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PREFACE

This Report summarizes the activities and findings of the Task Force
established by the Administrator on February 14, 1974, to assess the
character and extent of the problems 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 Task Force 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 even though many of the
recommendations are already being impglemented.

During the lifetime of the Task Force the Agency took several regula-
tory steps concerning vinyl chloride. These were directed to banning
pesticidal sprays containing vinyl chloride as a propellant and requesting
information from indust{ry pursuant to Section 114 of the Clean Air Act
concerning vinyl chloride air emissions and related control technologies.
Since these activities have been or are being documented in detail in
other reports, they are mentioned only briefly in this Report,

Similarly, in recent months the Occupational Safety and Health Ad-
ministration, the Food and Drug Administration, and the Consumer Product
Safety Commission took a series of regulatory actions directed to vinyl
chloride. While recognizing many of the problems facing other Government
agencies and the implicationsfor EPA of their regulatory steps, the Report
dwells primarily on those activities of direct responsibility to EPA, and
problems such as worker exposure to chemicals, use of polyvinyl chloride
in food packaging, and consumer products containing vinyl chloride have
not been a major concern.

The Report is organized into an Executive Summary, three Sections,
and Appendices. The first Section discusses the nature and magnitude
of the problems associated with vinyl chloride and polyvinyl chloride
activities. The second Section discusses previous 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
recocmmendations of the Task Force. The Appendices 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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EPA's recent concern over vinyl chloride (VC) and polyvinyl chloride
(PVC) was triggered by reports in January 1974 of (a) deaths of four PVC
workers believed tobe attributable to exposureto VC, and (b) an estimated
material loss of VC and PVC of six percent during the PVC polymerization
process. The investigations of the Task Force confirm that in the United
States substantial amounts of VC--probably exceeding 200 million pounds
annually -- and large quantities of PVC -- probably exceeding 50 million
pounds -- are being discharged into the environment during the PVC pro-
duction process. Meanwhile, additional epidemiological and toxicological
evidence supports the linkage between worker deaths and VC exposure.

The VC/PVC industry has experienced rapid growth at home and
abroad inrecent years with PVC products currently permeating our entire
economy. This multi-billion dollar industry involves not only several
dozen large manufacturers of VC and PVC resin but also thousands of
fabricators producing a variety of products based on PVC and probably
employing more than 300,000 workers. There are readily 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 increases has been availability of ethylene, a
petroleum derivative. A new constraint is the uncertainty 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 at other sites,
non-malignant liver disease, 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 exposure encountered outside the workplace; how-
ever, two recently reported cases of angiosarcoma of the liver in
non-workers who had lived near 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 generally considered not to have a "'no effects' threshold
level, there should be concern with possible 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 meteorclogical conditions.
While almost all of the samples collected contained detectable levels
of VC, morethan 90 percent of the instantaneous 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 one PVC plant a high of 33 ppm was
obtained at one site; however, repeated sampling indicated that
this level was an unusually high excursion with the average at this site
less than 1 ppm. Most of the air sampling was done within one-half
mile of the property lines of the plants. In one case a level of 3.4
ppm was recorded at a distance of three miles from the plant, but the
average of several readings at this site was approximately 0.5 ppm.

Water effluents were also monitored, and levels varied considerably
depending on the in-plant handling of wastes and treatment of wastewater.
The highest level for wastewater leat¢ing the plant site was 20ppm. More
typically, levels of 2 to 3 ppm were found, Not unexpectedly, the levels of
VC entrapped in sludge and other solid wastes from the reactor kettles
ranged from 100 ppm to, in one case, 3,000 ppm.

EPA Concerns

The principal near-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 health effects
at the levels likely to be encountered 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
of the cost will be passed on to society as a whole, and (c) regulatory
and related steps which will contribute to reducing the risks atan
appropriate cost. Two closely related areas of interest are (a) the
amount of Agency resources to be directed to VC/PVC in the months
and years ahead, and (b) lessons that have been learned in addressing
VC/PVC that can save 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 -- are the
most immediate concern to the Agency. The earlier 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 include 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 VC trapped in water effluents, and
particularly VC that might thereby appear in drinking water; and the
migration of unreacted VC from PVC products into drinking water or into
the ambient air.

There are of course a host of other chemicals involved in VC/PVC
activities that should be of concern. Impurities in the VC, PVC as
inhaled or ingested particulate, additives introduced to alter the proper-
ties of PVC, copolymers used in conjunction with PVC, and chlorinated
hydrocarbon wastes from VC production all need further investigation.
The by-products associated with PVC incineration and the leaching of
additives, and particularly plasticizers and toxic metals, from PVC
products which come into contact with the aquatic environment need
additional study.

RSV 0019180
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Further Steps

Development of an air emission standard for VC is currently under-
way, with additional monitoring activities 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 a good technical basis within the next few months or
perhaps even within several years for establishing an appropriate ambient
level to protect public health. Therefore, a performance standard may
be far easier to develop and implement than a standard based. upon
achieving a specific 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 PVC 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. Meanwhile, 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 supplies.
Monitoring is also needed in the ambient air -< indoors and outdoors --
distant from chemical complexes to determine whether concentrations
of PVC products release quantities of unreacted VC that should be
of concern. Further refinement of monitoring methodologies is needed
in support of these efforts. The limited toxicological and epidemiological
studies that are planned should be fully supported.

The Agency should continue its leadership role in bringing together
other Agencies to exchange views on regulatory actions, supporting acti-
vities, and research projects related to VC and PVC. Industry should be
strongly encouraged to accelerate its efforts to reduce VC discharges
and its very limited research, testing, and monitoring activities to
clarify further the problems associated with VC and PVC,

Finally, we have been alerted in a rather dramatic fashion to the
need for greater attention to an important segment of our industrial base
which will surely continue t6 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 general, and plasties 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 much needed broader basis for addressing these types
of problems.
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CHARACTER AND SCOPE OF PROBLEMS BEYOND THE WORKPLACE
Emergence of the VC Problem

On January 22, 1974, the B. F. Goodrich Company, the largest U. S.
producer of PVC resin, notified the National Institute of Occupational
Safety and Health (NIOSH) that four workers from its PVC polymerization
plant in Louisville, Kentucky, apparently had died from a rare cancer,
angiosarcoma of the liver., All four workers had been closely associated
for many years with the production of PVC resing. The rarity of the
tumor and the clustering of deaths at a single plant raised suspicions that
an occupational disease related te¢ VC#* exposure had been found. Since
that time, 10 additional cases of this tumor, which developed in U.S.
PVC polymerization workers since 1961, have been confirmed. This tumor
has also been reported in seven workers at European polymerization
plants, one worker at a U.S. PVC fabrication plant, two workers at Euro-
pean fabrication plants, one worker at a European VC plant, and two resi-
dents in the general population near U. S, fabrication plants.

Concurrently, toxicological data from animal studies 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 Italy in different animal species
at various exposure levels. His inhalation studies of rats exposed to
50 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, with the addition of lung tumors. Animal studies sponsored by
U. S. industry have confirmed Maltoni's observations at 50 ppm. Recent
epidemiological studies also suggest the possibility of multiple cancers
attributable to VC exposure.

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

Until this series of events the Agency had not been particularly con-
cerned with VC as 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 elevated to the level of priority Agency
attention.

* Vinyl chloride (CH,CBCL) is a colorless, faintly sweet smelling gas at room
temperature. As a gas it i8 readily flammablé and explosive but is usually
handled industrially as a liquid wnder pressure. Polyvinyl chloride resin
i8 a fine powder which is produced by polymerizing vinyl chloride. The re-
gin i8 the base ingredient for a wide variety of plastics.

4
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Exposure to VC of Special Importance to EPA

Pesticidal Sprays

Spurred by the active interest of a consumer protection organiza-
tion, the Health Research Group, one of the earliest EPA concerns this
year was the use of VC as a propellant in a large number of pesticidal
sprays. After the searching of EPA pesticide registration files more
than 50 different sprays containing VC -- including a large number used
indoors ~- were identified. It has been estimated that in addition to the
cans in the possession of consumers, up to 100,000 cans were in the
channels of trade.

Preliminary tests at EPA research facilities showed that a 30 second
release of an aerosol containing VC could result in a concentration as high
as 400 ppm inthe air. Related tests showed that in closed rooms VC
will persist for many hours, and even when diluted by wventilation, will
probably result in some VC exposure within the household for at least
several hours. (See Appendix VI),

Discharges from VC/PVC Plants: Materials Balance and Monitoring

Data

Industrial reports and analytical studies (see Appendix III) confirm
that generally 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 losses may be now
declining. The losses will vary with the type of process, the age of the
plant, the level of technology that is employed, and manufacturing
practices. However there is no doubt that in the United States substantial
amounts of VC -- probably exceeding- 200 million pounds annually ~- and
large quantities of PVC =-- probably exceeding 50 million pounds -- are
being discharged into the environment during the PVC polymerization
process. Most of the VC escapes direcily into the atmosphere, with
lesser amounts dissolved in water effluent streams and entrapped in sludge
and solid wastes. PVC losses occur 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 when
they are recharged or sampled. Other losses 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 seals throughout the
process. Polymer losses are similarly distributed among a variety of
activities including dust collector losses, disposal of oversize particles,
and sampling losses. In this regard two aspects are particularly signifi-
cant: there 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.

5 RSV 0019183
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Losses at VC plants occur during the loading process, as the result
of venting of gases, from leaks in pumps, and at other points. These losses
are considerably less than one percent but still may be environmentally
significant. As in the case of PVC polymerization activities, current
industrial efforts should reduce these losses. No mass balance data are
available concerning losses at PVC compounding and fabrication plants.
However, the only source of VC at these facilities is the unreacted monomer
in the 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 from seven
chemical complexes were monitored during May. The 2 VC and 10 PVC
production facilities located at thesa seven complexes are listed in the table
below:

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

Louisville, Ky. PVC Plant The B. F. Goodrich Co.
' B. F. Goodrich Chemical Co.
Leominster, Mass. PVC Plant Borden, Inc.
‘ Borden Chemical Division
Plaquemine, La. PVC Plant The Goodyear Tire & Rubber Co.

- Chemical Division
VC Plant Dow Chemical, U.S,A.
Long Beach, Calif. PVC Plant The B. F. Goadrich Co.
- B. F. Goodrich Chemical Co.
PVC Plant American Chemical Corporation
VC Plant American Chemical Corporation
Painesville, Ohio PVC Plant Uniroyal, Inc.
Uniroyal Chemical Division
. PVC Plant Robintech, Inc.
Delaware City, Del. PVC Plant Stauffer Chemical Co.
, Plastics Division
PVC Plant Diamond Shamrock Corporation
Diamond Shamrock Chem. Co.
Flemington, N. J. PVC Plant Tenneco, Inc.
Tenneco Chemicals, Inc.

The preliminary monitoring results indicate that the levels of VC in the
ambient air near plants fluctuate sharply, apparently due to the periodic
opening of polyvinyl chloride reactor kettles, accidental plant discharges,
variations in the production process, and meteorological conditions. A
summary of the monitoring results at each complex can be found in Appendix
V. The monitoring method developed for this activity, and subsequently
refined, is presented in Appendix IV. Since the samples were limited in
number, time, and duration, additional monitoring is in order to obtain a
more definitive assessment of VC discharges.

RSV 0019184
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Most of the air sampling was done up to three miles beyond the prop-
erty lines of the plants although in two regions the EPA sampling teams
were able to conduct part of the study within the plant property. Almost
all air samples contained detectable levels of VC. However, more than
90 percent of the instantaneous samples and 97 percent of the 24-hour
samples showed less than 1 ppm. In one 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 0.5 ppm. A high value of 33 ppm
was observed aroundone complex ata distance of 0.3 miles from 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. More typically,
levels of 2 to 3 ppm were found. - Not unexpectedly, the levels of VC
entrapped in sludge and other solid wastes from the reactor 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, frequently
located hundreds of miles away. More than 95 percent of the ship-
ments travel by rail tank car, with a small amount being 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 hag attention been directed
to the long-term effects, if any, that might be associated with a one-time
massive exposure to VC. 1/

Unreacted Monomer Entrapped in PVC Products

Industry has reported to EPA that PVC resin contains in very unusual
cases as high as 8,000 ppm of unreacted VC monomer although the levels
are usually between 50 and 1,000 ppm. Presumably these levels are
substantially reduced as the resin is processed further, with much lower
levels {e.g. 5 to 20 ppm) present in finished producte 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 1levels
of VC may be present where there is a heavy concentration of products
containing PVC, and particularly new products.

In view of EPA's responsibilities 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 little is known about such migration.

RSV 0019185
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Health Effects of Vinyl Chloride

There is no direct evidence about the health effects on man of VC
at the levels of exposure that have been or are likely to be encoun~
tered outside the workplace; however, the two recently reported non-
occupational cases 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 reports of angiosarcoma among workers
at fabrication and VC plants who presumably were exposed-to relatively
low levels of VC. At the same time epidemiological and toxicological
studies have clearly linked VC to angiosarcoma of the liver and other
adverse effects at the higher levels of exposure that have been encoun-
tered in the workplace. Given the previous lack of effort to search for
effects at low doses, it seems 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 effects from animals to man, from intermittent to
sustained or peak exposures, and from high to low dose levels is fraught
with uncertainty. Nevertheless, such extrapolations can be useful in
helping set the basis for the necessarily subjective judgements that
must be made as to health rigks. With regard to the toxicological data,
studies are currently underway at the National Cancer Institute and with-
in EPA using statistical methods to extrapolate from the effects at 50 ppm
to likely effects 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 2 human population. Another difficulty is interjected in attempting
to deal with the extrapolation from worker exposure (i.e. 40 hours per
week) to neighborhood exposure (i.e. up to 168 hours per week), even
assuming that time weighted averages are the determinant in ambient air
rather than peak levels.

The risks, if any, associated with ingestion of VC, via drinking water,
food, or other routes are 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 seems remote.

Summarized below are some 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. Ongoing Agency studies are taking this information
into account.

Anesthetic Effects of Acute Exposures: These effects have occurred in

PVC workers exposed to high concentrations of VC as the result of acci-
dents or inadequately ventilated reactor vessels. A dizziness, nausea,

RSV 0019186
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and loas of consciousness occur which are reversible upon exposure to
fresh air. Human volunteers have reacted in a similar way to high levels
of VC inhaled for brief periods. These subjects reported feeling dizzy
or inebriated, experienced loss of certain reflexes, and encountered
feelings of impending unconsciousness. The effects were proportional to
concentrations and duration of exposure.

Acroosteolysis: A small proportion (from 1 to 3 percent) of workers
involved in manual cleaning of PVC reactor vessels have experienced a
combination of symptoms known as acroosteolysis. This is character-
ized by a soreness and thickening of the skin at the fingertips, a gradual
dissolution of bone calcium at fingerfips and toes, skin sores, and fre-
quently heightened sensitivity of the hands tS cold (blanching of the skin
and pain). These symptoms were first described in 1867, and apparently
occur only after several years of high levels of exposure.

Liver Function Abnormalities: Changes in blood chemistry attributed to
alterations in liver function have been observed in PVC workers whose
8-hour exposures to VC averaged 300 ppm. 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 disease noted. From Europe, there are reports that liver damage
was found in Russian workers, and disease of the liver, skin, and other
organs has been discovered in workers in Rumania and France. Other
chemicals are invariably present in the occupational setting, and may have
interfered with the effect often atiributed to VC alone.

Liver Angiosarcoma: A fourth effect related to occupational exposure
is angiosarcoma of the liver, a rare form of liver cancer which is a pro-
gressive and invariably fatal disease. It has recently been reported in15
workers in PVC facilities inthe United States. The exposure time of these
workers inthefactory settinghas ranged from1l to 30 years., Many of these
workers were engaged in cleaning polymerization reactor vessels in an area
where exposure levels were the highest.

The etiological 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 identifying this substance
as the sole causefor cancer. However, taking into account the effect of VC
on animals in the absence of other chemicals, the implication of VC as the
possible etiological agent is very strong, and unless another carcino-
genic agent isg identified, VC must clearly remain the prime suspect.

The reported cases of angiosarcoma of the liver have in the past been
extraordinarily rare. For example, in the Third National Cancer Survey
(1969-1871), a population of 21 million persons residing in nine geographic
areas was sampled for incidence and type of cancer. In this period, only
eight cases of liver angiosarcoma had been newly diagnosed among that ten
percent of the U.S. population.
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Controlled Exposures of Animals to VC: On laboratory mammals VC con-
centrations of 5 to 20 percent have narcotic effects which are not unlike
the human anesthetic effects noted above. The acroosteolysis syndrome
has never been produced in animals, although disturbances in peripheral
blood circulation, abnormal cartilage formation in the toes, and abnormal
skin lesions have occurred in rats. Liver enlargement in rats has been
seen with inhalation exposure as low as 100 ppm for 6 months, but little is
known about frank liver disease caused by VC exposure.

Among the several animal inhalation experiments employing repeated
exposures of over six months duration, two have disclosed liver angio-
sarcoma at 50 ppm and higher in mice and rats. It remains to be deter-
mined whether the liver angiosarcoma observed in animals are precisely
the same 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 reaction 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 a stable pollutant whereas VC rather quickly escapes
from agitated or aerated water.

The available results indicate a rate of 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. High eye 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 emission sources indicate
that VC can be considered a stable pollutant near emission sources. The
usual meterological dispersion equations for gases could be applied to
approximate concentrations. Because of strong inversions at night during
the fall and winter period, buildup of VC near emission 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 environment may not be
significant. However, if there is a continued input of VC into water,
it is possible that a steady state concentration of VC could be reached.
Bioaccumulation and/or biotransformation might then become of con-
siderable concern.

Potential terrestrial ecosystem effects, as well as transport pathways
from source to plant or animal receptors, of VC are unknown. How-
ever, the suspected volatility of VC may result in a large dilution factor
which might reduce the ‘toxicological or bicaccumulation hazard to an
insignificant level.
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Given the lack of past attention to the ecological effects of VC,
some inferences drawn from the behavior of other low molecular weight
chlorinated hydrocarbons may be helpful in anticipating the fate and
effects of VC, In particular, 1, 1, 2 trichloroethane and 1, 2 dichloro-
ethane comprise a portion of the waste products -- often referred to as
tars --from the production of VC and are of concern in themselves as
well as possibly suggesting VC behavioral patterns. Other potentially
hazardous compounds, such as hexachlorobenzene and hexachlorobutadiene,
are also found in these tars. Therefore, tars are discussed below.

QOther Chemicals of Concern in PVC Activities

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

As pointed out in Appendix VIII, a large number of chemicals are used
in PVC products as antioxidants, antistatics, colorants, fillers, plasti-
cizers, and stabilizers, and many of 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 for further investigation, e.g. cadmium,
barium. However, the Task Force has not attempted to assess in any
detail the known health risks nor sort out the priorities for further investi--
gation.

A special concern of the Task Force has been disposal of products con-
taining PVC and disposal of the by-products of PVC/VC plants. . As
discussed in Appendix VII 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 wused 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 affect at least some
marine species at concentrations of 2.5 ppm. Worms and barnacles are
also affected at levels below 5 ppm. Bioaccumulation 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 accurmulation of the tars. 4/
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Size and Character of the PVC Industry

During 1973 VC production in the United States was at the 5.35 bil-
lion pound level with PVC and its-copolymers at the 4.56 billion pound
level. The industry has been operating for about forty years, and over
the past five years has shown an annually compounded growth rate of 14
percent -- a rate of growth that is expected 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 I and II. 5/

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. Markets include
the apparel, building, construction, electrical, home packaging, recreation,
and transportation industries. The wholesale value of the annual output of
fabricated products is at least several billion dollars.

The synthesis of VC 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 are
under construction and together with expansions at five 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
are engaged in fabricating products from PVC. It is estimated that 1000
to 1500 workers are employed in monomer synthesis, an additional 5000 are
engaged in PVC polymerization operations, and approximately 350, 000 are
associated with the 7500 PVC fabrication plants,

More than 87% 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 chloroform, ({(b) additives in specialty coatings, and
{c) until recently, aerosol propellants. Over 90% of the VC produced in the
United States is manufactured by ethylene-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 - 79% of total; emulsion - 13%; bulk - §%; 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.
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Appendix 1 discusses the opportunities for PVC substitutes at com-
parable and at higher price. In many cases there are substitutes; in
some cases there are no substitutes. At the present time worldwide
shortages of ethylene and the uncertainty of regulatory actions concerning
VC are creating more intensive searches for alternatives to PVC resins
in a variety of applications.

Lessons Learned from VC/PVC Experiences Relevant to Other Chemical
Problems

Except for continuing concern over spills and accidents, Government
and industry have been rather complacent 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 attributable to the relative absence of visible and uncontrolled
dangers from exposure to the chemicals during their long histories. In
addition, since each of these chemicals is manufactured by a number of
companies, firms may lack incentive to invest individual company
resources to clarify the safety aspects of their usage. Clearly, the
experience 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 seems essential,

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

-- The levels of exposure to populations 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, concerted short-range efforts enhanced signi-
cantly the existing data base and provided critical inputs into the deci-
sion-making 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 contractor support services.

RSV 0019191
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In the pesticides area, the use of VC in aerosol propellants has
emphasized the need 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 emphasis beyond the traditional con-
cerns with gross pollution effects and with toxic metals and pesticide
contaminants to include a wide range of other organic chemicals. Simi-
larly, inthe areaof airpollution, VC has awakened the entire environmental
community to the broad problem of uncontrolled and unmonitored 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 commercial products using VC have pro-
bably 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 general.

RSV 0019192
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The material presented in this Section is based largely on original
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these activities are elaborated in the Appendices which also cite many
of the relevant scientific publications. However, the Appendices do
not cover the entire range of the activities of the Task Force, and
a few additional references concerning this Section are set forth below.
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lation).
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Organisms," 1970. Helgolander Wiss. Meeresunters. 20:655-
675, Also, informal communications with Bureau of oSport Fish
and Wildlife, Department of Interior.

4. Jernelov, A., R. Rosenberg, and S. Jensen, ''Biological Effects
and Physical Properties in the Marine Environment of Aliphatic
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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 OF GOVERNMENT AGENCIES AND INDUSTRY

EPA Regulatory Authorities

Pesticide Registration

On April 26, 1974, the Agency determined that the potential risk
associated with continued use of VC in pesticidal sprays was unjustified,
given the acceptable substitutes which were available. Therefore, on that
date Notice was given of the emergency suspension, and intent to cancel
the registrations, of all spray products containing VC for use 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 manufacturers (39 FR 14753).* In addition, EPA
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 propellant.

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 this problem and should complete their
efforts within several 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 plants. 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, Indeed, EPA, together with state and local air
pollution authorities, has an immediate 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 2ir standard, per-
formance standard for new sources, or emission standard for hazardous
air pollutants. Several factors bear 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 early 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 schedules for the industry as a whole
and for individual plants.

x«The FR citations identify the Volume and Page of the appropriate Federal
Register announcement.
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Depending on the air emission level and/or the level of technology to
be achieved, the costs of compliance could have several 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 close or to replace the old technology with new. New
plants presumably would emphasize 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 economic information concerning steps
that have been and could be taken #® reduce VC emissions. The in-
formation was sought under Section 114 of the Clean Air Act.

The Task Force believes that a standard based upon achieving a
specific air quality 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 emissions as low as
practical, and in the longer run drive technology toward more envi-
ronmentally acceptable approaches, would seem consistent with the
gesirability of reducing risks from carcinogens to the minimum possible
evel,

Present preliminary estimates are that emissions can be reduced by
75 percent in PVC plants and 90 percent in VC plants. Such reductions
can be achieved by employing best available control technology which
includes a variety 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 avaijlable information indicates that
such reductions should result jn ambient air levels which present no
established risk to health or welfare. The cumnulative costs of the
control technology are estimated to increase the cost of PVC resin by
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 representative complexes are desirable. To
the extent possible in-plant activities should be correlated with external
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 dischargesup to a
level of 20 ppm of VC from at least two PVC resin plants, further

investigations of its effect, if any, on the aquatic environment seem in
order.
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The Effluent Guidelines for the Plastics Industry promulgated by EPA
cover only PVC polymerization activities and not compounding orfabrica-
tion activities. However, some of the potentially most troublesome
water effluent problems relate to the toxic materials used in the com-
pounding process.

Also, as previously mentioned, the possibility of toxic additives
in PVC products leaching into the aquatic environment is of concern.
Further clarification of these problems is needed prior to considering
regulatory action. :

Solid Waste Disposal -

Problems associated with disposal of PVC products through incinera-
tion and burial are discussed in detail in Appendix VIII. The emission
of HCl is the only clearly identified incineration problem at present
although there are many uncertainties 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 there are sufficient uncertainties -- par-
ticularly with regard to additives -- in both of these areas to warrant
more detailed investigations in the months ahead. There is no evidence
at present that PVC will revert to VC during incineration or as the
result of biological orchemical activity during environmental exposure.

Disposal of the solid and semi-solid wastes from VC/PVC plants
poses many problems encountered with hazardous wastes in general. One
particular concern is the disposal of tars -- a concern that was height-
ened last year when a large number of cattle were contaminated due
to poor handling and disposal practices involving hexachlorobenzene
wastes. 1/ Another problem is the possible exposure of personnel at
landfills to sludges containing up to 3000 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 Management Act might be particularly
appropriate.

Ocean Dumping

The October 1873 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 organohalogens in the marine environment,
These criteria cover the principal earlier concerns over ocean disposal
of the by-products of VC/PVC manufacturing activities which were
triggered by reports of fish kills in the North Sea from disposal of
tars and of the buildup of organohalogen compounds near Puerto Rico.
Unfortunately, earlier ocean disposal practices for tars in the Car-
ibbean also have had adverse effects on marine life. 2/
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Drinking ‘Wa;ter

Currently there are no data on VC concentrations in community water
supplies, primarily because no one has ever looked for VC. Conceivably,
it could be present in drinking water. Possible sources are PVC poly-
merization plants just upstream from water intakes and from PVC prod-
icts used in the distribution system such as PVC pipe and storage tank

ners.

Monitoring a few selected water supplies 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 to determine the
need for additional sampling and possible research requirements.

Proposed Toxic Substances Control Act

An important authority which is currently missing is the Toxic Sub-
stances Control Act. The requirements 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 would be the
basis to obtain much needed data ~- and particularly data on toxicity and
persistence ~- for assessing the risks associated with low concentration
levels of VC, including those levels that are likely to persist beyond
the workplace. The proposed regulatory provisions would provide a
mechanism for addressing those products using VC not now subject to
regulation under other laws. Also, if considered appropriate, steps.
might be taken to limit the amount of unreacted VC in certain PVC
products which could eventually migrate out of these products to pose an
unnecessary risk.

Supporting Research Activities

As a component of the national effort to clarify the health risks
associated with VC, the Agency plans to support a toxicological effort
at the University of Cincinnati, These studies are designed to determine
the effects of VC on the developing fetus, to determine changes of VC
toxicity caused by nutritional imbalance and interactions with other
common chemicals, and to develop cell culture techniques for rapid
screening of the oncogenic potential of VC and related compounds.
Also, epidemiological studies of neighborhoods near PVC activities
are scheduled to complement related efforts of other Government agen-
cies.

Regulatory Interests of Other Agencies

Aerosol Sprays

Early this year evidence indicated that sorhe supplies of hair sprays
containing VC were still on the market, and the Food and Drug Adminis-
tration (FDA) requested that all known manufacturers recall these
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supplies. In early April, three 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 Federal Food, Drug
and Cosmetic Act concerning the use of VC as an ingredient, including
propellant, of (a) aerosol drug products, and (b) cosmetic aerosol prod-
ucts (39 FR 14215). At the same time, but in a separate notice, FDA
requested a list of all marketed drug products containing VC as an ingre-
dient or packaged in containers of or lined with PVC (39 FR 14238). On
August 26, FDA published regulations which (a) banned the use of VC in
cosmetic aerosol products, and (b) required a new drug application as
a condition for marketing drug aerosol products when VC is used as an
ingredient (39 FR 30830). =

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

Worker Protection

The Occupational Safety and Health Administration (OSHA) of the De-
partment of Labor, responsible for worker safety, determined that VC
levels exceeding 50 ppm in the workplace present a hazard and on April §
set an emergency temporary standard at that level (39 FR 12342). To
initiate the process for setting a permanent standard, on May 10, OSHA
proposed lowering the standard to the level of detection, defined at 1 ppm
plus or minus 0.5 ppm (39 FR 16896). Public hearings to gather infor-
mation for a permanent standard and to assist OSHA in making & 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 effect on the need for and character of
action by EPA. If OSHA uses 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 to recommend control
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 wines packaged in PVC bottles under an 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 there were no available
toxicological studies supporting a safe level of VC in food, FDA published
a proposal which in essence would preclude the use of PVC resin in con~
tact with alcoholic food (3% FR 12931). At the same time, the Department
of Treasury withdrew the approval of the experimental use of PVC bottles
to contain distilled spirits. Since there was no indication, at that time,
that VC migration occurred from PVC in contact with non-alcoholic foods,
FDA proposed a regulation which identified criteria for safe use under
the prior sanction (38 FR 12931). Recently, however, FDA has received
data confirming VC migration from PVC packaging into a variety of foods
and currently is considering limitations on the use of PVC in food packag-
ing.

The Consumer Product Safety Commission has not taken a position on
unreacted monomer in consumer products.

Transportation Handling

The problems associated with VC have heightened the concern of the
Department of Transportation (DOT) as to whether any changes in its
regulations are warranted since some commercially 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 desirability of changes in labeling requirements and/or
packaging requirements for carcinogens but has not yet reached a con-~
clusion,

In July 1874, DOT published (a) proposals to amend the bulk dan-~
gerous cargoes regulations for the carriage of VC (39 FR 26752), and (b)
a requirement for protective head shields on uninsuldted 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 freight cars carrying hazardous materials to include those pla-
cards as ''Dangerous" (39 FR 29197).

Related Research Activities

The Center for Disease Control (CDC) and the National Institute of
Occupational Safety and Health (NIOSH) are maintaining a nationwide
surveillance network of all cases of angiosarcoma of the liver which have
been reported since 1965. For each case identified, the health history
of the individual will be reviewed and analyzed to determine if there was
any connection with VC or PVC plants. CDC/NIOSH are also conducting
studies to determine if other cancers and other mortality causes are
associated with exposure to VC. In these studies, pathological informa-
tion will be obtained from hospitalgs. A CDC survey among meat wrappers
in Houston, Texas, should determine if chemicals produced upon combus-
tion of PVC film may be implicated in ''meat wrappers asthma."
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CDC/NIOSH are conducting a comprehensive epidemiological survey
of workers from 11 polymerization and fabricating plants. Employee
medical records are being subjected to intense screening to determine
the scope and magnitude of VC effects. Hospital data obtained in this
study are being sent to the angiosarcoma network. NIOSH is also
planning studies to determine the levels of exposure at fabricating
plants and to determine if cosmeticians exposed to VC from aerosol
hair sprays have had any cases of liver angiosarcoma.

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

The National Institute of Environmental Health Sciences (NIEHS) has
taken an active role in bringing together interested Government agencies,
industry, and the academic community to begin to assess the public health
implications of a broad range of chemicals used in the plastics industry.
An initial meeting in Pinehurst, North Carolina, from July 29 to 31 was
designed to set the stage for a continuing effort to sort out research pri-
orities within Government and industry, as well as to highlight the types
of considerations that should surround regulatory actions in this field.

The National Cancer Institute is providing pathology services (human
and experimental animal) and in coliaboration with the Armed Forces
Institute of Pathology is establishing a case registry for VC associated
diseases.

The National Bureau of Standards (NBS) is conducting research on the
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 research to develop
more sensitive techniques 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 activities., Summarized below are
some of the areas 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 are installing improved pumps, seals,
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and disconnect devices; while still other plants are introducing more
significant process changegs. One company is reportedly spending $3
million to tighten the processes 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 plants.

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

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

Medical Surveillance

Clearly, VC concerns have triggered extensive medical surveillance
programs of VC and PVC workers throughout the industry. These pro-
grams should become routine to 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 on
the type of chemicals involved and the arrangements that can be worked
out by industry with local health authorities.

Fenceline Monitoring for Chemical Discharges

Traditionally, the chemical industry has conducted very little fence-
line monitoring not required by Federal, state, or local agencies to de-
termine the chemical discharges leaving plant property. During the past
several-monthg, however, monitoring for VC has become a concern, and
hopefully 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 neighborhoods. Similarly, he
should be fully aware of the chemical cross section of his liquid and solid
waste streams. Thus, a far more intensive physical monitoring effort on
the part of industry is needed -- monitoring not only for gross pollution
(e.g., biological oxygen demand, chemical oxygen demand, total suspend-
ed solids) but for individual chemicals as well, including VC and related
chlorinated hydrocarbons.

Toxicological Testing of VC

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) texicological study on
behalf of a number of companies have not been adequate, in terms of
direction, scope, or quality. Even the additional toxicological studies
which 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 and beyond. This proposed effort, while
important, is but a small step toward a very complicated problem. Also,
a number of experts have expressed concern over the design and statis-
tical significance of the studies as currently planned.

Testing for Persistence and Environmental Fate and Effects of VC
and Pé;b

A related area is industry's responsibility to clarify the environmental
fate and effects of the chemicals it manufactures, and in this case the
behavior of VC in water and air (including 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-
Hal in helping to point the way as to the types of tests and analyses that
are the most appropriate.

Testing for Levels of Unreacted Monomer in PVC Resins and PVC
Products

In view of the likelihood that FDA will limit the levels of unreacted 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 manufacturers of resin, who in general are
well equipped to carry out the necessary sampling and analysis, advise
their customers (i.e., the fabricators) of the guality 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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The technical information presented in this Section is based princi-
pally on informal communications with the concerned EPA offices,
other Federal agencies, and industrial representatives. Two relevant
publications not cited in the Appendices are identified below:

1. Environmental Contamination from Hexachlorobenzene, Office of
Toxic Substances, Environmental Protection Agency, July 20, 1973.
2. Aubert, M., "Effect on the Marine Environment of the Combustion

at Sea of Some Industrial Waste',” Center of Biological Studies and

Research and of Oceanographic Medicine (C.E.R.B:O.M.), Nice,
France, January 1974.
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RECOMMENDATIONS

This Section sets forth the recommendations of the Task Force
concerning steps that should be taken by the Agency and steps that
the Agency should encourage industry to take in the near term to (a)
help clarify and reduce the risks associated with VC/PVC activities, and
(b) take full advantage of our experiences with these chemicals in ad-
dressing other chemicals.

Regulatory and Directly Supportive Actions by EPA

Recommendation #1: -

An air standard for VC should be established 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 Agency should determine the ambient levels that are
likely to be achieved and, to the extent possible, the health risks
associated with such levels

Recommendation #2:

Additional ambient air monitoring should be carried out to support
regulatory action under the Clean Air Act. These efforts should
include sampling at a number of carefully selected sites around a
few VC, PVC polymerization, and PVC fabrication 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 balance studies should be conducted, in
cooperation with industry, at a few VC and PVC polymerization
plants. Specific VC leakage points should be more clearly identified,
and attempts should be made to correlate the magnitude and timing
of the estimated losses 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 levels 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 procedures should be carefully 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 of developing continuous air monitoring
devices.

Recommendation #8:

Monitoring and bench-scale studies should be conducted around
industrial storage and disposal sites and municipal disposal sites
to determine the types and quantities of toxic substances leached
or dischargead 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 should be developed to control the storage
and disposal of these wastes.

Recommendation #9:

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

Recommendation #10:

The responsible 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 inthe aquatic environment, andparticularly on its
degradation products and related chemical reactions. These studies
should be supported by both industry and Government.

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 #13:

Enforcement efforts, including spot checks of manufacturers,
distributors, and retail outlets, ghould continue to be pursued
vigorously to insure that pesticidal sprays containing VC as a
propellant are removed from the channels of trade as rapidly
as possible,

Recommendation #14:

Regional, State, and local authorities should be kept fully
informed of Agency efforts under. the Clean Air Act and other
authorities. As the Federal approach becomes clearer, they

should be encouraged to undertake supportive actions as appro-
priate. - :

Recommendation #15:

The Agency should build on the experience gained in respond-
ing to the problems associated with VC in strengthening its
organizational, manpower, andcontractor resources to anticipate
and respond to similar situations involving other chemicals.
Readily available information on the handling of VC should be
made available to the Regional Offices to assist them in respond-
ing to rail or barge accidents resulting in the release of VC.

Recommendation #16:

Laboratory procedures for safe handling of VC should be developed
and distributed to all EPA laboratories. Consideration should be
promptly given to how such procedures can most effectively be
developed for a number of carcinogensthatare 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 in different media,
and (b) limitations on the levels of unreacted VC monomer in
selected PVC products.

Recommendation #18:

The Agency should continue its leadership role inbringing together
the interested Federal agencies to exchange views on regulatory
actions, supporting activities, and research projects directed to
problems associated with VCand PVC. In addition, an appropriate
interagency mechanism should be developed to address a broader

spectrum of potential problems associated with the plastics
industry,
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Recommendation #19:

EPA should exercise leadership in stimulating Governmental and
industrial efforts to analyze in depth the other high volume
chemicals (e.g., top 50 in terms of pounds of production) to
identify those which deserve additional testing or controls to
clarify 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 polymeri-
zation, and PVC fabrication facilities should be taken promptly
without waiting for further Governmental 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 indeed chemical complexes
in general, should have up-to-date information on the character
and extent of the chemical pollutants that are leaving the plant
property as air, water, or solid waste discharges or degradation
products. A systematic monitoring program operated by industry
at the fence line and beyond will in many cases be essential to
;sggrtain the nature of the pollutants reaching nearby neighbor-
oods.

Recommendation #22:

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

Recommendation #23:

The Manufacturing Chemists Association should, in consultation
with interested Government agencies, carefully reevaluate its
planned VC toxicological experiments at low doses to insure
that the design is (a) statistically reliable, and (b} relevant to the
ambient air concerns of EPA.
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tcnth ponth scme animals had started to present decrease of the tody
Sr—— . .
wveight, of aggressivity, resction to externzl stimull and some
cguilitriun disturbances. Thirteen animals died through cemrlicatlions
of the car ¢ia- espiratory ayrparatus, accompanield by bronco-dulmonzry
mariifestations, somctimes hemmorrhagic,and extensive rleuro-carziac
ecactions. Two enimals died due to hemoperitonsza. Signs of suffering
of the Yrain, the liver, and the kidneys existed in the majority of
the animzls. 85ix rate 1so presented modifications of the skeleton
and the soft tissuss of the paws.
The sm2ll metatarsal bones presented an extensive periostzl
prcliferation of elements of thne cartilagineous type, which seemed to
riginate directly from the tissue by metaplasla of same. At thed

veriphery of the newly formsd'cartilase, the celluler elements were

r~
3
4
»

Q

v ¥y .t .
SGIn e LG

- w - 1 - -
:vially arranzed to ths ccori

ilzre 30 25 ¢ cIne-

siitute a gperichiondrzl layer, The isugcnous

=
]

cups of the ecartilese
iére irregularly arranged and the nuclel contzined in these apresred of
non-uniform sizz znd often two cr more nuclel were present in one

cell. The edges of the cartlleges appeared 1rrecular through the
rresence of digitifofm formations, a&n expression of a diverse pgrewth
potential. anifcstations of chendroid metawlusia were also-present

in zones of wature, compact bone in whicn the cartilapenous elements
were arranced at -1llegible-- aroun2 a centiral osseous nucleus as
ocserved in the osteo-chondromatous processes, In the small rtongs the
chondrold rmetaplasia process was sometimes very extensive and the bones
apreared as 1f soaked with a mucoid substance which altered the
Eharacterlstic arvrangement of the oSteomes with Aisarrecarance of the
cement lines, The siin of the paws presentel zones of hyrerhkernaicils
suoerficial thickening of the epidermis, veonol‘?atioﬁ and 2

.

T, disapucarance ui Lie cutaneous connections,

e o e e e e - RSV 0019209






I SIS 0 A i,

o
é
]

Jf

slight accentuation of the papillary léyer of the s¥in, Almost
concstant was zn edematous state of the epidermic zone, The conneciive

tissue appeared chanred due to separation_ of the collagenous tuniles.
Diminution an? fracmentaticn of the elastlc rsticule was pr95ent. Thé-
small arterizl vessels presented signs of sub-endothelial fibroésis
with thickening and seraration of the elastic covering, often assoclated
with a partlal hyelinization anri honogenelzation of the walls and with
g proliferation of the sndoth;llum. Some vessels seemed comTletely
occluded vitnh vrolifergticn of the cornective tissue in ‘onjon skin®
form. The small nerve Sﬁndles often aprssrel enslotred and infiltrated’
Ty flor-otlc rrocsesses. The microscoplic exaninztion of the brain
deronctralted éilfuse degencrative lesiona of the grey énd of the

vhite matter. The external granular larer often arpezreld reduced end

o some aress a redvction of the midd

arpearance of the nucleoll and sometimes even the nucleus., At the leoveld
of tre white subStzne® were zonss of Intgnse reactive gliosis, constitul
in large purt of protoplesmatic and fiTrillar astrocytes, some of
which/arranged In tubes around the blood vessels. These presentsi
manifestations of neuronopﬁagia with satellltosis by arranzoment of
oiigodendrdélia ¢lenentis around the zltered nerveus cells, 3lighi pre.-
liferatlon'of microglial elements esveclally in the zones of noit
intense gliosis., Zoness of intense stonzlosis were present vwish

L

accumulation of gatrocjhrv ¢lements with atundant Tasofilousz crioplazy

-

of itre gemistocyie tyre znd of xicroglizl elements whose asnoct re-

rinded one of the "scavenzer cells"

r

n the eczretzilem,

of the granulor layer,ofven representad only Ly a few lselztced mrcls!

""Tne laysr of Furkinye cells wa3 in some zonea rrofourndiy alterei in
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that the cells appe:zred affeccied ty an intﬂnse darenerative process

enid one could okserve all the 2iversce aspecets of this alteration of

" the hcalthy cell to .the most affccted one fro: which had dizasrceared

any characteristic rornhalogy ani remeined only small ho:ogeﬁeous
rodies with indistinct houndsaries, Tne molecular layer arpeared,with
the exception of restricied zones, rather undisturted,

. 'The liver, often incresased in volume, scometimes had an unexpected
color with a smooth surface and.was often more fria®le than normal,
Hietolorical examination Azmonstrested in the maforiiy of the cases
the siszns of a 4iffuse fnterstiiial hepatitls with numerous hepatic
cells offected Ty regressive processes vhich went from 2 turbld
degenerztlion of the ceytoylasa to necrcesis with distinct Trotorlazmatic
and nueclsar aly“cr“ﬂi'm Somie hepaotecytes rresented gicantic nﬁclei

-~

- <. -
1 hs S

existed & corpusculate exudation compesed of round-ccelilular elemcnte

of |ymphocyte and plaswa-celilular type. The often hyprertronhic Xupfer

»

cells rnresented an atnormal rroliferaticn. The trignculer spaces

appeared increased bty Ainfil ﬂtion of round zud polynucleatic czlls

and of ecsinophiles with marked ccllular rolrmorphisz. The congestion

ol the pértal caplllaries and of the centrolo®ular ¥ecins and of th

sinusolds ﬁi;h nunerous hotbeds of parce‘la necroslis in the middle
Zo0ne was nof infrequent. A aiffuse adirose dezensration with small

drops with restricted zonss of acldophile necerosis and formation of
bodles 3similar to the roung, acidophilq p:e? in viral hepatitis,and
to trese of "Couneilman" in yellow fever was aftsn present. In soxe

ceses the signs of an intense fitrosclerotic rzaction were trace

tesidc thes degenerative proceszces, The (il 73 never seemed c¢xcessive~

1y ailiered oy ine preoionged exrosure to vinrl chleridg, evan thouxh

trhe sisns of a tuhulo-nerhrosic somstimes associanted with 2 chronic
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~interstitial rephritic were 2lways rresent. Hodl ications of a molest
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nature took place in the thyroid where 'an increase of the para-{follicular

cells znd sometimes the signs of a colloicdal golterwere onserved. The

.

control snimzls never precsented the histopathological modifications

of the skeleton 2nd of the various organs.

¥edical investlcaticn '~ The personnel of an establiskrment for the

polyzerization of rolyvinyl chloride were sutmitied from 196€ to

thics date tc repcated nmediczl obrservations. During the course of the

4y

irst investigzation one cegse of acrcosteslyslis was identifici zmong

! =
the pesrsonnel employed in the manufacture,
A young man of 32 years, 6 exployed for three years 1in the cleaning

of sautoclaves, presented acroosteolytic lesions of the trird distal

phalzanze of thsz firsi, seaond, third, =nd fifth finger of the richt
nond a2na ihe First, scoond, third of the lgft hand (fig. 1). Thse

firgers were slightly swollen, Tzsty, on the back skin of ke hands
anZ tn2 face of the palm of the forearns /sic. ezall whit

were notved, the nails of the first and of the second Tinzers of Y“oth
hands were enlazrged and rounded in "watch-zlass" feshion. Puring the
winter months the cold caused pa2in in the kands which tecame pale and
often presented chilblains. The disturtances became more pronounced
recently. The patient did not report pain in the hapds elther ZJuring
work or when touchlng the fingers. For ztout two years hem%EEGStiOn

difficulties~znd a certain aversion towerds fats. His tody welgnit was

w,

reiuced ani he ofien revpsrted asthenia an? headachss. The liver Exceci-
ed 2y two fincérs the costzl arch, i1t was of norrzl contistency,
moderately palnful to the touch. The erierial prezsere was 140/100.
Yormal ECZ, The lzotoratory cxzms give the Tollowing resulis:

¥oelasan, 4 u.t.; Vunderly E
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neg.; aldolasis £.& u]cc., totzl proteinemiz er. 7.7/1CC cc.,.

altumin flotulin ratic 0.5C; altumin 347, glotulin 66f; alfa rlotulin’ ;
1¢; alfa?: 6%; -teta globulin 21%; gamma glokulin 3“§; iodine

protidemia %.85 gazma®; mercury of uvrine 20 y/liter. Trne hCﬂO’hPO
cytometric exzm, azotemia, slycemia, urlcoermia, cholesterolemia,
alxaline arnd acid zhosrphatase, Wzaler-Rose reaction and the latex test
vere within the physiological limits; the LE cell search vas negative,
the rhosphoremia, calcemia, czleiurierand phesthaturia were nermal,

fier two years, his reneral conditiosn

cr
]

f"l

Removed froz tne departimen
inpreved, the asthenla snd the hezdaches disagpreersd, The radliograpkic

exam of the hands demonstrated that the acrocsis olytic lesions were

'("

replaced bty a pProcess of o0sseous recovery. The psr riferic. ci CUlEoOrj ‘di=

turtances rerscisted; so did the deformation of the nzils,

}..I

gmrrloyed in the rolymerization rrocsss, Five worlkers nrccernted cir-
culat&ry disturtonces with Raynzud chenomenon. Fiftcen rpresanted
hepatcmegalia and signs of small heratic insufliclency, tut.itheir con-
ditieon was greally improved zfter modifying their diet vwhich was ex--

cessively rich in animal fats. The iodine protidemia was, con the.

average, maladjusied toward the low values of th:[i“ Lla;/, the

~

‘guantity of mercury found in the urine was teTow / §llegixle./ ..

Sinilar 1nvestigations were made in other sstatlishments occurisd

in the rrocsss of polymerizaticn of viryl chloride, erpleying a total
of 50C woriers, among which thirtcen cases of acrovsiecolveis were
dlacznosed, Heonce the opportuniiy existed ta acmpare the resulis. af’

our investl-ation and to extend cver a larxer rnuzter of. c2s5s5. our
observations on-which tasis it was possible to trace a viciure ¢f %the

sYmionulology anpa tne course or the disesce,
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JISCUSSION
The rreolongzd exrposure to vinyl chloride vapors in cencentrations

sulficient to produce a state of poisoning,iniuces in man a dlsease

(4
which can have an acute or z chronic progress. The acute Jorm is
causéd ty expesure to very hizsh concentrations of monomer. It is
characterized ty general malaisé, headaches, dizziness, asthenia arngd
soretiTss nauses, vomiting ard ¢hills, If exrosure to monomer is Tro-
longed ani 2bove 211 47 its concentration in the amtiant 2ir is higher
than 100,CC0 prm. unconsciousness, narcosis, cardiac and respiretory:
disturtances also appear which could even cauvsec the deéth of thé
ratient. The effect of the monomer in these cases is Frimarily on thre

pyocardluu, and d2atl: oceurs dus

(V]

to cardlo-recriratery disturrtances.

Chroric rolsoning arises 1nsteaﬁ trrousHh exposure to leower con—
centrations of vinyl chloride and 1s chnzracterlzed by alierztions of
the nervaous sysiem, of the circulztary ard digzestive system, the
pones and the skeleton. The nervous disturtances are tas first to
manifest themSelves each time the vinyl chloride concentration is
sufficliently hiah.to te perceived by amell. [/ illegitle / mnay Ye:
a state cf euphoria uron which follow é 1llegzindle _/ astenia,- heavines
of ihe legsl vertizo and after prolonged exvosure also a sensation of
tinrline in the inferior joints, of heat all over the.body and
somnolence wnleh may persist even after discanitinuing she work. These

disturvances 2

Iy
[47]

(1]

o~

aF

ar after a day or two of rest, Tut if zxnosure

10 very high concentrations continues, a state of neurssis can

R e R R I e S
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digestive di;turbances with a sense of heaviness in the eplgFasirivm anad
in the.right.hypochondriuz /[sie._/, difficuvlt digestion, rloating,
anorexia especlally with regard to fats and hepatOSplenomegaly..Unier
these conditions foold intake is reduced and toly weight tends to
decrease. The liver is increased in volume and can present signs,
almost always slight, of modification of the hepatocyte function.
Often the svleen is 21s¢ incrcesed in volume,

Besldes these nervous and digestive Zlsturtances, there 1s specific
evidence of roimoning, in a certain number of cases. a Raynaud
syndrome mey estatlish 1tself which manifests itself by rain and
crises of asghyziz of the fincers'and sometimes of the .toes after ex-

posure 1o cold. In thss6¢ cases the patients coxmplain atout Q:Eld rands,

]
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rain &t tnz precsure ol o
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g€iz; the fingers are cale,
rarely livid, coid, deformed Ly e hard edema with lnelastic,"thi nemeld
and atrophic skin wiich does not glide on the underlyling tissues and
1s therefore difficult to 1ift off in fol¢s. Tne skin of the rack of
the nhands and df the distz2) pert of the forearm presented whitish
parulae with zones cf‘hyps_keratosis..Sphyémography doss not reveal
rmodifications of the arteriolo-caplllary circulation, tut arteriograrhy
shows an intense distal vasoconstriction of the arteries at 4he le;el
of the fingers.

The most characteristic sign of the 2iscase 15 represenicd however
by the o;secus lesione of the hands. Fxterig? signs of the lesion, tut

vhiech are not nccessarily present, 2re: pain to touch of ithe 2istal

(L]

part of the fingers, acnormal fexidility of the nail phalangss,

-~

paresthesia, deformaticn ef the nails which are often streaked and whi

~

tend te be enmleorgsid., The csceous modifications manifest themselves Tor

% & . a0 o

nall ghotonze of 4he fingers of the
- ~ - N Y- my. 4 -~ - FARE SRS
hand, mcre rarely in the 4oce z2nd in the knzecas. Thierenirz of ihe
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marginal part of the pelvis, increzse of the sucro-Illlasc srace,
images of mseulo-frazclure of the cu“ital strlcid, were obhserves,

Trie inter-phslanzezl joints can be involvea irn the Zisease trocess
by which the articuler ends afe-ﬁsforjsi ana r2lad justed one

on top of the other. It is a particular characteristic of tﬁe lesion
that it is sycwmetrical in koth hands and that 1t affects almost
elways more than one finger. (Fig.l). The pzatholecgical process may
initially be extremely limited and 1n these czses during the
ra2iozrarhlic exarcinztion they present Thensnives with o divinmut on
of the lhichress of the cortical rvart of the thealange or wiith szall
‘half-moon shaped incisions, rerperndiculzr to the elge of this, or
with limited round z-nes of csseous diminutien. In a subscquent
#aze  the 1llness prestented more characteristic raiiog:anhiéai
inages. The end thaliangss can T2 extrensly Lupeveld 2o 23 1o have

-

reach authors call "sucked Tezt susar', since 1t

i1s @iminished in taickness, dezrived of the ccrtical
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e, (7 -;-2} Ir oiher cases, the thalange
vresented In 1ts &istel third 2 loss of substance aleng a itransverse
zone in &ll 1is thickness, with 2 picture vhick reczlled that of a
fracture (Fig.3). The distal part is sozetimes Iimited to a very
small f*agme 4 which zay in due tire disa‘b&ur Tor the ﬁoné seens
as 1f amputated (“1~.L) ter these vatients are reroved from their
specific vwork, onec observes a frocess cf rceovery of txge lesion and
;he zenes of dimirution are slowly reclaced by zn intense 0SS EouUs
prolifieration, ricn irn osteorhwytes, 1n vhiech is no longer rscosnlze-
able the cheransterictic trzrecular pattern. In Ihis stare of the
illwmess, the, formatlon of 3231 round zonss of csseovs increasc 1s
fre

Yy A AF* mwn AN mAma
oA aa N des Wwae -~ MLl L A

SRTOSui'e Lu Lue tualic muiion ol

vinyl cnloride, the general cenditions of nutrition inmprove rariily
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as do those of the digesiive functions.” The nervous disturtancss are
Siower to disar pcnr tut the anpicnevrotic ones persist, The fingers
often rcmain shorter, in the shape of drumsticks, with the nails having
a watchzlass shape.

In our investigaticn we 4id not find significant rodifications Qr
the thyroid, the kidneys, the cariio-circulatory apraratus, nor
functionzal modifications of other organs nor a malor incldence of
neorlzztic ferms, i

‘The bloptlc examination of the pazpulze wnich often arpear on the
skin of the hands and forearms of those exposed to vinyl chleride
vapers.always revealed diffuse degénerative nznifestations,. The
ecidarmis ﬁnd 1%s annexes aprzarsé norrez2l tut the dermic connectlQe
tisgug separeied i cellagencus rundics , Toor in 2clls. This has lost
iis sizining &ifinigy iz anilin tiue ana irignt grecn, while sisiming

trichromizs coler, FAS and muci-carmine, fhe
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elzstlic retiqule stained well with orceine, with FAS and muci-cazrmine,
presenting slight metachromasia wiih Toluidine blue'zéf:atro;hic and
reduced to few frasmented and scattereﬁ fibers,.The nerve epis appeared
atrophlc and degenerative in the sclerotic process. The Yagner-
Melssner end:-Pacini corpuscles were not altered. The capillaries zand
the artericlés of the decp layer of the s¥in are constantiy altered by
a state of capillaritis and constipating arteriolitis. These vessels
seemed surrctndsd by a tube of perithelial clerenis with one cr severszl
layers; the-wall 1s affected by =z process of fitro-hyalinosis with

dimirution, up Lo the ccmplete otliteration of the vessel lumen (2€).

Sometires the siall arteries of the skln have wz2lls exiremely tnickened

-

>
3

with hyrertropny of the middle,and fitrotice thieckeninz of the intszrnal
part (27). The canillaries of the skin atpeared on the contrary

ten wilh a verlytieric nalo of
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edema. Biopsy of 2an oséecus frzreent of ghc phalzanre of a man sffceted
ty acroosteolisls deronstrated th au the perlostevm prese¢nted 2 very
rronounced sclero-hyaline thicksnins with chondroid metaplasia in
large tanés in the ceeper layers (26). - | |

More than sixty cases of geroosteOlysis were Sescrive, for the
most part among the personnel exployed in the.cleaning of autoclaves,
Their incldence varied from 1.5% according to Harris, to 3% according
to Wilson, 4.5% according to Chaielaln, 12,84 accoriding to ¥ova. The
avérage age was between tventj-‘ive and ferty yecars.

The etlology of the aisease suvgrested by technical consideratilons
and the study of the working conditions, has confirmed that of the
exgerimental researcn, It is igpossible not to think of vinyl cnloride
as the principal etiological arent since i1t is present in all the work
. ¢ huEei oryanhism 1l Rnosn. 1t
is érﬂe that in the polymerizztion Trocess many othier subsliances are
used, btut for the most part of those no traces of gas rermain in tre
autoclaves 25 oproscd to monomer whnlich always remains in considerztle
quantity. Furthermore, thcse addédiiives  are not zlways egu 1,s*nce when -
a check of the manufacturing methods and the subsiances used made
in slr corpanies, 1t was found that the only comround uhich was always
used and by-ﬁll in the last ten years, wau vinyl chloride, The relation
betvween wond mer a2nd the rervous asnd digestive disturTtances 1s tos
evident to pgrmit doutt as to this aspect of the probrlem, There is
resemblance tetween the alterations of the cdnrective t1s sve, the
elastle retieculum of the nerve endings and the vessels of those animals
to those presentec by rmen affectéi with acroosteolislis, The conncectlve
tissue is sevparatzd in cell-poor ccllasenous rurniles, the elastie

reticule is notavly diminisned ana in pert fragmented; the small nerve

e, v .
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65231:5~nre‘1nglotatci_hni infilirated “; fitrotic yprocesses; *the
small zrterial vessels rreceat a Simrinuvtion of thedr Jumen up to the
coxplete okliteration by moiification of the vessel walls. Marin
referrad to the results of a tiopsy verformed at ths level of the
acroozteolytic lesions of the phalanges of a man, and defines the
fundemental histopatholegical alterations of the lesionsd a thickening
of the periosteus with choniroid metaplésia of the desper layers,

It ic the same as observed in the raws of rats exmosecd for one year to

vinyl czloride varors, Trne srall metatarsal tenes rresent an stundant

pericstal precliferztion of elements which are initially cf the
cartilaginovs type and vwkich seem 1o originate Irom the urderlylng
csscous tissue, Svbsezuently this proliferaticn gives wﬁy to an often
verichondral lzyer., In the <cegper layers axmple zones of nature, com-~

SoUeE are iy

-~ [ RN

caroliingornelus tissue, ilchn in vasic

T
1
0
[}
o
4
|..l

substznce., Trom all thece references it sesms suificlizntly dermonsiraied
thzt the .an.ional and organic moldifications oclserved in the =men
occunisd in the col"ﬂeri ratieon process are caused b vinyl chleride.

It rust,. nowever, be rointed cut that-the‘ccmpounﬁ studied »y us 1is

not chemnmically nure, Tut i“ a comzerclal compeound which, as already
descrized, qgntains nuneérous impurlties, some o? mich ,reséﬁt a
definite toxiclity for the animal organism., The total / illegivle _/
of these contaminated compounds varieé tetween 0.1 and 19 but the
qﬁantity of each sulstence whlch actually peneivates into the orgarism

during the inhalaticn o7 vinrl chloride is eXtrecely reduced. This is

o]
o]
b

0

sc'ficienu arguvngnt to execlude a2 pricirl tnelr participation in
the lesions encounicred in man ard in ths zanizmal, tecause some af thesc

llke carbton tetrachloriie, coan rroiuce a toxic effect e

‘1
(]

n at very low
conzenirations, but of ccurze their ceffect camiot te Qetermined. Cne

impurity which has particularly claimed our attertisn is rpercury which

- T RSV 0019219
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can be rresent in thc ﬁonnmer o:tained Yy synthcois ol acetyiene and

of chlorhyaric acid. 11 can Le seen in the literature (35, 24, 27, 38,
39, 40) thzt in the Drocess of synthesis, at the level of active carton,
an interpedlate organic corzournd also called Biginelli cozrounid forrs,
wrich 18 chloro - 2 - chlorviryl - mercuryl ¢p mercveylchlorios -B= Cutca.
ViRyL (CZ}{LHSC{L} : wrich when reacting with chlorhyiric acid

forrs vinyl chloride (CHp - CHCI). An es-yet-unputlished Investigation

| e

wes made to stuldy whether organic mercury ccmpounds exist in commercial
monorer. This ros8sitilidty could ‘re execluded Tecause the comrounds

which form at the lcvel of aciive czrton impregnstei with cercurie

M

chloride are split from the chlarhvdric zeid, which {n the th-ase
. e

sutsegjuent te synthcesis coxes in ceontact with the moncuer in the go0-
£221ing touvers”, Furthermore, the mercury, exclusively in n
Inorganic Torw, 1s found in exivemaly smyll cuantities in the manmmer

1, . [ - 8 e, - - P s K - » et - -
whichi errlives atl volvnerizatlion and 1ts concentrziicon varjes rerzweon

e
et
5}
«

1C arnd 60 y/¥%g. A cheek maie on the personnel erxrloved i
autoclaves cemonstrated that the gquantity of mercury in the uring does
not, on the averace, reach 30 1llegitle _/ s what contzined in the

halr §s neglizitle. The possi ity, cven tnouzn remcte, of a particina-

tion of the contamin2ting ccxmraunds in the organic modification induced

by vinyl chl@ride carnct Ye excluded, Nelther can the khyrcthesis of a

Ltoxic effect on the human creznism oy the rcsiduval gases which remain

(¢ ]
ot
(s}
cl
)
o]

in the zutoclaves after ths uoslymerizatlion process. As in fa
avtners (24, 26) kave stated, in +the budbbles whicen forniln the resizfual
crusts (ée;osits) alwzys ramaine monomer with traces (lower than C.L1)
of: 1,1 - Aleklerosthane; 1,2 - 2ichlorocthane; perchlorcethylena;

acgtzldshyle; caron tetrachlorids; vinyl tromide; 1 - ealorprovanys

- - - - 3 - .-. - . . - - - » -y
virylcdenc ehleride; 1,2 - 2ichiarosthylene; trichlorcethyivne; Tanzsh’

o
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i nethyl chloriZe; methylene chlarise; chlorsform; 1,1,1 - trichlcercethane.,

The pathczenesis of this disease syniro:e is camnléx. Vinyl

cblc ide penetrates ihe resoirauo*y tr2e and with the tloa:.scrc ais
throughout the whole organiswm, it does not seem to contract tsnds with
the crganic conronents, it crosses the cellular tarriers easily and is
el;minated from ihe organism throughk the expired alr and in miror
Guantity through the urine. Its ef ffect at the level of the nervous
systems is rarid znd intense. The haratocyte fecels the toxic effect of

moncxper as do theée yrerlivhergl arterioles and the ccnnsctive tissue,

where the collarendus structures to a malor extent are alfectsd.

(‘l

It might ke Interesting in this resyect, through a po:sible.work.h: othesic
to determine the alfinities wnich exist tetween the cd*“ ations
induce2 Ty vinyl chleoride and thosz found in the experlimental

¥ % N PP < Y e P - N s - - + . > - PR
lothyricn (31, Z2). ths HMeynaud syndriwe cannot be serzrates Trom ine
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nstrated, and in vart oy
a traumatic effect which 1s related to the scvecific avitecclave cleaning

he workers use metal

ct

work. In fact, 10 remove the rolyzer crusts
spatulas with éhcrt wooden handles which are used alternztively witn

one hanéd or the other, rushing wita the pzlm of the hand, Thé'vasculan
modificationsin particularly credisposed subjects czn be caused in part

these microtravmes with the mechznism of the instruments vitrating,

g

and protably with the involvemznt of reurolcegleal cozconents.,

Present knowledse 1s insufficient to exrlain the rathoscnesis of

the osseous lesion, This moldification was termed acrcasteolysis due to

Laroche and Yochfeld {(33) in 1948 and Ty Harmsceh (34} in I950.. This
1lilneze iz ghoractorized by the rrogsressive atsorptlon of the tene of

the extreme distal of the joinis and by merirherzl cireulainry
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dysivrkances. of wrnlich an idiopathic ;o”m end a familigr formo are
descrited. The acroosteolysis of Guy-Laroche and Yochfeld is often
associated with a seneraliczd- ovtnonorotic process and can afxect not
only the Jjoints tut also the bones of the eltow, the collartone, the
jaw, the nose rone and the sella turecica. The 1llness has teen related

1o nceuroiropuic 2isturtances (35) and ty some authors (36) to an

o]

[

€cus reatsorpiion Progress dctermined by an excessive growth of the

cavillaries of itrne oone.

'S

The osseous msdifications of the vinyl chloride disease cannot bte

confused with ths "acrco3teoslysis" of Guy-Lercche, nor with the

"massive osieolysis' of Zorham and 3tout which corsists of anglomatosis

of the klood end lymph, nor witn the illness of Pilerre-lzrie and lLéri

which 1s tzsically z chroni volutive polyarthritis in which there is
& reuorution of Wrhs o extremity o9f the Lone, nor with Lus Havnaud &liceacseo,

S .. 3 - - PR e . - ] Py . -
nor with pseryagic vreuamztlism in which geroost2olytic maniiestaticns are

cl syrinsonyelia, scleroderma and sclcecrodactiyllia and even less with
the 1llness of Ainhum or with the osteolysis of leprssy or tates,
The a2croosteolysis of vinyl chloride 13 a Ziscase munifesiztion
with i1ts own known etioloéy, synptomatolozy and clinical pre é ess,
with well-Jdefined histopathologziczl and ra dio’o:ic“; modifications, ifor

which czn bte used the term "acroozteolysis”" tut only ith reference to

Trhe funciiomzl and organic disturiances ‘rvaused by vinyl chloride

enly manifezt themazlves when the concentration of mornomer in the 2ir

urpeaiizm., ConcenIrations cetow-l-
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tecause. it was Tossidle 4o Zctermirns that in two polyamerizaticn rlants
vhere the vinyl chlorizZe in the ailr never exceeded this velue in avtout
twenty years cf zctivity neither functional éisturt;nces nor organic’
lesions were ever ckserved among the personnel, Ercem 150 to- 500 »po.,
‘there exists a rez3onatle nargin of safety tecause the nervous system
disturtances such as asthenta2, myalgla, heedache, ceneral malzise, as
nausea and the 2isturbances of the 2 ;egtiva tract tecome evident, as
confirmed by the matority of the avthors (23), when vinyl chloricde is
well perceptitle by smell, The olfactive threshnold ol monorer varies
bstween £000 and 10000 ppm, tut we hold that smong trose which present
‘modifications oI the bones, liver, znd tlood vessels, which zlways follew
upon nerveous and dizestive disturbances, rusi nscessazrily have spent a

longs tize in surroundings whare the vinyl cliIaride concentration

ave occurred if the moncmer concentra-
tions had 23ways renained within tﬁe limits set by the HAC., I.et us say
that tne diseasze at least In Its more severe manifestations is Touni

to disaypear if the necessary industrizl hygiene measures are’

.

s adopted. ) -

FREVIRTICN

The preventicn of tle vinyl chloride 2isease has essentlally the
goal of eliminaiing the =oncmer z2s zuzh
ervirannment, The two rrircipzl sources ol comtaminaiion are the auto-

claves and trne latex filters. For the guiorlaves the pest soluidon o

that of avtonztic cleznins oy hriraniic me=zns, YBut if this measure 1<
net feasi¥le, ong con 2loc orialn mocd resuils with an avcucais and
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rztional degassing method. At the end of the synthesis process, as
soon as the porthole of the auLoclcvc is open, an esvirzZtion sleeve
must te connected .to it to remove thz residusl gaces, the eliminaiion
teing facilitated By total filling of the autoclave with water. After
the wash watler has been dlscharged, the asrtiration sleeve 1s lowered
‘to the bottox= of the autoclave where it remains until the end of the

.

cleaning process, teing careful to close the discharge hole situated
at the rtotLom of the toclave to avold the vossivility of monoxzer
varors leaking through. Afggr the 2ir at the interior of the autoclave
nas ceen coxzrletely renewed and ascertainine with the vroper, pertabtle
apparatus (134) that the monomer ccncentration 1s sufficiently low,
the veresonnel is allow;d to enter the interior of the zutoclave.

The latex filiers are anot .er scurce of con z2mination tecause each

+ Yyes cem T e % - L R N —~ K 3 - 2Ly - -
Lullg g pOLYRIer 1l L1HONATITCG 4 Fraeud Quaniliiy ol vinyd enlorius nours
x " - o e Sy - .
inte ihe atmosphersz, It would therefore bz suitakle that s2id Jil-ers

te 1soluted in a different en Ji onmzent, vroviied witih efficient ventile-
tion, or that goold aspiration cars ©e aprlied on them to convey the
monomer to the exterior, It s necessary to alwnyS'femc¢ber that in no
roint must vipyl chloride te smellz®le becauie when. 1t is perceived
with the sense of smell 1ts concentratlon in.the air is hicher thzn

the maximuam iolerable 1imit., An ideal volymerlzation vlant frem the
point of view of industrial nyziene vould e constructesd 21most "out-
doors", pﬁtting the autcclaves--in wrich must te installed en auvtomatic
cleaning system--unier an gncle ctratection rHof with sliding lateral
walls thus rermitting the most convlete air circulation. The filters
would have to be lodged in 2 separat: environment ~furnishsd with
efficient asriratidn system, Under itrese ccni

tions the risk oI courmasur

- 1o ¥iryl chlaride wauld ke
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chloride_disease would remzin only a mewory.

In coubinztion with these tecrnical ﬁsasures it is nceeszsary to
rrevide‘a medicz2l conirol service for the rerconnel, It is in fact
necessary to exclule from the zutcclave cleaning work thé suhjects

e which rresent
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aifected with cerdio-resriratory &i
anzioncuroctic manifestations of the extiremities, The personnel must
te sutmitted to periodic medical wvisits and examination of the hepatic
function and to radliozrarnic exzminations of the hands. Those vhich
rresent excitability of ihe nervous system, irsomnia, scmnolence
suring the 3ay, or dlres stive disturtancez with hepztosplenonregsly and
iéns of hepatic involvement, decrezse of tody welcht, Aisturtances af
the czardiae rythm, simms of myocardiac involwvenent, Rayﬁaud synironme

cr» oszeous leslons of ithe osteolytlc type, must “e removed frem the

N pr T
CONCLUS.OxD

In these last few years ycars,z new occurztional disease
charactérized by disturtances of tne nervous system and the digcestive
system, by angloneurotlc mznifestsations and c°°eous lesions, has wani-
Tested itself emong these occuplcd in the clsanin: of the autoclaves

used for the rolymerization cf vinyl chloride. In man the 4iscase is
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ezencrative manifzstiztions of the connezctive tissue,

the elzstic reticule, the rpericheric artzriolss aznd osszous 1efions

charactierized Ty txkicukenine o the raricsievn, cheondrold mewavlazisa ol
~ Lol .~ — Y - - - 4 . *

the <Ceever laryers znd radiclepically by asroosteolysis. In arliuzl

experimente,vinyl chleoride gauses histeopathologzizal modificaticons of

the comnentive tissue, nf the arteriolea 2nsd the hanes., similsr Lo
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those abserved in man, apzrt from ﬁegenqrative lesione ef the liver

ans the orein, The vinyl chloride Sisease aprears in man thrcuch pro-
longed exposure to mornomer concenirations nofahly atove thz limit values
set ty #AC. In fact ﬁhe nsrvous Aisturktznces whkich are the .first to
manifest thenselves are nosty evilent when the characteristic sweetish
odor of monomer 1s perccertitle in the air, 1.e., when its conceniration
exceeds E0CO ppm. ‘Systematic controls in some fzctories have cenfirm-
ed that the disease has always manifested 1tcelf vhere the vinyl

Rhloride concentration in the alr was very high. Ven exposed Ior tuenty

years (o concentraticns Telow 150 ppm., never prescented elther organic

e

.disturcances or iesions. it should e remembhered houvever that even
though the ECO vpm, limit et Tty H4C aives a reascnatle safety marein,
even o reiduction of {that would ve favorqble.

Induzirial hveiens wozsSuUrss are advised to eliminzte the »

1,

ihe viueyl chleride disezuce in the polrmerization »laniz
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