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PIONEERING WORK ON VINYL CHLORIDE SAFETY WINS INDUSTRY'S AWARD

WAYNE, New Jersey, June 21, 1988 -- The individuals whose work helped
eliminate the health hazards once associated with the manufacture of
vinyl chloride monomer have received this year's safety award from The
Vinyl Institute, the trade association representing the leading
manufacturers of PVC (polyvinyl chloride, or vinyl), VCM (vinyl
chloride monomer) and PVC modifiers and additives. Dr. Maurice
Johnson, retired from the BFGoodrich Company, and Dr.. John Creech, of
the University of louisville, shared the award, which is given
annually in recognition of outstanding contributions toward improved
safety and health within the PVC industry.

Johnson and Creech established a link.between the manufacture of
vinyl chloride monomer and a hazard to human health in 1974, when they
noted an unusually high rate of rare liver cancer -- angiosarcoma —-
among workers in vinyl chloride monomer manufacturing plants. Until
that time, exposure to vinyl chloride monomer had been studied in

rodents, but the potential hazard to humans was unknown.

(more)
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In presenting the award, Dr. Roy T. Gottesman, executive director
of The Vinyl Institute, noted that many lives no doubt would have been
lost without the work of both men, whoée findings mobilized an entire
industry into corrective action. Following the discovery of the link,
new manufacturing practices were adopted throughout the PVC industry
that virtually eliminated the health hazard related to the production
of vinyl chloride monomer, the principal raw ingredient used to
manufacture PVC, or vinyl, plastic.

The industry's reaction to the findings of Drs. Johnson and Creech
often has been cited as a model of industry responsiveness and
accountability in a time of crisis. Today, PVC is used in ccuntless
consumér and industrial products and is the world's second largest

selling plastic material.
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BEPATIC DISEASE AMONG WORKERS

AT A VINYL CHLORIDE PO0LYMERIZATION PLANT

Zenry Falk, M.D.l, Clark W, Heath, Jr., M.D.z, John Creech, M.D.B,

Maurice Johnson, M.D.4, Marcus Key, M.D.S

l%edical Epidemiologist, Hematology Research Laboratory, Texas Childrea's

i

Hospital, Texas Medical Center, Houston, Texas 77025.

2Chief, Cancer and Birth Defects Division, Bureau of Epidemiology, Center
for Disease Control, Atlanta, Georgia 30333.
3plant physician, B.F. Goodrich Company, Post Office Box 954, Louisville,

Kentucky 40401,

A
Medical Director, B.F. Goodrich Company, 500 South Main Street, Akron,

Ohio 44318.

5Director, National Institute for Occupational Safety and Health, Room 10-05,

Parklawn Building, 5600 Fishers Lane, Rockville, Maryland 20852.
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SUMMARY

Eleven cases of hepatic disease, including 7 cases of hepatic angio-
sarcoma, have been identified to date among men employed at‘one vinyl
chloride polymerizaﬁion plant. The earliest diagnosis was made in April,
1964, The two most recent cases, both anglosarcoma, were diagnosed in
February, 1974 as a result of systematic medical screening for liver
abnormalities among workers at the plant., Ages at diagnosis have ranged
from 28 to 58 years and durations of employment prior to diagnosis from
5 to 29 years (average duratiom, 22.6 years). All 1l persons had worked
in close and continuous contact with various phases of the vinyl chloride
polymerization process. Review of pathologic material suggests the
presence in both tumor and non-tumor cases of portal fibrosis and atypical
sinusoidal lining cells. A direct etiologic relatjonship with exposure

to vinyl chloride monomer is postulated.
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Creech and Johnson (1) recently reported the occurrence of 3 cases
of angiosarcoma of the liver among workers at a polyvinyl chloride (PVC)
production plant in Louisville, Kentucky. Because this tumor is extra-
ordinarily rare (only 15-25 cases are estimated to occur each year in the
United States), the existence of such cases in this particular setting
strongly suggests an etiologic relationship to some phase of the PVC
production process. Recent animal studies being conducted in Italy (2)
supporqﬁ the idea that exposure to vinyl chloride monomer (VCM) may be
the agent involved.

Beginning in late January 1974, intensive efforts have been devoted
to clinical and epidemiologic studies of past and present workers at the
Louisville plant, as well as at other FPVC production plants elsevhere, in
order to define more precisely the extent of health risks amony vinyl
chloride workers. This reﬁort summarizes findings to date with respect
to both malignant and non-malignant hepatic disease among workers at the
Louisville plant, particular emphasis being given to epidemiologic features.
Background |

The production of PVC by polymerizatiom of VCM began in Germany about
40 years ago, with production in the United States starting about 5 years
later, The industry grew rapidly after World War II, and growth has
continued in recemt years at a rate of about 14X per year. Curreatly in
the United States 14 plants employing about 1,500 workers produce VCM,
whiie 37 plants employing about 5,000 workers, polymerize PVC from VCM.
Current annual production of PVC in the United States is estimated at

approximately 4.3 billion pounds or 25% of world production.
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The B. F. Goodrich PVC polymerization plant in Louisville first began
operations in 194Z. The number oi persons employed at tue plauc directly
in PVC polymerization has steadily increased, reaching a fairly stable
level of 250-300 workers by the late 1950s, At present, in addition to
271 persons engaged directly in PVC polymerization, Laboﬁt 850, persons
are employed at the plant ia otﬁef capacities such as synthetic rubber
production, compounding and milling operations, managerial and clerical

positions, and maintenance work outside PVC polymerization areas.

Until 1966, VCM as well as PVC was produced at the Louisville plant.
Since that time, however, all VCM utilized at the plant has been shipped
by tank car from other facilities. The VCM is unlocaded, stored, and then
piped into large polymerizatiom reactor vats through an essentially closed

system, Each reactor receives a measured amount of VCM along with appro-

‘priate catalysts, stabilizers, emulsifiers, and additives (and other mono-

meric compounds if co- or ter-polymers are being produced), and the reaction
is carried to the desired end point. Polymerized material is dropped into
secondary tanks from which unreacted VCM is recovered and recycled through
a closed system; it then enters tertiary tanks from which it is concentrated,
dried, and packaged. The end product consists of 3 different materials:
a) PVC resin (a powder with the texturé of refined sugar), b) PVC paste (a
very fine powder with the texture of processed flour), and c¢) PVC latex
{(a stable suspension of PVC in liquidj.

For_workers in PVC polymerization the point of greatest probable
exposure to VCM occurs after polymerization when reactors are opened and

cleaned, Although the air within reactors is replaced several times
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before opening, a short burst of VCM may be released from reactors
immediately upon opening. 1in additioun, some PVC remains encrusted withia
reactors which, because of its porous structure, may retain significant
amounts of entrapped VCM. In the process of chipping and cleaning this
material from within reactors, retained VCM is released, Until the late
1960s, this cleaning process waé d;ne manually by a man lowered into the
reactor for that pﬁrpose. Since that time, high pressure water hoses have
been introduced for cleaning reactors, manual cleaning being done much
less frequently, This change in work practice was designed primarily to
prevent acroosteolysié, a disease peculiar to PVC workers and characterized
by Reynaud's phenomenon, scleroderma-like changes of the hands, and lytic
lesions in the distal phalanges (3, 4).

Clinical and Pathologic Findings

Table 1 summarizes salient features for each case diagnosed to date
of hepatic angiosarcoma and of non-malignant liver disease. Review of
death records for plant employees revealed a total of 5 cases of angio-
sarcoma of the liver diaghosed in PVC workers over the 1l0-year period
1964-1973 (caées 1-5). No cases were found diagnosed prior to 1964, and
no cases were found of hepatic carcinoma or of angiosarcoma primary at
other sites. A further review of medical histories of PVC workers currently
employed at the plant identified 4 additional mem with a known history of
non-malignant liver disease documented by tissue biopsy (cases 8 ~ 1l1).
Because_of concern aroused by the discovery of hepatic angiosarcoma in
workers, a medical screening program aimed at detecting hepatic abmormaliti

was instituted at the Louisville plant. All curreant employees, whether
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engaged in PVC polymerization work or not, were evaluated. As a result
of this program'2 additional cases of angiosarcoma of the liver were
diagnosed, both in PVC workers (cases 6 and 7). At the present time,
no cases of angiosarcoma of the liver or of biopsy-proven non-alcoholic
liver disease have yet been identified among non-PVC employees at the

plant. All patients have been white males.

Cases of Hepatic Angjosarcoma (cases 1 - 7): Ages at diagnosis for the 7

tumor cases have ranged from 36 to 58 years (average age 46.7 years).
Initial clinical features have varied widely, there being no signs or
symptoms in case 7. Four patients (cases 1, 2, 5, and 6) presented with
weakness and tiredness, 2 of whom also had intermittent pleuritic pain.
These symptoms by themselves were not sufficiently severe to warrant med-
ical evaluation until the appearance of acute abdominal pain, pronounced
weight loss, or positive findings on serologic screening. Two patients
(cases 3 and 4) were entirely asymptomatic until the abrupt onset of
gastrointestinal bleeding. Two patients presented with clinically obvious
hepatosplenomegaly (cases 2 and 5), but 4 patients (cases 3, 4, 6, and 7)
had normal physical findings. While all 7 patients had evidence of liver
function abnormality at time of initial workup, theré was no consistent
pattern, and in several instances abnormalities were only slight (cases 2,
3? 6, and 7). 1In several cases, relatively mild hepatic dysfunction co-
existed with either far-advanced portal hypertension (cases 3 and 4),

unresectable angiosarcoma (case 6) or angiosarcoma with extensive portal

fibrosis (case 7). In cases 1 and 2, large hepatic masses were present
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at initial evaluation. Three patients (cases 1, 4, and 5) were not
diaguosed until ‘auteopsy despite multiple liver biopsies,

Preliminary pathologic review suggests that in all 5 cases where
non-malignant hepatic tissue is available (cases 2, 3, 4, 5, and 7) similar
non-malignant hepatic lesions exist consisting of portal fibrosis, sinu-
soidal dilatation, and atypical sinusoidal lining cells. Conceivably such
lesions may represent a precursor stage in the development of hepatic angio-

sarcoma.

Non-malignant Hepatic Disease (cases 8 - 11): Ages at diagnosis for these

4 cases range from 28 to 56 years (average age 46.5), Initial clinical
presentations varied widely: 1 patient (case 8) presented with gastro-
_intestinal bleeding; 1 (case 9) with chest pain and weight loss; and 2
(cases 10 and 11) with unrelated problems. On physical examination hepato-
splenomegaly was present in 1 instance (case 9), splenomegaly alone in 2
(cases 8 and 10), with normal findings in case 1ll., Three patients under-
went splenectomy either for marked splenomegaly (case 9) or as part of
splenorenal shunt procedures (cases 8 and 10). Results of liver function
tests varied widely and showed no consistent patterns in relation to
c¢linical picture,

All 4 patients were found on liver biopsy to have some degree of
hepatic fibrosis, Preliminary pathologic review of specimens available
from all 4 patients suggests a close histologic similarity to the picture
of portal fibrosis and sinusoidal changes described in the cases of angio-

sarcoma. Three patients (cases 8, 9, and 11), as well as case 7 ino the
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angiosarcoma group, were found at surgery to have a peculiar white,
speckled appeardnce to the surface of the liver, which on pathologic
section was seen to reflect diffuse subcapsular fibrosis.

Epidemiologiec Findings

The seven men with angiosarqo@a.had been employed at the plant for
12 to 28 years (average 17.9 years), and the 4 with non-malignant disease
between 5 and 28 years (average 20.6 years) (Table 2). Ten of the 11
patients (cases 2 ~ 11) worked exclusively or predominantly in ome or
more of the 4 PVC polymerization buildings at the plant (Table 2, Buildings
A, B, C, and D). Patient 1 worked about half of his total employment time
iﬂ a PVC polymerization buildimg, (Building A) and for an almost equal
time in a separate PVC drying and packaging building, (Building E). Three
patients never worked elsewh;re than in the PVC polymerization buildings
(cases 4, 6, and 11), As can be seen from Table 2, non-polymerization
buildings, (Buildiungs E through L and all others) were only sparcely
represented in relation to total employment. For the 4 polymerization
buildings which in 1973 employed a total of 160 persons, 184 man-years
of employment are represented among the ll cases. For the remainder of
the plant with a total employment of about 950 persons in 1973, only 21
man-years were recorded,

Buildings A and B, opened in 1942 and 1947 respectively, are the older
of fﬁe 4 polymerization buildings, with Building C (1947) and Building D
(1948) being somewhat newer. Buildings C and D have more reactors (48 each)
thaneither Building A (35 reactors) or Building B (25 reactors); the newer

reactors have approximately a one-third greater capacity, Employment among
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all 11 patients involved all 4 polymerization buildings. Three patients
had worked in all 4 buildings; 5 had never worked in Building D, 3 had
never worked in Building A or Building C, and although all 11 had worked
at some time or another in Building B, 3 had worked there less than | month.
It appears unlikely that some chemical or procedure unique to any one building
can be implicated as a causative féctor; more than twice as many man-years
of employment, however, were represented among cases for Buildings B and
D (121 years, 3 months) as for Buildings A and C (63 years, 3 months). While
this difference may or may not be meaningful, some variations do exist
between the various buildings which could conceivably be important as risk
factors. Buildings A and C produce homopoiymer resin exciusiveiy whiie
various co- and ter-polymers are produced in Building B and all PVC paste
and almost all PVC latex is produced in Building D.

Those workers who are probably most exposed to VCM are chemical helpers
whose principal job is to clean reactors. As can be seen in Table 3, all
11 patients worked at some time as helpers. While virtually every employee
at the plant has worked as a helper before being promoted to more advanced
work, the average work duration (i.e., tfme from starting work at the plant
to date of diagnosis) was 23.2 years for the 5 patients who spent 14 months
or less as helpers and 15.0 years for the 6 patients who spent 20 months or
more. This suggests indirectly a possible relationship between intensity

of exposure and latent period for liver disease.

All Tl patients, or members of their immediate families, were individuall
interviewed regarding past hepatic disease and possible exposure to hepato-

toxic agents. None of the patients had a prior history of hepatitis or of
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exposure to hepatitis, and none had taken hepatotoxic drugs. Three patients
(Cases 1, 7, & 9).may have had significant alcohol intake. No patient. except
for Case .7, recalled exposure to possible hepatotoxic chemicals outside the
work environment, in particular to either arsenic or thorium dioxide, 2
chemicals previoﬁs]y implicated as causes of hepaéic disease and angiosarcoma
in humans (5-8). Patient 7 gave a history of exposure to arsenical insecti;
cides on the family farm between the ages of 6 and 15; he both mixed and

sprayed the insecticides 2-3 times a year for about 3 hours on each occasion.
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Discussion

Prior to the report by Creech and Johnson (1), the only evidence
that VCM might be oncogenic came from animal experiments. in 1971, Viola,
et al., published data suggesting VCM oncogenicity in rats at very high
doses, tumors of many tissue sifes; lung, bone, and skin being recorded
(9). Preliminary results of a more recent animal study in Italy by Maltoni
and coworkers (2) appears to indicate that angiosarcoma of liver as well
as of other tissues can be induced in rats by atmospheric levels of VCM
not uncommon in the human workplace environment. In light of these obser-
vations, it appears likely that exposure to VCM is responsible for the Louis-
ville cases. Further support for this hypothesis is needed, of course, from
additional epidemiologic data concerning workers at other PVYC and VCM plants.
Further toxicologic analyses are also needed to address the possibility that
the active oncogenic material may be some metabolite of VCM rather than VCM
itself.

Whatever the precise mechanism for oncogenicity and hepatdtoxiclty of
VCM, the Louisville data suggest that relatively high levels of VCM exposure
and relatively long latencies (20 years or so) are involved. This does not
rule out the possibility of less marked health effects at lower doses or
shorter latent periods,bbut it does for the present focus attention on the
immediate problem of assessing the health status of persons exposed in the
remote past to_high doses. None of the Louisville cases involved men

working at the plant less than 6 years prior to diagnosis and it can be
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safely assumed that levels of VCM expos&re during earlier years of PVC
production were considerably higher than at present due to less stringent
work practice procedures and less attention to minimizing possibilities
of VCM exposure in places of work.

In humans, both thorium dioxide and arsenic have previously been
reported as causes both of hepatic disease and of angiosarcoma of the
liver. In only one case at the Louisville plant (Case 7) was there any
history of exposure to either of these 2 materials (arsenic in insecticide
spray). Likewise there is little evidence among the Louisville cases that
excessive alcohol intake plays any accelerating or potentially cocarcinogenic
role.

Various data now suggest that VCM (or some derived metabolite)} may
produce in addition to frank angiosarcoma of the liver a nonmalignant
hepatic disorder characterized by portal fibrosis and portal hypertension.
This is suggested by the fact that such fibrosis was pfesent in:at least
5 of the Louisville tumor cases and was in addition observed in 4 other
Louisville vinyl chloride workers without tumor. Recent observations in
Germany (10),'together with earlier reports from Eastern Europe (11) suggest
that hepatic fibrosis and portal hyperteﬁsfon represent a not uncommon
occupational disease of vinyl chloride workers. Conceivably such fibrotic
liver disease represents a premalignant state. If this proves to be so,
the eariy detection of such liver disease may be of greater industrial
and public health importance than detection of tumor itself, both because
hepatic fibrosis may be a more frequent condition in vinyl chloride workers
and because it is possible that the fibrotic coﬁdltion, unl ike the tumor,

may be reversible (or non-progressive following removal from the high=risk

areas).
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Because of these findings, there is an urgent need to develop
effective means.for detecting these particular kinds of llver abnormality
in vinyl chloride workers. Unfortunately, the present series of cases
suggest that currently available liver function tests are not sensitive
predictors; in most if not all cases of angiosarcoma hepatic disease
appears to have run a quite asymptomatic course, with liver abnormalities
developing only as a late manifestation. Ideally what iS needed is some
testing procedure which can idgntify early hepatic fibrosis in the absence
of hepatocellular injury and which at the same time can be efficiently

applied to testing large numbers of workers without great expense or delay.

BFG66207



1.

2.

3.
4,

9.
10.

11,

REFERENCES

Creech JL, Jr., Johnson MN. J. Occ Med 16:150, 1974

Maltoni, C. unpublished data

Wilson RH, McCormick WE, Tatum CF, Creech Jl. JAMA 201:577, 1967

Dodson VN, Dinman BD, Whitehouse WM, Nasr ANM, Magnuson HJ. Arch
‘Environ Health 22:83, 1971

da Silva Horta J, Da Motta CL, Abbatt JD, Roriz Mi. Lancet p. 201, 1965

da Silva Horta, Da Motta CL. Ann NY Acad Sci : 830, 1968

Regelson W, Kim U, Ospina J, Holland JF. Cancer

Morris JS, Schmid M, Newman S, Scheuer PJ, Sheriock S§. Gastroenterology
64:86, 1974

Viola PL, Bigotti A, Caputo A. Cancer Res 31:516, 1971

Marsteller HJ, Lelback WK, Muller R, Juhe S, Lange CE, Rohner HG,
Veltman G. D¢sch Med Wochenschr §8: 2311-4, 1973

Suciu F, Drejman |, Valaskai M. Med Lavore 58:261, 1967

BFG66208



aajiedau-( (/6

»#mwusocw~@m|0unmu£|ﬁhxo

%awwueo=u~nmlwo\ad

»ﬁmmosoruanmJnnxo.

STSEIYITT
-ajoy> 203 pazyleirdsoy-g¢J6

peaon
sn1239} ‘ajedaa ejuasy

103 pazjieardsoy-gL/

ssoy
y8jan ‘ujed 3s9Yd-1£/6

eulT2w-89 /11 Pu® §9/0T

€L/6

- £L/6 :

W

- " g9/er-

WM 9S

KA 9¢

W1 82

WM 9y

It

ol

6
8

aseas]p O73eday jueudjjen-uou YIja GIEE)

1
'

BFG66209

anjaE8au-y//Z >}38mo3 duksy. - 2lt WA €Y X
aaIe32u-9/ /T JAsyanatd, ‘anBriej-g./g - vL/T KM SY 9
. . $50] Iy319A A
A1e8auwouayds-oieday-gy /e pus ssawjean-gL /L £/ €L/t n 8s s
»Hmwusocwuamuno\n $]53WIIEWAY puw
aayaedau-¢9/z1 BUITIB-CH /G pUB woxwu €L/c €L/e WM 6Y y
A1e8auwouayds-oleday-gf /¢
aajaedau-pg/1 eua12u-0¢/S Pue 0L/1 1L/6 0L/s R 9€ €
. . : ujed pus ‘
A1e8awmouatds pus . «I00%,, 2713sedyda-/9/g
ssea dy135e37do-£9/g _uks1anatd, ‘an3yaej-99/6 89/1 19/8 e z
- . uyed dy-49/1 . _
ssaulapual dNI-%9/1 an3rIe3-£9/@ 29/v %9/y HA 2§ 1
o - . saomny 273eday yajm sase)
s3uf puy3d 1e>3skyd smoldmAs Tey3jul . yieap sysoudejp xXas fuuuu Jaqunu
, L Jo aeal pue yjuoy ‘sysouBeyp ase) .
- . e a8y

a5eas P I9AF] 3JO sased Jo s3ujpuyy u~woacsuwn pue TedJufTd
. T 318vl



$3$01q}3 1E20) 433a S3313Rday DJU0IYD-410-€1/6

sysoaqyj je3a0d 14BT115-810-€24/6

s3scaqyj aeynsdedqns *s}soiqly anuuonungo|an\~1

$J$01QTj aeynsdedqns *s}soaqyj 12310d-810-89/11

$7s01q}j ie(nsdedqns ‘s}s01qy}
13204 2AJSU9IX? pue EwODIESO}BUB-GI0-9(/Z

. . .

rwod2es033ue-g10-9¢ /2
" wnuaponp T
03 peaads yaim ewodaesojfue u«uumocczuuMN\Nn.
§}503q]J pue volieuweyjul 1eizodyiad-g70
$1501QF3-2IN-EL /L

ewodaesoj3ue or1ieday-Ra-¢L/¢
s7araeday 343116-970-0£/07

$}s04yaay> *s31ayidesay-giIN-0£/07 -
sT3taeday 21x03-8170-0L/¢

Nd ©R
euwodaeso}8ue-410-0£/S

11es 1eujwopqe pue w3eaydeyp 03
peaads yijm ewodiesoyBue djieday-pa-g9/1
- ewod1es078ue-g70-£9/¢
sasejselam
yajn ewodaesojBue dy3eday-Hg-99/y
paBueydun-gIN-49/¢
s7373eday 1edo) I43115-910-99/%

xx53UTpuT} uwmo~osuaw

“aa12 prIw t100s “aope 238%dp8h ¢ 6
AV 3. 4L vw.uww.maw 33BI3pow-cL/g
K1e8awouayds :ueds 1aA1T-1¢/07
109S ‘€1 A9 PITu-1¢/6
sad7aea :wealeydosa 110NS ‘AT
PIIW 1458'dV "A372 paxqaew-g89/Qf

IDeJIPp ‘WO ¢
" :uweaBoj3ue pue ueds 1aayy
dv ‘gl "A373 PIIT-E£L/1Y

30933p 21qFss04 :ueds ddayy
HAT °ART? PIIS-9¢/T

L1e8amouajds-o3eday
‘9SBaSTP I5NJJIP :UEDS IIATFY
109 ‘4l »91? prIm

dv -aele payIem~g/ff

sadjaea :£dooso3eydosa
100S “a2712-C9/¢

sa07ava :uweadoydosd
ID932p 28aey :ueds 1daly
HA1 *)09S *dv ‘gl "#213 PIT®-0Z/¢

. ] £1e3suwouaids
*39932p s3aeT :uedS Jaajl
000°'€E s3°193e1d

HQT ‘1098 'dV ‘#3192 PIIW-£9/g

109s ‘4l “A2]d 3jeaapow-49/y
) ydn31om sjaedag

(panujiuod) T 319Vl

(1t
(o1

(6

«

¢

(s

(v

(€

144

ase])
Ise))

ase))

358))

a5E])

[13:9)]

a5e))

258))

as¥3)

28¥))

unNUVJ

BFG66210



BFG66211

uojieujwexa wajiow 350d = W3
Asdoyq a3ayy 27pe2u = 4N
£sdoyq 19a37 vado = g10x»

ujaieyydojynsowoiq = 4Jsg .
aseuaBoapiysap O7I%ET = HQ1
asejeydsoyd aujjeye = gv

95BUTWESURLY I]I2OBTEAO DJweIn]8 wnias = 109§
upqnIATTIq 1e30Y = - dly

:[ °1q¥1 20j sa3ou3zoo0g

A



3uzhap opg - 1
sulpunoduod - .

mou - Zula}adal pue asnoyaiba A[i2uw1Qf - ).

009
anogs

(ze)

[

N -N-N-N-N-N-Nr-N- NN

s1ay3o
e

- N-N-N-N-N-N- NN~

SujTIIW pue BUjpuncquod - 3
uojjelado uy aa8uoy ou
- sysayjufs 12mouOW A112WIA0F - Y

uwmasu OFIayuls - p

8 8 u s o 2 1 91 oy 8y of 9¢
92 & 9%z i« 6T 6 - u 9z @@ ot oz
/0 11/0 v/0 s/t z/o 6/t z/e Ut 8/6S  1/9T t/19 8/9¢
) 0 0 [ 0 0 0 0 o /L 8/
/o .0 0 1 o 0 0 9/1 0 /T (/61T 0O
0 0 /0 O () 0 (Y 0/Z w/e AT w1
11/0 0 0 0 0 0 2/1 o/sT 0 /Y /Y
0 /0 0 0 0 o1/0 o §/S /1T o o
0 0 0 0 0 0 0 9/6 €/t 1/o0 0
0 0 0 0 0 0 s/0 s/vt o 8/2 9/0
0 0 0 0 0 0 0 0 9/0 6/91 /1
o z/o /o 0O o €/0 o vly  5/S 1 Tt
0 0 0 zZ/o 6/t o 9/0 0 0/t s/TT 1/0
0 0 0 0 0 /T s/8 (i 0 €/0  11/8
q b F T H 5 il i a E) 1 17
¥SSUTPIING 29Y3Q ’ s3uTpIINng

uoyjezyaawlyod-oaq

UOTIBUTIOTYD DA ~ O

- STS¥Y3uss JoyooTe mou
- §¥s3yjuls i1suwouow A1iawioy - g

8uj8eyoed pue Bujfap Jpd - 3w

@\
pu—
fordus ° €L6T Uy mmW
S939A0 we o *ou ©30
1 3 1e30} S
€ uor3ezado ﬂnv
uy sik *oy He
a8
ow ¢/ik 407 Teloy
ou T7/1L g7 11
om g/afk €7 ot
om g/1k ¢ 6
ow g/ak 4z 8
ow g/afk gy L
ow o7/2k 11 9
ouw g/1k g7 -
om ¢/ik 91 ]
ou 1/ak €1 £
oo 11/1K (1 z
ou g/ik 61 ) |
JusmAoydus Jaqung
JO uoljeanp IsE)
18301 :

Jusufordwa jo Buypiynqg £q *Ayonijuay ‘a117ASENOT uy Juerd uoyjezyaaulyod-pag
Y27apood °4°@ 343 ¢ s19)I0m Juowr aseasyp oyjeday jueulyyeRw-uou pus

13ATY 243 3O ®Bwodaes0jBuE yija

63uarled 303 juawko

T 21981

1dua jo uojjeang



Table 3

Work histories for patients with angiosarcoma of the liver and non-malignant
hepatic disease among workers at the B.F. Goodrich PV(-polymerization zlant
in Louisville, Kentucky

TJotal duration
of work as

Total duration chemical helper

Date of first of work prior in PVC-polymeri-

Case . liver disease to diagnosis zation buildings

Number diagnosis (years/months) (months)

1 Apr 1964 19/8 6
2 - Aug 1967 172711 2
3 May 1970 13/1 51
4 Mar 1973 16/5 : 20
5 Dec 1973 : 28/0 8
6 Feb 1974 1110 43
7 Feb 1974 18/0 , 32
8 Dec 1968 2475 47
9 Jan 1972 5/6 58
10 Sept 1973 23/8 14
1 Sept 1973 28/11 9
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