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There is no analogue 10 the HWE in a proportional moruality analysis, since by Table 6.16
dzfinition the total ber of deaths eapecied must be aqual 1o the total number of ' STANDARDIZED MORTALITY RATIOS (AND
deaths observed. However, the HWE probably bas some influcnce on cause-specific OBSERVED DEATHS) ACCORDING TO FLANT
proportional mostality ratios. SMRs for afl cancess tend to be higher than SMRs for DIVISION IN WRICH RMPLOYERS SVER AND
all other causes, usually by 10 10 20%. Therefoce, cven if these is no abiolule excess USUALLY WORKED"
of canccr amang a group of deceased persons, for methodologic reasons an excess of
10 t0 20% mighi be expected. Note that in the realm of rate ratios, this is a very weak Al causes AMN cancrrs
association. Divisioa Liver Usuad Ever Useamd
Also, SPMRs tend to be more interpretable for uncommon causes of death than for :
common causes. If the rate of some uncommon disease such as lung cancer is increnssd “iaid Of — L1118 ) - @ (4)
by, say, 200%, the SMR and the SPMR will encl reﬂect this increase. However, if a hemicad TA(I61) T4 (48} 8501 20(13)
common dlness such as circul Y i i d by 200%, the SMR will auill :ﬂm :(‘:III ::m:ls ’ug’ ::(;::)i
reflect this increase, while the SPMR will be increascd considerably iess. Also, wicreas .::mwmm ,‘:,m n ::.m’ ::m: ,‘:I”;
SMR: for two or more & are ially independent of cach other, SPMRs foc Seevices 1238) M(1638) 0GRS (309
two o more causes are inlesdependent, since the sum of the expected numbers must Rubber seclaion LETATETINE 7 ) (65 100(27)
equal the sum of the pbserved numbess. ' Processing A BEH) NRAT I
In spite of thesc limiiations 10 SPMR analyses, they are most uscful and provide .
information that usually differs iltle (rom that obtaincd in an SMR analysis. It is : Yo ” - Rum) - - e
especially instructive to do SPMR and SMR anaiyses on (he same data, 50 as 1o eval- i > Date differ slighily from (hoss presented in Table &, 1.
uate interpreiation of the sesults of these iwo methods of analysis. i Table6.17
B Bosml—tub ot i EoRC D OO
Conzider again the data in Table 6.1. In asscssing whether a apecific cause of death OBSERVED TO DD:ACEORDI: a
is tn excess, one might Jook only at causes for which the SMR is greater than 100. If | EXPECTE!
this criterion is used, only kukemia and cancers of the stomach, large intesting, and TO THREE METHODS
biadder are i exoess smong Lthe entire group of rubber workers. However, it might be N Obsarved/expecied
argued that becauses of the HWE (o¢ because of some other bias), SMRs grester than Observed
the “*atk ** SMR should be idered 10 be in excess. Innitively, oac asscsses ! Cowes of death domine I n [H} :
such cxcess by dlviding each cause-specific SMR by the mil-causcs SMR to obtain a l "
*'corcected” SMR (CSMR).» A comes e Mmoim o1
The renlts of such a division are illustrated in Table 6.37. fn Column | sre the same { Digestive i asm L2 121 . ’
SMRs as in Table 6.1 (note that the SMRs dilfer slighily because the analyses were i Bladdes a“ LR L2 a8 ¥
carried out at different times). 1n Column 11 are the CSMR1. CSMRs kess than 100 Bonin » 080 100 .00 |
are seen ooly for discascs other than cancer or cardiovasculas discase. 1n Column 111 { Lymphaic 06 113 a2 1M
arc the SPMRs from a proportional orislity snalysis. By definition the all-cause CN;?WI . ost Ly st l
CSMR and the SPMR arc¢ 1.00. Cirrwlmiory 2048 083 L .01
It can be seow 1hat the CSMR wod the SPMR for the s,evenl causes illustraied are Extersal m 062 017 O
similar, Pact of the similarity no doutk is due 1o the relatively weak iations be- [ Al otha causes 3 045 M A7
wween discase and working in the rnbbet indusiry. However, under any of the three
methods used o comp bers, one would wish (o Investigate further | " m’m‘mm’mw- .
on S-yeac ageime specifle
death from bladder cancer md the lymphnucmd hematopoietic cancers., mortalily rases for LS. witice melcs §SMA 1008,
There is one tendeacy in Table €.17 that may be of interest. For diseases of old ¥ Expecied ratios in | ase been divided by ¢.52 (34
persoas, ... bladder cancer and stroke, the CSMR is higher than the SPMR. For { :“‘:sul/lmtﬂiyn.ﬂbm‘w"‘nﬁl
discascs of young persous, e.g., braim cancer and exiernal causes of death, the SPMR sakaown cause (CSMR/100).
is higher than the CSMR. Whether this teadency is 2 general property of the CSMR w :me;-m&’m-:m m& l ,
and the SPMR is unknown. If it is a general property, it no doubt results from the GPMK/ 109, ) .
way the weights differ b a SMR p ion and SPMR computation, i.¢.,
persoa-yeass va. numbers of deaths. fepocted.™ Lates in the same year, the results of (wo epidemiologic studles were re-
P d. Im coe, a dardi proportional morialily analysis was conducicd of the
C. Bxample — Vinyl Chloride Workers causes of death amons 161 deccased persons, most of whom had worked at the same
In 1974, three cascs of angiosarcoma of the liver amonag viayl chlocide workers wese . plaat a3 the ghres with angiossrcoms.® In the second, » standardized moruality rato
. . o Tty v R T T T L T TGP
" o B I v Y
- - . ”, = . " o~ s L
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Table 6.18 Table 6.19
OBSERVED AND EXPECTED DEATHS OBSERVED AND BEXPECTED
AMONQ VINYL CHLORIDE WORKERS IN DEATHS AMONG YINYL
A PROPORTIONAL MORTALITY STUDY* CHLORIDE WORKERS IN A
MORTALITY STUDY*
Cause af death Observed  Expected  SPMR*
Crusc of death Obeerved  Expocied  SME
AN causes [ 1610 100
Al cancos 1] F1X ] (3] Al causes 82 473 73
Digcalive 3) [ S ) 10 AB cancer »” n: 102
Liver and : a7z 1500 l Digescive 1] 213 “
bibiary Liver 7 “w diz
Leng n 19 10 ( Respiwnsaty 25 ns 108
Bruin s 1.2 0 Braia 7 2 1w
Other 1 108 *» ] Oines 10 3 o
CNS vascular n 5 * . CNS vasculas i3 %3 57
Citculatory “ “i * . Citcalasary 2 178.3 » 3
Exicrnal n .8 % Exterst 52 "1 7 ’
AR other cauzes . x5 L All otber causes “ 5.t “ g
- E Basod an prop i moitainy ra- . * Eapecied hased on iy smes fos LN
Gioe foc Uniied Siaics whise males. Unicesl Sames wiiie mades.
' SPMR = Susdardized ioaal iy raiio =
100 % sbharved/cxpoced, Table 6.20
analysis was conducted on the mortality among 8184 men who had worked with vinyl ] OBSERYED AND EXPECTED DEATHS FROM
chloride, including thosc at the same plant as above.” Among these 8384 workers were ALL CANCERS AMONG VINYL CHLORIDE
352 who had died, including most of the 161 included in the sbove report. WOXKERS IN A PROPORTIONAL
In Table 6.13 arc prescnted the cesults of the SPMR study. A S0% excess of cancer MORTALITY STUDY ACCORDING TO AGE
was soen, which was duc entirely 10 cancers of the liver, the lung, and the beaio. in AND YEAR OF DEATH
Table 6.19 are prescated lhc sesults of the SMR siudy. As compared 10 Ihe general Chasscurisic  Casgory Observed  Expecied  SPMR
popufation, there was essentially no excess of cancer. However, the CSMR was (102
75) % 100 or 136. There were large cxcesscs of cancers of the liver and of the brain, Ags of death <350 n 76 10
For respiratory cancer, while the SMR was close (0 100, the CSMR was 140. s0—39 7 13} 110
Thus the two studics reparted similar results, even though onc was smalier and based o o 12.2 110 ,
simply on a SPMR. analysis. In this study an analysis according o age and year of ! Yeae af death <1965 2 " 1o }
denth of persons with cancer was also done {Table 6.20). As can be scen, while there 1945—89 10 13 190
is 00 trend with age at death, there is & sieady increase in the SPMR with year of i #1970 ] 22 2o
death, This smagesis that many more persons will dic from cancer because of exposure
to vinyl chloride. lung eancer, Exposurc must be reducsd because of its highly likely role in causing

The judgment ax 10 whether the excesscs of specific causes of death are likely to be
csusal is based on reason sather thao any statistical significance. There can be listle
doubt that viayl chloride (or some closely rclated pourd) is respousitde for the
angiosarcoma, This discise was cxiremcly rare befose it was discovered among vinyl
chloride workers. ‘The vate £a1io among vinyl chloride workers must be in the 1000s.
The discase occurred mainly in the men who worked for many years (10+) cleaniag
the reaciors; these men lated a high dosage of exp ¢ 10 vinyl chloride. While
i ialion is at the top of the highly likely to be causal group. This
nothing in epidemiology (of any science) is ever absolutely cestain, the vinylchloride-
angiosarcoma association is at the top of the highly likely 1o be casual group. This

angiosarcoma. If some lung and braln cancer arc &lso prevented, 50 much the better.
1V, CASE-CONTROL STUDIES WITHIN A COHORT

On iof, per: 1 r ds may be available for 8 cohort of employed persons,
but it may be too expensive to review all of the records 1o detearmine the work history
of each person. Some sample of 1he records is sclected 10 be reviewad. Since a primary
interest in such revicw it 1o delermine association between work and discase, priovity
s given 10 reviewing the work historics of pexsons with one oF more discases of inierest.
For purposes of comparison, the work histovics of ““controls” are also detefmined.

TR AT 1 A 7

was 30 afier the first three cases of angiosarcoma were Mentified.

With respect 10 cancers of the brain and of the luag, a causa] interprctation of the A. Procedure N . .
jation is not possibic at the Both are celatively coinmon cancers and are H In this discussion, it is assumed that monality data far the entire cohort are avail-
based on much smallcs vate ratios. The cause of most of king cancer is knowa, and atic. Initlal analyses procced as described in Section 11 of this chapter, laciudiag Tablcs
the excess seen here could conceivably be due to cf Xing. The causs of most 6.1 10 6.13, If onc or more causes of death arc found to be in excess and if there E
of brain cancer is not known. E
1 is mainly of scicntific interest whether vinyl chloride exposure leads o brain or ]
' o oy - . - . .. C e = s . . - - L e -y _h
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Chapter 3
CURRENT PROBLEMS IN OCCUPATIONAL EPIDEMIOLOGY

1. INTRODUCTION

The purpose of occupational epidemiology is to provide inlormation on h
heskth that can be used to prevent humaa iliness. Al time gocs by data accumulate on
the reiationship between occupationat exposures anxd human discases, Some of these
data can be interpreted uncquivocally and can provide & firm basis for a change in
behavior. Oihet dala arc subject to mare 1than one interpretation or may be challenged
as (o veracity. As indicaled throughoui these pages, data by tlemsclvn ptovnde no
indication a5 to whether or nod they reflect true p m h popul

In this chapier a variety of pr iated 10 1 are consid-
ered. These problems are dlusirated by referving to reeem hlﬂllure in ocupational
epidemioclogy. The intent is 10 provide an overview of general problems rather than to
pyovide & detailed review of specific iasues. Exceflent reviews of the known and sus-
pecied cifects of exp 10 subst used in indusiry can be found in the Criteria
Do ts published by the Nationsl Institnte for Occupational Safety and Health
{NLOSH) wd in the rcporis of the Intcruational Agency for Research in Cancer
(IARC).**

For each of Lhe studies reviewed in this chapter, the collection, analysis, ant inter-
pretation of the daia ace d and the ing of the results is discusscd. Some
of e studies are models on how 10 conduct research; some of the studies ilustrate
problems in mzlhodology that should be avoided. Al of the siadics illusirate the real-
itics in ducting rescarch in occupational epidemiclogy and in intcr-
preting the results of that reseavch.

1. OCCUPATION AND REPRODUCTIVE EFFECTS

Exposuse 10 substances used in industcy may lead 1o effects on the reproductive
system in men or in women or may lead 10 an effect on the unborn feius. Few data
have been published on 1he general relationship between pation and probi of
reproduction. Uniil recently few pregnant women have been exposed o industrial en-
vitonments. Any ¢ffects on male workers are difficult to detect. Any effects on fetuses
have not been studicd 10 any extent.

A. Yiayl Chloride and Fetal Deaths

In October 1974, intervicws were conducied with male workers exposed o vinyl
chioride monomer (VCM3}, polyvinyl-chloride (PVC) or rubber.’ Questions weze asked
about ihe interviewee's health as well as about the outcomes of pregnancy of the work-
ers’ wives. The fetal death rate subsequent to exposure for VCM was higher among
the famities of exposcd men than among the familics of controls (Table 9.1).

This sindy is difficult 10 classify, [¢ is nt & reirospective cohost study, because
workers were not followed cither i retrospect or in prospect for the occurrence of
fetal deaths. |1 is not a case-control study, because subject sclection was not based oa
presence or abseoce of fetal deaths. It is best thought of as a cross-scctional study
where exp is pr or ab of a history of VCM cxposure and discase is
presence of absence of having had fotal dalh. A poumhl problem is that these may
have been a differential rate of i according 10 cxposure-

d.uuuunm.'l'hednummTableQ.lmﬂdrmuaiaposweloVCMdiduot
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Table 9.1
FETAL DEATH RATES AMONG FAMILIES OF
MEN EXPOSED TO YINYL CHLORIDRE
MONOMER AND AMONG FAMILIES OF
CONTROLS

Fexsl donth rass”

Prios e oxp quenl 60 £Xp

Qroup  Crwde Stsaderdized Crude  Standardised

Exposod 10.) 61 1&.5 159
Comtrols (1] (X ) [} % |

*  HNumbes of feul deasi pes 100 pregaancics.

lead to increased fetal death, but if conirals with fetal deaths terminated at a higher
rate than exposed workess wilh fetal deaths, This can be thought of as sclection bias.

Seloction bias also was possible becsuse not all workers eligible for the study were
intervicwed, The dala in Tablc 9.1 could have resulted if cxpased workers with a his-
tory of fetal deaths selectively agseed to pasticipate in the study.

Because the intervicws were nol conducted blindly, obscrvation bias was possibk.
The data in Table 9.3 coukd result if woskers with cxposurs (0 YCM over-reporied, of
il controls under-repovied, the occurrence of feial deaihs.

No information on smoking of mothers is preiented. Smoking is kaown to be asso-
ciated with an increased fetal death rale.® The data in Tabic 9.1 could have resuited
from confounding by smoking if the wives of VCM workers smoked more than the
wives of controls.

The primacy procedure used in the analysis was direct standardization of rates, be-
canse the age disiribution differed b posed and conirol groups. Because the
standard uscd was the age-distribulion of the Is, ihe crude and standardized
tates foe controls in Table 9.1 were ideuical. For the exposed, there was a subsiantial

duction in the dardized rate psior (o saposure. This ocosured because the exposd
group was older than the conirol group, and because the rate of fetal deaths increased
with age (Table 9.2).*

In this pic the dardizaiion behaved well, since tic age-standardized rates
as well as the age-specific ruics showed essentially no differences in fe1al death ranes
beiween the caposed and the cooirol groups. However, the potential difficultics of
direct standardization with respect 10 small numbers can be scen. i 1there had been
more coatrols in the <20 catcgory, and if there had been two of three fetal deaths

the seven exposed p in the <20 catcgory, that stratum would have con-
tribuied heavily to a high dardized rate the cxposed group. In such a situ-
ation, i1 is best 10 lmil the analysis to overlappiag age-strain in which there are suffi-
cienl numbers, ¢.3., ages 20 to 29, In sy dardization § durc altcntion musi
be given to the clements being standardized.

The meankog of this slaghe study Is uncicar. Some of the criticlams ralsed above must
ba viewed as far-fetched. The likelibood of selection bias scems remote. The possibility
of obacrvation bias is more real, isasmuch as the imterviews were conducied shortly
after the carcinogenk properiies of vimyl cliloride were announced, §f aaything. the
fetal deash rate of 8.3 in controls scems (0w, suggesting that they imay have pot been
stimulased sufficieatly 10 recall previous miscacriages in their wives. It seems untikely
that the smoking habits of the wives of these Iwo groups of workers would differ; cvea

w
Table 9.2
FETAL DEATH RATES PRIOR TO EXPOSURE AMONG FAMILIBS
OF MEN EXPOSED TO VINYL CHLORIDE MONOMER AND
AMONG QONTROLS ACCORDING TO AGE OF FATHER
Age of fatber
Croup <0 V—M 2353 W38 18 AKX
o pregasemch Exposed 1 “ s6 n 14 e
Comtrol 31 ” B [ 4 [}
Rerad death rare Exposed 0.0 45 125 ws 11 Wt
Comurat &3 SO s 7% ] (Y «
*  Numberof fciad deathes per 100 pregasncics.
if wives of exposcd men smoked morc, the intion b Xing and fctal
deaths is weakes than the iation seen in this swudy.
As suggested by the above paragraph, the mcaning of the resulis of this study is a
of opini not of sci Diflerent persons will ralse differenu criticisms or

(4

differcnt defenses. Cerwainly the resulis of this oae seudy arc not definitive.

With respect to future public bealth policy, it i not a major concern whether viayl
chloride exposure 10 men tetds 10 increased fetsl deaths among their of fspriag. The
mssociation between VCM and angiosarcoma is many times stronger and thorefore
VCM exp must be reduced. Such reduction would be expected 10 minimize any
adverse effects of VCM on the reproductive sysiem.

However, it is of public hiealth concern that VCM might affect pregnam women
dircctly. ln order 10 address this concern, studies must be made of pregoant women
expoand 1o VCM and of their childrem.

B. Paternal Occupation wnd Childhood Cances
). Children in Quebec

**Im reviewing, (o< ather p a small 3¢ of birth and death certificates of
Chicbec children, the impression emerged of a large number of fathers in petrol-relsied
occupations when the cause of death was cancer.””* To quaatify this inpression, the
oocupation of the (ather was obtained from the binth ceriificate of 386 children under
the age of 5 who dicd from cancer. For comparison purposes, iwo maiched contsols
per case were seiccted — the preceding and succeeding child in the birth certificate
registry. As scca in Table 9.3, approximately twice as many cases had (athers with
poicnlial exposure 10 petrol amd other hydrocasboss. The odda ralio is (71 x 697) +
(73 % 315) = 2.1. The 95% confidence interval of the odds ratio is 1.5 w0 3.0,

Selection bias Is an unlikely explanstion since paternal occupation was not ascer-
wmined until after cases were defined. Obscrvation bias could bave bed 10 these results.
The authors admit 10 a prior notion that petro-related occupations were related to
childhood cancer. in clasifying a fathes™ accupation, it is possible thal pati
difficali 1o classify were coded as petrol-related for cases but not for contrals. How-
ever, the authoss siate that occupation was coded by a person who was blinded as o
case-control status. Thus, (or this reason, obscrvation biss was not posdbie.

Confounding by 1ome facior related to iom and childhood cancer could al-
ways be an cxplanation. However, a0 data on p il fi diag fi were
avadable from the bicth ocrtificate, except foc age. The mcan pasesnal age for both
cases and controls was 31.4. Further, Hatk is k asto d inants of childhood
cancer,

LI
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Table9.3
OCCUPATION OF FATHER AT TIME OF BIRTH AMONG
CHILDREN DYENG OF CANCER IN QUEBEC AND AMONG

Tablc 9.4
OCCUPATION OF FATHER AT TIME OF
CONCEPTION AMONG CHILDREN DEYELOPING

S TTE T AT

CONTROL CHILDREN CANCER IN FINLAND AND AMONG CONTROL
CHILDREN

Occugation of father Childces with cances children Occupation of (mker Children with cancer ~ Controla 4
Motoe-vehicle mochanic n n E <
Machiniee Lol » Hydrocarkon exposure 108 109 ¥ 3
Oxher ydrocarbos c1posurc ”» " R ;
- it s Othes 4 143 o
ol % - Touat 2 st 1. {*h

Odis rpaic = 1.8 2

Ocds sagio = 2.4
The data can be criticzed if they include the caset upon whom the initial impression

Random misclazsification must be considered. With respect to discase, little misctas-

. sitication is likcly. Few children with the diagnosis of cancer do nol have the diseasc; il
;"::h:l&en I:::::::‘:: :n:::l M “yp.;‘“::::: of ::b‘::cc. ' :;;T::z few children: withous the diagnosis have latent discase. However, the determination of :‘
the of the i . dent data should be evaluated. It is not stated peirob exposusc ia the Tather is pot a precisc procodurce. It is possible that some [athers ?f
hllusnponwhcmerac;uluswuaom said not 10 have exposurc in fact dldlndviccvern However, in order for an odds by
1% the analysis of dass a large number of occupations were coded. The data in Table rlllo:l' td to result from v d A , these would have to be ao rela- ;
9.3 are derived from a much larger Table. The association with hydrocarbon-selated s uatikely wrue p a0d clasiified patcrnal occupation. This é
occupalions is partially a resuli of looking through a nwmber of occupations and eem pe ) kK
grouping those which appear to be retated jo hydrocarbon exposure. However, this Selection bias could have led to these results, assuming that paternal exposure 10 '}
grouping scems (o have been done withoul regard for discase status; for example, hydrocarbons led to childhood cancer, only through a rather convoluted process. Cases q

who had (athers with hydrocarbon exposure would have had 10 be selectively excluded %5

among the *other hydrocarbon exposure’ grouping were thres cleaners among cons
trols and only one among cases.

A criticismy might be made that a maiched analysis was not dane. However, if the
controls were matched ta cases for pwp of 1 of confounding, the back of &
matched anzlysis would only dilulc any association between exposurc and discase. The
accurrence of an odds ratio of 2.1 (instead of 1.0) could not be attributed 10 the non-
matched nature of the analysis. Further, the ching was done wily for pur-
pascs of coavenicncs rather than of control of coufounding. A maiched analysis was
aot called for.

It is dif ficult o intespren the resuks of n singie study such as this. While the associe
ation is probably real in 1his population at this time, it is not nccessarily causal. The
fact that the associasion is statistically significant does not mean that it could not have
occurred by chance. The only change in behavior dictated by this siudy should be 1o
collect furthes data.

2. Children in Finlsad
In response (o the above study, an analysis was done of data coliccted in m Finaish
sindy of childhood cancer. Cases were children under tbe age of 15 who devdoped,
sather than died from, cancer. One control for each case was selected; the control was
the child bora immediately before the case in the same maternity wellare district. Pa-
ternal occupation was routinely recorded for all children at the first visit of the mother
10 Ihe malernity welfare center. As scen in Table 9.4, there was no association of
§ hyd bon ¢xp with chikihood cancer. The 95% confidence timils of

the odds ratio of 1.0 were 0.8 and §.3.

The dats io this study indicsie no association between pateroal hydrocarbon cxpo-
sure and chikihood cancer, Criticisms must be direcied at factors that may have led to
the failurc to detoct a lrue association, should one bave cxisted.

from the study or controls who had fathers with hydrocarbon exposure would have
had to be selectively included. Inasmuch as the data were collected prior (o any hy-
poihesis as 10 hydrocasbon exposure of childhood cancer, this possibility seems re-
mote. For the same reason, there seems 1o be little likelihood that paternal occupation
was ascertained differently (rom cases and controls,

10 arder for condounding bias 10 have lzd 1o daws in which there was 1o associalion
between exposure and diseasc, negative confounding must have occurred. Some factor
that was a cause of childhood cancer would have had t0 be more conunon among the
controls tban among the cascs. Since litthe s known a5 10 the causes of childhood
cancer, sich a facior would be difficuk to idanlify. Thete is known 10 be a weak
association between preastal X-ray and childhood cancer.” If there were more X-sayed
chij{drea among fathers with no hydrocarbon ﬂtposuu, negative confounding would
be possible. H , the iation between childhood cancer and peenatal X-ray is
vuymt {OR ~~ 1.5) and could not mansk a 1ruc odds ratio of 2.1.

3. Comment

Thete two studies led 10 data that are nol compatible on stausticai grounds. The
95% confidence limits do nol overlap and thus it is quite unlikely that results such as
these would result ximply because of random variation in the selection of two samples
from (he same universe. However, lhe dau from these stedies are not at all atypical
of data collected in the cpidemiol It is relatively common for two studics
to lead 10 grossly different resulis that do not scem to be explainable for method-
ologic reasons.

Whencver an association is first seported, as in the Quebec siudy, it i reasonable
1o repoct the association and to conunent briefly om the possible meaning. If there is
broad generml truth 1o the associntion, this wii be quickly recognized and substantint-
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img data will soon be assembled. There is no need for the authors cither 10 defend their
data against detenctors or 10 announce theis wide geneyalizability. The authors of the
Quebec study bohaved in a proper conservative ding only that
Junhar investigation be done.

When the resulis in Quebet becawx known, persons with interest in the general prob-
e idered how to ine further the relati i betwesn paternal hydrocarbon
exposure and childhood cancer. Among ihese pmols were 1hoo¢ who believed that
the association was causal, those who befieved that tbc i was and
those who were agnostic, Esch type of p ¥ d (he possibility of collecting
further data: some may have wanted m collect confirmalory data, some nay have
wanted 1o collect mmr.dmmy data, and some wanied simply to collect data. There
is na b ap *s opinion 13 10 the wruth of some associ-
uaonnndhudmmmmuendnulhn fi or cefi the iation. H
it might be supposed that there will be a tendency for urue believess to coliect oonm-
dictory data. Agnosiics will not necessarily collect irac data, for their sceming neutral-
ity may only be & mask covering some hidkden bins.

The first data 10 appear alles Lhe initial report of some association tend (o be the
result of expedicnce rather than of a desire 10 confirm or refute the assoclation. The
Finland paper Ited from an lysis of data collected for TeAsOon and pre-
sumably (rec of bias. Had this paper been authored by representatives of the oil indus-
try, there would be a patural reaction that the indusiry was out Lo cover-up the harmful
effects of paternat occupation. However, if a confirmatory paper had been published
by representatives of the ol industry there would be a strong desire on the pan of the
general scientific community to belicve the causal naturc of the associasion.

As time pastes, other data will appear on the selationship betwoen pateraal exposure
10 hydrocarbons and childhood cancer. Osie might expect that data that show no as-
sociation will be viewed as being “uninteresting'® asd will not be published, while data
that show an iation will be published. These arc cmotional human responses to
data. However, it scems unlikely that these is a sirong lendency in science for such
preferential publication of data that show association. As im thia sitluation, whencver
& posilive study appears, a negative siudy [requently follows.

The jud as 1o the whi teuth a5 10 whether the eaposure causes the discase
is not a martier of adding up the pasitive and the negative studies. Each study must be
considered as to its mexits. It is possible that sM studies are correct; the exposure may
cause the discase in one population but not in otbers. 1t is not necessary that universal
truch be the final result of the coasideration of the results of a number of scientific
atudics.,

With respect to the specific association between paternal hydrocarbon exposure and
childhood cancer, the jon is still undecided. There i no obvious reason to fault
one or the other study. Whike on general principles it would be wise 10 limlt exposuce
to hydracarbons, there i as yet no meed to set a specific standard of exposure because
of likely damage 10 the futnec children of & man exposed 1 petrol.

C. Summacy

Much work is necded in general on the etiology of bisth defects and specifically on
the possible role of ion. 1 belicve that epidemiclogic surveillance sysiems on
indusirial populations are ideally suited 10 such study. The ontcome of birth occurs
close in time 10 the exp A ber of medical visits and insurance payments take
place during a and delivery; any abi ality of the child nsually is appareat
at or shoctly after birth.

Epidemiciogic surveitlance sysiems on indusirial populations should be designed so

wr

#5 10 incorporaic daia oa progaaacics among wives of male workers. At the preem-

ployment history, inl: ion may be obtained as to previous reproductive history,
Il pregrancy expenses are paid by a company-supported insurance program, daia on
the progracy and its hould be readily availzble from he isswrance company
and/or the hospital.

Bccause apy adverse of p y related to work are likely to be of rela-
tively lowr fr y. large of data will be necessary to deteet any association.
Theref it scoms bic that groups of panics within specific industrics pool

their dats of sharc their findings. Much of 1hc data collected will be routine and of

listle interpretive value. However, if an abnormality of preguancy is caused by wome

par 1 wosk ca it should be d d as 5000 as passibic. Elimination of the

responsitle sub; has the p | 10 Jead in a relatively shon time 10 ciminaion

of the adverse bealth effect. Thls CORMUASLS mlh tbe years or decades needed to dem-
the ful elimination of an

1H. OCCUPATION AND RESPIRATORY CANCER

Currenily, there is-concern over the role of chemicals in the cticlogy of cancer. It is

hypochesized that long-term low-level exposure to environmenial pollutants may be
ible for a high ¢ age of cancer.” However, it is difficult to study lhu ques-
tbalnmemuupopuhtm.mrecordsuluonm P ¢$ 10 these poll
snd doing proepective cobort studies would be expensive and of questionable feasibil-
Hy. Persons working in indusiry are exposed (0 higher levels of many chemicals; some
rough estimate cap usually be obtsined as 10 past exposure; the conduct of reirospec-
tive cohorl studics on industrial populations is relatively imexpensive and feasible.
'l‘herelm-c.mm!:v;:-mheleu'm'at‘la!u)ultl'terolerd‘L icals in the devel of
by studying indusirial populatioas.

There is & wide sgectrum of current knowledge as to the relationship between indus-

ll'lli exposure 10 chemicals and cancer. For some substances there is an uaquestioned
ionship b a sub and a cancer; dards of exp ¢ 10 the aub

exist, are enforced and seem (o be effective. For some mdunrlll setiings thore is agree-
ment that the general exposure is harmful even though there is no specific association
beiween a subsiance and a discase. Standards in the seiting are almed at ;cmnl tnn-
roament rather than specifi p re. In other i thercisa
between exposure and disease; 10 some observers an association represenis cause and
effect while to others the azsociation is an exampie of bias. Fisstly, there are situations
in which the data are conflicting and most agree et 8o conclions arc possible at
the moment.

in this section the selationship belween occupation and respiralory cances is consid-
ered. For some occupational exposures, there is a clear-cut causal association with
respirajory cancer. For other exposures, excess respiratory cancer has been reporied
but disagreemcol exists as 1o whether the association is causal.

A. Nickel and Respivatory Cancer

in 1949 on the basis of clinical reports, cancers of the nose or lung among wocken
exposed 10 nickel were classified as industrial discases.”™ To quantify thie i
a study was done of the occupation of 15,247 men who died from lung cancer, l'rom
nasal] cancer, of [rom Other causes_ ™ This study was done of deaths beiween 1938 and
1956 in an area of Greal Britain where a nickel refinery was located.

The data were collected by a review of death certificates. Cause of death was coded
m acvordance with standard proced 1 ihe pation of rach decedeni was thal
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listed on Lhe death certificate. The relationship between cause of death and occupalion
is given in Table 9.5. Excesscs of nasal cancer and of lung cancer among deocedents in
the nickel industry are apparenl.

1t is difficult 1o construct a realistic argument that the associations scen in Tablke 9.5
are the result of bias. AR deaths of men residing in this area were included; therefore
there was no selection. Sclection bias could have resulied if men who were employed
in Lhe nickel industry and who died from **other causes’’ migrated from Great Britain
before death, but this seoms ualikely. There is also no reason (0 belicye that nasa) and

{ung cancers were aver-cerlificd as the cause of death in men who worked in the nickel
indusiry. Coniounding by cigareuse king could be idered for the excess of ung
cancer, but is extremely unlikely. In those years a very bigh proportion of British maks
smoked; therclore cven if nickel workers smoked more than other workers, the amount
of founding possible waz mi I, Cigaretic king has lillle, if any, effect on
nasal cancer.

A question can be raised as (0 the basic study design and the way the data were
analyzed. The dara were based solely on death cextificates. No follow-up was made of
1 growp of nickel workers and no mortality rates were available, The siudy was essen-
tially a proporiional moriality study in which the percentage of nasal and lung cancers
were comparsd among various groups of workers.

Crudcly, the proportion of nasal cancer among nickel workers was 0.065 {$3/(13 +
43 + 139} A “‘other” ! the proportion was 0.00064 and among all
employces the propostion was 0.0016, The ratio of the proportion of cancer among
nicked workers to the proportion ng “‘other”’ enipl was 100:1. I the ratio is
computed selative 1o the “*10tal** group, it is 40:1. Irrespective of which group is uscd
for comparison, the ¢xcess nasal cancer amang nickel workers is apparent. The pro-
portion of lung cancer among nickel workers (0.24) was also substaniially higher than
1he proportion among *other®’ workers (0.05).

Because of the strong iation between ! t in the nickd industries and
cancers of the nasal sinuses and hing, the study design and analysis could be simple.
The emror inlroduced by the use of proporiional mortality is perbaps 10 to 30%; the
exror introduced from the lack of age-standardization is also small. These errors can
have little cffcct on the 4000% excess of nasal cancer of the 500% excess of lung cancer
among nickel workers. The causal nature of the assaciation can readily be accepted.

However, the determination of & safe level of expasure 10 wockers in nickel refincries
is much more difficuli. Safety caanot be comsidered 10 be achicved until ao excess
nasal or lung cancers occar. For nasal cancer, because of its sarily, this means no cases
mus! occur among nickel workers. For lung cancer, which is largely detcrmined by
cigareite smoking habits, some nonzero nomber must be expecied among any group
of pessons who smoke.

In 1970, the occusrence of deaths among a cohort of nicksl workers was reporied.™
Eight hundred and fary-five men whao had been employed in a nickel refinery in South
Wales were followed from 1939 1through 1966, Excess nasal cancer among nickel work-
ers was suspectied fn 1927 and ke refining process was changed between 1925 and
1933.%%% Therefare, 1 was of particular jnlevest 10 determioe whether any excess
nasal or lusg cancer had occusred in men first exposed after 1923,

Because Lhis was & retrospective cohor siudy, the ebserved number of deaths could
be pared 10 the ber expected based on national death rates. The resulus sre
presented n Tabte 9.6. No nasal cancer accurned ln men wha were first employed afier
1924; only a slight excess of long cancer was seen in these men. it might be concluded
(hat the change in process ka 10 the p ion of nicke!-induced cancer.

However, in 1977 an updated follow-up was presentexd (Table 9.7).'* Among men

NS

Tablc 9.5
CAUSE OF DEATH AMONG PRRSONS EMPLOYED IN
NICKEL AND IN OTHER INDUSTRIES IN GREAT BRITAIN

Cauae of demth
ldaniry of esaploywmont Neaal cancer Laag cancer Othics causes
Nicket . 3] 4 1%
Ouher Refiniag 1 34 6
Sioct . | 121 2,035
Cosl-mining 2 T3 2,79
Crier [ 503 [ X ]
Totl 25 ™ 14,423
Tablc 9.6

OBSERVED/EXPECTED CAUSES OF DEATH AMONG
NICKEL WORKERS ACCORDING TO YEAR OF FIRST
EMPLOYMENT; FOLLOW-UP 1939 to 1966

Cassc of death

Yowr of Girol cmploymmest  Nass) cancer Lung cancer Other camaes

<1325 W0 1957139 263/200.7
21— 0/0.01 423 2107
190—44 &0.03 LA R ] 44/31.%

who siarted employment between 1925 and 1929, one case of nasal cancer occurced.
An excess of lung cancer was seen in botk groups of men who were first employed
after 1925, While this excess is relatively much smalier than 1kat observed in men who
started working before 1925, it suggests thaf some workers employed after 1924 devel-
oped lung cancer because of their work. -

En this example, data on men who started working between 1923 and 1929 are being
evaluated in 1977 (0 determine whether or not nickel workers develop excess cancer.
£ might be assumed that she risks 10 workers of today will be no higher thag the rigks
€0 the workess in 1925. However, it secrs clear thal onc cannot conclude that the
changes instituted in nicke refining around 1925 were sufficient (o preven the devel-
opment of work-rclated nasal or tung cancer.

The specific agent responsible for the excess cancers is not known. Whiie both nickel
and nickel carbonyl gas are carcinogenic,' excess nasal and lung cancer has also beea
obscrved in men exposed snaialy {0 nickel ore dusts.* Had controls been instituizd in
1915. only against ekemental nickel and nickel carbonyl gas, the reduciion in exccss
resperalory cances mighl have been much less.

A panaliel 10 the nickel cancers may be seen in vinyl chloride. The excess occurrence
of a rare cancer (angiosarcoma of the liver) was rec ized on clinical gr ds.* Clia-
ical iticn was possible b the dis had few other causes M‘m.m,
high rate ratio associated with the cxpasuce (100 +). The process of producing vinyl
chlocide has been changed so thay ¢ is greatly reduced.* However, it is ua-
known as 10 whether these conirols will prevent the occucrence of angiosarcoma.

Also, the possible excess accurrence of cancers of the Jung and of the brain among
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Table 5.7
OBSERYED/EXPECTED CAUSES OF DEATH AMONG
NICKEL WORKERS ACCORDING TO YEAR OF FIRST

Tebic 9.3
OBSERVED AND EXPECTED
PEATHS AMONG STEELWORKERS®

n
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EMPLOYMENT; FOLLOW-UP 1934 TO 1571 o Eapecsad  TMRS
Catase ol doatly

b
Alcauss ans 5766.8 °” 'y
AN caacer 008 1091.4 2 3
Yourof licat smpioymens  Nasticamoxr  Lungcsncer  Ochar Contes CHS vazcular *s w43 » X
Hea1 diisomse .. [+3 3
<1924 %017 [k X 388/378.0 1906 1.3 2
Exicrnal 474 430.3 los
92529 803 Vié 517483 3 3 “
¥R vo.03 Wi @/34.9 AN ocher causey
- d e b“ e 'ﬂ 3
* Doc mam developed Assal cances bus died from henct disease. Aticgheny Covasy, ! e
3 b OEMR = Standardiaed mectality (o = 100 %
workers exposed te viayl chloride have been reported in s proporiional mortality obtcrved/expocted.

Study. ' If vinyt chioride keads to these cancers, the rate ratio is many times iess than

that for angiosarcoma. Further, thete cancers arc much more frequent among the gen- Tabic 9.9

ersl populaiion and might be expecied 10 oceur among vinyl chlaride workers for none OBSP.!VBD AND EXPECTED DPEATHS FOR ALL

causal rensons. Is may be difficuit 10 demonsirate thar the occurrence of one of these CAUSES AND ALL CANCERS AMONG

discascs in a vinyl chloride workes is not duc 1o viayl chlacide exposure. STEELWORKERS BMPLOYED AT LEAST FIVE
Also. it should be clear that at the moment the decision as 10 the “safe’” level of YEARS IN SPECIFIED WORK AREAS®

exposure to vinyl chloride is a matter of opinion rather than of science. In one study

it

o AN i

no excess cases of angiosarcoms, lung cancer, or beain cancer were reporied.™ I is Al comaca Al cascer
possibie 1hat workers at rhis plant were exposed 10 safe kevels of vinyl chloride. How- ¥
ever, it is also pouible that insufficient time has passed fos any vinyl choride-iaduced Waek srea Rae O B Owe B
cancer 1o develop. The sciting of » standard of expasure 10 vinyi chloride had o be . Coke plant Whits 130 1308 29 .3 MKE;
based on a process of negotiation between govarnmest and iadustry. The siandard Nas- % Wr 4 13 B
must be conservative, i.c., becanse of the unceriainty associated with what is a cafe . white e ¥
level of vinyl chloride, the standard should, if anythiag, be 100 low. Coldreduchg it Whne "o e R 5
CH
whin X
1 18. b
! B. Coke Ovens and Respiratory Cancee® Gonerat bo w ':: ::: :: .:: %
In 1962, » collsborstive study of the mortality expericnce of steedwoskers was initi- whitc
ated by the U.S. Public Health Service, the Gsaduate School of Public Health of she Malsscnaace Whils M N4 % . 41
i University of Pirisburgh, and thres large siec! companics.™ The purpose af the study Now- M 1 3
R was [0 astess conflicling reports of excess Hincss among certain groups of steelworkers. . il ‘::: B3 Mes o Rt d
As of 1933, thete wese 59,072 men cmiployed in seven steel plamis in Allegheny Noa. 29 24 5 107 3

County, Pennsylvania. In 1962—64 an atlempt was made (o determine the vital stas
as of 174762 of each of these wien. There were 32,261 men who were siill emplayed,
6346 who had retired, but were alive, 15,650 who had left employment bus were alive, . d bused am
8nA 4716 who were deceased. Only 97 men could not be jocated. wh worked axleas $ yenst,
As seen inn Tabic 9.2, the observed mortality among this group was $2% of tha
expectod on the basis of Allcgheny County ratcs. Amaoog all steelworkers, there was
) so overall excess of cances.
' The next step was to beeak down the study group of sieelworkers according 1o their
usyat area of employment.* 50 as to minimize the dif€iculties associaed with persons
hanging jobs, an anal 'wudoneiacludmlammanvmworkununlylfbe
worked there for at least S ycars. Ia ordes 10 dimi the over-cstimation of ¢xpocted
deaths, the death ratcs of own who worked in cach work arca for at keast § years were

i

Siy [ oy

compared (o the rates of all steelworkest i ihe study who worked at least § yrars, 4
The results of this analysis arc presented in Table 9.9. . ]
Among all causes of death, no “‘healthy worker effect’ is sccn, since the mortatity
rale used for comparison was that of all ssociworkess rather than that of a genersl
population. Modcrate excesses of death are secn among noawhite workers in the coke
plant and the roid reducing mills and ﬂ'llon‘ white workers in the general labor and
maintenance areas. With sespect to all . & stoiking excess is socn amoRg
nonwhile workers in the coke plani, Most of this excess was found 1o be due to lung
i Law™ cance.
bam e Several questioas were raised by this finding:
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* This section is taken from a pepey in s am on the N n Egvi
slsa Chopoar 3.
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