - 0,06 ppm level on a wet basis.
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5. The plant is locatecd in a residential/industrial area on the
edge of Leominster with residential developmernits adjacent to plant pro-

perty.

6. Shifting metecorological conditions and rain hampered the sam. -
pkng program.

Region lI: Flemington, New Jersey: Tenneco Chermicals, Inc. (PVC);
May 29-31.

1, Forty-three discrete ambient air samrples v ere collected on
plant property and within a 2.0 mile radius of the plaat. The VC con-
centrations nutside the plant property ranged frem less than detecta-
ble (0.01 ppm) to 0,05 ppm. On plant property a single sample
collected on the dryer building roof contained 5.6 ppm. At ground
elevation, the VC concentrations on plant property ranged up to 0,30

ppm.

2, Twenty-three integrated ambient air samples were collected
for 24-hour periods on plant property andwithin 2.0 miles of the plant.
The VC values ranged from 0.005 to 0.038 ppm. on plant property and
from less than detectable to 0. 031 ppm nutside the plant area.

3. Two intcgruated one-hour ambicnt air samules collected within
0.1 mile of the plant showed VC at levels of 0,%2 ppm and 0,18 ppm.

4. A maximum level of 20 ppm was detenicd in three 24-hour
composite samples taken from the water efilucnt discharge into the
Bushkill Brook, which immediately flows into the Raritan River. This
amounts to approximately 400 lbs/day,

S. VC concentrations in sludge samples taken from the lagenn
areas on plant property ranged from less than detectable to 1,Gf0
ppin in wet weight concentrations; however, the concentratic . at the
sludge disposal area was 54 ppm.

6. The plant is located in an area in which manufacturing facili-
ties are interspersed with farmland and relatively large acreage
residential »roperties. There are a number of small communities
within a few . : les of the plant,

Region III: Deciaware City, Delaware: Stauffer Chemical Company
(PVC) and Diamond Shamrock Chermical Company (PVC);
May 20-22, E. Charleston, West Virginia: Union Car-
bide Corporation (PVC); NMay 24.

1. The air sampling and analysis activity was organized around
a mobile laboratory equipped with a gas chromat.graph using a flame
ionization detector, VC levels were later confirmed by mass spectro-
meter,

2, A single discrete ambient air sample at the fenceline of the
Diamond Sharnrock plant showed 9.2 ppm VC.

o9=
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3. Four discrete ambient air samples tuken near the Swuifer Chemical
plant ranged {ro:a €.3 to 0.7 ppm VC. The highest lcvel was recorded
0.5 miles from :he plunt and the lower ievels at 0,25 miles ‘rom the
plant.

1.
1y populated resiiential areas for several males.

5, Water samples collecied at the Union Carbide plant gave VO walues
of 1.1 and 0.8 .rm for grab sumples at several ounialls and 0,35 for a
24-hour composize. Samples obtained from the Kunawha River did not
bave a detectable level of VC.

6. Sampling was attempted but was not feasible due to limited vime and
equipment difficuliies at the PVC plants of the Firestone Plastics Compa by
in Perryville, Maryland, and Pottstown, Pennsylvania.

Region IV: Louisville, Kentuckv: B.I7, Goodrich Chemical Company
(PVC); March 19-21 and AMay 8-16.

1, The initial air monitoring program conducted in March was pre-
liminary to the more extensive program in May which showed sigmficant-
1y higher levels.

2. In May there were 39 discreote anbient air samples collerted in
the area designaied industrial (within 0.8 miles trom the nlant center).
The VC concentrazuons ranged from less than 0,05 ‘» 5.6 ppm, wim 10
samples exceedir g 1 ppm. In the arca designated residential/ industrial,
149 samples were collected within 0.8 miles of the plant with VC concen-
trations ranging {rom less thuan 0.050 to 33 ppm. The average concentra=
tions at the site registering 33 ppm were between 0.3 and 1 ppm, nut 18
samples had concentrations greater than 5.0 ppm. Tour samples were
obtainec in strictly residential arcas with VC values of 0,05 to 1.6 being
observed. The 1.6 value was 0.8 miles {rom the plant,

3. Five sampling sites were cstablished within 0.6 miles of the plant
ior integrated air sampling over 24 hours. VC valucs ranged from less
than 0.001 to 0,53 ppm. ‘The highest value was obtained {rom a sampiing
site 0.2 miles from the plant cenier.

4, Wastewater from ‘the clarifier discharge was measured in March
at 2 to 3 mg/l in 24-hour composite samples.

5. Dewatered clarifier sludge and clarifier scum contained 193 and 162
ppm of VC, respectively.

Reg}'on V: Painesville, Ohio: Uniroyal, Inc. (PVC) and Robinteck, Inc,
Inc. (PVC); Muay 9-14.

1, Four of 137 ambient air samples taken at distances up to 3.0 miles

from the plant showed levels exceeding 1 ppm of VC with the highest level
being 2.26 ppm,. 3lany of the samples were less than €. 1 ppm.
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2. Nine 21-heur integrawed ambienr wir semples taken at various dis-
tances (rora the plant showed levels up to 0.2 ppm of VC,

DooVO levelx an 1 of 17 water «fiment samples were bess than 0, 2 ppm,
with three =amndes exoceding L poam, vrdudimg a high of 5.7 pom.

oo AV Levdds o nine clhadge samopies, w8 the sludge would leave the
sl propeess s ennged trom 9 to 3520 porn,

. The complex is surrounded bv residential areas, .

Regton Vie Plaguemine,  Louisiana:  The Goodvear Tire and Rubber
| Company (P'VC) and Dow Chemical Corpany (VC); April 7-9,
I.  There were 21 discerete ambient wir samples collected within 3.6
milee of the complex with VO concentrations ranging from less than detec-
table (006 ppr) to 7.81 ppm.  Most of the readings were less than 1 ppm,
with the highest value at the property line,

2, V(C eoncentrations in wastewater offluent measured by 24-hour com-
posites were oll below (03 ppm,

3, VC coneentrations in restdual rescior scrapings at the Goodyear
plant ranged from 23 o 21 ppin,

4. The gmoll comanunitice o Jierrisonville and $liza are located
less than 1 omile north and novthwest regpeetively of the Goodyear plant,
A few homes Doy Alorrizonville extend almost 1o the north property line
of the Goodve: plant, . '

Soo Very Hmited cir sompling was condacted in the Houston arca in the
vicinite of the plots Hasted below, Howeser, in view ot the inadequacy of this

aoetyaity, the saanpling eifort ivothiyg rea i being continued.

Peer Park, Tex,, VO Phot - Diavaond Shamrock Corp., Diamond Sham -
rock Chenueal Co,

Deer Pars, Mex,, VO Plant - Shell Chernical Co., Industrial Chemicals
Divizion

Hougton, Ve, VO 'lant - Tenneco, Ine,, ‘Terneco Chemiculs, Inc.

Pasadena, Tew., VO Dlant - Eihvl Corporation

Regirn IN:  Long BPeach, Californio: BUF, Goodrich Chemical Company
(V) American Chewnieal Corporation (VC); American Chem-

jeal Corporatiom (V) Aoy T-10,

1. One hundred ond cighey J0-minme integrated ambient air samples
were collected withdn 500 niiles of the coepples, About 1L percent of the

s
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readings exceeded 0.3 ppm, wihile 5 per.eat exceeded 1.0 ppm. The
maxi.aum value measuredwas S.<vpm in @ saniple taken 3.1 miles from
the plant; however, the averass cvel measured at this point was about
0.3 ppm,

2, Samples of wastewai»r ¢ Uluenis were composited for 8 0 24
Fours and vielded values iram o3 10 8.0 ppm, with individual samples
reading up to 22 ppm.

BN Sludge samuoles showed vilues ranging from 280 to 4200 micro-
grams of VC per gram of dry siudge.

4. The complex is surrounded by residential areas. Within the
three mile radius of the plants "nere are eleven schools,
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APPEXNDIN VI
PERSISTANCE OF VINYL CHLORIDE

The available information on the stabilitvy zand versistence of VC in
the environment is currantly vervilimited. Some literatwure and latoratory
studies have recently been initiated by industery and by EPA. This discus-
sion summarizes the findings ot EP’PA 1~ date and particularly the results
cf research efforts at EPA rescarcch {acihities underiaken in‘response to
the necds of the Task Force for at leastpreliminary data on environmental
faie. Results of related experiments reported by industry seem to be
consistent with the discussion.

Behavior of Vinvl Chlorvide in Air

The peas absorption o) VO in the ultraviclet region is very far below
the solar vutoff of ubout 2900 A, indicating that VC would not undergo
reacvtion 1n sunlight in the absence of other reactive chemicals. When
irradiated with simulated solar radiation in the presence of aitrogen
oxides (nitric oxide and nitrogen dioxide), \'C reacts to form 2 variety
ol products. The available laboratorv results indicate a rate of reaction
of about 8 to 10% ner hour for VC, recogniziang that reaction rates may
vary with concentrations. The direct and indirect reaction products
identified included ozone, nitrogen dioxide, carbon monoxide, formalde-
hyvde, formic acid, and formyl chloride. High eve irritation levels were
found with human exposure panels which 1s corsistent with the products
identified. .

The low reaction rate of VC, including reactions in the presence of
nitrogen oxides, indicatesthatwithin a few miles cownwind of V'C emission
sources VC will pei'sist and can be considered a stable pollutant, The
usual meteorological dispersion cquations for gases could be avrlied to
approximate concentrations. Because of temperature inversions and the
absence of sunlight ai night during the fall and winter, buildup of VC
might he of particular concern during such periods. Clearly at yreater
distances from emission sources, VC will have greater opportunity to
disperse and degrade,

The noxious gases which are products of VC reactions should not be
ignored. In air gualiiy regions with large industrial activities involving
large volume production of these chemicals, suchproducts may contribute
appreciably on particularly sunny days to eve, nose, throat, and lung irri
tation,

Behavior of Vinvl Chloride in Water

The loss of VC from water at constant temperature and pressure de-
pends on the rate of agitation or acration. Distil.ed water in a beaker
spiked with 16 ppm VC, when rapidly stirred at 22C with a magnetic
stirrer, lost 96" of VC in two hours, while quiescent water at the same
concentration lost only 25% VC. There was no s:gnificant difference in
the rate of VU lossges [rom distilled water, river water, or effluent from
a VC plant stirred at the same rate, indicating negligible adsorption
cffects wih particulate matter. Plots of log water concentration versus
time give straight lines, indicaling volatility to be ine only important loss*

mechanisn, G3=
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Hydrolvsisovera pl range of 4.3 to 9,4 does not appear to be an im-
portant pathway for loss of VC from water. Chemical reaction of \'C in
the clarifier effluent from a VC plant was followed at 30°C for 57 hours
at pH 4.3, 8.0, and 9.4 in sealed scptum vials. Concentrations indicated
that VC at these three pH valurs decreased at the same rate. This lack
of pH dependence suggests that the loss of VC occurred by volatilization
rather than hvdrolysis, or at least there is a veryv slow hydrolysis rate.
This experiment should be repeated in leak-proot reaction vials.

Very preliminary experiments do not show photolysis as an impor-
tant pathway for loss of VC in water. However, there are many uncertain-
ties in the experimental techniques, and additional studies are needed in
this area.

Earlicr theoretical studies are consistentwith these experimental re-
sults, One study on the transfer of small non-reactive molecules across
the air-water interface (as in stream aeration) used a kinetic approach
to predict that VC will be rapidly lost from an aqueous solution, with the
rate of loss being a function of water turbulence, mixing efficiency, and
molecular diameter. Another study, using a thermodynamic approach,
predicted a rapid rate of evaporation of low solubility chlorinated hydro-
carbons, including compounds of low vapor pressure,

Despite the foregoing efforts there is a general absence of data con-
cerning VC in aquatic systems. {t is conceivable that as the result
of poor or erratic mixing in lakes or ponds, together with slow but con-
tinuous releasc of VC from sediments and sludges, VC could persist
long enough to accumulate biologically, via direct absorption or via the
food chain, or to cause other ecological effects.

Behavior of Vinvl Chloride in Cluosed Rooms

Tables 1 and 2 present data concerning concentrations of VC in a
typical room following release of a pestiridal spray containing VC.

' TABLE 1
One Hundred and Twenty Second Release of Insect Spray in
133, 000 Liter Room

COLUMN I COLUMN II
SAMPLE TIME vVC FREON-12 VC FREON-12
No. 1 Collected at 41.64 ppm 8.15 ppm 41,9 ppine - 7,94 ppm
breathing zone
during spray
No. 2 15 minutes 16,91 3.13 17.1 3.30
No. 3 30 minutes 1.38 0. 27 - 1,32 0.25
No., 4 60 minutes 0.08 0.018 0. 061 0.018
No. 3 120 minutes 0.012 - 0.010 -
61
32
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TARBLE 11
Thirty Second Release of Insect Spray in 21,400 Liter Room

COLUMN | COLUNN U
SAMPLE TIME e FRIEON-12 58 FIEON-12

No. tollected one 380. 1 pom 84. 2 pnm 83,2 apm
mninuce aiter

spray
50 minutes later
60 minutes

150 minutes
Collected in

adjacent hall
151 minutes

*Freon-12 concentrations were determined using Lyvdrocarbon tespnnise factors
1o compare dilution ¢ffects; the acwial concentrationas hicher by a ta-tar of 5.3,
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APPENDES VI
HEALTH EFFECTS OFF VC

This Appendix presents much of the epidemiological and toxi-
cological data available as of Avgust 1974, on the health effects
associated with exposure 1o VC, together with a fewinterpretive com-
ments supplementing informuation presented in the body of the report,
However, the Appendix does not poesent an exhaustive review or
evaluation of available information,

Table 1 summarizes the data, collected by CDC/NIQSH, on the
confirmed casges of angiosarcomi »f the liver in VC/PVC workers in
the United Siates and abroad., A toial of 15 occupational cases have
been discovered in the United States and coafirmed as angiosarcoma
of theliver, Of the i3 cases, 2 are still alive and undergoing treat-
ment. Fourteen of the 15 were employed in PVC production plants and
the remaining one in a PVC fabrication plant. The average age at
death for the U.S, IP'VC production workers was 48,5 years (witha
range from 36 to 61 vears) which is about seven yvears younger
than the average age of death rroem liver cancer in the U. 5. male
population. Based on the data available for the workers, the latent
period for this disease appears to be on the order of twenty years,
a period consistent with latencies observed for other occupational,
chemically induced cancers,

In the U. 5., FVC production vorker cases, all of the men were
at one time ''pot cleaners', required to enter the reactors in order
to cnip the residue of the chemical reaction from the sides of the
"pots," Since the residuc often contained pockets of  trapped
gases that were literally released in the cleaner's face when they
we:e rupwured by his chipping vperation, the potential for exposure
to high levels of VC while cleaning these tanks was particularly
great during the carly years of this operation.

Ten cases of worker-related angiosarcoma of the liver have
been reported from five forcign countries to date.

Table 2 summarizes the epidemiological data, collected by
CDC from the Connecticut Tumor Registry, on {ive confirmed cases
of angiosarcoma of the liver, including one accrountant in a PVC
fabrication plant and two residents near PVC fabrication plants.
The case of occupational exposure occurred in a man who had been
employed for 10 years as an accountant in a factory which pro-
duces vinyl shecets ar: processes VC resins; it is reported that
he frequently visited tne production arca of the plan.. Of the two
cases who had no occupational exposure to VC or PVC, one was a
73 year-old man who lived his e¢ntire life within two miles of a PVC
wire insulation plant. The other was an 83 vear-old woman, a
housewife and retired cook, who had lived for 35 ycars ‘within
one-half mile of the vinyl products plant at which the accountant
had been employed.
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While these findings cstablish no causal connection between
exposure to PVC and angriosarcoma ol tie liver, thevy do raise the
possibility ol such a relautionship, Time will be needed to deline
the possible risk  factors in persons who have worked with PVC
since the latency period appears to be so long., Because of the rarity
of this tumor, the additional finding i1n this study of anginsarcoma of
the liver in persons who had no occupational exposure to VC, bhut
who may have had community exposure, is also worrisome but again
establishes no causal connection. Epidemiologic investigation of
additional cases of hepatic angiosarcoma that may be found to have
had possible community exposure to VC will be necessary to clarify
the significance of these cases,

Tables 3A -~ 3D present the {indings of the MCA-funded mortalily
study of V'C/PVC workers, conducted by Tabershaw/Cooper Asso-
ciates.

In calculating the risk of death, the usual method 1s to express the
number of deaths which actually occurred as a percentage of the
number which would have been expected in a comparable population
observedover the same age and time intervals. This statistic is
called the Standardized Alortality Ratio (SMR), Using the U. S, male
population as the standard population of comparison, the SMRs were
calculated. for cach of the 35 cases of death for which detailed mor-
taility rates are published on a national basis. In the standard
population each SMR would be equal to 100. The statistical signifi-
cance of the deviation of each SAR in the study population trom the
cxnected value of 100 was tested. A single asterisk indicates theose
SMRs which ziifered significantly from 100 at the 5 percent level,
that is, which had a probabilitv of .05 or less ¢f occurring by chance.
A double asterisk indicates those which were significant at the 1
percent  level, SMRs based on fower than b observed cases were

. not tested for significance. The overall mortality of the study
population is statistically significantly lower than that of the U.S.
male population,  There were 352 observed deaths compared with
467 expected, for an SMR of 75. '

For each job, an exposure scorc was cstimated by industrial hy-
giene and safety personnel in cach plant, A score of 1 was given
for low exposure, 2 for medium, ard 3 for high. The number of
months cach worker spent on a given job was multiplied by the appro-
priate exposure score. The total for each worker was then divided
by the total number of months of exposure to give an Exposure Index
(ED) for thut worker. Table 3A shows the SMRs for workers with an
El below 1.5 versus those at 1.5 or above. The dividing point of 1.5
represents a level halfway between low and medium exposure. Table
3B show:n similar resultsfor workers with less than 5 years exposure
versus those with 5 years or more. ‘

In order to examine the possible interaction between duration and
level of exposure, the study population wasdivided into 4 ¢roups on the
basis of both EI (low vs. high) and duration of exposure (shortvs.
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long) using the same dichotordzanon as feodes A wad 31, Teable 20
shows the resulls tor short weeses long o osure mthe low ) group,
and Table 3A shows the same combarison v ik bigh B proun. When
the study populadon is divide -l wccordime o leagh andg duraton of
exposure (Tables 3 and 313) and combinatiang of these measuremaoms
(Tables 3C and 3D), “hree qawe patlerns cierge. For mabienant
neeplasms as a whole, the SL vvoreuses vith fereasing exustoser,
whether measured by level, <farunon, or tosh. In e hiph cEposure
groun with 5 years or more ciposure (bl 5D) there dre 56 aheerved
cages and 26,11 expecied.  or cardiovas. alar - ceaal disvases a3 o
group, there are also increarss o the S E with incrcasing vanozure,
but the number of obhserved cafes remats legs than oxpected, the
differences being staiisticallv significaat in ol croups except the bigh
exposure, long duration sroun, tFor oll other «auses, there are no con-
sistent relationships with exposure,

Within the malignant neonizsmys, the Lo Cest Gdthough not sratisti-
cally significant) SMR s in - ancers of the bacoud cavite and pharevnx,
with 3 observed, 2,84 expecte I, and an SME -0 80 However, Tables
3A and 3D show that al! these cazses hoave oo Rl bejow 1.5, and 4 nut
of 5 have less than 5 vears oo oisure,

Cancer of the digestive swstom <hows no caciss o the studv o
lation asua whole, However, innose vorhers ann Bls o 1,5 ar bvicher,
there are 12obgervedeases wiere, Llare cxneeted (Uible 53), In the
subgroupol theabove voriiops with Jvears or oore earnosuve, there are
11 observed cases and 7,47 cuecied,

Respiratory cancer shows 5 shicht excess in e total sroun, atad a
similar pattern tor ditlvrent - anosure cutesores, wath 19 observed
versus 10,23 expected vhen e b is 1.0 o hinter, and 12 observed
versus 8.50 oxpected when, 1o additvny,  the Jduration of CIMDOSUIC 18 3
years or more., '

Malignant neoplasms of otiter and unspeciticod aites show an excess
in the total group, and an incrcase with both level and duration of
exposure (Tables 3A and 3B). The relationzhip with exposure is more
pronounced, since those with expagares of le#s than 5 vears have fewer
cases than expected.

The lymphosarcomas, alihoavh occarsmg at about the expected
ratc when the whole vroup 13 considered, are voncentrated atmost
entirely in the high exposure lonz duraticn group, In that category
there are 4 cases observed vad 1,64 expoectod.

The Tabershaw/Cooper St:iv 13 hased o3 un examninartion of 528
death certificates.  The autho. 2 avknowh do o three areas where hias
might have entered: (@) choroe o the 1050 nade poonlation as the

65~

gal, 000 OB0261




standard, (b) absence of 15% oi the study population (untraceable),
and (¢) discovery, as the study ended, of a group of 1300 workers
whose exposures occurred up to 35 years ago and who are not includec
in the study group. Since the latency period fo r angiosarcoma of the
liver is averaging 18 years at least, it would appear desirable
to examine the data for these 1500 workers.

In addition to the Tabershaw/Cooper study several other epideraio-
logical studies presented during the recent OSHA hearings .suggest the
possibility of a multiple cancer risk.

Table 4 summarizes many of the published and unpublished toxi-
cological and epidemiological studies of human and aniral exposures
to VC. A list of the references cited in Table 4 completes this
Appendix. '
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NC1
Hagnuais

Date of
Uriginal
PMagnosis

Date of
Srath

Table

CASES OF BEPATTC ANQITOSARCOMA, CoNML FheT,

AR

Hepatice
Anglusarcomya

Alcoholie
Cierhonly

Fortal
Fibrouis

Hepatle
Anplosar.oaa

L
Hepar e
Anglusaty oma

Hepatic
Anglowarcoma

11-25-67 12-3-67

1-1%-11 2-15%-1)

12-19-73  1-21-T4

I-12-%0 3}-19-30

5=4-73

? months history of diaertea, , anorexla, and
0 1b wetphr luss,  Intermitzent ahdemland
palr. Nua-tender, flro epigastele mass.  Hed
after % daye with spontancous ruptured Hver
leadting to abock, Paxt Listory ol aloohael in-

Take,

Tnttial nynptome KLy ot domloal patn wlth
vomlting, Cecal valvilos foaned, Bx oceopesy,
over next & weeks paln ol inaed wilth weak-
news, WU tenderacss with 2 FB Tiver. Blagnesed
by needle blopsy on J=15=7% Deterforated sfowly
untll deatt I o dave later.

Adnftted 12271 with «hort Lisrory ol R
abdeminal pala eobiating ta B shoubder, Hael
KU tenderne 39, thuen Thver hiopry 12-19-714
showed large tuncr. 49 resection, eterlarateo
unt il death 34 + later,

1 month Wlatery of sior. ta with abdominal peln
and hark potn. ¥Ylrm epigastric mans, Ned & days
after adalpston with carcinomatails and pulmenary
vaball.

Adnitted for ablooln.d paln and Janadice
3-27-73. 4 I8 liver. Discharged. Readzitted
£-29-73 with abd Jdisteasiva, genezal edema,
icterus, Tevir, shaklng chilblsa, Rapid down-
hill course with death due to renal and bepa-
tle faliure, Fast histery of aleohel iatake.

ogupatlan

1915-1973

Fireman 1917=42
Aluolnum worker 1942-.4
Corset cutter 1945-41
Ketared LYhl=07

Aotk
1'mi-7)

Aremntant = Plastle
Here Uo., 319%0-6)

Ieevlously accountant-
viher states

-~ Vinxl Co,,

[ IREYRALE] | %)
Hewtanrnt cnok 1% yra

Hopwrewile

Flsherman and carpon-
ter hefore 1959 Plas-
torer J9%%-h0. Unen-
ployed 101-71,

Rasddenoe

Brivgepnrt -~
entlee 1iie

Ha e pore -
19514
Previoenly manv
local inna

Strattard
1% yeate

Wihndwor 3 owbs

Tuerta Hlio
1913-59

¥ow York Cley
1%%9-73%
Bridpeport
14711




T hle JA

OBERVED [EATID/EXFECTED DELTHY AND “TAMD RDLIED MKTALITY AATEO. IN VWINYL CHLORIDE WidR RS,
BY ESTIMATID LEVEL U¥ EXPOSURE

it <i.% Klet.s
ehsfexp obsfenp skt

Cause of desth with [.C.D#* nusber

All causen 1887270.18 ESTiees.ha | opa®™
Tudbsrculonts (M1.019}) LERURT ] LD | n
Tuberculosls of reeplistory vystem (G -0O0A} LTt ng2oas n
Nillgnant neoplasee (140-20%) TH G0, A LIFRTR T 1
Hellignant neoplasms, buctesl cavity and pharynx (140-14R} 31.62 ngLL2e n
Halignsnt neoplseims, digestive organs and pecitoneum {150-15%) 1 12749 14
Malignang neoplasma, reiplratory aystem (100-164) 11713.% 1310, /8
Malignant nroplases, genftsl organs (1 HI-179) H:n [FAPE s
Kallgnant neoplasmn, urinary organs (140.181) 201 LT ¥ o
Malign nt nroplasss, other and unspeciiied sites (190-199} /6,57 Ar&, %2
Lrukemia and aleuhenmia {104} /i IR st [0
Lywphotrarcoma, lywphatic and hevatopoistic ¥ insues {I00-101, 1Y) TR N ] LTS IRYY
Oiabetes mellitus (260} AN FET.nY a
Nejor cardiovascular snd renal disearves (3W3-134, LON-L6H, 392-394) AL ILIOL T S ¥ TARL )
© Yaucr 8¢ lenions aliecting QN5 (337-134) Iith &2 LYANINTY b4
Rhewmat e tever & chronic thewnatic heaee dis, (&030-407, &L10-418) [TAN [} rrl.8% t
Atterfosclierotic hrart dlseass (L20; LA} IR, 94 3175A8.0% %%
Konrheumatic endocardieis (421, &422) a0 172,09 L]
typ~rtensive heart divenne [4&N-.447) . 14%.4A0 21186 St
Other hyperiensive dicease (444441} 151.%2 2f1.12
Chronlc & unepeciiled nopheitls & rena? sacleronin {592-394) 0. 50 ng1.n [\ ]
inilurnza snd preumenla {SAN-491) 35980 s i
Ulicer of stomach and duodenum (369, 341) L P Lrl.men L.
Appendicitla {331-53)) LT U] ngo 3 n
Hetnie and intestinal cbavruction (30, 381, $H0} 0N EB IS
Cantrltls, dupdenitis, enteritis end colltin {541, 51, 712) LRI [ F GRS
Cirrhoals of Tiver (Y8L) iR, tro.nd ih
Hyperplasia of prostats (81D} HEN Y a L "
Symptow., senlllty and [)1-defined conditiona {J80-79%) NG, 2} [P L] W%
AlL other disenses (renldual) ) 14¢21.90 FA15.89 41t
Motor vehicle sccidents (B1N0-B)3) RfV9.08 9/ 40 32
Other accidents (8%-502, 840-962) 117,83 6/17.67
Sulelde (961, 970-3979) G591 r.o
Homiclde (954, %8G-983) nf6.98 16,96 21

Husber ol workers 4nI2 sy
Person-years 491%4 2108

+y
5

lom®s adjusted (or deathn with ceuse unknown.
Stgalticant at 3T level,

P*otknittcant 1t LY level,
tlunternat lonal Classtiicatlon of Discases

SOURCE: Tabershaw thoper Assocfates, Iuc., frfdemtofopical St

.’.-3“3’4':3'().‘:30000 v
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Table 18

OBSKAVED DEATNS/EXPFECTED DEATIS AND ST.NDGROQLZED MORTALITT RATIOS IX VINYL CHLORIDE WORKERS
BT DURATION OF EXPOHED EMPLOYMENT

Causs of death with 1.C.D., oueber <50 months 240 monshs
obsfenp sm! obslexp sl
ALl caunes 94/140.33] 7" | 231/329.300 2™
Tubecrculosis (0N1-019) 0/2.2) a ar3. 5% ]
Tubercuioatis of resplratory systes {(001-D03) n7z.ar 0 ar1.3 1]
Malignzat neoplasme (140-203) 13/719.96 18 6%/47.61 e
Malignent neoplasms, Buccal cavity snd pharyna {140-148) &0 10 [T 1] 72,08 [
Malligrant seoplasas, Jiisstive organs and petitoneuvm {130-13%9) 17928 b 17716.% 1Y
Malignant neoplasms, Cespitatory aystes {[b0-164) ¥45.%1 [} FAFR1 81 tin
Malignant aecplasws, genltal organa {170-179) 6/0,99 n 2.1 112
Malignant neoplesms, urinary vrgane (180-181) ne.83 a t/2.39 3
Malignant neoplasmas, other snd unmpecifled sites (150-199) 243,411 n 1%/.21% 1at
Levhewis and alsukemis (204} 1/1.1% b2 2.0 8l
Lywphosarcoma, Llymphatic snd hematopoletic tlssues (200-203, 205) 1/2.01 0 YO H 126
Disbetas matlivus {(250) /.80 134 34, % i
Mejor cardiovsscular and repal disssses (3II0-334, 400-4068, 392-394) 28751.45 [ i 13%/1%1.)% [ i
Vascular lesions affectilog QIS (J1-33) 4f%.97 Bl g/ n Ly
Bheumatic fover & chronic theumatic heart dis, {400-402, §10-418) F2.3% int 34653 hR
Arteciosclerctic heart disesse (420} LS54 n* J8£105%, 19 46
Nonrheumatic endorardlitis (421, 422) oL a /5.3 20
Hyperteusive heart disesse (&40-441) - 172,42 49 itr.ol b l¢]
Other hypertensive dlsears (444-447) 0/0,79 0 3/1.92 [}:]
hrounic & unepecified nephritis & renal xcletosts (392-396) ort.s5s 0 0#2. 726 0
Influenzs and poeumcnis {480-49)) ¥/2.91 12) 271,09 9
Ulcer of stomach aod ducdenum (540, 341) /.07 112 172,18 1)
Appendleictls (350-331) 0in. 24 0 afn. &3 Q
Hernils snd iptestinal obatrverion {560, 561, 530) LiTL B 4 0 1f1.10 93}
Castritly, duodenitis, enteritis and colltln (343, 571, 212) 10,40 Jal nin.e? s}
Clrihosls of liwver (581) Lf4. 49 26 271118 18
Byperplasis of prostate (6410) n/n.oy o] 0/0.3) [+)
Symptoms, senility and ill-defined conditiona (780-795) 172,18 31 0/5.09 o
AlL other diseases (residual) 471197 &9 167263 | &°
Motor vehicla accldents {810-815) 1071814 5 1/16.45 S e
Other accideats {800-802, 840-382) 117,94 (X% /17,82 sa*
Sulcide (%63, 970979} 66,36 14 ins10.28 ton
Hralcide (964, 980-983} 175.80 b4 0fb.20 /]
Wunber of workers 9% 413
Peceon-years Yalny L3260
lom's sdjuated for deaths with cause unhoown.

*sigatficant at 5T level.
" gnitficant st 1T level.




Tahle IC

OBSERVED DEATHS/EXPECTEY DR TH: JND STAKDADIZED MOAT WLITY K.T1t IN VINYL CHLURIDE WOKKLRS
WITH BXPCSURE INUECES BELUw Y.%, BY LNRLTIUN OF LXFULED EMPLUYMENT

Cause of death with [.C.0. nusher ot months exposure (201 monihs raposure
obafeup 3HR vhafeap sul

All cacses /84,23 63" 132718:.28

Tuherculosie (NI1-019) nf. 4l nfl.9r
Tuberculotis of respicatory systea {I11-008) L7 LYY 41,85
Melignant neoplasms {140-217%) 8/12.86 FA TR TP
Malignant neoplasmn, buceal cavity and phacynx (143-1468) Li0.8Y 1/1.112
rilignant neoplasms, digestive orguny #nd peritonecun (1%0-159) e 6/9.N8
Malignant neoplasms, respiratory system {L&0-1b4&} 173.58 $/10.00
Malignant neoplasms, penital organs [L70-179) n/0.08 .02
Haiigrant neoplasms, urinary organy (130-181) NS5 1:1.5)
Milignant neoplasm:, ather snd unspeclfivd sites (LIN-199} 140,97 Bib. &)
Leukemla ard slevkemla (204) 0079 1/1.40
Lymphosarcoms, lymphatic and hematopoletlc tlssuea {I30-J1,70%) Nrl.db 1.1
Diabetes mellittus (260} 24115 e Ul
Mator csrdlovascular snt renal diseases (1303-1%%, &00-428, $92-3vu) Hriv s bY'Bh. B2
Vasculsr Lesiors altecting O (31)-134) 2.9 510 31
Rhewvmstic fever & chranle theumatic heart ois. (490-400 ) §10-414) Fil. Lid. w9
Arterioscleroti. heart dinesse (42)) - 16,21, 14 Sy, A2
Nontheusmat ic endncacditis (421, &82) LLEARN 1.0,
Hypertensive heart dinease {L&D-441) LF1.5R 4f31.90
Other hypervenstve Jlseave (444 44} N0 d Lf.m
Chronic & unspecitied nephricis & renal nodernsys (532504} DI 4 LA ISR ]
Inlluenzas and pneumonia {4BN-49)) 1.8 3.9
Uicer of stomach and duvodenum (540, 541) NN, 68 141.5)
Appendicitis {5%)-3%3)) o.1s 0 da
Hernla and intestinal obstructlion {37, 5&l, 170) NN .6l
Caatritia, dundenitls, »nteritia and colltis (%3, 371, 372} nin. 24 st
Cirrhosis of liver (%31} Li2.p0 lin,n9
livperplasia ol prostate (410} 70,1 nn.in
Sympioms, wentlity and 1il-detined runditlons {7H'F- Ty} NIL.&) n:.m
all uther disessas (residusl) Lf7.45 112,42
Hotor vehicle accldents (810-8315) 1/9.87 58922
Other accidenta {BUN-BNZ, 8403961} 3 1.498 a/9.8%
subcltde (983, 970-979) 114,08 67%.00
Homicide (964, $8D0-983) 041,35 LT

Huaber of workars 17t5 217
Person-years 2i41B <JIUn

Limts adlusted tor desths with cause unknown,
::‘lgnlllunt it 3% level.
Significant 4t 11 level,




Tahle 3D

CASEAVED DEATHS/EXPECTED DEATHS 4 KD STAMDARDIZED MORTALITY RATIOS IN VINYL CHLORIDE WOAKERS
WITH EXPOSURE ENDICES OF 1.% ON GCREATEX, BY DURATION OF EXPOSED EMPLOYMENT

Cavae of death with [,C.D. nuwmber

ol sunthy exporure
obsfexp 5

201 monthe RPUANNE e
uhyfenp SMR

All causer

WL e

IRLFT R 1

Tuberculeatls {M1-0Lv}
Tuberculonis of resporatory system (031-008)

Malignsnt neoplasms (140-103%)
Matignant neoplasms, buccal cavity and pharyme {(140-L6B)
Malignant neoplawms, digestl 'w orgsns und peritenevn {150-159)
Malignant neoplasms, rerpiretory system (160-154)
Halignant meoplasms, genltal org s (170-179)
Malignant neoplasma, urinary argans (1A0-181)
Ralignant neoplssms, other and unsperilied altes [L90-197)
Leukemia snd aleukenla (I04)
Lyrphutarioms, lymphatic #nd her etopotetic tlvaues (FW-205, 20%)

Mabetes wellliun (100}

Mitor cardlovancular and renal disesses {V1H)-7)4, &N0-&58, 592-3594)
vascular leslons affecting Ot (337-316)
khrumatic lever & chrontc rheumstic heart dla, (G00-40T, &L10-&41b)
arterioaclerotic heart disesxe (20}
nontheumat lc endocardltiy (L21, &2
Hypertensive heart disease {(440-44})
Other hvpertenvive dlsesne (&L44-44T)
throntc & unapecified nephritis & renal scleroctla (3492-594)

Influent. ane pneumonia ($80-43))

Ulcer of stoaisch wnd ducdenua (340, 341}

appeadicltls {530-353)

Hernla and intestinal ohstructiou (5867, b1, 530}

Castrltis, durdenitis, eatetitiy and colitrs (343, %71, 5712)

Cicthnsis ol liver [%B1)

Hyperplactia of preostate (sl1)

avmplree, aenllity and oll-detined coawditovvus (FI0- 193]

ALl other diveas. . (residuat)

#otor vehicle sccidents {AID-8153)

Ciher avctdents {(BO0 RO Bit)-Yud)

sutelde (vyni, FH-%Jy)

lemicide 904, 430 985}

00, T 1]
00,70 0
6.7 Yo
0/0.2) J
1/t.e? ik
1/1.79 1
070,29 2
0:0.26 n
M)
10,44
Lio.r
G0, 0t
LA LS
271.87
nin.e?
RTA LY
NSt
LT )
0fN 27
nin 54
n/mn. 9
1/0.3%
0/9.n3
0/0.14
1/0.14
1.%
.0y
1/n.80
Nj& . m2
Tu. 0%
LT
3 d.40
1/4.1A

b=l - - b4
— -
SesxzoasfFoomaooa

w
=

LFARS )
0/1.48
Jofin. k1
0.9
[SYR T
118,50
1/1.41
0/1. 20
LI P11
1/1.5)
440,86
R
61770.48
LT N
HI.04
LLTE TN 3
W2
271,10
0,81
0£1.23
073 1)
N 2y
/.19
114043
nin Ll
1/%.nA
LENIS B
[LFIP I 1]
LYRR 1]
e douy
FIEITY
Lid.bl
0rd. 1

Nombetr of worhers
Porson-vears

ot adfunled tor deaths with «anee unhnown,
Sitgmiiioant 41 AL Level.

"blnulllrant at 1% tevel,

1817
19044

O S,
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Sutanes

Yun Lett ingen
{19552

Cabur
Mecca-Hadu
Hanta

(L1962}

Chem. Abstract

Lester
Lrevahesy
Adams
(1943}

~}]
(o

.I'.'\

teabar

Hadu

Treda
Abtlean
RUFUN

A

Yalizkay
V1904

[lta, Abstian

GrigoTerin
Toha

{1964)

Ches, Aratracl

e Speclen Sex

Table &

SIMMARY OF TOXICNLOGICAL AKD EPIDEMIDLOGICAL STUDES ON VINYL CHLORIDE

EXPOSURE
Hrs.

per Cunr,
Sex Fe. | Day

Huswrn . 12,000
10,000
2%.000
Humin 82 Worker» exposcd 1o DDT,
Benzene, Hexarhlorocyelo-
bexane, VO, PVC,
Humun | 3 Twice per day G 0
F 3 fer 1 dave, 4,000 Al.?
S5 min, arwsjons 8,00 | LU
8t & houra in- 12,009 10."
tervals 16,000 333.7
20,000 4167
Nirnan 78 PYC Workers
Human

Experimental: PVC Wurkers
Coatrol: Other clinically
healthy prople

Histy oA ds

Total bose
—odMre _ppm | QDTIMye

; frservations

Pathology

HEE A ST
harcosia

Produied synptoms of dizziness, disoricntss lon,
headache and burning sensation on soles of feer.

Blouvd: fwerease In catalase

Fwrease §n percaidase, ipdeniicmnerdane
and Eluthathlune

Changes occurred during secend ycar of work.

15 slightly dizzy
9/6 had any eflects
1/ wifpghtly digzy
2/6 elinStcly dizey

Sfh dirry, naanea, blurred visicn sad heaving
syiaplomy stopped alter crponure

66 intoxicated, one with gersfsteat headachen

%02 level of no effect §9 1.3%

o stal ceeat about repeated exposufes

Twctense plasma albunin

Incrensed 8 and 8 glubulin

Decrease In Bf# fur skerum §lpoprateins

Perrense En sefum hnl Inesleraue

e tpans In paewhs vholinratssane

Netmad Lilewsl tmlalone

Nortnal nerua syruvie aeld

Hypuibesing VC!IIZ(})rhloul + rhioracetic acid {1).

fesulta: (1) was found in 80T of expt]l. people, lmit
In pone ol contrela,

Mont ol # tindlags were In people exponed 2=% years.

1 Uiesn canes, d-pglihultn in Wgher, @ giotalin ia

Levwer than peogle «ith av (1) ta urines * 4 eby

to snlabndtee {1) Aoaraned after 2 vers.

Hone reported

Hone reporced

None repurted

None repnrted
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Ave ranve o al{a, ted workers 28-47, Incabat lon

pe flind preater $has 317 panths of poly laaning

experlem e,
arsc, Bote Mo hra, adfoe exien e
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[ FUERATY S U

Fioath e ax
Yoo Ltk

Fathulogy

Une wierher Yad knee cap and coen
Invalved in Lhe acro-onteaniynin,
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12
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?
7
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Canttel animals

S wele nernsl o in apleafanoe,

v and growth,

v (hem. glabln, hematoorit,

-~ noEaaf .
Viver ta "len tests (58, 5007, 5007,
abraline ¢ plata-vy weee Larsal.
ALl reasndh ty welgh o ratio o orasl
cuep? Moand Torats, wh Tiveribunly
wo Il Pt L was 30 Teanaad,

aviwala wire porzal Ln dpprarance,
few s grosth.

S pathiileoay
was n-mal.

Mior caople pa-
Phalugy was neg-
el I ail spe.tes
ereept liver of o
an! F rabbtirs:
Ceatral lobulsr
KTaiiah 17 degone) as
tloan r ! nestasiug,

Croas apd mlorn-

0, o) Ve matulepy (nsoglobla, hematocrly, cells) s uplc appearance
Wil Hetmil. ol tissuvs were
Llver lunctfon tesf.a (58, SCoT, SGPT, alka- normal.
Sine pleoghiatase) wers normal. Liver/buay
Swvdight ratleo of % and b oravs were Earger than
ventrols,
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Kats
G. Plys
Kabbitas
rogs

Matched contraln, cxpoded
Ak waeapoded rroups.

Lester Sherman
Grecnberg rats
Adaoa {1)

{1961}

Hrsfday  davs
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Cope . Total e
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"l fwk It
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almve HE TR IR
100 574

100 Thh
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110
capusure
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50,004
40,000
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150,000

C Atheeevar Lo

Liver flnudyf swelpgld ratio larger than controln, not statist leally nkgnili=-
“ - - N . M - o

cant. "

Liver fiuudy welebt ratlo sime as cortroln
w - " . M " M

o -

Flwerfledy weght rat be Wigher s controbs, not slstbntleally wignifi-
hod " " " ”

cant . " " "

Hormal le ald reapectr
'

ALl puaseters norma! in all specica.

Hoderate letoxleation, rightIng refiex lost.

Mare Iatense lntoxleatlon, elghtlng reflex present.
More Intense [ntoxication, rlghtlag reflex Jost.
Corneal reflex divacmesr s ne gross patholagy.

eep apesthesla,

Resplritory fatlure of same animal.

Deep arasthesta, coaplete recovery after wrpasure.
Ko patunlogy vbuerved.
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WRIVAL LAVIA
EXTOSURE
Hru.
per Cong . Totnl Dowe
Aasthors Specken__Sexn _No, Day Dayy i __ __ DRmeDhava Pathology
Lester {2} Sherman M ¢ 3 2 100,000 Variable AMier animal deathy, replacenents were made
Lreenberg rats then In chambers. Two males sarvived all 15 expo-
Alamw 13 80,030 wouresd, Kemalnlng anleals and replacements survived
{148 1) an average of elabit crposures
Cant "¢ ¥ 9 A Same expodures as Ure dhaed after twn expomates ot T,008 Al tweive
ahove, At A0 0, o Fled after ey caponures at 100,006
aml bwelve 41 0,000,
Siafolne morvived all {If{tver vxpousnres,
] T 3 0 Contrel animals
F ¥ B Q Contral animals
m Ciowth stopped during exposared aml resmencd tung® had forcal pneumvaia which
#t normal 1ale alteT eMpasures. healed after 1w wrekn of recovs
ol U.{ External appesrance wormgl. Liver color, e-y from exposute. One-third of
3\ Appeadrance, fstency, degree of conpestion aailmsis had paranitic cynls In

was 2ame As controls. liver. Liver patholpgy name a1

coutrols, but wore varlation in
amoun? of fatry Infileration.
Spleen had advanced bymplocy-
tic hyperplania.

Kidney pathology same as con-

(3} Shermanr X 1% & Sdaya/ 10,000 44,000 trols,
caty F 15 8 week 20,000 415,000 1430 died. Afl oryaas had normal gross ap-
for 1 months External appesrance of all animals normal. pearance.

Liver larget, spleen smalier than contrels. Liver para: the cysata in adl
White bl relin Lower, lymphocyten higher, Animala. Liver fat normai. Ko
neot Eoptd b T e than contrels. abne mal hlstulogy. Congest foun
Bty welght and lwmoglobin were same aw comirols. and swelling greatcy (n lfver

K 8 Same o 0 Contrel anioals. than cantrols.

14 LA ] Same 1} 1] Gy s JEed.

Congent lon aml swelliog less in
kidoey Lhan conttola, Conpesa-
tion and swelling sane In
rpleen as cuntrols.
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EXPISLRE
Hrs.
per
Authors Spexlen Sex_ No.
Leater {4) Sherman M 5 ]
Crevnberg ratn
Adamn F 3 8
{196})
Cont'd

Tutal
Dose

ppm=" o

Cone.
gy _ Days _ppm

e L Mbsaervat fon
% 50,000 17,000 No mortalley.
1% 50,000

Pathulogy
T, 00

O Jdayn L-4, anfmaln lost welght, showed
neuctologleal symploms,

dn days 4-19, welpht galn was normal.

Gross organ appearance way
Serum LTaowactnase, hematocrlt, and prothrombio
tloes were

same 48 contruly,
Liver pathelogy showed
congusted cella.

norzal.
Whire and red cell counts were
cantrels.

Liver parasitlc cysts xeen
jvwer than

in 211 anl=als.

Hatr: all % males had thiln halr ard scaly tatls;
Limalen

wtd vt el s were soarmal,
Taved flasdy welght
funtrod

ant=ale,

ral ta was Wigher than controls.
Conttol anlmeln,

Q000 WH
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v
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Xuctrlel
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Abslract

Vazln
Plokbova
(19584}
Abstract

Vazin
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(1968h}
Lbatract

¥Yazin
Plollhova
{19693}
Abstract

“azin PMlokhova
{19695}
Ahstract
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Mie
. Figs
Mlce

Rabblits

Habblis

e
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rabblen

Rats
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0.5 alnuten
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Tatholugy

Dhservabions

Re el et oat 5,000 ant! 15G,M3 ppw.

AL SO0, animala were Loperactive, but
returmed ta aorral after ertosure,
Andzain spraved with 1 slealn-head
hale pray

Bratn electricad activity vhanges: Appearance
of heta waves (RO Hertz} fo anlerior and pow=
tertor herptFalans alume vt circulalore
chaumes,

e faetnan) headtd Fate, arrhvthela

e Feaned 106 voliage

Beres el dutatlon of systale

RKeduervd blood [fow. Increased srtericl predsure.

Alter 20 davs, binad adrenatine rose [rom 3.5

M@y T e Y Y ab A0 a0d mare dave, 1t van 6B
Aanmi. Paderior hypothal amon elecrrical actlvity aine
chanzod.  ibis i the direct couse of hypertensiuva.

Nlsropted cardiac werk rhythn. Bradycardia and
rrsythmia.  Beduced relative doration of 1-11

art T=I1 intervals.

helative Jduratfon of RS complex did not change.

Alter 15 days reocovery: cardiac activicy rhytha

returncd to noraal, but the duration of the scund
{aterval remaloed below [aitial levels for saothe
1% dave.

Thereture, @ax, feralasible Yo concentratlon ia
aipnid (cantly lewn than OkgdE (12ppm).

No hiwtvologleal dannge

R change 1a tung histo-
logy

teered Puwaves in EFG
from posterior hvpothala
mux. Totentlals from
anteriur and poaterier
hypothalamay {os reaned by
18-307 and 70~BSY ’
reapectively.




EXPOSURE
Rru.
per Lone.

Authers Speclep Sex  No. Puy Days___ ppm

Clapp
Kaye
Young
{169}
Absiract

Viola
(1970a)

J"
2
A

Vicla
(1970b}

Yinla
Bignetd
Cuputo
{1911}

Totul tawe
Ppn-Days

AT AR

Ubservat inns

Fatn ¥ WD - i Sarh-
Cut anvuun

Wister H 25 & 260 M, 0G0
Rats H 25 (Sdays Ly
per wk
for 11
Bontlis}

Rats
Wister
ng gs

Rt H 4 05, KW
Wister layiwvk
M FL I | i [
ayfvk

Ho

1,300x10%

11010}

0

Ur lue vontadne allylesercaptm fe oacid
and V-hypdtoxypropelmercapinrie acld,
Hiese compounids arise by the reactions
of allyl compiunds wilh glutachionens.

Animsls alightly sleepy during exposure.
Cruss behavior deterlorated alter 10
manths, 1% dled of cardiosrespiratory
compbloattone, 2 G of Glewiing n
the perltoencal caviry.

¥ meatien of shiln tumers.

Dlstributfon of ¥C In tinsnes

Red orlly had smch more W than svrus-

hagh variatloa

¥COF In urlne,"bat major quysrity e lowt
via Turge. (V¢) talles rapidly in fitat hoor in
wexplred atr, blewd, wrine, 4wl hraln, liver
Rldney, AfFter 1o hrs, o0 81 Lu megsntable,

Mast anisals had pathologicel invelve-
sent of braln, 1liver, kidney, thyroid,
Severe proliferation of cartilege and
bone abuvroniitien lu maall mctatar-
ral bones. Scvere tissue Jegeaera-
tion in brain and live: and thyroid.
Cornectiva tlusue invaded small ar-
terten in feet, Enlarged. prollfera-
ting Aupfer cells din flver.

Hone obeerved.

Controls whowed oo tatsara, Alaowt atl
exptl. animals developed whin and
lung tumorm. Very fow bone tumers;
when acen they were in all & extre-
mitien. £53-70% of tumors were shin
tumors near parotid and submaxillary
glanda. Freguencles:

SKIN  LUNES RONE

18426 16726 1eflin

Lung tumors were glandular. New
cartilaze ond sulsequent ocesiiica-
tion In 4 extremetica, Hard mane
{icwt aeen after 10 monthy cexposure.
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Y3vslaev Rakhitm KD NG WD 6 mew. 12-14 hil

Vazin Rats b ! GO 1] W ¥ e

Kochetkov 13 dayn)
(1912
Abstract

Patholopy
Changen LIn electrical activity ol Lypothal asus
Hyperadrenal inemia,

Cardla=vascular functlon fmpafred.
Kone resorpt fon and osteaporonls,
Theory: All syapromd are caused hy

Ivpot il wmns dinfunciion and submeanent
loravne labalance.
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Aothore  _ Aeleals 0 Bxpeswren_ . . Observatloss — e Yathodopy
conc, Total dosc Liver Zymbal Nephro-
Specles Sex No. irs/Day Days ppo ppa-day:. Survivors Tatal Anglosarcomae Sarcomas Blastomas
Maltont 1974 Rate M 309 & 635 10,000 1n60x 107 0/69 27 6 1 3
Sprague- F 268 Sdafuk 6,000 <g35%107 0/72 21 n 5 3
Dawley 2,500 <265X102 07745 2 g u &
590 <52.9%103 o/67 16 7 . 3 3
250 <26.5%10 t/e? 11 2 o 5
<d < 5.3%107 3/64 o 0 0 o
v o 1768 0 0 7 0
Rats H 265 4 280 19,000 t6x10? 16760 1 o 3 ¢
4o} Sprague- F 280 Sdaj/wk 6,000 2821107 $3/60 1 o i o
Dawley 2,500 167%193 54760 o o o [
C 500 23143 56160 0 0 0 [
A 250 11.7x10? 44760 0 0 a 0
50 2.3x103 5060 0 ) 0 o
h o 1837190 o 0 0 o
Rats H 30 & 155 20,000 775%10?% 60/50 2 o 2 0
Sprague- F 30 S5dafwk
Davley
Rats M 16 4 7 10,000 11667 28130 o
Srecrders F 110 6,000 7000 28510 0
{aay .
12~18 of preg.)
of{- o,000 11647 30/34 () L (subcutaneous anglesarcoma)
spring 6,000 7000 30532

Ll (avbcutaneous anticsarcomn}
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AEIAL A
Authors Anfmale Istmsure Obscrval lons* Pathwelony
COnc. liver
Specles Sex Ha hra/fday days PP Survivors ang losary onas
Industrial wice
Bio - test slss CD-L M 300 7 165 2500
Laboratorles mlce S5dafwk - 00 L&3/200 17
50
160 f200 4
F 3100 7 1565 2500
v Sdafuwk 200 1577200 2
o
50
rats
CC iprague
FJ- Bawley
A outbred
COBs M a0 ? 165 2500
Sduifwk 200
50
F i1 ? 165 2500
Sda/wk )
50 .
.,_i:'-' hamster
= Golden
Syrian H 300 Sda}uk 165 z;gg ‘as of April 15, 1974
50
7 300 7 " 1es 2500
Sda/wk 200




REVERENCES

Baretta, L.D., R.D. Stewart, aad J.E. Mutehler, Momtoring Iixpo-
suresg to Vinyl Chloride Vapor: Breath Analysis and Continuous Air
Sampling., American Industrial Hygicne Association Journal, Volume 30,
pp. 537-544,

Basalacev, A.V,, A.N., Vazin and A.G. Kochetkov., Pathogenesis of
Changes Developing Due to Long-term Exposure to the Effect of Vinyl
Chluride, GIG TR DProf Zabol 16 (2} : 24-27, 1972,

Clap, J.J., C.M. Kaye, and L. Young. Meclabolism of Alkyl Com-
pot.ids in“the Rat, Biochem. Journal 114 (1), pp. 6-7. 1969,

Dinman, B.D., W,A., Cook, W.M. Whitehouse, II.J. Magnuson, and
T. Diteheck. Occupational Acroosteolysis: 7, An Epidemiological Study.
Archives of Environmental Health, Volunie 22, pp, 61-73, January, 1971,

Doddson, V.N., B.D. Dinman, W,M. Whi.chouse, A.N.M. Nisr, and
H. J. Magnuson. Occupational Acrooswelysis: III, A Clinical Study.
Archives of Environmental Iealth, Voiume 22, pp. 83-9], January 1971,

Gabor, 5., M. Lecca-Radu, and I. Manta., Certain Biochemical Indexes
of the Blood in Workcrs Exposed to Toxic Substances (Benzene, Chloroben-
zene, Vinyl Chloride). Prom. Toksikol. i Klinika Prof. Zabolevanii Khim.
Etiol. Sb. 221-223, 1962,

Gabor, S., M. Radu, N. Preda, S. Abrudean, L. Ivanof, Z. Anea, and
C. Valaezkay. Inst. Hyg. Cluj., Romania. Bucharest 13 (5), 409-418,
1964.

Grigorescu, I. and G. Tova. Vinyl Chloride; Industrial Toxicological As-
pects. Rev., Chim. 17(8): 499-501, 1966.

Harris, D, K. and W.G. . Adams. Acroosteolysis Occurring in Men En-
gaged inihe Polymerization of Vinyl Chloride. Brit. Med, Journal, 5567,
pp. T12-714, Olus. 1967,

Kramer, C.G., and J.E., Mutchler. The Correlation of Clinical and En-
vironmental Measurements for Workers Exposed to Vinyl Chloride.
American Industrial Hygicne Association Journal, Volume 33(1): 19-30.
1971.

Kudryavtseva, O.F. Characteristics of Electrocardiographic Changes in
Patients with Vinyl Chloride Poisoning. GIG TR Prof Zabol 14(8):54-56.

Kuebler, H. The Physiological Properties of A¢iosol Propellants. Aero-
sol Age 9(4), 44,47-48, 50, 90-91, 1964.

Lange, C.E., 8. Juhe, G. Stein, and G. Veltman. Uber die Sogenannte
Vinylchlorid-Krankheit. Dtsch. med. Wschr., 98, pp. 2034-2037, (Ger-
man) 1973.

92<

60
Sal. 000050285




Lester, D,, L.A, Greenberg, and W, R, Adams. Effects of 3ingle
and Repeated Expogurces of Tlumang and Rats to Vinyl Chloride, Amer-
icar Industrial Hygiene Association Journal, pp. 265-275, Alay-June,
1963,

Alaltoni, C. Preliminary Report on the Carcinogenicity Bio-assays
of Vinyl Chloride. Prescnted at OSHA Vinyl Chloride ¥act Yinding
Hearing, February 15, 19744,

M.arkowitz, S.S., C.J. McDonald, W. I'cthiere and M.S, Kerzner.
Occupational Acroosteolysis.,  Arch Dermatol 106 {2):219-223, 1972.

Marsteller, H.J. Chronic Toxie Liver Damage in Workers Engaged in
PVC Production. Deutsche Medizinische Wochenschift 98 2311-2314.
1973,

Mastromatteo, E., M.D,, A.\. TFisher, II. Christie, and 11. Dan-
ziger. Acute Inhalation Toxicity of Vinyl Chloride to Laboratory Ani-
mals. American Industrial Hygiene Association Journal, Volume 21,
No. 5, October, 1960,

Meyerson, L.B. and G.C. Meicr, Cutancous Lesions in Acroosteoly -
sis. Arch Dermatol 106(2):224-227, 1972,

Torkelson, T.R., I. Oycn, and V.K. Rowe. The Toxicity of Vinyl
Chloride as Determined by Repeated Exposure of Laboratory Animals.
American Industrial lygiene Association Journal, Volume 22, No. 5,
pp. 351-361, 1961,

Vazin, A.N. and J..1. Plokhova. Creation of an 'Experimental Model
of "toxic angioncurosis" Developing from the Chronic Action of Vinyl
Chloride Vapors on an Organism. GIG TR Prof Zabol 12(7):47-49, 1968a.

Vazin, A.N., E.I. Plokhova. Pathogenic Effect of Chronic Exposure to
Vinyl Chloride on Rabbits, Farmakol Toksikol, 31(3):369-372, 1968b,

Vazin, A.N., and E.l. Plokhova. Dynamic Changes in Epinephrine-
like Substances in Rabbit Blood Following Chronic Exposures to Vinyl
Chloride fumes. GIG TR Prof Zabol 13(6):46-47, 1969a.

Vazin, A.N., E.I. Plokhova, Changes in the Cardiac Activity of Rats
Chronically Exposed to Vinyl Chloride Vapors. Farmakol Toksikol, 32(2):
220-222, 1969b,

Viola, P.L. Pathclogy of Vinyl Chloride, WNedicina del Lavoro, Vol-
ume 61, No. 3 Ma-~ch, 1970. Translated from the Italian, 1970a.

Viola, P.L. The Vinyl Chloridc Discase. (unpublished translation) Swn-
mer, 1970.

Viola, P.L., A, Bigotti, and A. Caputo, Oncogenic Response of Rat
Skin, Lungs, and Bones to Vinyl Chloride. Cancer Recearch, Volume 31,
pp. 516-522.

943<

6l




Von Oecttingen, W.IF., M.D. The Halogenated Aliphatic, Olefinic,
Cyclic, Aromatic, and Aliphatic-avomatic Hydrocarbons including the
Halogenated Insecticides,Their Toxicity and Potential Dangers., Public
Health Service Publication No, 414, U.S. Department of Health, Edu-
cation, and Welfare, Washingion, D.C. 19335.

Wilson, R.H., W.LE. McCormick, C.F. Tatum, and J.L. Creech.
Occupational Acroosteolysis, Report of 31 Cases, The Journal of the
Anerican Medical Association, Volume 201, No, 8, pp. 577-581, 1967.

gal. 000050287




" APPENDIX VIII

DISPOSAL OF PRODUCTS CONTAINING POLYVINYL CHLORIDE

This discussion on disposal of PVC emphasizes incineration and
lancfilling, the only presently used large-scale methods for the disposal
of solid wastes, There is also a limited discussion of resource recovery
possibilities.

Incineration

‘The two areas of concern related to FVC incineration are incinerator
air pollution and incinerator and gas scrubber corrosion.

Hydrogen chloride is the major toxic material released when PVC is
burned. It has been shown that virtually all of the chlorine is released
from PVC on combustion, resulting in HCl. It is estimated that 0.2 per-
cent of solid waste is PVC, and 16 x 10° tons per year of solid waste are
incinerated in the United States. Thus, on the order of 32,000 tons of
PVC are burned annually, releasing approximately 18,590 tons per year of
HC1 as air emissions.

Other solid waste sources which can produce HCl are chlorides in
food waste, plants, grass clippings, and irorganic salts. The formation
of compounds requires volatilization and reaction with incinerator flue
gases, Achinger and Baker compiled data indicating an emission factor of
six pounds of HCl per ton of solid waste burned. Recent data on HCl
emissions obtained by Battelle show a factor of 5.1 pounds per ton, A
value of five to six pounds per ton would be a reasonable emission factor
to use for HCl emissions from municipal incinerators. Using an emission
factor of 5.5 pounds per ton gives 44,000 tons per year of HCl produccd
by incineration of municipal solid wastc. ‘The amount of HC1 produced
from PVC using the above calculation is 42 percent of the total,

Much more HCI is probably now emitted to the atmosphere from the
nation's coal-burning power plants than irom ourmunicipal incinerators.
However, there still could be a hazard in the immediate vicinity of an
incinerator as a direct result of its HCI emissions, Of particular concern
is the possible dispersal of the stack gases to cause the ambient concen-
trations of HCl at ground level to exceed harmful concentrations. How-
ever, HCl is not at the present time regulated by EPA.

Other air pollutants could be formed from the additives in PVC dur-
ing incineration. Several aJdditives are usually incorporated into the poly-
mer to emphasize particular properties not inherent in the base polymer.
The types of additives are antioxidants, antistatics, colorants, {illers,
plasticizers, and stabilizers, Some of the additive agents used are: anti-
oxidants--phenols, amines, phosphates, and sulfur compounds; antistatics
--amine derivatives, quaternary ammonium salts, phosphate esters,
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polyethylene glycolesters; colorants--salts or oxides of metals, aluminum,
copper and inorganic pigments; fillers--silica, glass, calcium carbonate,
metallic oxides, carbou, cellulose fillers, asbestos; plasticizers--phthal-
ates, organic phosphates; stabilizers--lead salts of acids, barium, cad-
mium, calcium, zince, alkyl tin compounds.

It is highly unlikely that large quantitics of VC will be emitted during
incineration of PV'C. There is no c¢vidence that PVC will chemically revert
to VC. Some small amounts of enirapped monomer might conceivably
survive incineration, but these quantitics would be very low.

The sccond area of concern with incineration of PVCis f{irebox corro-
sion and corrosion of pollution control equipment. HC) can be a major
facter relatedto corrosion of this cquipment during inecineration at certain
temperatures. In the case of plastics, PVC is the major source of chlorine
leading to NCl, but other plastics may also contain some chlorine,
Incinerators with heat exchangers will have corrosion problems on the fire
side of the exchange equipment when the combustion gases contact the outer
metal surface. Other surfaces of concern are in the cooling area and inthe
gas scrubbers.

Estimate: indicate that in incinerators with heat-recovery systems
PVC in the refusc¢ will increase tube maintenance costs by 15 to 20 per-
percent over that to be expected if PVC-free reluse was used as fuel.

About 95 percent of the incinerators in this country have some type
of air pollution control equipment that is exposed to the high chloride envi~
ronment resulting from refuse combustion. Because of the high chlorine
content of the combustion products, the cooling and precipitating water
from the scrubbers that contacts the flue gas contains large quantities of
chloride and is extremely corrosive to the structure,

In summary, tcchnology euxists for controlling the HCl emissions
that result from incineration of solid waste; however, the application of
this technology will recsultin increased costs., If technology is not applied,
then the contribution of PVC to the nation's air pollution problem will
increase because of the projected increases in the usage and disposal.
[IC]l scrubbing technology is available, but its application results in corro-
sion problems. Depending on consiruction materials, design, and opera-
tion, these problems can be either large or small.

Landfilling

PVC does not decompose significantly within the normal time frame
of mostother municipal solid wastes. It comprises only about 0.2 percent of
the total municipal solid waste being landfilled today, and the effect of PVC
on the reuse of the landfill site, at least in the short run, should be negligi-
ble,
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Since PVC degrades very slowly, in the landfill environment it should
not add significantly to the production of leachate or decomposition gases
as do other parts of the refuse. The additives of grea:est concern are
probably the plasticizers. IHowever, if a sanitary landf))l is designed and
operated with today's technology, disposal of PVC products in a sanitary
landf{ill should pose no special problems to the operation or to the ultimate
use of the site.

Resource Recovery

Recycling of solid waste is a growing indvrstry. Technulogy has been
developed to rccover some resources from many of the items in the
municipal waste stream. llowever, the technolcgy to separate plastics or
PVC {rom the waste strcam has not yet been commercialiy demonstrated.
The solution to the separation of plastic waste from other components of
the municipal waste stream is one deterrent to direct recyeling and reuse
of plastics, including PVC, lowcever, gathering and centralizing the waste
products are also major problems.

Some types of scrap PVC (rom the [abrication process are presently
being recycled back into the manufacturing process. This reduces the solid
waste from plastic fabrication plants and reduces the need for new raw
materials.

There is work underway to develop means for utilizing the benefits
of recycling the total municipal wastc stream. Examples of these recycling
techniques are listed below:

-- To recover heat given off during the incineration of solid waste
contiining PVC and other combustible materials as electricity or
steam for heating. An example is EPA's research contract with
the Combustion Power Company of Menlo Park, California, in
which combustion gases are expanded through a turbine to produce
power. :

-- To recover the products of a2 refuse pyrolysis operation either
as a pipeline gas or as feed material for a nearby refinery.
An example is EPA's research grant with West Virginia University
in which refuse pyrolysis is bein? studied on a bench-scale. A
second example isthe Bureau of Aline's research effort to convert
refuse to pipeline gas., Also, US and Japanese industrial firms
are actively exploring this area.

The recent charge in the world's supply of crude oil should speed up

research and deveiopmenton new and existing ways to utilize more fully the
resource of waste PVC,

97<

65 Sok. 000050290




10.

11,

REFERENCES

E,A. Boettner, G.L. Bell, B. Weiss, '""Combustion Products from the
Incineration of Plastics, '"'Report No, EPA-670/2-73-049, July 1973.

"Compilation of Air Pollution Emission Factors,' 21d Edition,
Publication No., AP-42, EPA, April 1973.

W.C. Achinger and R, L. Baker, "Environmental Assessment of Muni-
cipal-Scale Incinerators,' Report No. SW-111, EPA, 1873,

G.L, Huffman, '""The Environmental Aspects of Plastics Waste Treat-
ment, " Symposium on the Disposal and Utilization of Plastics, New
Paltz, New York, June 25, 1373,

"Threshold Limit Values," American Conference of Governmental and
Industrial Hygienists, 1972,

Fessler, R.,, H. Leib, . Spahn, "Corrosion in Refuse Incineration
Plants, " Mitt. Ver. Grosekesaelbets, 48 126 ~ 140, April 1973,

Vaughan, D.A., and P, D. Miller, "A Study of Corrosion in Municipal
Incinerators, " Cincinnati, Research Grant, April 1973,

Miller, P.D. et al, '""Corrosion Studies in Municipal Incinerators,''.
SHWRIL. - NERC, Report SW - 72-3-3.

Baum, B, and C. H. Parker, "Incincrator Corrosion in the Presence
of Polyvinyl Chloride and Qther Acid-Releasing Constituents," report
by DeBell and Richardson, Inc. (No date) ,

George L. Huffman and Daniel J. Keller, "The Plastics Issue, ' SHWRL
NERC, Cincinnati, Chio, August 28, 1972, ‘

"Incinerator Gas Sampling at Harrisburg, Pennsylvania,'" EPA Con-
tract No. 68-02-0230, Office of Air Programs, September 1973,

98<

€6 S6L 000050291




- APPENDIX IX

ACTIVITIES OF TASK I'ORCE

The principal activities undertaken or stimulated by the Task Force are
set forth below:

MARCH

MARCH

MARCH 19-21

MARCH
APRIL 2

APRIL 4

APRIL

APRIL/MAY

APRIL 12
APRIL/MAY

APRIL/MAY
APRIL 30
MAY 27-31
MAY
MAY/JUNE

JUNE 3
JUNE 11

JULY

Recognition of problem of pesticidal sprays containing VC--
Responsibility assigned to Office of Pesticide Programs

Analysis of material losses during PVC polymerization pro-
cess

Pilot monitoring effort at B. I'. Goodrich Plant in Louisville
Preliminary evaluation of health effects data

Meeting with representatives of PVC manufacturers organ-
ized by Manufacturing Chemists Association

Meeting with representatives of interested environmental
groups

Development of interim methodology for VC sampling and
analysis

Visits to VC manufacturing facilities and to PVC polymeri-
zation, compounding, and fabrication facilities

First of series of interagency meetings convened by EPA

Monitoring at seven complexes involving 10 PVC and 2 VC
plants

Review of health effects data

Review of Industrial Biotest toxicological experiments
Preliminary VC water persistence studies

Preliminary VC air persistence studies

Recognition of air emissions problem -- Responsibility

assigned to Office of Air Quality Planning and Standards
Technical review of monitoring activities

Administrator's meeting with senior executives of 29 com-
panies producing PVC and VC

Development of improved methodology for VC sampling and
analysis
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