Court Upholds -
EPA’s Decision
On Vinyl Chlonide
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By STEPHEN WERMIEL
Staff Reporter of THE WALL STREET JOURNAL
WASHINGTON — A federal appeals
court, saylng the Environmental Protec-
tion Agency has great leeway in setting
clean air goals, upheld the agency's deci-
sion against tightening air pollution stan-
dards for vinyl chioride.
In a 2-1 decision, the appeals court said

that whenever the health effects of differ- '
ent levels of air pollution are uncertain, -

the EPA may set air quality standards
that take into account the cost to industry
and the technological feasibility of com-
plying. L
Environmental groups said the decision,
if upheld on appeal, will permit the EPA to
weaken federal air quality enforcement ef-
forts. “It's hard to imagine a statute that
is clearer than the Clean Air Act when it
says that health is the only factor to be
considered in EPA’s standards,” said Da-
vid Doniger, lawyer for the Natural Re-

sources Defense Council. The group chal- .

lenged the EPA’s handling of vinyl chlo-
ride regulations.
But the appeals court, in an opinion

writien by Judge Robert Bork, didn't agree .
that the law was clear. The court said that :

because the benefits of setting lower levels

for vinyl chloride were unknown, the EPA

was entitled to consider factors other than
public health, including a form of cost-ben-
efit analysis.

Vinyl chloride, a gaseous chemical used j
by industry to manufacture plastics, is .

widely viewed as a cancer-causing sub-
stance. ’

In 1976, the EPA announced air quality
levels for vinyl chloride that industry was
required to meet. At the time, the EPA
said federal law allowed the agency to set
air standards that weren't way out of pro-
portion to industry's cost in complying
with .them.
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The standards were challenged by envi-
ronn}ental groups, and while the case was
. pending, Jimmy Carter replaced Gerald
Ford in the White House. The EPA agreed
to settle the lawsuit by proposing tougher
standards in June 1977,

But the tough standards were neverr

made final. Last year, the EPA withdrew
them and proposed returning to the 1976
regulations.” The Natural Resources De- :
fense Council appealed to the federal ap-:
peals court in the District of Columbia. |

The appeals court relied on a 1984 Su-
preme Court ruling that said when a fed-
eral regulatory law is ambiguous, federal
courts should give considerable weight to
the decisions of the agency that enforces
the law.

The section of the federal clean air law
that calls for regulation of hazardous pollu-
tion is ambiguous and the EPA’s decision
to consider cost ‘‘was reasonable,” the ap-
peals court said.

Judge Skelly Wright dissented, agreeing
with the Natural Resources Defense Coun-
cil that the law “is as devold of ambigu-
ity . . . as any statutory provision probably
can be.” . :

EPA officials said the ruling reaffirmed
their view of the law. “We felt we had dis-
cretion in implementing this section of the .
law,” said Charles Carter, an EPA assis-
tant general counsel.

But the Natural Resources Defense |
Council's Mr. Doniger said that when the
Supreme Court ruling “is taken to this ex- |
treme, it's difficult to think of what Con- '
gress could say to eliminate ambiguity.”
He said the decision may affect other
pending challenges to EPA standards for
benéene and for radioactive air pollu-
tants.

Mr. Doniger aiso argued that the ruling
conflicts with past decisions of the appeals
court and said he probably will ask the full
11-member appeals court to review it.
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CHEMICAL MANUFACTURERS ASSOCIATION

F ZEIVED
Record of Meeting & 2&
of
Vinyl Chloride Panei Meeting
with
Envirénmental Health Associates

Date: September 8, 1986 Placa: Environmental Health Associates
Time: 9:30 a.m. Oakland, CA
List of Attendees:
William Gaffey Monsanto Cowpany
Sally Cowles Shell 0il Company
Donald Whorton Environmental Health Associates
Otto Wong Environmental Health Associates
Has Shah CMA

1.0 Dr. Bill Gaffey discussed comments received by

3.0

4.0

CMA on the Epidemiology Study of Vinyl Chloride
Workers draft report. Some of the comments made by Air
Products could not be incorporated in the final report
because they would require additjional work not included
in the scope of work for the current contract. Dr.
Gaffey will prepare a written record of comments

that could not be addressed for various reasons.

EHA will revise the draft report based on the comments
received and will submit the final report by the end
of September.

A_Panel wmeeting will be scheduled soon after the final
report is received to discuss a future course of action.

The meeting adjourned at approximately 12:00 noon.

\}{OJan“lLLH E§Z\9L[\\J

Has Shah, Ph.D.
Manager, Vinyl Chloride Program
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CHEMICAL MANUFACTURERS ASSOCIATION

March 17, 1986

quf Vvinyl Chlcride Panel)and Research Coordinator Member:

Dr. BE t of ICI sent me the enclosed "Register of
Cases of Angiosarcoma of the Liver Due to Exposure to Vinyl

Chloride." Please note that the rfgister is marked confidential,
and therefore should be used for your internal purpose only. -
Also enclosed is an artile I received from Mr. John Barr on
"Occupational Exposure and Brain Tumors.'"

Sincerely,

Hor Brahe

Has Shah, Ph.D.
Manager
Vinyl Chloride Panel

ARl

Enclosures

Formerly Manutacturing Chemists Association-—Serving the Chemical Industry Since 1872.
2501 M Street, NW ® Washington, DC 20037 e Teiephone 202/887-1 1‘00 o Teiex 83617 (CMA WSH)



Alr Products and Chemicals, Ine.

Box 538 A’R I‘
Allentown. PA 18105 PRODUCTS £=.
Telephone 1215) 481-4911

.
.
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27 February 1986

Dr. Has Shah _

Chemical Manufacturers Assoctation
2501 M Street, N.W.

Washington, D.C. 20037

Dr. Roy Gottesman
The Vinyl Institute
Wayne Interchange
Plaza 1I

155 Route 46 West
Wayne, NJ 07470

Sirs:

You may wish to bring the attached paper to the attention of your various
committees interested in vinyl chloride health effects. It describes VC as
the only recognized central nervous system carcinogen.

v truly y6q;§.
?Ej;%iéi;QA‘//
Johy T. Barr, Manager
Rédulatory Response

SQLQLWHG

JTB:pbr
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Enclosure: Moss, J. Toxicol. Environ. H. 16 703-711 (1985)



OCCUPATIONAL EXPOSURE AND BRAIN TUMORS

Andrew R. Moss
University of California, San Francisco, California

Epidemiological evidence of an occupational risk of brain cancer has been reported
in four industries where chemical exposures are likely, mast recently in a series of
prospective studies in the petrochemical industry. However, only in the case of virvi
chioride exposure has an occupational central nervous system carcshogen been iden-
tfied. This report reviews the convergence of epidemiological and laboratory evi-
dence that established the occupational carcinogenicity of vinyl chioride. and dis-
cusses in detail the current evidence for an occupational risk of drain tumors in the
petrochemical industry.

INTRODUCTION

Primary brain tumors of the glioma series, which make up about
half of all brain tumors, show a male-to-female ratio of about 1.5 to 1.
Brain tumors in general appear to be increasing in incidence among
older cohorts (Waxweiler et al., 1983). Thus brain tumors in general,
and glioma series tumors in particular, are sometimes considered as a
priori likely suspects in the search for occupationally related tumors.
Furthermore, gliomas can be produced experimentally in rats by at least
four groups of experimental chemicals: aromatic hydrocarbons, N-ni-
troso compounds, triazenes,and hydrazines. More recently, brain tu-
mors including gliomas have been shown to be produced by inhalation
in rats by three industrial chemicals, bis{chloromethyl) ether, vinyl
chiloride, and acrylonitrile (Maltoni et al., 1982). These experimental
results, together with the established history of brain-tumor carcino-
genesis in vinyl chloride workers, have led many researchers to lend
at teast preliminary credence to reports of brain tumors occurring in
other industries where there are chemical exposures. Most recently, a
series of studies have suggested excess risk of brain tumors in the
petrochemical industry.

Evidence suggesting an excess of brain tumors has now been re-
ported-for at least four occupational groups: rubber workers (begin-
ning with Mancuso’s investigations in the 1950s), chemists, vinyl chlo-

This research was supported in part by grant 1 R0T OM 01557 from the Nahonal Institute 1or
Occupational Satety and Health.

Requests for reprints should be sent to Andrew R. Moss, Epidemiology and [aternstional
Health, UCSF, San Francisco General Hospital, 995 Potrero Avenue, Bidg. 80. \Ward 83 ~an Fran-
cisco, California 94110,
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704 A. R. MOSS

ride workers, and petrochemical warkers. However, the convergence
of epidemiological and laboratory investigations that is usually ac-
cepted as the informal criterion of proof in such situations has been
hard to demonstrate (see, e.g., Cole and Merletti, 198¢ Doll and Peto,
1981). Thus, Mancuso’s original observations in the rubber industry
were not followed by the identification of any specific carcinogen, and
the existence of an occupational risk of brain tumors in rubber workers
is currently open to doubt (Mancuso, 1982; Symons et al., 1982). Brain-
tumor risk in chemists has been shown only in a series of Swedish
studies, and as yet no likely carcinogen has been identified (Olin and
Ahlbom, 1982). The convergence of an epidemiologically identified risk
and a suspected carcinogen has been demanstrated only among vinyl
chloride workers. Thus Cole, in his surveys of occupationa! carcino-
genesis, recognizes only vinyl chloride as an established industrial
brain carcinogen (Cole and Merletti, 1980). Doll and Peto, more con-
servatively, admit the brain only as a “possible’” site of occupational
carcinogenesis (Doll and Peto, 1981). The history of vinyl chloride as a
central nervous system (CNS) carcinogen is discussed in the next sec-
tion.

Historically, the establishing of occupational or environmental risks
has often been a complex and drawn-out process, sometimes requiring
decades for the development of a consensus on a particular exposure.
Thus although the issue of excess risks of brain tumaors in rubber
workers is currently in debate, the persistence of reports of brain tumor
excesses in this and other industries has, as it were, promoted brain

“tumors to the top of the list of tumors that may be associated with

important occupational risk (along with lung cancer, leukemias and
lymphomas, primary liver cancer, and, more recently, melanoma). This
was the situation in 1378 when a cluster of brain tumors was reported
in petrochemical workers in Texas, initiating a major wave of research
into the subject. The petrochemical research is also reviewed in this
article.

VINYL CHLORIDE AS A BRAIN CARCINOGEN

Cole observes that occupational carcinogens are usually recognized
because they generate an unusually high rate among a small exposed
population, and because they produce tumors that are otherwise un-
usual (Cole and Goldman, 1975). Vinyl chloride (VC) is the classic case
of a carcinogen that has such an effect, producing in workers exposed
to high levels of the gas the very rare angiosarcoma of the liver (ASL).
The first reported case of ASL in a vinyl chloride worker was diagnosed
at the B. F. Goodrich company in Louisville, Kentucky, in May, 1970;
the second in March, 1973; and the third, at autopsy, in December,
1973 (Heath et al., 1976). Since the incidence of ASL in the United States

S9{€1L 1dN




OCCUPATIONAL EXPOSURE AND BRAIN TUMORS 705

was then 20-25 cases/yr, the appearance of 3 cases among a small group
of workers prompted considerable concern. Furthermore, concurrent
studies by Viola (1971) had shown skin, lung, and bone tumors in rats
exposed to VC by inhalation. {Viola’s carcinogenesis studies were re-
portedly an outgrowth: of his work on acroosteolytis in VC-exposed
workers. Hepatitis-like liver changes had been reported as early as 1949
{Nicholson, 1977).].

Following Viola, Maltoni demonstrated angiosarcomas in rats ex-
posed to VC in 1972 (Maltoni et al., 1982). This resuit was communicated
to the Manufacturing Chemists Association, which following the dis-
covery of the third case at B. F. Goodrich, made pubtic the finding of
three cases of angiosarcoma in VC-exposed workers in the Wall Street
Journal. With this announcement, a major effort began to study vinyl
chloride workers, including a National institute of Occupational Safety
and Health (NIOSH) follow-up study of 1294 workers with extensive VC
exposure in four plants. A concurrent histopathology study reviewed
tumors reported on death certificates of all workers in the four plants.

The NIOSH study, published in 1976, showed very high relative risks
in the category “‘biliary and liver cancer.” The relative risk was 11 for
workers with 10 or more years of exposure and 16 for workers with 15
or more years of exposure. Furthermore in the concurrent histopa-
thology study, 11 of 14 reported liver and biliary cancer cases on death
certificates were ASL (Waxweiler et al., 1976). These observations have
remained the primary epidemiological basis for the assertion of the
carcinogenicity of vinyl chloride.

However the study also observed a significantly increased relative
risk for brain tumors, with 3 cbserved and 0.6 expected among workers
exposed more than 15 years. At the same time Maltoni (1976a) reported
that brain tumors as well as ASL could be produced in rats exposed to
VC by inhalation. Furthermore the NIOSH histological study showed
that 9 of 10 brain-cancer deaths in the VC worker cohort were glioblas-
toma multiformes (the most commonly occurring tumor in the glioma
series}. This proportion was thought to be unusually high. {However, it
has been shown that the expected proportion of glioma-series tumors
in such a series depends heavily on the number diagnosed at autopsy
{(Schoenberg et al., 1978)). These resuits were sufficient for the devel-
opment of a reasonable consensus that brain tumors as well as ASL
were associated with VC exposure. The primary evidence in the devel-
opment of the consensus was the correspondence between the human
data and the laboratory inhalation studies, in which the exposure levels
were thought to be close to human occupational exposures. (see, e.g.,
Wagoner and Infante, 1977). Vinyl chloride is the only occupational
chemical carcinogen for which a carrespondence exists.

Waxweiler et al. (1983) also note that in the 9 glioblastoma muiti-
forme cases identified in the VC workers histology study, the average
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time since first exposure to vinyl chloride was 21 yr. Thus the epide-
miological observation of risk may have followed the oncogenic expo-
sure by a generation, and the circumstance of exposure could well
have changed by the time the risk was recognized. This long latency
period is characteristic of occupational carcinogenesis. The excess risk
of mesothelioma in asbestos workers, for example is not generallv ob-
servable until 20 yr after exposure (Selikoff, 1977). The long latency pe-
riod has important consequences in the case of brain tumors, which
are not rare tumors.

The identification of VC-produced brain tumaors, currently the only
accepted example of occupational CNS carcinogenesis, offers some
important lessons for studies of other industries. First, vinyl chloride
was identified as a CNS carcinogen because it produces, as its primary
effect, the extremely rare ASL. The excess risk of brain tumors would
probably not have been recognized if it had not “piggybacked” on the
rarer tumor. Second, the brain was only recognized as an additional
site of carcinogenesis because comparable ranges of tumors were seen
in human and animal inhalation studies. There is no other occupational
carcinogen for which such a correspondence is currently known. Third,
the number of tumors reported in the primary study was very smali:
there were 3 cases in the high-exposure cohart, and 10 in the concur-
rent histopathology study. Fourth, the period between initial exposure
and observation was so long that observed effects may in fact have
been archaeology rather than epidemiology—the carcinogenic situa-

tion may well have no longer existed when the excess risk was ob-
served.

BRAIN TUMORS AND PETROCHEMICAL EXPOSURE

The intensive study of brain tumors in the petrochemical industry
began in 1978 when as employee at the Union Carbide plant in Texas
City, Texas, reported a newly diagnosed brain tumor to the local office
of the Occupational Safety and Health Administration (OSHA). A joint

-study with the Oil, Chemicai and Atomic Workers union (OCAW) and
company representatives identified a total of 10 brain-tumor deaths and
cases among workers at the plant (not including the original com-
plainant, whose tumor proved to be metastatic). This number was sui-
ficient for the OSHA office to request a formal study by NIOSH. A joint
study, with Union Carbide researchers, was initiated. A proportional
mortality study of OCAW members in Sauth Texas was already in prog-
ress, and additional studies in other refineries and chemical plants were
initiated over the next year.
However, in 1979 both the Three Mile Island incident and the Fed-
eral declaration of emergency status for the Love Canal area took place,

L9LEL THN



OCCUPATIONAL EXPOSURE AND BRAIN TUMORS 707

and in the ensuing controversies over environmental carcinogenesis
the atmosphere became polarized between industry and govern-
mental-union forces. As a result, competing industry and govern-
ment-union studies were set up in several of the exposed petrochem-
ical cohorts in Texas and Louisiana. When a meeting was convened at
the New York Academy of Sciences in 1980 to review the studies, a
total of eight were presented, four from each group. The four govern-
mental-union studies uniformly indicated a twofold risk of brain
cancer among petrochemical workers; the four industry studies uni-
formly failed to detect any excess risk. “To the innocent observer,”
Science reported, “‘the crisp pattern of failing chips appeared at first
sight to display blatant gerrymandering” (Lewin, 1980). it was also true,
however, that the range of methods and cohorts involved was consid-
erable and that there was extensive methodological disagreement.
Reeve et al. (1985) reviewed the issues. The primary methodological
questions were (1» the tendency of proportional mortality studies, as
carried out by NIOSH, to inflate cancer risk, and (2) the tendency of
industry-wide cohort studies, as carried out by the industry groups, to
bury small groups of at-risk workers in very large cohorts. These issues
were not resolved as, with the new Federal administration in 1981,
NIOSH capacity to continue the epidemiology studies was lost. With
no pressure from the regulatory side, the industry studies appear to
have slowed down also.

However, most of the proportional mortality studies were eventu-
ally converted to standardized mortality form, and a review of these
studies is now possible. Savitz and Moure (1984) have recently reviewed
the six prospective studies of refinery workers that were initiated by
labor~governmental and industry groups in 1979-1980. Table 1 is
adapted from Savitz and Moure, with the addition of resuits from two
studies of petrochemical plant workers, those of Waxweiler et al. (1983)
and Reeve et al. {(1983). [One study, that of Thomas et al. (1982); remains
a proportional mortality rate study (PMR): the others use standardized
mortality ratios.]

All cohorts of petrochemical workers had low overall mortality, as
is generally the case in studies of “healthy workers,” and six of the
seven for which all-site cancer mortality or incidence were reported
-showed lowered total cancer rates. [The exception was the PMR study
of Thomas et al. (1982).] However, brain-tumor rates were elevated in
all but two of the studies, the exceptions being the refinery-wide study
of Wen et al. (1983), which included salaried workers, and the industry-
wide study of the British petrochemical industry by Rushton and Al-
derson (1981). There was additional evidence of an association in more
detailed substudies. Thus Savitz and Moure (1984) note that while Hanis
et al. (1982) report an overall relative risk of 1.02 for brain tumors in
their study of the Baton Rouge Exxon refineries, a more highly exposed
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708 A. R. MOSS

TABLE 1. Relative Risk for Brain Cancer and Melanoma in Prospective Epidemiological Studies of
Refinery and Petrochemical Workers*-#

All cancers Brain Metanoma

Study RR N RR N RR N
Theriauht and Goulet,

(1979) 0.89 25 3.9 3 —_ -
Rushton and Aiderson,

(1981} 0.89 1147 0.80 36 16 14
Schottenfeld et al.

{19813 tmortality) 0.76 127 1.63 3 — -—
Schottenfeld et al.

{1981) (incidence) 0.86 240 1.29 9 1.32 13
Thomas et ai.

(1982} (PMR) 1.19 474 2.28 7 1.61 11
MHanis et al.

(1982) 0.92 249 1.2 5 — -
Wen et al. }

(1983} 0.96 B39 - 0.99 30 .22 16
Waxweiler et al.

11983) 0.81 131 1.81 13 —_ -
Reeve et al.

(1983) N/A N/A 1.09 25 — -

* Adapted from Savitz and Moure (1984).
2 RR, relative risk; N, number.

subgroup had a higher risk. In the Reeve et al. study of Dow chemical
workers, while the overall relative risk was 1.09, the risk among workers
hired before 1945 was 1.83 {Reeve et al., 1983).

On the basis of the first six studies, Savitz and Moore comment
that there was reasonably consistent evidence of a potential association
between petrochemical exposure and brain cancer. The two chemical-
plant studies appear to strengthen the association.

In an independent review of all NIOSH investigations in eight in-
dividual refineries and chemical plants in Texas, Reeve et al. (1983) note
that inconsistencies remain in the plant-by-plant results, and that case-
control studies within the studied cohorts show no consistent patterns
of exposure. However the consistently elevated brain-tumor risk in the

_ prospective studies appears sufficient at least for this line of research
to continue.

Savitz and Moure nate that melanoma risk is rather consistently
elevated in the studies of petrochemical cohorts, as well as brain-tumor
risk. This result is of interest because of an emerging pattern in recent
studies of nuclear fabrication workers. Hadjimichael et al. (1983), in
their study of the United Nuclear facility in Connecticut, observed rel-
ative risks of 2.40 for brain tumors and 2.12 for melanoma, against an




OCCUPATIONAL EXPOSURE AND BRAIN TUMORS 709

all-sites relative risk of 0.88. Furthermore, Wilkinson et al. (1983) ob-
served a tripled risk of brain tumors at the Rocky Flats nuclear plant,
and Austin {1981} observed a tripled risk of melanoma at the Lawrence
Livermore laboratory.. Attempts to explain these risks by radiation ex-
posures have proved generally unsuccessful; the similarity with the
pattern of risk among petrochemical workers suggests that perhaps the
cause is in some other aspect of the fabrication process.

CONCLUSION

Although this review suggests that the issue of brain tumors in pet-
rochemical workers is at least worth further study, most of the pro-
spective studies appear to have been dropped. However, a second
wave of large case-control studies of occupational exposure in brain
tumors has now been set in motion (see Table 2). In these studies, all
brain-tumor cases or deaths in a specific case-finding area over a spe-
cific period are interviewed, either in person or by proxy. These large
studies may eventually resolve the issue of whether there is a genuine

TABLE 2. Case-Control Studies Currently in Progress of Occupational Exposure in Glioma Patients |
Number of Number of Source
investigator Site cases controls of cases : Location
Thomas, T. L., NCI CNS 600 00 Death New Jersey/
Environmental certificate Louisiana
Epidemiology i
Branch !
Preston-mMantin, S.,  CN$S 300 300 Incidence Los Angeles
University of County )
Southern '
Caiifornia
Moss, A. R,, GClioma 500 500 VCSF clinical Northern
University of cases and death California
California, San certificates
Francisco =
Buftler, P., Glioma 650 870 {ncidence Coastal Texas
University of and Louisiana
Texas
Ahibom, A., Brain 150 300 Clinical cases Hundinge
Hudinge in 2 hospitals
University
Haospital,
Sweden
Musicco, M., Meningioma/ 300 1,600 Hospital cases Milan
Neurological glioma
Institute C.
Besta, Milan

* from Muir and Wagner (1382 and P. Buffler, personal communication
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excess risk in petrochemical workers. [However, Cole notes that such
large case-control studies are only effective when the exposed group
makes up at least 2-3% of the population studied (Cole and Goldman,
1975).] It should also be noted that while large case-control studies of
brain tumors may identify industry-wide risk, they cannot, by their na-
ture, identify the pattern of tumor sites associated with a specific ex-
posure. This latter information is generally accepted as important in
establishing risk. =

in conclusion, the prospective studies of petrochemical worker co-
horts reviewed here suggest that there is an increased risk of brain
tumors associated with petrochemical exposure, possibly accompanied
by an increased risk of melanoma. No evidence of a specific carcinogen
has been established, and while the current generation of large case-
control studies will probably identify any overall risk in the industry,
these studies will not identify the pattern of sites at risk. In the light of
the consistency between the petrochemical worker studies and the
recent nuclear-fabrication worker studies, there is an argument for a
coherent program of prospective research in these cohorts. Other
studies that could usefully be coordinated with such a program inciude
a review of the specific-exposure inquiries in the petrochemical worker
cohorts, an examination of the change in the incidence of glioma series
tumors among all brain tumors, and an exploration of other associa-
tions between brain tumors and melanoma.

REFERENCES

Austin, D. F. 1981. Population-based tumor registries in the identification of occupational carcin-
ogens. Proceedings of the 1980 International Symposiurn on Cancer, Sept. 14-18, 1980. In
Cancer: Achievements, Challenges and Prospects for the 1980s, eds. |. H. Burchenal and H. F.
Qettgen, vol. 1. pp. 291-298. New York: Grune and Stratton.

Cole, P., and Goldman, M. B. 1975. Occupation. In Persons at High Risk of Cancer: An Approach
ta Cancer £tiofogy and Control, ed. |. F. Fraumeni, pp. 167-184, New York: Academic.
Cole, P., and Merietti. F. 1980. Chemical agents and occupational cancer. in Cancer and the
Environment, eds. H. B. Demapoules and M. A, Mehiman, pp. 399-417. Park Forest South,

il.: Pathotox.

Doll, R., and Peto, R. 1981, The Causes of Cancer, p. 1243. Oxiord: Oxford University Press.

Hadjimichael, O. C.. Ostfeld. A. M., D'Atri, D. A., and Brubaker, R. E. 1983. Mortality and cancer
incidence experience of employees in a nuciear fuels fabrication plani. . Occup. Med.
25:48=061.

Hanis, N. M., Holmes. T. M., Shalienberger, L. G., and Jones, K. E. 1982. Epidemiologic study ot
refinerv and chermical plants waorkers. J. Occup. Aed. 24:203-212,

Heath, C. N.. and Falk. H. 1976. Characteristics 0t cases of angiosarcoma ot the liver among vinyl
chloride workers in the United States. Ann. N.Y. Acad. Sci. 267:231-236.

Lewin, R. 1980. Research News: Government/industry dispute brain tumor risk. Science 210:996—
997,

Maltoni, C. 1976a. Predictive value of carcinogenesis bioassavs. Ann. N.Y. Acad, Sci, 271:431-43,

Malhoni. C. 1976b. Precursor lesions in expased populations as indicators of occupational cancer
nsk. Ann. NUY. Acad. S¢r. 271:444-347,

Mattom. C.. Cilibern, A., and Caretti, . 1982, Experimental contributions in identitving brain
potential carcinogens in the petrochemical industry. Ann. N.Y. Acad. Sci. 381:216-239.

HLEL T



e -

e

OCCUPATIONAL EXPOSURE AND BRAIN TUMORS n

Mancuso, T. F. 1882. Epidemiclogical study of tumaors of the central nervous system in Qhio. Ann.
N.Y. Acad. Sci. 381:17-39.

Muir, C. 5., and Wagner, G. eds. 1982. Directory of On-Going Research in Cancer Epidemiology
7982. Heidelberg, Federal Republic of Germany: Laub.

Nicholson, W. |. 1977. Cancer following occupational exposure to asbestor and vinyl chloride.
Cancer 33:1792-1801. o

Olin, G. R., and Ahlbom. A. 1982. Cancer montality ameng three Swedish male academic cohorts:
Chemists, architects, and mining engineers'metailurgists, Ann. N.Y. Acad. Sci. 381:197-201.

Reeve, G. R., Bond. G. G., Llovd, . W., Cook, R. R., Waxweiler, R. |., and Fishbeck, W. A. 1983.
An investigatian of brain tumors among chemical plant employees using a sample-based
cohort method. /. Gccup. Med. 25:387 -396.

Reeve, C. R., Haiperin, W. E., and Landrigan, P. |. 1985. Brain tumor investigations in Texas. Paper
presented at Workshop on Cancer Prevention, sponsored bv Texas State Department ot
Health. lanuarv 25-26, 1984, San Antonic. Texas.

Rushion. L., and Alderson. M. R. 1981. An epidemiological survey of eight oil refineries in Britain.
Br. . ind. Med. 38:225-234.

Savitz, D. A., and Moure, R. 1984. Cancer risk among oil refinery workers. /. Occup. Med. 26662
670.

Schoenberg, 8. S., Christine, B. W., and Whisnant, ]. P. 1978. The resolution of discrepancies in
the reported incidence of primary brain tumors. Neurology 28:817-823.

Schoitenfeld. D., Warshauer, M. E., Zauber. A. G., Meikle. §. G., and Hart, B. R, 1981. A prospec-
tive study of morbidity and mortality in petraleum industry employees in the United Stjles—
A preliminary report. Banburry Report No. 9. Cold Spring Harbor Laboratary. In Quantsiica-
tion of Occupational Cancer. eds. R. Peto and M. Schneiderman, pp. 247-265. Cold Spring
Harbor. N.Y.: Cold Spring Marbor Laboratory.

Selikotf, 1. 1. 1977. Cancer risk of asbestos exposure. in Origins of Human Cancer—Book C—
Human Risk Assessment, eds. H. H. Hiatt, . D. waitson, and ]. A, Winsten, pp. 1765- 1784,
Cold Spring Harbor, New York: Cold Spring Harbor Laboratory.

Symons, M. F., Andjetkovich. D. A., Spirtas. R.. and Herman, 0. R. 1982, Beain and cenirai
rervous system cancer mortality in U.S. rubber workers. Ann. N.Y. Acad. 5¢i. 381:146-139.

Theriault, G., and Goulet, L. 1979. A mortaiity study of oil refinery workers. /. Occup. Med. 21:367-
370.

Thomas, T. L.. Waxweiler, R. ]., Moure-Eraso, R., Jtaya, 5. and Fraumeni |r., |. F. 1982. Mortainy
patterns among workers in three Texas oil refineries. J. Occup. Med. 24:135-141.

Viola, P. L., Bigotti, A., and Cuputo, A. 1371. Oncogenic response of rat skin, ungs. and bones
to vinyl chloride. Cancer Res. 31:516-522.

Wagoner, |. K., and Intante, P. F. 1977. Vinyl chloride: A case for the use of laboralory bioassay
in the regulatory controt procedure. In Origins of Human Cancer—Book C—Human Risk
Assessment, eds. H. H. Hiatt, ). D. Watson, and |. A, Winsten, pp. 1797-1805. Cold Spring
Harbor, New York: Cold Spring Harbor Laboratory.

Waxweiler, R. f., Stringer, W., Wagoner, |. K., jones, )., Fatk, M., and Carter, C. 1976. Neoplastic
risk among workers exposed 1o vinyl chloride. Ann. N.Y. Acad. Sci. 271:40-48.

Waxweiles, R. J., Alexander, V., Leffingweil, S. S., Haring, M., and Llovd, |. W. 1983. Mortality
from brain tumor and other causes in a cohort of petraochemical workers. /. Natl. Cancer inst.
70:75-81.

Wen, C. P., Tsai. S. £.. McCleHan, W. A., and Gibson. R. L. 1983. Long-term martality study ol oil
retinery workers: |. Mortality of hourly and salaried workers. Am. J. Epidemiol. 118:326-542.

Wilkinson, G. S., Voelz, G. L.. Acquaveila. |. F. 1983, Mortality among plutonium and other
workers at a nuclear facility, Proceedings of the Midyear Topical Meeting of the Health
Physics Society. In Epidemiology Apphed to Health Phvsics, CONF-B30101. Jan. 9- 13, 1983,
pp. 328-337.




LIVER ANGIOSARCDMA. GASES WPX/ASL ~ ASL_AIDRESS
CIRCOLATION OF RECISTER

ADAMS Dr A Roes Air Products, Allentown, Pa, USA

BACSHAW Dr I M M Norsk Bydre, Nesrton Aycliffe, 1K

BAND Dr PR Cancer Contral Agency of British Columhia, Vancower, Canada
BARNES Jor W C  Monsanto, St Louis, Missouri, USA

BARR Dr J T Air Products, Allentown, Pa, USA

BARRAT Dr G AECRP, Coomentry, France

BAXTER Dr Peter EMAS, Londoo, K

EFAIFRE M Govermment of Quebec Cancer Registry, Canads

BENECH Dr M Naphtachinde, Lavers, Frexce

BENNEIT Dr B ICI Hllhouse, K

BERTAZZY Dr P Inst of Occupational Health, Milan University, Ttaly
BESCHE. Dt Dyramit Nobel, Troisdorf, Germany

BISBP Dr C EMAS, Bootle, IX

BORRELLI F E Georgia Gulf, Delaware City, USA

BOYER R W Formcss FPlastics, Delaware City, USA

BRGESS Mr David ICT Americas, Wilmington, Delmeare USA
BYREN Dr David Kemanord, Stockholm, Sweden

CARIER Dr J T EMAS, Londen, TK

CUAM C Enichem Polimer{, Milan, Italy

CHANCE Mr M ICT Runcom, 1K

QAS M P G APME, Brimsels, Belgium

CLAYTON Mr H Norsk Rydro, Newton Aycliffe, UK

QURTASSOT Dr J € Chioe Chimie, Saint-Form, France

MIES M J G ICI, Everberg, Balgium (2)

DE SLIOOVER Dr  Solvay & Cie, Brussels, Belglum

DEVOS Mr AJ  ICI Everberg, Belghm

DIETZ Dr H W B F Gocdrich, Akron, Ondo, USA

DXL Sir Richard Imperial Cancer Ressarch Fund, Oxford University, K
DOMEROWSKI S L. Dow Chemtcal, Midland, Michigan, USA

TIPONT Mr G APVE, Brussels, Belgim

EMINGER Mr H VEE, Framkfurt, Gemmeny

ERNST Dr W Berufsgencagenschaft der Chemischen Industries, Nurnberg, Germeny
FAIK, Dr H Chrooie Diseases Div, US Dept of Health & Faman Services, Atlsnra, USA
FERGUSCON Dr DM ICI dmericas, Wilmington, Delawarw, USA

FORMAN Dr D wmmm,wmmmmm
FRASERW DiversiTech Genaral, Alran, Ohdo, USA
FRIEDEL Dr EP Berufsgenossenschaft der Chaxischen Iniustries, Heidelberg, Gemmmny
GOLBERG Prof L  Duke Univ Medical Center, Durhem, North Carolina, USA
GOSZIONYY Jov D R E Termecn Chemricals, Piscatmwmy, New Jersey, USA
GOUTTERMN R T  The Vinyl Instituta, New York, USA

BARRIS Dr WD  Uniroyal Inc, Middlebury, Coonecricak, USA

HIL Dr G B Alberta Cancer Board, Edmonton, Canads
AIIIMAN Dr D W  Dimacnd Shemrock Coxp, Dallas, Texas, USA
HINDERER. Dy R X_ BF Goodrich, Clevelsnd, Ohio, USA

HIGSH Mr J BMAS, Bootls, K

HG Dr WA Imperial 041 Ltd, Sarnia, Ontsrio, Canada
HMARD Dr J K Universiry of Otago School of Medicine, Wellington, New Zealsand
HMPHRY Or NF  ICI Australis, Mslbhourne, Australia

JAINERT Mc J = ¢hice Chimie, Paris, France

JERVIS Mr HR  ICI Millbmnk, London UK

KARRE Dr Brucs Ihpoot, Wilmington, Délswere USA

KREIGER Dr R A EF Goodrich, Akron, Ohdo, USA

LALOINE Dr J P Solvay, Brussels, Belgium

LANHEAM Drr Jom Dow Chemical Furope, Horgen, Switzarland

LAWRENCE Mr J SPT, New Yok, USA

LANRENCE-JONES  Sir mm,mwo&;m. 1T, London TK
EEDr F 1 Victoria Hospital, Blackpool, Lancs, K

LEIBAXH Prof WK University of Bomn, West Germmy

LEVEQEE Dr G COF Cimie, AZF, Bully-les-Mines, France
LEVISN Dr D A St Bartholomew's Hospitsl, London, UK

LEWIS Dr P Chexdcal Industries Association, London, UK
LOLIVIER Mr Salvay, Brussels, Belgium

1USSAIG D J Arochem, France

griel Wa



-2- WPX/ASL - ASL_AIXFESS,2

MATLIARD Dr J M Madizinsche Abtellung, Luzern, Switzerland

MALHOTRA Anna
MALTONI Prof C
MATIRE Prof lo
MATTIIISST Dr R
MODLETON D
MORKA, Mr
MNTESAND Dr R
MUITIDr A A
MINN Dr A

Statistics Canada, Ottawa

Inscitute di Oncologia, Bologm, Italy
Medil-Anic-S, Milan, ltaly
Montedison, Milan, Italy

Norsk Eydro, Newton Aycliffe, K
Neate Oy, Espoo, Finland

IARC, Lyons, France

Duperigl SAIC, Bueros Aires, Argentins
Mootanto, Brussels, Belgium

MINZ MIUTON Dr ¥ Ro Rodaro, Madrid, Spain
MacSWEEN Prof FW Western Infirmary, Glasgow, Scotlsnd

NAKAMURA S

Japsnese PVC Association, Tokyo

O'SULLIVAN Dr IJ ICI Runcorn, UK

SN R G
OWEN Dr R
PAIDLE Dr G M

VC Safecy Asgocistion, Louisisom, USA
Trades Union Coogress, London, 1K
ICI Central Medical Group, Alderley Park, X

PAGLIAIINGA Dr § Montedison, Milan, Italy

POPPER Dr Hans
POSSEERG Dr J
FUEHDr A M
PURDEAM Dr J
RAMBAID Dr J
RANGES P

RIGHARD Dr P
ROBSON Mrs D

Yount Sinal Medical Center, New York, USA

Wacker-Chemie, Mmich, Germmy

Atochem, Brignoud, France

Canadian Centre for Occupationsl Fealth & Safety, Remiltom, Canada
RP Racherches, Antony, France

Yersk Bydro, Porsgnumn, Norwey

Rhone Poulenc, Rousaillon, France

Saskstchewsn Cancer Foundation, Regina, Canada

RODRIGUES Dr MIF ICI, Sao Paulo, Brazil

BOUSH Dr G
RUTY Dx J
SAIG D J
SARACCT. Dr R

SCHEFFERS Dr M L DSM/COMD, Geleen, Holland

SCHIPPER Dr H
SERONYE Dr D
SHAH Dr Has

SIGRIST Dr J
STHDr £

MIMBDrP M
SPIRTAS Dr R
STAFFORD D= J
STARNECXER Mr

Yonssnro, St Louds, Missouri, USA
Atochem, St Aube, France

NIOSH, Cincinmati, USA

IARC, Lyccs, France

University of Manitobn, Winnipeg, Cenada
Diamond Shamrock, Dellas, USA
OMA, Washingten DC, USA
Shell Chimde, Barre L'Etang, Frace
Division of Ewirormental Health, World Fealth Organisation, Gersva, Switzerisnd '
Llandough Hospital, Pensrth, UK
NCI/NIR, Bethesda, Maryland, USA
s 4

BASF, ln:’hwigd-fn,cm

ZIETI T

TAMURRD Prof CH University of Louisville, USA
TER HAAR Dr Gary Ethyl Corporatiom, Baton Rouge, Louisiana, USA

TERWIESCH Dr B

Chamische Werie Huls, Kreis Racklinghmusen, Getmmny

THERTAILT Dr Gilles McGill University, Mootreal, Caneda
THIESS Prof Dr AM BASF, Ludwigshhefen, Garomny
THITS-EVENS(N D¢ E Norsk Bydro, Pocsgrum, Noavssy

THMNDr DB
TOBDOIR Dr W

Carcer Treatownt & Research Fourdation, Falifax, Nova Scotia, Canada
Shell, &n Den Emag, Bollaod

VAN DER MERSE Dr B3 ARCY, Sesclburg, South Africs

WALLACE J R
VALFMATE H ~
WEJDLING S O
WHEFLER Dr D J
WHEELER R N
WHISTON Dx J
WHITE K H
WILINSKT O
WILLIAMS Dr DMJ
WILSON Prof R
WRIGHY Dr A P
YORK I

Esso, Sarnia, Ontaric, Canads

EF Goodrich, Clevelsnd, Ohio, Usa

Fenanopd, Stockholm, Sweden

ICY B{llhcmwe, K .
Union Carbide, South Cheriestom, USA

I RM1lhouse, X

Duperigl, Buence Aires,

Electrochenical Incustries, Acve, Israal

EP Chemicals, Penarth, 1K

HBarvard University, Cambridge, Masssciusetts, USA
I Wlton, K

ICT Everberg, Belgium

Fram: Dr B Bermwty, Medical Department, Imperial Chemdcal Industries Plc
Mllhouse Site, PO Bax 4, Thorntou-Cleveleys, Blackpool FYS &0, K.

Felrusry 1986



CONFIDENTIAL

REGISTER OF CASES OF ANGIOSARCOMA OF THE LIVER DUE TO EXPOSURE TO VINYL CHLORIDE - REVIEW DATE 1 JANUARY 1986

PREFACE : Acknowledgments, significant changes and comments
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2.
3.
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5.

7.
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The new cases in the Register are the following : France 18
Geramany 23, 24, 25, 26, 27
UKk 11, 12

There are amsndments from the previous Register against the following cases: Germany 21, 22 Us 36, 38

I would 1ike to thank Dr De Sloover, Dr D M J Williams and Dr Friedel for inforwing me of new cases.

For the case corrections I would like to thank Dr Friedel, Mr J T Barr and Mr R W Frm

For other corrections and information, thanks to Dr D Forsan, MNr J T Barr, Mr T H Sutherland and Mr N F Humphry.

I should be very grateful if all recipients of the Register could continue to keep me fully informed of any new
cases, or, if they should hear of other Companies who have acquired a case of ASL, it would be much appreciated
if I could be notified by the appropriate person,

It is extremely helpful if new information is supplied in tabulated form, using the headings in the Register
as far as posaible.

1 would like to thank the many people who have suggested research topics, mnd should be grataful if I could be
kept up to date.

I shall be happy to supply to any recipient of the Register a copy of the Paper "Exposure to Vinyl Chloride
and Angiosarcoma of the Liver: a report of the Register of caeses" by Dr David Forman, myself, Dr John Stafford
and Sir Richard Doll, published in the British Journal of Industrial Medicine, November 1985 (42: 750-753)

Dr Brian Bennett

Medical Department

Juperial Chemical Industries pilc
Hillhouse Site

P O Box & Thornton-Cleveleys
Blackpool FY5 4QD  England

February 1986

GLLEY an



IMPERTAL CHEMICAL INDUSTRIES PLC WPX/ASL_2 - LANGTOCASES,4

LIVER ANGIOSARCOMA CASES (REVIEW DATE -~ 1 JANUARY 1986)
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(Review Date - 1 Jan 1986)
Page 31 TABLE 2

Distribution of ASL Cases by Country

Usa 5 Nk
W Germany 26 **
France ; . 18 #AR
1) 4 11
Canada 10
Sweden § NkRA
Yugoslavia & dk&k&
Italy 4 *
Czechoslovakia 2
Japan 2
Belgium : 2
Norway 1

Total ‘ 0 120

* Ouit I1tO0l - atypical case of PVC bag extruder.
** Includes GEO3 serosol can filler.
#&% Includes case US 25 which was diagnoead as Cholangiosarcoms & US 33, and 36; and P 15 who are alive.
A%d% Includes ona monomer worker.
*Adht Includes two monomer workers.

{.a Western Europe 67
North America 45

Rest of World 8
Total 120

—

WPX/ASL_2 — LANGIOCASES,36
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Page 32 ~view Date - 1 Jan 1986)
TABLE 3
Pattern of ASL Cases by Factery

(a) ¥ Europe

Of the 67 cases in W Europe, 57 have occurred in clusters at 11 factories. Of the 26 German
cages, 23 have occurred in clusters at & factories.
ASL. Cases

-
L

Dynawit, 'Troisdorf, Cermany
Chloe Chimie (Formerly RP), St Fons, France
BP, Barry, UK

Wacker, Burghausen, Cermany
Kemanord, Sundsvall, Sweden
PCUK, Brignoud, France

CWH, Marl, Germany

I1CI, Hillhouse, UK

Solvay, Tavaux, France
Lonza, Waldshut, Germany
Solvay, Jemeppe, Belgium

IE“aaa;uAuauannia~u ®

NB: There are 32 pre 1962 PVC plants in W Europe; 18 of these have had ASL cases (Ref Table 8)
(b) N America

Of the 45 cases in N America, 38 have occurred at four factories out of a total
of 54 factorles:- In N America 43 plants have not had ASL cases.

ASL Cases

BFC, Louiaville, US 14
BFG, Shawinigan, Canada 10
UCC, S Charleston 10
Goodyear, Niagara 4

38

NB: There are 28 pre 1962 PVC plants in N America; 1l of these have had ASL cases (Ref Tables 9 & 10)
(c) Rest of World
The 8 ASL cases are believed to be in 1 cluater of 4 and 2 clusters of 2 cases.

HPX/ASQ_Z ~ LANGIOCASES ,37 ‘ !
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Page 33 (Review Date - 1 Jan 1986)
TABLE 4A

Latency Periods (Years from firet Exposure to Diagnosis)

Country No of Cases . Total Years Average
W Burope Belgium 2 a5 17.5
France 18 459 25.5 *
]
Germany 26 495 19.04 *
Italy L 14 18.5
Norway 1 22 22
Sweden 5 122 24.5
3 11 254 23.09 *
67 1461 21.80
N America
us 35 886 25.31 ¢
Canada 10 204 20.4 *
43 1090 24.22
Rest of World
Czechoslovakia 2 30 15.0
Japan 2 39 19.5
Yugoslavia 4 B85 21.2
[ 54 19.2
Summar
W Europe 67 1461 21.80
N America 45 1090 24.22
Rest of World _B 154 19.2
120 2705 22.54

® Of the countries with > ) cg4eq, Prance, UK and USA have an average latency period above world average, Germany and Canada

below world average.

WPX/ASL_2 - LANGIOCASES,38
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LATENCY PERIOD OF ASL CASES TABULATED BY YFAR

Page 35

(Review date 1 January 1986)

TABLE 4C

OF FIRST EXPOSURE

MAX POSSIBLE YEAR OF LATENCY PERIOD ARITHMETIC MEAN
LATENCY PERIOD FIRST EXPOSURE (NO OF YEARS) OF LATENCY PERIODS
47 1939 38
46 1940 264 = 34.86
45 1 37,21,37,41 5
44 2 32,38
33 3 38,14,32
4 28,11,24,20,24,34,39 718 = 26.59
5 27,22,28,29 27
6 21,29,31,26,28,15,23,
30,35
39 7 29,24,29,28
38 ] 28,24,34
9 30,26,20 458 = 24,11
1950 26,22,31,19,23,14,33 19
1 19,28,17,28
34 2 214 15
33 3 25,22,23,22,20,31,22 i
4 21,21,25,25,21,28%k%,
22 725 = 21.97
[ 22.23,24,14,19,21,27 33
27%%% 24 28
6 21,12,27%%
29 7 19,17,15,13,16,28
28 8 18,18,15,17,20
9 16,21 368 = 16.73
1960 13,18,21 22
1 15,16,16,16,19,19,12
24 2 13,18,17,12,18
23 3 16,17,20,21
4 16,17 180 = 16.36
[ 11,19 1
6 9,18
19 7 16
18 8
9 13 13
1970 LJI0LA
1
14 2 - —
13 - 3 _MALTONI __
& GOODRICH
TOTAL 120 CASES 2706 = 22.55
120

* Cholangiosarcoms
%% Aerosol can filler
*#%% US33 and 36; and F15 still alive.

WPX/ASL_2 - LANGIOCASES,40
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Page 36

{Review date 1 January 1986)

TABLE 4D
LATENCY PERIODS OF ASL CASES TABULATED BY YEAR OF FIRST EXPOSURE AND GEOGRAPHICAL
Locaron ..
MAX POSSIBLE YEAR OF LATENCY PERIODS IN
LATENCY PERIOD | FIRST EXPOSURE WESTERN EUROPE NORTH AMERICA ROW
47 1939 38%
46 1940
45 1 37,41 21,37
44 2 32,38
43 3 38 14,32
4 28 11,24,20,24,34,39
s 27 22,28,29
6 21,29,31,33 26,28,15,23,30,35
39 7 29 24,29,28
38 8 28,34 24
9 30,26 20
1950 26,22,31 19 23,14
1 19,28 17,28
34 2 21%% 15
33 3 25,22,22 23,31 22,20
4 21,21,25,28 21,28%4% 22
5 22,23,24,27%%%24 28 14,19,21,27
6 21,12 27 %k
29 7 19,17,15,13,28 16
28 8 18,18 15 17,20
9 16,21
1960 13,18,21
1 15,16,16,16,19,19 12
24 2 13,18,17,18 12
23 3 16,17,21 20
4 16 17
5 11,19
6 9,18
19 7 16
18 8
9 13
VIOLA 1970
1
2
MALTONI__ 3
“TOTAL CASES 67 45 8

* Cholangiosarcoma
*% Aerosol can filler
A% (JS33 and 36; and FLl5 still alive

WPX/ASL_2 = LANGIOCASES,4l
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Page 37

(Review date 1 January 1986)

TABLE 4K

PLANT START LATENCY PERIODS OF ASL CASES NO OF AVERAGE

UP IN SPECIFIC PLANTS CASES | LATENCY PERIOD
DATE (10 OR MORE CASES)

LOUISVILLE 19407 | 12,14,15,19,19,20,24,27,28,28,28,29,29 14 23.07

USA 31

SHAWINIGAN 19617 | 11,12,14,21,22,23,24,26,26,28 10 20.5

CANADA

S CHARLESTON | 19397 | 24,30,32,32,34,35,37,38,38,39 10 33.9

USA -

TROLSDORF 1956 | 12,13,16,16,18,19,19,21,23,25,28 11 19.09

W GERMANY

WPX/ASL_2 - LANGIOCASES,42
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TABLE 4F

Page 38

(Review date 1 January 1986)

LATENCY PERIOD OF ASL CASES TABULATED BY YEAR OF FIRST EXPOSURE
AND SPECIFIC PLANT (10 OR MORE CASES)

YEAR OF FIRST | § CHARLESTON | LOUISVILLE | SHAWINICAN TROISDORF
EXPOSURE USA USA CANADA W GERMANY
1939 38
1940
1 37 21
2 32,38
3 32 14
4 24,34,39 20 11,24
5 28,29,27 22
6 30,35 26,28
7 29,28 24
8 24
9
1950 19
1
2 15 _
3 31 23
4 28 21,25
5 14,19 23,28
6 12
7 13
[]
9
1960
1l 4 12 16,16,19,19,
2 12 18

WPX/ASL_2 - LANGIOCASES,4)
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Page 39

(Review date 1 January 1986)

TABLE 4G
PLANT START-UP DATE |LATENCY PERIOD OF ASL CASES | NO OF | AVERAGE PERIOD
IN SPECIFIC PLANTS(4~9 CASES)| CASES
SUNDSVALL 1945 16,19,27,29,31 5 24.4 yesrs
SWEDEN
BRIGNOUD 1950 11,16,18,26,30 5 20.2
FRANCE
ST FONS 1939 21,28,29,37,38,27,41,35 8 31.88
FRANCE
BARRY 1948 9,17,18,28,31,33,18,19 8 21.62
K l
BURGHAUSEN 1933 17,21,22,25,24,13,21 7 20.43
W GERMANY
NIAGARA 1947 15,17,21,23 19
USA
SPLIT 1941 20,20,22,23 21.25
YUGOSLAVIA

WPX/ASL_2 - LANGIOCASES,44
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Page 40

(Review date 1 January 1986)

TABLE &H
LATENCY PERIOD OF ASL CASES TABULATED BY YEAR OF FIRST EXPOSURE AND SPECIFIC PLANT
(4=9 CASES) I
YEAR OF SUNDSVALL | BRIGNOUD | ST FONS | BARKY | BURGHAUSEN | NIAGARA | SPLIT
FIRST EXPOSURE SWEDEN FRANCE FRANCE 14 W GERMANY | UsA YUGO-
1939 SLAVIA
1940 - 1
1 37
2
3 38
4
5 27%
6 31 29 15,23
7 29
8 - 28,34
9 26,30
1950 31,33 23%
1 19 28 17
2
3 25 20
4 21 22%
5 22,24 21 )
6 21
7 17
3 8 20
9 16
1960 21
1
2 18
3 17
4 16
5 11 19
6 18
7
8
9 13
1970 .
1
2

* Monomer workers

WPX/ASL_2 - LANGIOCASES,45
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Page Al (Review Date — 1 Jan 1986)
TABLE 5

Avnual Incidence of ASL Cases (Date of Death) by Geographical Area

' Cumulative
Western Burope | North Americs Rest of World | Annual Total Total Key Events
1955 1 1 1
7 1 1 2
1961 1 1 3
2 i 1 4
4 1 1 2 [
7 1 1 7
8 E] 5 12
9 1 2 3 15
1970 1 L 2 7 Viola
1 1 y 3 20
2 L 1 5 25
3 1 4 3 8 33 Maltoni
LY 3 3 - 5 38 Goodrich
5 [ & 1 11 49
6 4 3 2 11 60
7 6 3 9 69
8 2 1 10 79
9 ] = ~ 5 84
1980 [ - K - 10 94
! [1] ~ S 99
2 1 1 2 101
1983 [ 3 9 110
1984 ] 1 5 115
1985 Y 2 117
TOTAL Go% i 4344 8 117

® Includes GO3 aercsol can filler but omfite It Ol bag extruder

** Does not include US33, and 36; and F 15. All still alive.

WPX/ASL 2 - LANGIOCASES, 46
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Page 42

(Review date 1 January 1286)

TABLE 6
ASL CASE WUMBERS BY YEAR OF DEATH AND GEOGRAPHICAL LOCATIONS (EXCLUDING ITOl)
KEY
EVENTS WESTERN EUROPE NORTE AMERICA REST OF WORLD
1955 cl
(3
7 c2
8
9
1960
1 0s8
2 c3
3
4 uss Cz2
S
6
7 Fl
8 C4,C3,084,087,0810
9 lal Us12,US16 1
Vicla 1970 Swl . US1l
1 G2 C6,0S2
2 N1,Sw2,UK1,1t2 c7
Maltoni 3 G3An - C8 USI,U53,0823 Yl,Yi,Czl
Goodrich 4 G4,G5,0K3 ,US13
5 F2,F3,66,G7,G8,1It3 Usé ,UsS9,0818,0S26 Japl
6 B1,P4 ,F5,F6,F7,5wd US19,US20,0822, Jap2,Y3
7 F8,F9,G10,611,G12,Swé C10,US21,US824%
8 F10,Fr11,G69,613,6158 Us27,b0s28 Y4
616,617
] ¥12,F13,0K4,UK5,G18
1980 UKé, UK7,G19,S5v5,620,G21 Us17, US29, US30, usa2 ’
1 It4,F14,UK8,622,623
2 G26 Usil
3 UK09,It5,F17,82,624,628 Us3s. US34, Us38
& UK10, F16, F18, G27 us3z
5 UK1l, UKR12
Total | 66 L3%he 8

® Cholangiosarcoma
** Aeroscl Tan filler
*%*2 Does not include US3I3, and 36; and F15. All scill alive.

WPX/ASL_2 - LANGIOCASES,A7
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Page 43

(Review date 1 January 1986)

TABLE 7
ASL CASE NUMBERS BY YEAR OF FIRST EXPOSURE AND GECQGRAPHICAL LOCATION
(EXCLUDING ITOL) -
KEY
EVENTS WESTERN EUROPE NORTH AMERICA REST OF WORLD
1939 US24*
40
1 [Frll,Frlé C3,0827
2 Us13, 0S29
3 |Prls c2,081%¢
& UKL C1,C5,085,087,0528,0835
5 |sw2 C4,U0S83,U89
6 [Frl,Fr3,Swh ¢c7,C9,088,0S11,0821,Us31
7 Isw3 C6,0822,US26 .
8 |Fr9, Frl7 Usl
9 |Prl2,Pré vs12
so |Fr7,N1,UR8,UK9 Usié Y2, Cz2
1 |swl,UKS Uslo, U0s32
2 |1G3%» Usé
3 |615,1e3,G26 cl0, U$s37 Japl,Yl
4 |G7,G8,0K4,G19 TS18 ,US3 3%kt Y3
5 1G11,G16,G18, FrlS5#a* Us2,Us817,U820,0834
G23,G28
6 |FR10,G1 US362xa
7 |7r8,64,1t2,62,0K12 czl
8 |Fré,B1 Us23 Jap2,74
9 [Fr2,1t4
60 [G5,613,G25
1 |69,610,612,G617,620,G22) c8
2 |G&6,0K6,G21,82 Usé
3 {Frl3, UK7,Frl8 Us38
4 |SwS Us30
S |rrS,UK11
6 |UK3, UK10
7 |1tS
a
9 lc2a
Viola 70
1
-2
Maltoni 3
Total|67 45 8

518€1 N

* Cholangiosarcoma (Us24)
** Aerosol can filler (G3)
#*%% JS33 and 36; and Fr 15 are still alive.

WPX/ASL_2 ~ LANGIOCASES,48



Page 44 WPK/ASL, 2 - LANGIOCASES,49

(Review date 9 Jenuary 1986)

TABLE 8
mmwcm-mmwmmgmmsnmg
STARTUP| COUNIRY NAME | COMPANY NAME TOCATION ASL CASE NUMBER YEAR OF
YEAR lst Expogure
1931 |West Germany [RASP Ludwigshafen
1933 _[West Germany |Wacker Burghausen 04 07 11,1523 24 25157 ,5%,55,53,55 69 60
1938 |[Italy |Montecatind Acna
1939 [France Rhoone Poulenc [St Fons 03,09,10,11,14, [46,48,56,41,43,
15,16,17 55,41,48
1940 _|Undted Kingdom|1CT Runcorn
1940 |United Kingdem!ICT B 11house 01,04,12 44,5 ,57
5 |Sweden Kemsmord Sundsvall( Stockvik) m‘“’,ozLaa_W, K 51_{% 47,66 6
Switzerlsnd Lonza Sins
1946 {France Rhone~Poulenc  {Rousillon [0} 46
1947 _|Ttaly Montedisco Porto Marghera ) 57
1948 United Kingdom EP Chem i Barry 03,05,06,0/ ,08,09166,51 ,62 .63,50,50
— 10,11 66,65
West Germany [Huls Marl 09,10,26 61,61,53
1949 Belghum Solvay Jemeope 01,02 158 62
1950 |France Puk Brignoud 02,04 105,06,12 159,49 465 ,58449
France Rhone~Poulenc _|St_Auben 07 S0
Folland Shell Pernis N
Norwey Norsk Herova o1 50
1951 |[Italy Morwedison Brindist
1952 |Tealy Montedison Terni
1953 |Austria Halvic Hallein
France Solvey Tavane ,13,18 ,63,63
Italy Sol Ferrara K 53
Undted Kingdom|BIP Avcliffe
Veat Germany |Hoechst Gendorf 18 355
T195%  |West Getmany |Dynmait Trolsdoct OL,00,08,12,16, 156,57,5%,61,55,61,
_ 17,19,20,21,22 27 154,61 ,62 61,55
1955 [Spain Monsanto Tberia|Monzon
1956 |[Spain Caigsa Sabinardgo
Hispavic Torrelavepa
1958 |West Germany [Solvay Rheinberg
1960 |Izaly S C Ravenna Raverna Ob
1960 _|West Germany |Lonza Valdshut 06,13 62,80
1962 |Portugal Cires Oporto
1965 |[France Rhone~FPoulene  |[Montlucon
Tealy Pozzi [Ferrandina
Weat Wacker Cologne
1966 [West Hoschst Frankfure) |05* 60
1967 Frarce A0 Chimde Palan -
Spain Rio Rodano Mirands de Ebro
Greece Esso Pappas Diavats Sslondka
1968 |Belghm Badiphdl Antwerp
1969 [United uggggm Staveley
—1Ttal Rumisnca Cagliari Sardina
1970 |Italy SIR Porto Torres Sar
United Ringdom|ICI Runcorn
1971 Inalz S C Ravenna Raverna
Spain Hispavie Martorell
Sweden Kemsnord Stenungsund
Urdced 3 Baglan Eay
1972 |Finland Pelera Svartbeck
Holland DM
1576 |France Soc_Art D'vinyl|Mazingarbe
1977 |(Spain Monsanto Tberis Tarragoua

* Laboratory worker in Research Department
PANSAC, Mira Venice, case not included (It 05), dus not knowing start up date of the Plamt.

028€1 N




Page 45

(Review date 1 Jenuary 1986)

\ TABIE 9
USA PVC PRODUCERS ~ START-UP DATES ve ASL CASES
START-UP| CMPANY NAE LOCATION ASL. CASE YEAR OF
_YEAR | — NMEER st FXPOSURE
19397 |%cC S Charleston 07,13,19,21,24, [44,32,43,46, 9,
27,28,29,31,35 |41,44,42,46 44
15607 |76 Todaviile O1,02,03, 00,05, [48.,55 45,52 W
“'w’16!17'22’ 62,55,%.55,67.
26,33,34,37 _ ]47,54,55,53
19467 |*0CC Texas Clty (Partially closed 1977
1947 | Goodyear Magera Falls _ [08,10,11,20  |46,51,46,55
1948 | Firestoms Pottstown 12 49
Unizroyal Painesville
(closed 1975)
1950 | Moosanto Springtield 32 51
Closed 1975
1952 | Dow Midland (No PVC since ¢ 1975)
BEG Avonlake (I8 %
1953 EFG _ Deer Park (Formerly Dismond)
1954 | General Tire Ashtabula 36 S6
(Closed 1984)
1956 Alr Products Pensacola
Atlantic Refining | Brooklyn(Clowed late 19608)
_Borden Lecudnster (Closed 1984)
—Conoco Bebronville (Closed 1975)
BRG Niagars
Great American Fitchburg 23 58
Plastics (Closed 1983)
Tooker Hicksville (Cloeed 1980-81)
Pautosoto Pasaiac (Closed 1984) T
1957 | Atlantic Tubing | Cranston (Closed 1967)
Termeco Flemirgton RI 30 59
1958 ! Keysor Century Saugus, Cal
1960 | _BFG _ Wateon, Cal
Air Producta Calvert City
closed March 1982 Re—openad October 1983)
Borden Illiopalis
1962 | Temmeco Burlington NJ
1963 Conoen Aberdeen, Miss
Stauffer Long Beach, Cal (Closed 19€2)
1965 |_Coroco **| Assoret, Mass (Closed by Olin 1975, see below)
Ethyl Baton Closed 1984)
1966 Culf Dulgwure City (Formerly Dismond)
M!m Me Pleasact W Va | (Closed 1963)
BRG Reary, I11
Stauffer Delaware City (S0ld to Formoss 1983)
1967 | Allied %k Painesville, O |
— (s0ld to Robintech)
J— Burlington NJ_
_1968 | PFirestove Perryville (Closed 1382)
1969 | BG Pedrickton NJ
Goodyear Plaquemine
Olin **[ Agsonat, Mass (Closed 1975) (See abowe)
(Foruwerly Conoco
1971 | Conoco Oklahams City

bZ8EL HN



Page 46

TABLE 9 (Continued)

USA PVC PRODUCERS -~ START-UP DATES vs ASL CASES

STARI-UP | COMPANY NAME LOCATION ASL CASE YEAR OF
YEAR NUMBER lst EXPOSURE
1972 Nat Starch Meredoaia, Il11
1973 Borden Springfield

Robintech *¥% Painesville, O

(sold to Georgia
Pacific who
converted to

- polystyrene)
1974 Atlantic Tubing/ Cranston RI {Closed 1982)
Tallyrand
Shintech Freeport, Tex
1975 Certaio-teed Lake Charles
Georgia Pacific Plaquemine, ls
Tenneco Pagadena, Tex
1979 Firestone Plagquemine
1883 Formosa _ Point Comfort, Tex

* My databank has no information on UCC before 1948 or BFG before 1950
**%* Refers to same plant at Assonet

**%Refer to same plant at Painesville. Allied plant never operasted again for PVC
after it was sold to Robintech.

NB Some of the plants i{n this list were closed down, some have changed ownership
over the years, some have changed their product.

WPX/ASL_2 - LANGIOCASES,S51
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(Review date 1 January 1986)

TABLE 10
CANADIAN PVYC PRODUCERS - START-UP DATES v'_ﬁsh CASES
START-UP COMPANY NAME LOCATION ASL CASE YEAR OF
YEAR NUMBER lst EXPOSURE
1943 | Goodrich Shawinigan 01,02,03,04,05 |44,43,41,45,44,
(19417) 06,07,08,09,10 {47,46,61,46,53
1.
1951 Monsanto La Salle (Closed 1973)
1957 Goodrich Walland
1966 Esso Sarnia
1979 Diamond Shamrock Alb | Fort Saskatchewan
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TARLE 11

EASTERN BLOC PVC FACTORIES - START~UP DATES vs ASL CASES

pzge L N

START~UP| COUNTRY NAME COMPANY NAME LOCATION ASL CASE YEAR OF
YRAR NUMBER 1st Exposure
Pre 1939 |East Germany [State Company |Schopau

1941 Russia State Comps Vliadimir et al
1950 |Yugoslavia Jugo Vinil Split 01,02,03,04 53,50,54,48
1951 |Czechoslovakia|State Comps Novaky 01,02 57,50
1955 East Germany tate Comps Bitterfeldt
1956 |Rumania State Comps Icechim
1957 |Poland State Comps Osweicim (Dwory)

Rumania State Coumps Tirnaveni

Turda

1958 Rumania State Comps Risnov
1959 Hungary State Comps Berente Borsod
1961 Rumania State Comps Borzesti
1963 Yugoclavia Ohis Skop ie -
1965 Bulgaria State Comps Varna
1967 Poland State Comps Tarnow
1969 |Rusasis State Comps Dierjinsk
1970 Rumania State Comps Rimnicu Vilcea

Russia Stata Comps Volgograd
1972 Yugoslavis Vinilplastika Zadar
1975 Czechoslovakis|State Comps Neratovice

Russis State Comps Kalush Area
1976 |Yugoslavia Hip Pancevo
1977 Rumania State Comps Rimnicu Vilcea
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JAPANESE PVC PRODUCERS - START-UP DAIEQ va ASL CASES

START-UP COMPANY NAME LOCATIOR ASL CASE "YEAR OF
YEAR NUMBER 1lst EXPOSURE
1950 Chisso Corp Minamata

Kanegafuchi Kag Osaks
Tekkosha Sakata
1951 Mitsul Toatau Nagoys 01, 02 53, 58
1952 Mitsubighi Mon Yokkaichi
Sumitomo Rag Kikumoto
1951 Denk! Kagaku Shibukawa
Nippon Zeon Kambara
Toa Gosel Tekushima
1955 Ryo—~Nichi Uozu
1956 Nippon Zeon Takoaka
Nisshin Kagaku Takeo
1957 Kurehs Kasei Nishikf
Shinetsuy Kag Nacetsu
1960 Denki Kagaku Ohmi
Kanegafuchi Rag Takasago
1964 Chisso Corp : Chiba
1966 Tokuyama Seksui Tokuyama
1967 San Arrow Kagak Tokuysna
Sumitomo Ka Chiba
1968 Ryo-Nichi Mizushima
Shinetsu Rag Tokuyana
1970 Chisso Corp Mizushima
Denki Kagaku Goi (Chiba)
Kanegafuchi Kag Kashima
Kawasaki Yuki Kawasaki
Mitsui Toatsu Sakai
Nissan Kagaku Chiba
Shinetsu Kag Rashina
1971 Tekkosha Yokkaichi
1973 Asahi Glass Hayatsuki
1974 Toyo Soda Sakata
_ Yokkaishi
1975 Gantral Xagaku Kawasaki
Toyo Scda Yokkaichi
1977 Unknown Kashina
VPXIASL_; - LANGIOQCASES,54
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TABLE 13

SOUTH AND CENTRAL AMERICAN PVC PRODUCERS

START-UF COMPANY NAME LOCATION ASL CASE “YEAR OF
YEAR NUMBER 1st EXPOSURE
1953 Monsanto Mexica Lecheria (Mexico)

1954 Policyd

Mexico City (Mexico)

1955 Geon Do Brazil

Sao Paulo (Brazil)

1356 Elchlor

Sao Caetanc (Brazil)

1960 Electrochlor
Viplastic

Capitan Bermudaz(Argentina)

Mendoz (Argentina)

1961 Indupa

Cinco Saltos (Argentina)

1965 (SOC Paramanga
(1967 start up
PET Columbiana

Paramnonga {(Peru)

)
Cartagena (Colombia)

1966 Carburo De Col

Medellin (Colombia)

1967 | Plasticos Omega Mexico

1968 Primex Puebla {(Mexica)

1970 Policasa Managua (Nicaragua)
Petro Dow Conception (Chile)

1971 Polimeros Mex

St Martin Puebla (Mexico)

1975 Rico Chemicals

Guyanilla (Puerto Rico)

1976 Petroplas

_EL Tablazo (Venezuela)

1977 Indust Resistoc Tlazcala (Mexico)

1978 Huls Brasil Cubato (Brazil)
Polychem El Salvador
Policyd Coatzacoalcos {(Mexico)

1979 PET Camacari

Camacari Bahia (Brazil)
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AUSTRALASIAN PVC PRODUCERS

START-UP | COMPANY NAME LOCATION ASL CASE YEAR OF
YEAR NUMBER lgt EXPOSURE
Mid 1950s ICI Australia Botany, Syduney
1960s B P Goodrich Melbourne
Late 1970s| ICI Australia Laverton
Melbourne
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