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A recent cuhort morality study of male, hourly wage emplovees of a large Michigan

chemical production and research facility had found a greater than expected number of

deaths coded to liver und biliary tract cancer. la response. an additional investigation
was then undertaken of the 44 liver and biliary tract cancer deaths observed between
(940 and 1982, A random sample (N = [,888) of subjects was selected from the total
cohort (N = 21.437) to serve as referents. Company work history records were used to
classily cases und referents by work area assignment and porential for exposure to !
selected chemical agents which have been shown to produce cancer of the liver or biliary
passages in experimental animals. Statsticaily signiticant associations in both postve
and negative directions were tound for several work areas within the tucilitv. A sug-
gestive ussociation was tound tor vinyl chloride monomer. based on five cases with
presumed exposure.
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INTRODUCTION

A recently conducted cohort study of the more than 37.000 male emplovees
tfrom Dow Chemical’s MidlandrBay City. Michigan. production. research. and head-
quarters units showed more deaths than expected trom cancer of the liver and biliary
passages (SMR=140. 95% Cl = 99-191) among hourly workers {Bond et al..
1987]. No data relating to personal or occupational exposures were collected as a part
of the original study. This was by design since it was not feasible to collect such
comprehensive information on all workers. This paper describes the results of a

follow-up investigation which used a hybrid study design involving a moditication of

the traditional case-control method [Kupper ct al.. 1975].

Depantment ot Epidemiology, Health and Environmental Sciences. The Dow Chenneal Company. Mid-
land, MI1G.G.B., K.M.B.. RR.C.).

Medicul Department. Michigan Division. Dow Chenueal U.S, AL, Midland, MI(E.A. McL., T.E.L.).
Industeral Hywene Seevices, Michigan Division. Dow Chemucal U.S. A Midland., MI(F.L.5..
Address reprint requests o De. Gregory G, Bond. Depanment of Epidemiology. Health and Envicon-
mental Sciences. The Dow Chemiest Company. 1803 Budding, Midland, M1 45674,

Accepted tor publicaton February 7. 1990

¢ 1990 Wiley-Liss. Inc.

098100 S%3Y




198100 SBY

20 Bond et al.

METHODS AND MATERIALS

Death certificates ot all male. hourly emplovees who died during 19401982 (N
= 6.2359) were reviewed tor a statement of primary liver cancer. cancer of the liver
not specified as primary or secondarv. or cancer of the gallbladder or bile ducts
{ICDA-8 codes 135-136 and 197.8) mentioned anvwhere on the document. This
identified 44 cases. of which 11 were coded to primary liver cancer. 14 to cancer of
callbladder or bile ducts. and the remuining 19 to cancer of the liver not specified as
primary or secondary. From the cohort of male. hourly emplovees tN = 21.437) who
composed the original study population [Bond et al.. {987]. u random sample (N =
1.888) was chosen to secve as referents.

Compuny work history records were used to classity emplovee exposures by
work ared assignment {Bond et al.. 1985, 1986} as well as by potentiad for exposure
o I chemical agents chosen because they had been showr 1o produce cancer of the
liver or biliary pussages under experimental conditions in animals [Chu et al.. 1984
Haseman et al.. 1984: NTP. 1985: Wilbourn et al.. 1986]. Visits to the Medical
Depurtment by the cases were reviewed by a nurse co-investigator tE.A M) 10
ascertain a ustorv of excessive alcohol use or hepatits. as they are established risk
factors tor prim.  liver cancer [Falk. 1982]. This exercise was ot limited usetulness,
however, owing to: 1) the unavailability of medical records tor those subjects who
wrminated their emplovment prior 10 1947 (N = 24); and 2) a lack of information
concerning iny post-employment illnesses among the workers.

Risk ratios were computed adjusted tor birthyear by using the Mantel-Haenszel
(1939) procedure. Analvses which additionally contralled tor period of hire showed
similar results o those which controlled oaly tor birthvear and are not presented.
Likewise. analyses of the primary hver cancers sepacate from the gall bladderbile
duct cancers did not reveal additional information and are not shown, Ninetv-tive per
cent tost-hased contidence intervals were caleulated about the risk rutio estimates
[Micttinen, 1976],

RESULTS

Analyses by work area assignments (Table D) showed the cuses were signifi-
cantly less likely 1o have held assiznments in electrochemicals or organic chemical
production. but were more likely 1o have held assignments in office maintenance (RR
= 3.6: 95% Cl = 1.4-9.1). A positive association with assignment to polyvinyl-
polyvinvlidene chloride production did not reach statistical signiticance (RR = 2.0:
95% Cl = 0.9-4.0).

There were no statistically signiticant trends apparent when analvses were ma..c
of duration ol assignment within work areas: however. the wdds ratio for an assign-
ment of five or ~ore vears to polyvinyl-- lyvinvlidene chloride production was 3.7
(93% « . = 0 1.6) bused on the conu.aution of two cuses.

Assignme. . polyvinyl-polyvinylidene chloride production areas was explored
further in Figure | via u plot of the ““auributable fraction” [Goldsmith et al.. 1980]
for cach vear during the period [1940-1980. The peuk “attributable traction™
occurred in 1932, a vear in which lour of the seven cases assigned to these arcas were
all emploved. no two in the same plant. however.

None ot the chemical agent comparisons revealed statistically sigmificant dif-
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TABLE 1. Age-Adjusted Risk Ratios for Analyses by Major and Minor Work Areas: Study of
Liver and Biliary Tract Cancer Among Chemical Workers. Midland. Michigan, 1940-1982+

Exposure trequencies 47}

Majorminor Cuses Reterents
work areas N = 1 IN = |.88%) RR 9i% ClI
Administration 0.0 A — 0.0-1.3
Manutacturning 632 757 0.7 04-1.3
Agricultural chemmcaly 9l 26.2 0.4 0.1-1.0
Harbcwdes 6.3 17,1 0.3 $.2-1.6
Insecuctdes 46 9.7 1.6 01-2.4
Inorgunic chemucals 17.7 0.0 [ h.6-2.0
Ammonid 0.0 1.0 —_ 0.0-5.4
Brine 6.4 4.6 0.y 0.3=-3.0
Bromunued products 1.6 3y 0.y 0237
Calciunymagnesum Y1 12.5 0.7 0.2-1.%
Caustic 16 iy 21 (5= 3
Cellulose products 23 7.6 0.4 =23
Ele¢trochemiculs 0.0 10,2 _— 0=
Metal tubricution 227 16.3 1.1 0.6-2.2
Orgame chemuculs 6.4 6.8 0.5 0.3-09
Acrylumide 0.4 2 — 0.0-4.0
Alkyl benzenes u.0 39 — 0.0-2.2
Chlorinated benzenes GRY 36 — 0.0=2.3
Dyes 6.8 o1 .7 2-2.2
Fabricuted plasties 6.8 16.3 0.6 0.2-1.9
Glyeols (IR} 1.8 —_ 0np-4.7
Halogenated hydrocurbons 16 1.7 0.4 0.1-1.6
lon exchunge resins 23 2.0 (.2 (.2-5.7
Lutex 23 2.7 0.8 0f-6.2
Oletins 4.6 25 1.3 (SR
Phenol derisitoes H.¥ 1300 0.4 01=1.4
Polystvrene 63 15.0 0.3 nl-2.0
Polyvinsl-pohyvinvhidene chlonide 139 iN 2.0 thy-4 0
Unknown munutacturme (R} 1o — to-x 4
Research 139 228 uy i1
Service 039 R N t6-2.0
Antmal handhing Ly 1.6 — 0.0-14.0
Boiler shop 1.6 34 1.u 0n2-41
Construction i3.6 13.6 u.7 03-1.7
Electric shop 2.3 28 0.9 t1-6.4
Enginecring 23 1.6 1.7 0.2-12.5
Garage 0.0 2.5 — 0.0-3.4
Lead shop 0.0 0.3 — 00=-28.0
Lubnesnon 0.0 0.4 — 0.0=2t.0
Machine shop 4.6 4.2 .9 0.2-3.3
Maintenunce 1.6 3.6 0.4 u.1-1.6
Materizl handling 11.4 ¥ 1.4 0.53-37
Otfice muntenanye 1.4 AN kE 14491
Paint shop 16 7.9 0.6 01=2.3
Pipe shop 9.1 10.3 us (13223
Plant protection vl 36 1.1 0.4-3.2
Power ) 7.1 0.2 00-1 3
Roud and vaed mie, 1.6 2.0 2.2 0.5-96
Shops-steel & instrument 6.9 23 2.2 01,7-7 5
Waste munagement 0.0 t.2 — 0.0-7.0
Well services 0.0 0.l - 0 0-%3 8

"Workers may huve been dssigned o more than one work ared duniny their emptoviment and thus may te

counted more than onge 1 the wbie,
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Fig. 1. Study ot liver and biliary tract cancer. Aunbutable fruction for assignment (o polyvinyl-poly-
vinvlidene c¢hlorde areas i each vear durning 1940 -1980.

ferences tTuble 11). The highest risk ratio (RR = 2.2: 95% Cl = 0.9-3.8) was for
presumed cxposure to vinyl chloride based on the contribution ot five cases. There
were no statistically significant trends tor analysis by duration ol exposure (o any of
the 11 agents. ulthough in many instances there were too few exposed cases to permut
meaningtul conclusions. Likewise. there were no statistically significant trends ap-
parent when analvses were made by estimated dose of exposure.

DISCUSSION

The present investigation revealed au statistically significant positive association
with assignment to office maintenance, and some marginal associations with poly-
vinyl-polyvinylidene chloriic production. The association with an assignment in
office maintenance is curious, since this tvpe of work is not generally considered
hazardous. In fact. it was a common practice to assign to that department any workers
who were not considered medically tit to work in more strenuous jobs. Company
medical records were available 1o review for four of the five cases assigned to office
maintenance. and revealed that two ot the men had been hospitalized for chronic
alcoholism. suggesting that this finding may have resulted from contounding.

High levels of vinyl chloride exposure have produced a specific hazard of
angiosarcoma of the liver in some work forces [Doll. 1988]. In the present study. five
of the seven cases of liver and biliary tract cancer who held assignments in the
polvvinvl-polyvinvlidene work area were considered to have had the opportunity for
exposure to vinyl chloride monomer. There wus no evidence that any of the live cases
experienced angiosarcoma: however. pathology reports and/or medical records were
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TABLE 1l. Age-Adjusted Risk Ratios for Analyses by Selected Chemical Agent Exposures:
Study of Liver and Biliary Tract Cancer Among Chemical Workers. Midiand.
Michigan, 1940-1982*

Exposure trequencies (623

' Cases Reterents
Agent (N = 44y (N = [.83%) RR Wi Cl
Curbon tetrachtoride 1.4 20.0 Tous 0.2-1.4
Chlorodibenzo-(p)-dioxins 2.3 9.1 0.2 0.4-1.4
Chloroform 1.6 6.7 0.6 02-27-
Ethylene dibromude 23 73 0.4 0.1-3.0
Ethviene dichloride 6.8 4.6 0.4 0.1-1.3
Methylene chloride 4.6 3.9 1.3 0.2-3.6
Perchloroethyvlene 13.6 1.3 1.5 0.8-4 3
Polychlonnated biphenyvis 0o 1.2 — 0.0-70
1.1.2-Trichloroethane 0o 0.3 - Ho-168
2.4.6-Trichlurophenol 0.0 0.9 — Hhu=9.3
Vinyl chloride 1.4 7% 22 0938

Workers may have been exposed o more than one ayent during ther employment and thus may be
counted more than onee 1n the tuble,

available to confirm the diagnosis for only two of them. Table [ presents some
descriptive information concerning these cases. By virtue of the time period in which
they worked and the nature of their jobs. each of the men was considered to have had
the opportunity tor high levels of exposure o vinyl chloride monomer. with peuak
exposures probubly exceeding {.000 ppm. Although two of the cuses had spent more
than 20 years each in areas of potential vinyl chloride monomer exposure. the other
three had very briel exposures on the order of one to several months.

Of interest. none of the other chemical agents suspected a priori as potential risk
lactors was shown to be statisticatly signiticantly associated with liver or biliary tract
cancer. [t may be that some of the agents are weak carcinogens. but this study could
not explore that hypothesis. An examination of the upper limits ot the 95% conti-
dence intervals about the risk ratios presented in Table Il shows that the study
apparently had sutficient power to rule-out modest increases in risk tor several chem-
icals (i.e.. carbon tetrachloride and ethylene dichloride). but only relatively large
increases in risk could be excluded tor others.

Some misclassilication of exposure mav have occurred: however. the availabil-
ity of industrial hygiene data from the distant past for many of the plants at this
production site should have reduced this possibility considerably. It misclassification
did occur, and was non-ditterential. the tendency would be 1o diminish the strength
ol the associations.
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TABLE II1. Descriptive Data on Five Cases Presumed to Have Been Exposed to Vinyl Chloride
Monomer: Study of Liver and Biliary Tract Cancer Among Chemical Workers. Midland.
Michigan. 1941982

Durauon
Yeur Yeur ol Yeuar

Cuse first lust cxposure of Jub Best diagnosts

no. exponed evposed tvr: moyl death classification tsourver*

1 1943 1943 0 < 1960 Assntant Adenocarcinoma

uperator uf common

bile duct {DC)

2 1943 1943 0.3 1964 Janntor Cuarctnoma of
liver (DC)

3 1950 1970 0.0 1976 Operutor Hepatocellular
carcinoma
(PR

4 1946 1967 20 8 1YRQ Operator Intrahepane bile
duct cancer
(MR and PR)

5 1932 1932 0; 2 1972 Hundy man Cancer ol liver

pachager DOy

"DC = death certincate, MR = medical record. PR = patholugy report,
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