Mortality among Workers Exposed to Coal Tar Pitch Volatiles
and Welding Emissions: An Exercise in Epidemiologic Triage

MICHAEL SILVERSTEIN. MD, MPH. NEIL MAiztisH, PHD. ROBERT PARK, MS, AND FRANKLIN MIRER, PHD

—
Abstract: The United Automobile Workers International Union

s established a system of epidemiologic triage to evaluate patterns
mortality among groups of union members. In response to worker
sacerns. the Union examined mortality at a metal stamping plant.
Lng & method which linked pension records with the State of
wichigan computerized death registry. The observed proportion of
gilignant neoplasms was nearly twice that expected (95% Confi-
nce Limits 1.36. 2.62). Two- to five-fold excess proportional
qality from cancer of the digestive organs. lung cancer. and
«kemia accounted for most of the overall excess. Strong associa-
s were found between lung and digestive organ cancer and
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employment as maintenance welders or millwrights in the plant (odds
ratios > 10). High levels of six polycyclic aromatic hydrocarbons
with mutagenic and carcinogenic properties were found during hot
coal tar application to wood block floors. work conducted by the
high-risk groups. These levels were substantially reduced following
the purchase of new tar pots. The example demonstrates that
epidemiologic tools can play a valuable role in occupational health
decision making, but care must be taken to avoid mechanical reliance
on quantitative testing and to acknowledge the important role of
social and political value judgments in the establishment of respon-
sible public policy. (Am J Public Healrh 1985: 75:1283-1287.)

wroduction

This paper describes recent union-based efforts to de-
.lop and use epidemiologic surveillance techniques as
utine. accessible tools in the day-to-day conduct of a health
| nd Safety program.

. The United Automobile Workers International Union

UAW) represents 1.2 million workers in more than 2,500
«orkplaces throughout the United States and Canada. These
«orkers face an enormous range of potential health hazards
. jobs ranging from paint formulation to salt mining.
wtomobile manufacture, employing one-half of UAW mem-
wers. IS itself a collection of many distinctly different types of

vork.

The UAW has had an active health and safety program
pr many years, utilizing occupational health professionals
ad local union health and safety representatives to identify
vorkplace hazards and to develop technical and political
grategies for their control. Stimulated by recent intense

membership concern with apparent excess cancer mortality
evarious workplaces. it became apparent that the health and

afety program needed a new dimension —ne which could
waluate patterns of illness, injury, and death that might not
% apparent to even a skilled observer with the training to
zcognize known hazardous materials and conditions.

o,

.
nal drugs del

an of cenray A practical system of epidemiologic triage was required
<eks. A i w that threshold decisions about health and safety strategy
R ol - wuld be made on firm grounds. For example. with several
3ie 1 hurman gl wrkplaces reporting apparent clusters of cancer deaths, a

N :rompt choice among three courses of action is necessary: 1)

sxamneoovm: e
SR  oriority program to reduce worker exposures to known or

gg;; i@ ely hazards through engineering or other controls: 2)
64-01) [ -stematic research to explore suspected health effects
e wpplemented with modest. interim protective measures: 3)

zassurance to workers that work-related health problems
4§ uve nOt been demonstrated and are ypjikely to have oc-

@l ured and that little additional action is needed. It is not
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reasonable to expect that any epidemiologic method can
determine unequivocally which of these activities is correct
for a given workplace. Moreover, many epidemiologic tech-
niques are too slow and cumbersome to have short-term
decision-making value in the workplace. However, it has
been possible to adapt standard epidemiologic methods to

serve as_public health tools c.l.?\o[ 3 workplace, so that

auamitative data gan be used in N8 among alternatives
dt a giver workplace and In determining priorities among

different locations according to relative urgency. One such
method, addressing mortality, has been established in Mich-
igan by making use of the State's computerized death
registry. Three steps are involved:

e First, when a potential problem is identified. Local
Union and international Union records are searched to
produce a listing of persons at risk, or known to have died,
with names and social security numbers.The full cohort of
interest, all those who worked in the plant over a defined
period, is usually not accessible or cannot be generated
quickly. However, an inventory of available records (e.g.,
seniority lists, dues cards, application records, and some-
times death records) usually provides a fairly complete
specification of those at risk. The fact that such a list might
have gaps and sampling inconsistencies is not a deterrent in
this triage process, as long as there is reasonable certainty
that major confounding and selection bias have been
avoided. This can often be assured by using a subgroup for
which nearly complete and unbiased ascertainment is
possible. such as all those hourly employees with at leas! 10
years of credited pension service.

® Second. names and social security numbers on the list

of deceased or at-risk persons are matched against COMPut-
erized mortality fijes such as those obtained from the State
of Michigan Department ©f PUbIiC Heajth. The Michigan files

contain all in-state deaths since 1970 with underlying cause
International

EPa%%ﬁigaYti%e revision in e e<l: Séfﬁﬁ]aé'%a?fo?"ee% ﬁ.”ACsD
useful but not essential adjunct, out-of-state deaths are
i ; =< or Social Security Administration
@%nl&x)ﬁ?edcobl)assearches y

e Third, the resulting deaths identified, with underlying
cause and demographic data. are used as input to the
Monson program (with revisions) to generate standardized
proportional mortality ratios (SPMR).!
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~As an example, we describe the course of a mortality
investigation at a metal stamping plant where maintenance
welders and millwrights were exposed to coal tar and welding

emissions.

Methods
Development of Study

The study site was a metal stamping plant located near
Kalamazoo. Michigan. The plant. which began operations in
1966, has employed on average approximately 3,000 UAW
members. The plant operations have included metal stamp-
ing, spot welding. tool and die making. metal machining, and
pattern making.

The Local Union became concerned in 1980 about a
possible high number of cancer deaths among its members.
The Local Union Health and Safety Representative began to
compile a list of deceased members along with information
about their causes of death and jobs. which he was able to
abstract from information available at the plant. The UAW
had not yet developed most of the epidemiologic tools
described in this paper. However, manual calculations of
proportional mortality were done and did not reveal excesses
of cause-specific mortality or associations between mortality
and specific work assignments.

By 1982, the number of known decedents was 58 and the
Union had developed the computerized capacity for PMR
analysis.' Twenty-two cancer deaths among White men were
observed, compared with eight expected based upon national
rates. The Union decided to continue the investigation on a
high priority basis.

A site visit was conducted by International Union staff
to gain insight into the nature of chemical exposures poten-
tially associated with various jobs. It was observed that the
flors in this plant consist of wood blocks which are set and
protected with hot coal tar in an operation that closely
resembles roof tarring. Further, employees reported that: 1)
millwrights have been responsible for laying the floor tar and
have been exposed to smoke and vapors from this work; 2)
the millwrights at this plant also work closely with the
maintenance welders who weld or flame cut floor-bolts at
floor level where tar and wood blocks sometimes ignite and
generate smoky emissions; and 3) the wood blocks have been
treated with wood preservatives, and have absorbed solvent
and oil spills.

Historically. maintenance welding and floor tarring work
had been done with a minimum of local exhaust ventilation or
respiratory protection. Routine quantitative measurements
of these exposures had not been made, but in 1979 personal
and area air samples taken by the employer during floor
tamng revealed coal tar pitch volatile concentrations in
excess of 200 ug/cubic meter TWA (8-hour time weighted
average) with peak exposures much higher.

This additional information about the chemical environ-
ment prompted a decision to expand the mortality evaluation
and. simultaneously, to press for reduced exposure to tar
emissions. The outcome of this more thorough review is
presented below.

Study Group

The target population for the investigation was all
deceased local union members ever-employed at the stamp-
ing plant with a date of death between January !, 1966 and
December 31, 1982. Sources of data included local union lists
of deceased workers. union pension records. and employer
life insurance records. These sources routinely received
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reports of deaths or copies of death certificates of acti
workers and retirees. Additionally, the local union newslet
circulation file was used to identify those who left emplo
ment before vesting or left employment with vested pensia
rights but might have died before retirement. This file w4
matched to SSA records of deceased persons using Sox
Security number as the match key. N
Ninety-eight (98) deaths were reported from all sourcefg
including eight uniquely ascertained from SSA records. O
judgment is that the group of 98 decedents is a virtuak
complete ascertainment of hourly workers who died whis
active or retired: a small number of deaths among workers
deferred vested status. or those terminated with less than
years seniority may have been missed.
Death certificates (or. in two cases. abstracted recorc
were obtained for 94 of the 98 deaths (96 per cent). For 62 @8
the Michigan deaths. underlying cause of death was dete §
mined by record-linkage of the death fileto the computeriz#f§
Michigan death certificate registry using Social Secun:
numbers for matching. The remaining deaths. which include
out-of-state deaths and those which occurred before the Stat
computerized its files in 1970. were coded according to i
8th Revision of the 1CD by the investigators.
The final study group included 91 White males. 2 Blad
males. and | White female.

Work Histories

Personnel records were obtained from the employer (o
83 of the study group. Following site visits, discussions wi?
the plant management and the Local Union. and a review &
the available industrial hygiene reports. decedents
grouped into two exposure categories: 1) maintenance

ers and millwrights; and 2) all otherjob classifications. T BE obsc
classification scheme was based on the judgment that mar® ki twic
tenance welders and millwrights are most likely to be 85 2 ¢

posed to coal tar pitch volatiles.
Pre-plant employment as a welder or millwright ¥#
coded on an ever-never basis.

Statistical Analyses e or

SPMRs. standardized for age, sex, race, and calend¥
year of death. and case-control studies within the decede?®

population were carried out. Standardized Proportianal M prad co
tality Ratios (SPMR) for 54 causes of death were calcula! g died
for the 91 White males with US White males as the refere™? pn. Be:
population. updated to include National Center for Heal” P8 and
Statistics (NCHS) mortality data through 1978. SPMRs ¢'* ghts. ¢

also calculated for restricted subgroups based on empic® it occ
ment duration and prior occupational history as a weldef
millwright. -

Case-control analyses were designed to exam™®
relationship between cancer mortality and speaﬁclob? and m
share. among other things. hot tar operations or welding .
flame cutting near tarred surfaces. Cancer cases “’e"edms w
by underlying cause of death and grouped accorm’l",
specific ICD codes: lung, 162. digestive organs. 110-09
leukemia. 204-207: and all malignant neoplasms;qonm,zt
Controls were defined as all non-cancer deaths: : juded
nant respiratory disease deaths were therefar® '”Cr 5 desv
controls in the case-control analysis of lune cancef- Pty
sion made to conserve statistical power despite the P"d’ab.w 1. ¥
that shared etiologic factors might result in a reduc<
to demonstrate associations. **Exposed™* was d¢fiiue
ever-maintenance welder or ever-millwright and
posed"* were all other job classifications. geé

Cases and controls were drawn from the 83 ¢

L1 3
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MORTALITY AMONG STAMPING PLANT WORKERS: TRIAGE

ificates of ABLE 1—Standardized Proportional Mortality, White Males, 1968-82, TABLE 3—Associstion between All Cancer Mortallty and WelderMiN-
unior nag 1 by Cause of Death wright Classification
who " Cause of Death Observed Expected SPMR  95% CL All A
h veswcd ma cause of Dea Srve pecte % C.L. ges
es . EN Classification Cases Controls
: g UesSt 28 1482 189 1.36. 2.62
of Lung 10 475 220 1.18, 3.76 Welder/Millwright 10 3
A Digestive Organs 7 3.10 226 1.12, 456 Other 17 53
cA of Testis 2 0.41 485 - OR = 10.4;95% CL: 2.6-42.2
kermia | 4 0.94 428 1.75,1045 @ 4 e i e i e i e e it e it e e e ec e s e s s et ee s aaaeeaeaan
diovascular 26. 82 059. 113 <40 Years
GN:rnmalignam ls;ng ] 28 258 -0 -
Nonmalignant Digestive 2 522 25 - -
mong wij 4 Etomal Causes ¥ B8 M 090, 138 goderMilwngnt 2 -
wit , other 2 7.92 25 —_ =62 -0
hle aore 5 . OR=szsenclor®ss ..
- 40+ Years
r cent).
L : 2—Characteristics of Cases and Controls Welder/Miltwright 8 1
Jéatn . mer 12 22
Cases controls OR = 147;95% CL: 1.6~131.6
Charactaeristics n=27 n =56
at Death. Mean (SD) 47 (11) 38 (12) TABLE 4—Association between Cancer Mortality, Two Sites, and
« at Death. Range 22-66 20-68 Welder/Millwright Classification, Age 40+ Years at Death
inpioyment Duraliby, \jean (Sp) 9 (5 7 4
s WaldereMillwrights, Number (%) 7 (26) 4 ™M

+ith complete work histories: 80 White males, 2 Black males.
o ¢ White female. Tobacco smoking patterns were not
inown. Stratificationwas used to control potential confound-
.@ by age and pre-plant occupation.

tesults

The observed number of malignant neoplasms (Table 1)
snearly twice that expected (PMR = 28/14.82 = 189, 95%
:L.1.36, 2.62). Two-fold to five-fold excess proportional
wrtality from cancer of the digestive organs. lung cancer,
od leukemia accounts for most of the overall cancer excess.
issentially the same excesses were found in the subgroups
th five or more years seniority or with no pre-plant
'mployment as a welder or millwright (data not shown).

Table 2 gives age and occupational characteristics o
ases ahd CONIrols,“On average, both cancer cases an
iontrols died at relatively young ages and short employment
.uration. Because cases tended to be older at death than
wntrols and were overrepresented by former welders or
niltwrights, case-control analyses were stratified by age and
xe-plant occupation.

Table 3 presents age-stratified odds ratios for the asso-
cation between cancer mortality and employment as main-
wnance welders and millwrights. The mean age in the 40+
e stratum was 50.3 (49.4 among nine welder/millwrights
ind 50.6 among 34 non-welder/millwrights) and in the <40
e stratum was 30.9 (33.8among four welder/millwrights and
3.6among 36 non-welder/millwrights). Odds ratios of more
%an 10 were found overall and in the 40+ age strata.
smilarly, the odds ratios for lung cancer and digestive organ
ancers were highly elevated in the 40+ strata (Table 4).

_Table 5 presents cancer mortality and welder or mill-
wnght classification stratifying on prior welding or millwright
xcupation. While odds ratios are elevated in both strata, the
adds ratio was much greater and statistically more stable in
-¢ subgroup without prior welding or millwright occupa-
bons. Odds ratios for lung cancer or cancer of digestive
*ans followed a similar pattern.

Further. case-control analysis simultaneouslystratifying

UPH November 1985.Vol. 75,No.11

Lung Cancer
classification Cases

Controis
Welder/Millwright 3 1
SR 13.2: 95% CL: 1.1-154.9 ° 2
T All Digestive Cancers
Welder/Millwright 3 1
Qther 4 22
OR = 16.5;95% CL: 1.1-162.2

TABLE 5—Association between All Cancer Mortality and Job, ciaegifica
tion by Prior Occupation

Former Welders or Millwrights
Classification Cases controls
Welder/Millwright 6 2
% 6.0: 95% CL: 0.3-107.0 ! 2
Not Former Welders or Millwrights
Waelder/Miliwright 4 1
Other 16 51
OR = 12.8; 95% CL: 13-122.5

on age. employment duration, and prior occupation also
revealed similar associations between cancer mortality and
millwright or maintenance welder classification, but statistis

cal power was diminished, as expected with decreasing cell
sizes.

Discussion

A union-based epidemiologic surveillance program
proved to be an effective and efficient guide to occupational
health action in a metal stamping plant. Use of a mortality
surveillance system designed for routine use revealed excess
proportional mortality from cancer of the lung, digestive
organs. and leukemia. This lent credibility to local union
concerns and led the union to assign this situation very high

1285




SILVERSTEIN. ET AL.

TABLE 6—~Stamping Plant Exposure Data® Before and After Installation
of New Tar Pots

Old Tar Pot: OM Tar Pot: New Tar Pot:

Chemical Vent Floor Floor
Phenanthrene 500 50 0.88
Anthracene 200 20 0.55
Acridine 10 1 ND"
Pyrene 100 10 0.16
Chrysene 20 1 ND
Benz(a)pyrens 1 ND ND

'All values in mgcu m
Short-term Air samples
**Non-Detectable

priority for further investigation and to undertake interim
efforts to control suspect chemical exposures. Subsequent
case-control analysis documented associations between mor-
tality from lung cancer and digestive cancers and work as
maintenance welders and millwrights which involved prob-
able exposure to coal tar pitch volatiles and welding emis-
sions. This served as the basis for a further decision to seek
more vigorous in-plant environmental intervention.

Following discussions of the findings the employer took
short-term source and area samples during tarring which
showed substantial levels of six specific polycyclic aromatic
hydrocarbons with known carcinogenic or mutagenic prop-
erties (Table 6). Agreement was reached to take steps to
reduce exposures of maintenance welders and millwrights to
the suspect emissions. The employer purchased new, ther-
mostatically controlled electric tar pots and agreed to obtain
more than 20 portable ventilation units. construct several
exhausted welding booths, purchase additional respirators,
and initiate a search for non-coal tar floor coating substitutes.
A series of educational meetings was held with more than 200
affected workers in the plant. At the urging of the union, the
employer sent a bulletin to its other locations asking that floor
tarring operations be evaluated and that steps be taken either
to reduce emissions or find substitute materials. Follow-up
area air sampling during tarring was conducted after the
installation of the new tar pots and showed large reductions
in airborne polycyclic aromatic hydrocarbons (Table 6).

We believe that these findingsare sufficiently plausible to
warrant an alert to the public health community of a probable.
but previously unrecognized, hazard. The observed associ-
ations are large: feasible control measures are readily avail-
able: and the findings have considerable biologic plausibili-
ty.” Exposure of roofers and coke oven workers to coal tar
pitch volatiles containing polycylic aromatic hydrocarbons
has been associated with excess multiple-site cancer mortal-
ity.>® The group experiencing excess mortality in this study
uses similar materials under analogous conditions,* and
exposures to specific mutagens and carcinogens have been
documented (Table6).

Efforts should be made to replicate the findings at other
locations where similar work is done in such a manner that
the combined and independent effects of coal tar and welding
exposures can be evaluated. In our judgment, concurrent
efforts should be made to notify representatives in potentially
affected workplaces of the possible hazards and to encourage
actions to reduce worker exposures to chemical emissions
during floor tarring operations as the prudent response to the
surveillance findings.

Mortality surveillance enabled the union to distinguish
this plant situation from others which. on the surface, might
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have appeared equally urgent. For example, in another
location there were 54 cancer deaths in 260 total deaths
among White men. More than 60 malignancies were expect-
ed. There were slight excesses of brain and lymphopoietic
cancers hut a review of job histories revealed no clustering
and did not direct attention to any specific chemical expo-
sures. The mortality file has been updated yearly but no other
intervention has been made.

Some advocates for an increased role for epidemiolog:
in public heaith have argued that quantitative decision rules
Caii UE UsEU Uy OCupaiional and environmental healih poiicy
makers as virtually sufficient and complete guides to action.
Dinman and Sussman. for example, have proposed. "a set of
criteria for acceptance or rejection of any published study.”
These criteria would be used 1o generate a summary score for
studies in a given area of policy concern. The score would be
used to ensure that “‘the public decision-making process
optimally utilizes data in an organized. systematic fashion.”
Although they concede that *“these scaled systems should not
be considered as providing a mechanical method for armving
at judgment without thought.™” their single example seems to
rely upon just such mechanical application. Dinman and
Sussman calculate scores for five published studies of mor-
tality among workers exposed to coal tar emissions in several
industries. They average the scores for two studies
workers exposed to emissions in the early stages of coal 1&f
production (i.e.. coke oven workers) and for three studies of
workers exposed to emissions after coal tar has been fug‘thtf
distilled to produce coal tar pitch (i.e., roofers and aluminum
reduction workers). They direct attention to an "informa'
tion/option nonogram,’’ a scale along which the epidem
ologic scores correspond to public policy options. Use of this
scale directs that strong action is necessary to '‘Testncl
manufacture” in coke ovens and that the appropriate me
sures for roofers and aluminum reduction workers fall some:
where between *'no action’” and *‘simple educational me2
sures.” Dinman and Sussman conclude that “*the fumes
pitch are indeed less carcinogenic than tar if. indeed. they 31
cartnogenic at all.”’

Lanes and Poole have critiqued the Dinman/’Sussma’ﬂI
scheme and conclude that, with respect to their coal tar o4
pitch assessment. ‘It is difficult to imagine a less secure
evaluative foundation for such a strong and sweeping state:
ment about causality.”'® We echo their critical jud;!"‘e';:C
sharing the belief that the fault lies not merely with ll .
specific scoring system but with the very notion that pub ':
health policy decisions can be reduced to any set ofeP'd"mc.
ologic rules and that the ‘*formulation is best left to ¢/
miologists.*’ ‘

Our concern with such reductionist systems I ent
the most rigorous are essentially deceptive. Their appal
objectivity invariably masks a set of value judgments eve
bit as politically charged as those expressed by the m “
rhetorical of lay policy makers. The statistical concepts u,‘:h
which scientific decision rules are based are INETET L
judgmental. For example. the choice of a statisticall’ Slgn,
icant level expresses the willingness of an investigalof “,)Of P
a conclusion which might be falsely positive. At 2 le"gndm‘
= .05 the investigator is unwilling to conclude that 2 e ul
is significant unless there is less than a 5 per cent chanet 7
being wrong. This embodies a value judgment about ‘hes
of certainty necessary for action, one which \S more Jail
gently conservative than we apply to most decisions 0
fiving. vt

While we advocate the increased input of quantif®

s that eve?

1
No.!
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Jemiotogic science in workplace health and safety pro-

s. we caltion against the tendency to substitute r{)umb_ers
es we balanced decision making which incorporates subjective

ments and openly acknowledges differences in values.
The UAW has articulated its 2 pproach in this regard as
arly buty ows: _
~we must work with what we have before us, not what we

(o0 learn after five more years of studies. We face today
grOWing likelihood that substantial numbers of metalwork-
ers have been exposed to cancer hazards on the job for years.
[fonty 2 fraction of the reports are eventually substantiated,
we still face a public health problem of major dimension. If we
wait for the final i epors pefore deciding to warn workers of

the possible [SKS. ang pefore taking protective actions, we
il lose years of opportunity . . .

~This means that in many situations we must take presump-
ive action. We have grown up believing that ‘innocent until
proven guilty” is the essence of justice. But the workplace is
got a courtroom and chemicals have no constitutional rights.

Giving a carcinogen freedom to roam through the plant during

us tent thy trial is far more dangerous than letting an accused
purgl2 free on bail ">

'ij D: Problems and challenges facing occupational medicine in the
dec?
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Mortality Among Workers
Employed in Petroleum Refining
and Petrochemical Plants

Terry L. Thomas, M.S,; Pierre Decoufle, Sc.D.; and Rafael Moure-Eraso, M.S.

The cause-specific mortality experience oi 3705
members of the Oil, Chemical and Atomic Workers Inter-
national Union was examined to determine if there were
unusualpatterns of fata/ disease that may be indicative of
h Jous agents in the work environment. Deaths among
a ¢ e Union members that were reported by locals /n
Texas between 1947 and 1977 were identified through
membership records, and proportionate mortality was
analyzed in several broad industrial categories. PMRs for
cancers of the liver and biliary passages, pancreas. lung
and skin were elevated among refinery and petrochemical
plant workers; however, risks did not increase with /ength
of membership. Increased relative frequencies of stomach
cancer, cancer of the brain, leukemia and multiple
myeloma were confined to white males in the same
Category who had been Union members for 70 or more
years. Excess deaths from stomach cancer and brain cancer
were found among white male members employed at one
specific oil reiinery and petrochemical plant. Observed
Aumbers of deaths from cancer of the stomach were
greater than expected among whites and nonwhites, andan
elevated PMR for lung cancer among nonwhites was
found at an additional plant. findings suggest that workers
n this industry may be at increasedrisk of certain cancers
and indicate areas for further investigation.

several studies have indicated the need for further
evaluation of cancer risks among persons emploved in
petroleum refineries and petrochemical plants In a re-
cent study of cancer mortality bv county. high rates of

B A the Occupational Studies Section, Envirconmental Epidemiciogy
D’w:h. National Cancer Institute, 3CO7 Landow Buiiding, Bethesda. MD 20205

Decoutle s atfiliated with the School of Health Related Professions, Unver-
;woo:f.""m"“a- Tucson, Aniz, and Mr Moure-Eraso i1s with the Health and Sare-
Colo ce, Qil. Chemical. and Atomic Workers International Union. Denver.
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cancers of the lung, nasal cavity and sinuses, and skin
were found among male residents of counties where the
petroleum industry is heavily concentrated.” Early studies
indicated increased risk of scrotal cancer among wax
pressmen in arefinery? and cancer of the larynx and nasal
sinuses among workers engaged in the manufacture of
isopropyl alcohol.” Although no increased cancer risks
have been found in more recent studies ot U.S. refinery
workers,” * ¢ a Canadian study has reported elevated risks
of esophageal, stomach, and lung cancer among workers
exposed to crude petroleum and its products.’

The opportunity to evaluate cancer risks among a large
group of workers employed in petroleum refineries,
petrochemical plants and related industries arose when
officials of the Oil, Chemical, and Atomic Workers Inter-
national Union (OCAW) invited the National Cancer In-
stitute to review data sources within the Union that might
be useful for a epidemiologic study. The present report
examines the cause-specific mortality experience of
Union members to determine if there was an unusual pat-
tern indicative of hazardous agents in the work environ-
ment. The purpose ot this study is to point out areas for
further investigation.

Materials and Methods

In considering what kind of study design might be
possible, a retrospective cohort study was deemed not
feasible because of limitations in the Union's record-
keeping system. Since records of deaths among active
Union members are maintained by the Membership
Department, we decided to examine the relative frequen-
cy of specific causes of death as a preliminary means of
obtaining an estimate of site-specific cancer risks in
various broad industrial categories within the petroleum
refining, petrochemical, and related industries.

Because ot the heavy concentration of the petroleum
industry in the state of Texas, and the large OCAW
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Table 6. — Mortality for Selected Cancer Sites in White Male Texas OCAW Members in Category 2
by Length of Union Membership.
Langth of Membership
< 10 Years 10+ Years

site (N = 578) (N = 1144)
(8th Rewvision, 1CD) 0' Et PMR Ef PCMR E§ TPMR |O' Et PV Ef POVMR E§
Liver and biliary passages

(155 156) 5 24 208 26 190 27 184 7 46 152 68 103 57 122 ¥
Pancreas (157) 15 44 338 53 281 52 23994 125 1.12 167 084 124 113 .§
Lung (162. 163) 35 217 1619243 1449 259 135 |95 743 1284 911 1.04 765 1249
Skin (172 173) 6 23 238y 27 223 34 179 8 49 165 62 129 63 126 3
'0 = Observed deaths
tE = Expected deaths based on proponionate mortality for U S white males
$E€ = Expected deaths based on proportionate cancer mortality for U S white males
§E = Expected deaths based on proportionate mortality for Texas white males

{Statisticaily significant at 'he 0 05 'evel

relative frequencies of specific causes ot death, excesses
for one or more causes will automatically force others to
be in deficit In addition, whenever multiple comparisons
are made, a certain number of differences will be
statistically significant based on chance alone Despite its
limitations, a PMR analysis is usetul a a preliminary,
hypothesis-generating step

Results

Distribution of study subjects by industrial category is
shown in Table 1. Most of the decedents were classified
into Category 2. Only 55 decedents worked for com-
panies that could not be classified.

Since the study group is comprised entirely of workers
who were active Union members at the time of death, less
than 1% were age 65 or older; however, over half of the
3.105 decedents were 50 or older (Table 2).

Table 3 indicates that 62% of the whites and 57% of
the nonwhites died 10 or more years atter initiation into
the Union. A substantial number (> 25%) were members
for 20 or more years prior to death.

PMRs for major causes of death are shown in Table 4,
by race, for each industrial category that had at least 100
deaths. Among whites, the relative frequency of cancer
deaths is elevated only in Category 2. Ratios for heart
disease are elevated in both racial groups and in each in-
dustrial category. Observed numbers of deaths from
respiratory and digestive disease are lower than expected
in each category and exceptionally low among whites in
Category 4. An increased relative frequency of motor
vehicle accidents is seen among whites in Categories 1
and 3 and among nonwhites. Non-motor vehicle acciden-
tal deaths are elevated in each category except 3.

Site-specific cancer mortality is shown in Table 5 for
each of the industrial categories in which there were at
least 100 total deaths. Most interesting are results for the
petroleum refinery and petrochemical plant category
(Category 2). Among whites, observed numbers of deaths
are significantly greater than expected for cancers of the
digestive and respiratory systems, skin, and brain. A non-
significant excess of respiratory cancer deaths appears in
the crude oil and gas extraction category (Category 1). No
other site/category combination is associated with
unusual mortality, although the numbers of deaths are
small in many instances Observed numbers of deaths
from digestive and respiratory cancer are greater than ex-
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pected for nonwhites. Further analyses of cancer risks 3@
limited to decedents employed in petroleum reflne
and petrochemical plants (Category 2). -
If occupational exposure contributes to cancer risk, y
generally expect risk to increase with increasing duratiq
of exposure, or, in this case, with length ot member )
Specific cancer sites that were associated with increasd
relative frequencies in Categorv 2 were examined wiff§
respect to length of membership. Not all cancer sites witl
elevated PMRs in the petroleum refinery
petrochemical category show a positive gradient. Tablef
shows cancer sites for which risk among members in the
category does not increase with length of memoersh
The elevated PMR tor cancer of the pancreas is confine
to members initiated less than 10 years prior to deagly
Observed numbers of deaths from cancers ot the liv@
lung, and skin are greater than expected regardless ¢
length of time between initiation and death. PCMRs corf§
puted tor each ot these sites show essentially the sam
pattern for the < 10 year membership group. howeves
ratios are smaller for decedents who were members for! [g
or more years. Results using Texas white males as a cofjy
parison group vary little from the expected values baseg
on the total U.S. males for each site except skin TP!
tor skin cancer are much lower than PMRs but remai

elevated. ) o U8
Table 7 shows cancer sites for which risk increases wit

length of membership for white males in the petroieus
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refinery and petrochemical plant categorv An increaseqsk

relative frequency of stomach cancer 1s confined G

members who joined the Union 20 or more 'rears prior
death. There were tour deaths trom multiple mveloma
the same length-of-membership group and only

brain and central nervous svstem seem to cluster amo
males who were Union members for 10 or more yeary

Although an increased relative frequencv of kidnej

cancer deaths is not present in the total group, there i

significant excess of deaths among members who ‘were &8

itiated at least 20 years prior to death, with seven deat
observed and 3.3 expected. Expected numbers of death
based on proportionate cancer mortality are higher t
those based on proportionate mortality, howevéf. t
same trends are present.

Table 8 shows cancer sites contributing to the excesst =

shown in Table 5 for nonwhite males. Increased relat

1.3 werell
expected. Deaths trom leukemia and trom cancers of -f, ,
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Table 4. — Mortalitv Experience of Texas 0OCAW Members by Race and Industrial Catagory, 1947-1977.

Nonwhile Males - industrial Category

White Males - Industrial Category
2

Underlying Causs of Death All Categories 1 3 4 All Categories 3
19th Dauieinn 10NY ne £+ PMR n F PMR n £ PMR n ¥ PMR | 0 F PMR 0 E PMR | O E PMR
Cancer (140-209) 541 4631 1.173] 46 5SU.1 U.YZ | 394 3136 1261 ] 5O Hs4 VU4 8 (D1 U.Yo WU 130 1y j Iy uct v
Circulalory disease (390-458) |1247 1180.0 1.06% |[131 1341 098 | 833 8019 1.05 |145 1264 115 | 73 642 114 [235 2203 107 |183 1721 1 o6
Anteriosclerotic heart
disease (410-413) 1029 8456 1224 {111 93.2 119 | 687 575.7 1193121 926 1.31f| 61 46.8 1303 [ 145 977 148} |14 764 143}
Vascular lesions of CNS
(430-438) 85 1203 0.71% 7 143 049 62 817 0.76 6 124 0.48 6 6.3 096 36 482 075 |27 378 07z
Respiratory disease (460-
519) 45 1106 0414 9 123 073 27 748 0.36% 7 126 056 1 60 017 15 303 049t | 13 231 056
Digestive disease (520-577) 92 1556 059t 11 164 0.67 68 1048 0.65¢| 10 185 054 2 85 0.23 19 292 065 12 216 056
Accidents, suicide,
homicide (800-998) 499 4147 1201 | 66 38.7 1713} 302 2681 1.13 70 652 107} 31 220 141 |134 978 1374|190 661 13
Motor vehicle accidenls +
(810-827) 161 143.0 113 28 13.2 212¢) 81 90.7 0.89 34 245 1.39 8 7.8 102 45 233 193t | 29 1957 134,
Other Accidents (800-807,

830-949) 219 1441 152 | 26 141 18441145 939 1543| 20 21.3 094 17 7.5 2.26% 41 300 1.36 29 213 136
Suicide (950-959) 91 945 096 8 8.9 090 59 62.2 095 14 13.5 1.03 4 50 0.80 8 55 145 7 37 189
All other causes 139 2389 0584 | 16 275 0.58 92 1588 058t 17 280 061 7 122 057 38 B48 0454132 640 050%
All rancac 2661 2520 100 1279 2790 too 11722 17220 100 1304 3040 100 1138 138.0 1.00 542 5420 100 409 1090 100

*0 = Observed deaths

1€ = Expected deaths based on proportionate mortality for U.S. males

$Statistically significant at the 0.01 level

Table 5. — Mortality for Selected Cancer Sites in Texas 0CAW Members by Race and Industrial Category.
White Males - Industriai Category Nonwhite Malss - Industrial Category
Al Categorles 1 2 3 4 AR Categories z

Site (8th Revision, 1CD) Et PMR |0 E PMR | O E PMR | O E PMR | O E PMR 0 € PMR 1 0 E PMR
Digestive organs & peri-
toneum (150-159) 140 131.3 107 9 153 OS59 |111 893 12441 9 137 066 | 5 70 O0D2 | 3 276 123 {00 217 138
Respiratory system (160-162)| 188 19.8 <254 |Zt 156 135 (134 1026 1314 {18 <76 102 | 9 83 108 | 33 Z49 1404j27 195 139
Skin {172, 173) 19 0.8 768 1 10 - 14 72 19441 3 14 - 0 06 - z 05 — 2 04 -
Genitourinary organs (185-
189) 42 ©OZ7 104 3 46 — 8 272 103 6 %5 134 ¢ a - 7 8z 084 6 E6 091
Brain & central nervous sys-
tem (191, 192) 3 213 1468 | Z 22 - 25 142 1768 ] 4 zl - 0 12 - 1 14 - | 10 -
Lymphatic & hematopoietic
tissue (200-209) 63 544 116 4 55 072 | 4 363 1.20 8 o113 | 2 30 - 7 6.3 1.1t 4 48 084

*0 = Observed deaths
1€ =
{ Stattsticatty significant at

—~Not catculated

the 0.05 level

Expected deaths based on proportionate mortality for U.S. males
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by Length of U

Tabls 6. — Mortality for Seiected Cancer Sites in White Mais Texas 0CAW Members in Category 2

nion Membership.

Langth of Membership_
<1 Ywrs 10 + Years

Site (N = 578) N = 1144)
(8th Revision. 1CD) 0° Et PMR Et PCMR E§ TPMR [0 £t PM €t PCMR E§ TPMR
Liver ana biliary passages

(155, 156) 5 24 208 26 190 2.7 ia4 7 46 152 63 103 57 1122
Pancreas (157) 15 44 338% 53 2811 52 2359(14 125 112 167 034 124 113
Lung (162 163) 35 217 1619 243 1449 253 135 {95 743 1281 911 104 76ad 1249
Skin (172 173) 6 23 2.5 27 223 34 179 8 493 165 62 129 63 126
*0 = Observed deaths
tE = Expected deaths based on proportionate mortality for US white males
+E = Expected deaths based on proportionate cancer mortality for U S white males
§E = Expected deaths based on proportionate mortality for Texas white males

{Statstically significant at the 0.05 level

relative frequencies of specific causes of death, excesses
for one or more causes will automatically force others to
be in deticit. In addition, whenever multiple comparisons
are made, a certain number of differences will be
statistically significant based on chance alone. Despite its
limitations. a PMR analysis is usetul as a preliminary,
hypothesis-generating step.

Results

Distribution of study subjects by industrial category is
shown in Table 1. Most of the decedents were classified
into Category 2. Only 55 decedents worked for com-
panies that could not be classified.

Since the study group is comprised entirely of workers
who were active Union members at the time of death, less
than 1% were age 65 o older; however, over half of the
3,105 decedents were 50 or older (Table 2).

Table 3 indicates that 62% of the whites and 57% of
the nonwhites died 10 or more years after initiation into
the Union. A substantial number > 25%) were members
for 20 or more years prior to death.

PMRs for major causes of death are shown in Table 4,
by race, for each industrial category that had at least 100
deaths. Among whites, the relative frequency of cancer
deaths is elevated only in Category 2. Ratios for heart
disease are elevated in both racial groups and in each in-
dustrial category. Observed numbers of deaths from
respiratory and digestive disease are lower than expected
in each category and exceptionally low among whites in
Category 4. An increased relative frequency of motor
vehicle accidents ts seen among whites in Categories 1
and 3 and among nonwhites. Non-motor vehicle acciden-
tal deaths are elevated in each category except 3.

Site-specific cancer mortality is shown in Table 5 tor
each ot the industrial categories in which there were at
least 100 total deaths. Most interesting are results for the
petroleum refinery and petrochemical plant category
(Category 2). Among whites, observed numbers of deaths
are significantly greater than expected for cancers of the
digestive and respiratory systems, skin, and brain. A non-
significant excess of respiratory cancer deaths appears in
the crude oil and gas extraction category {Category 1).No
other site/category combination is associated with
unusual mortality, although the numbers of deaths are
small in many instances. Observed numbers of deaths
from digestive and respiratory cancer are greater than ex-

100

pected for nonwhites. Further analyses of cancer risks are
limited to decedents employed in petroleum refineries
and petrochemical plants (Category 2.

If occupational exposure contributes to cancer risk, we
generally expect risk to increase with increasing duration
ot exposure, or, in this case, with length of membership.
Specific cancer sites that were associated with increased
relative frequencies in Category 2 were examined with
respect to length of membership. Not all cancer sites with
elevated PMRs in the petroleum refinerv and
petrochemical category show a positive gradient. Table
shows cancer sites for which risk among members in this
category does not increase with length of membership. .
The elevated PMR ior cancer ot the pancreas is confined .
to members initiated less than 10 years prior to death.
Observed numbers of deaths from cancers of the liver,
lung. and skin are greater than expected regardless of ~
length of time between initiation and death. PCMRs com-
puted for each ot these sites show essentially the same
pattern for the < 10 year membership group. however,
ratios are smaller for decedents who were members for 10 .
or more years. Results using Texas white males as a com-
parison group vary little from the expected values based
on the total U.S. males tor each site except skin. TPMRs
for skin cancer are much lower than PMRs but remaif
elevated. .

Table 7 shows cancer sites for which risk increaseswith
length ot membership tor white males in the petroleum
rerinery and petrochemical plant category An increased
relative frequency ot stomach cancer is confined to
members who joined the Union 20 or more vears prior to
death. There were four deaths from multiple mveioma in
the same length-of-membership group and onlv 13 were
expected. Deaths from leukemia and trom cancers of the
brain and central nervous system seem to cluster among
males who were Union members tor 10 or more years.
Although an increased relative frequency of kidney &
cancer deaths is not present in the total group, there is a
significant excess of deaths among members who were i+
itiated at least 20 years prior to death, with seven deaths
observed and 3.3 expected Expected numbers ot deaths =

G

those based on proportionate mortality, however. ﬂ‘E:

same trends are present. :
Table 8 shows cancer sites contributing to the excesses ’Al
shown in Table 5 for nonwhite males, Increased relative %
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-equencies d cancers of the stomach and lung are seen
1bo’  nhgth-of-membership groups shown here. Results
i the MR analysis are not too different from those of
-e PMR analysis; however, the estimated risk for lung
ancer is reduced.

in order to determine whether the increased risks of
secific cancers among OCAW members employed in
atroleum refineries and petrochemical plants were con-
~ed to employees df particular plants, mortalitv patterns
ere examined in five plants from which at least 100
eaths had been reported.

Plant A is a large petroleum refinery with 421 deaths
mong Whites and 54 deaths among nonwhites. Some
~mon members employed at this plant are guards;
owever, most are production workers The observed
umber o stomach cancer deaths is significantly greater
~an expected among whites who died 20 or more years
rter joining the Union (Table 9). The excess of deaths
-om cancers of the brain and central nervous system is
~ited to workers with at least 10 years of membership.
mong nonwhites there were one death from stomach
ancer and no deaths from cancer of the brain.

Plant B is a petroleum refinery and petrochemical
1ant that also produces sulfuric acid. Certificates were
>covered for 413 deaths reported by the Union local dur-
g the study period. Observed numbers of deaths for
ancers of the stomach, skin, kidney. and leukemia are
reater than expected for whites with 10 or more years of
rembership (Table 10). Significant excesses of stomach
nd 1t cancer are present among nonwhites. Expected
umt  of deaths were not calculated for nonwhites by
:ngth of membership because of the small numbers.
‘rain cancer was not excessive in either racial group.

Significantly increased relative frequencies of brain (6
oserved; 1.5 expected) and of lung cancer deaths (22
bserved; 11.7 expected) were seen among 198 whites
vho worked at Plant C, which functions as a refinery and
roducts terminal. Although numbers were verv small, we
xamined mortality patterns by length of membership
nd found that the brain cancers clustered among males
-ho were members for less than 10years (all of the dece-
ents in this group with brain tumors were members for
ine years) while the lung cancer excess was confined to
vorkers with at least 10 years of membership. No ex-
asses of specific cancers were seen among members
~ho worked in the other two plants that were examined
2parately

Jiscussion

The present study provides an example of the epidemi-
>logic value of data collected routinely tor administrative
>urposes. As pointed out earlier, the primary use of this
ype of study 5 as a hypothesis-generating report.

PMRs for some causes of death may appear higher
‘han they should because of lack of intormation on
members Who retired or left the Union for other reasons.
No conclusions can be drawn with respect to exposure to
‘pecif  gents, however, categories of industrial pro-
~esses and individual plants associated with higher than
~xpected risks can be identified. In spite of limitations im-
d0sed by the "healthy worker effect' and the lack of ex-
~osure information, the finding that risks of stomach

Journal o Occupational Medicine/Vol. 22. No. 2/February 1980
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Table 8. — Mortality for Selectsd Cancer Sitas in Nonwhits Male Texas 0CAW Members in Category 2
by Langth of Union Membership. iR
——
Langth of Membership
< 10 Ysars 10 + Years T
Ste (N = 150) (N = 259)
(8th Revisien. ICD) 0 Et PMR Ef PCMR E§ TPMR |0* Et PMR Ei PCMR E§ TPMR
Stomach (151) 5 2.1 2429 2.7 187 22 231 (12 43 2809 6.2 1929 46 2599 )
Lung (162. 163) 7 38 182 47 148 43 146 [19 141 135 166 1.14 123 155
—
'0 = Observed deaths
tE = Expected deaths based on proportionate mortality for U S nonwhite males
tE = Expected deaths based on proportionate cancer mortality for U S. nonwhite males
§E = Expected deaths based on proportionate mortality for Texas nonwhite males
4 Statistically significant at the 0.05 level
Tabb 9. — Mortality for Selected Cancer Sites in White Male OCAW Members Employed at Plant A
by Length of Union Membership.
Length of Membership
<10 Years 10-10 Vears 20+ Yaars
(N = 107) (N = 177) . (N = 137)
Site (8th Revision, ICD) 0’ Et PMR 0 E PMR 0 E PMR
Stomach (151) 3 14 - 1 2.2 - 5 13 3.76%
Brain & central nervous system
(191. 192) 0 0.8 - 5 15 3.32¢ 4 1.1 -
'0 = Observed deaths
t€ = Expected deaths based on proportionate mortality for U.S white males
$Statistically significant at the 0 05 level
—Not calculated
White Males Nonwhite males
Length of Membership
< 10 Ywrs 10+ Years
(N = 111) (N = 191) (N =_111)
Site (8th Revision, ICD) o Et PMR 0 E PMR 0 E PMA
Stomach (151) 1 1.7 - 6 20 2.97¢ 7 2.1 3.40t
Lung (162. 163) 5 4.5 1 13 12.1 1.08 13 4.4 2.94%
Skin (172. 173) 1 0.4 - 3 0.8 - 0 0.1 -
Kidney (189) 1 0.5 - 3 10 - 0 0.3
Leukemia (204-207) 3 0.9 - 3 15 - 0 0.4 -
cancer, cancer of the brain, leukemia, and multiple  mortality from brain tumors has previouslv been
myeloma increase with longer Union membership among reported.
workers in the refinery and petrochemical category Although no positive gradient in risk with length of
strengthens the possibility of an association with occupa- ~ Union membership was detected for cancers of the pan
tional factors. Furthermore, essentially the same relation-  creas, liver, lung, and skin, further evaluation of these
ships were seen in a proportionate cancer mortality sites should be made. PMR analysis using Texas males as
! analysis. a comparison group does not alter the conclusions; there-
| These findings are consistent with reports of an excess  fore, these findings cannot be explained by high Texas
of stomach cancer deaths among Canadian petroleum rates. The lack of a gradient raises the possibility that fac-
refinery workers,’ and of an elevated risk of leukemia  tors other than occupational exposure may be operating;
associated with exposure to benzene and perhaps other  however, occupational factors cannot be completely
petrochemicals.'] '+ ' Studies of vinyl chloride workers ruled out because some cancers may have shorter latent
have shown an increased relative frequency of brain periods, depending upon the nature of the exposure.
tumors;'* "' '* however, no association between employ- In addition, this study has highlighted three specific

ment in refineries and petrochemical plants and excess  plants in which Union members appear to have increased
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risks Of certain cancers — of brain cancer at Plants A and
C, of stomach cancer at Plants A and B, and of lung
canrer at Plants B and C. Further evaluations of mortality
workers at these plants will be made.

Lrespite limitations in data and in methodology, results
of the present study suggest that workers in this industry
are at increased risk of certain cancers. Further studies are
necessary to support and clarify these findings.

an
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Meaning of Work

For many persons, work is a vital part of the process of coping with life stress. This
has Two apsects: first, without work, the potential for boredom and meaninglessness is
immeasurably increased. Work is often the primary means by which a person feels
useful in life and through which significance and personal identity are established. The
young adult must find a useful and meaningful place in society, and only in this way
does a man or woman develop a firm sense of identity.

Second, work is often a form of coping and a refuge. Consider, for example, how
people in grief regard work. Many report that in the process of mourning and reorient-
ing their lives after a major loss, work is not a burden, but the best refuge against con-
stant high levels of distress and depression. One speaks here of "burying one's self in
work." Thus, work may provide a psychological haven against problems that otherwise
would be insurmountable, or against loneliness and depression. For such people nor to
work is to be deprived of the only viable means of coping with non-work-related stress.

— From WOrk Stress by Alan A Mclean Addison-Wesley PublishingCompany, Reading Massachusetts. 1979
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